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AgTop Pestome. Tybepkynes ocTaeTcs OLHOM U3 BEAYLUMX NPUYMH CMEPTHOCTU OT MH(PEKLMOHHBIX 3a-
Ans KOPPECNOHAGHUMU:  GoneBaHWiA BO BCEM MUpe. Ha CeropHsWHNA LeHb JOCTUTHYT ONpeAeneHHbIn nporpecc B 6opbbe
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SICHUNOCh, UrPaeT BaXkHyto POIb B NOAAEPKAHUM MECTHOTO UMMYHUTETA U 3aLUMTE OT NaTOrEeHOB.
Y 340pOBbIX I0AEN B 3TOM NOKYCe AOMUHUPYIOT KOMMEHcansl, Hanpumep Prevotella, Torga kak
npu Ty6epkynese passrBaeTcs ANCOMO3: CHKAETCA BULOBOE pasHOooOpasne 1 yBeIMYNBaETCS
UMCMEHHOCTb YCNOBHO-NATOreHHbIX MUKpoOopraHmamoB (Streptococcus, Neisseria). 3ToT cneumndm-
Yeckuii NpodnIb MUKPOBUOTBLI MOKET CIYXMTb AMArHOCTUYECKUM W MPOrHOCTUYECKUM MapKEPOM,
nomoras BbISIBNSTb 60Me3Hb Ha paHHEN CTaganu 1 NPOrHO3MPOBATh PUCK Pa3BUTMS NEKapCTBEHHON
ycTONuMBOCTM MukoBakTepuii Tybepkynesa. MNpoTnBoTybepKynesHas Tepanus npu 3ToM BoccTa-
HaBIMBAET HOPMarbHbIA COCTAB MUKPOBUOTLI NErkux, HO OLHOBPEMEHHO CNOCOOCTBYET POCTY
aHTMOMOTUKOPE3NCTEHTHOCTM CPEAM YCITOBHO-NATOTEHHbIX GakTepuit. MepcnekTUBHLIM Hanpas-
NeHvem SBNSETCS ynpasneHne MuKkpobrnoTon nerkux. PaspaboTka MHransumMoHHbIX NpobuoTMKOB
OTKPbIBAET HOBble BOSMOXHOCTY ANs NpodunakTuki TyGepkynesa u NoBblWeHNs 3D(EKTUBHOCTH
neyeHns, 0COBEHHO B CIIOXHbIX CNyYasix MHOXECTBEHHOM NEKAPCTBEHHON YCTONYNBOCTI MUKO-
BakTepun Tyb6epkynesa. Takum obpasom, U3yyYeHne MUKPOOUOTbI NETKUX 3HAMEHYET Nepexos K
nepcoHanun3npoBaHHbIM nogxogam B 6opsbe ¢ Tybepkynesom.

KnioueBble cnoBa: Ty6epkynes, MukpobuoTa nerkux, GpoHxoanbBeONspHbIN naBax, naTo-
OMOHTbI, NPOTMBOTYOEPKYNE3Hasa Tepanus, CekBeHUpoBaHue reHa 16S pubocomansHon PHK,
CeKBEHMPOBaHME NOSHOTO reHoMa MeTo0M Ap0OOBHKa, METAareHOMHOE CEKBEHMPOBaHWE HOBOTO
MOKONEeHUs, MHransLMOHHbIe NPOBUOTMKMA, TOPUIOHTANbBHbIN NEPEHOC FEHOB

WcTouHuK chmHaHcMpoBaHUA. ABTOPhI 3asBNSAKOT 00 OTCYTCTBUAWN BHELHEro (hUHAHCUPOBAHNA
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gladin1975@mail.ru serious concern. A significant discovery was the discovery of microbiota in the distal parts of the

respiratory tract — respiratory bronchioles and alveoli, which, as it turned out, plays an important
role in maintaining local immunity and protecting against pathogens. It has been established
that in healthy people this locus is dominated by commensals, for example Prevotella, whereas
in tuberculosis dysbiosis develops: species diversity decreases and the number of opportunistic
microorganisms (Streptococcus, Neisseria) increases. This specific microbiota profile can serve as
a diagnostic and prognostic marker, helping to detect the disease at an early stage and predict the
risk of developing drug resistance of Mycobacterium tuberculosis. At the same time, tuberculosis
therapy restores the normal composition of the lung microbiota, but at the same time promotes the
growth of antibiotic resistance among opportunistic bacteria. A promising area is the management
of the lung microbiota. The development of inhaled probiotics opens up new opportunities for
tuberculosis prevention and improved treatment effectiveness, especially in complex cases of
multidrug resistance of Mycobacterium tuberculosis. Thus, the study of the lung microbiota marks
the transition to personalized approaches in the fight against tuberculosis.

Keywords: tuberculosis, lung microbiota, bronchoalveolar lavage, pathobionts, tuberculosis therapy,
16S ribosomal RNA gene sequencing, shotgun complete genome sequencing, new generation
metagenomic sequencing, inhaled probiotics, horizontal gene transfer
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BBEAEHWE

HecMmoTps Ha 3HauuTENbHbIE YCNEXU MUPOBOrO CO0B-
Lecrtsa B 6opbbe ¢ Tybepkynesom (Th), 310 3abonesaHue
Ha CerofHALWHNA AeHb He YTPaTUIO CBOEI aKTyanbHOCTH
1 NPOLOJIKAET Bbl3blBaTb OECMOKOWCTBO Y YYEHbIX, Bpa-
Yen-KNUHULMCTOB 1 OpraHn3aTopoB 34paBOOXPaHEHMS.

CornacHo rnobansHomy oTt4eTy 0 Tb 3a 2024 r., ny-
Brimkyemomy BcemupHOW opraHusaumer 3gpaBooxpaHe-
Hus (BO3), B 2023 r. TB BHOBb CTan Npu4nHOI Hanbonb-
LLero KonmyecTsa CMepTen CPeam BCEX NPOYMX UHGEKLM-
OHHbIX 3aboneeanui, BoitecHne COVID-19 (COronaVlrus
Disease 2019 — kopoHaBupycHas uHdekuns 2019 r.),
KoTOpbIi AOMUHMPOBan B npegslaywyve 3 roga [1]. Mak-
aemms COVID-19 HaHecna cepbesHblit yuepb cuctemam
30paBOOXPaHEHNSt MHOTUX CTPaH W CTana OgHWUM U3 MHO-
X hakTopoB, He MO3BOMMBLUMX YEIOBEYECTBY LOCTMI-
HyTb uenen ctpaterum BO3 no nukeupaumn Tb, Hame-
yeHHbIX Ha 2025 T. [2].

Bnarogaps 3HaYuTENbHBIM YCUANAM OTEYECTBEHHOMO
3apaBooxpaHeHus Poccus Bowna B yucno 13 ctpaH, ko-
TOPbIM YAANn0oCh CHU3NUTL Yncrno cmepTeit oT T Ha 50% u
6onee B nepuog ¢ 2015n0 2023 r., a8 2021 r. BO3 ncknto-
yuna Poccuio M3 cnucka CTpaH C BbICOKUM BpemeHeMm
TB. OpHako Halwa CTpaHa 0CTaeTcs B Tak HasblBaeMOM
ImobanbHoM cnincke HabmogeHus 3a T (TB watchlist)
[1, 3]. 370 B nmepByK o4vepenb CBA3AHO C npobnemamu
TB, Bbi3BaHHOrO WTammamu Mycobacterium tuberculosis
complex (MBT) ¢ MHOXeCTBEHHOM NleKapCTBEHHON YCTOM-
umsocTblo (MITY-TB), 1 KouHdekuum, BbizBaHHOW MBT u
BMPYCOM MMMYyHoZedmumta Yenoseka (TB/BUY) B Poc-
cuiickon ®enepaumu [3, 4].

B HacTosee Bpems B PO Takke oTMevaeTcs cTomnkas
NoONoXuTENbHas AUHaMKUKa 3NULEMUYECKONA CUTYaLMK NO
Tb y petel [5], HO cnopagnyeckue criyvyan no3gHero Bbl-
sBneHns Tb y 3TON KaTeropuu HaceeHUs He NO3BOSISIOT
Bpa4am Bcex npocuneit TepsiTb HACTOPOXEHHOCTb B OT-
HOLLUEHUMN 3TON MHEKLMM.

Takum o6pa3om, Mepbl NPOUNAKTUKKA, SUarHoCTu-
ku u nevyenms Tb TpebylT NOCTOSHHOIO COBEPLUEHCT-
BoBaHus. [Mockonbky TB kak 3aboneBaHue sBnsetcs
pesynbTaToM CroxHoro s3anmogenctsus MBT ¢ ummy-
HUTETOM MaKpoopraHuama [6], B 3HaUMTENbHON CTENEHM
MOAYNMPYEMbIM NEFOYHON MUKpOBKOTON [7], AeTanbHoe
“ccnegoBaHne nocnedHen npuobpetaeT ocobyko akTy-
arnbHOCTb.

HOPMAJIbHAA MUKPOBUOTA JIETKNX

PaHee pecnupaTopHble BPOHXMONbI U anbBeonbl C4u-
Tann abCconTHO CTEPUIbHBIMM [8], OAHAKO B HACTOSILLMIA
MOMEHT W3BECTHO, YTO BCE OTAENbl PECcnMpaToOpHOro
TpakTa 340pPOBOr0 YENOBEKA, BKMKOYAs HKHWE, 3acene-
Hbl Pa3nNNUYHbIMIA KOMMEHCAIbHBIMU MUKPOOPraHU3MaMMm:
Baktepuamu, Bupycamu, rpubamn [9] n, no nocrnegHum
AaHHbIM, faxe apxeamu [10].

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

CyLiecTByeT MHeHWe, YTO MUKPOBMOTa HUXHUX Abl-
xaTenbHblx nyten (HAM) €BNSETCS  MCKMIOUMTENBHO
TPaH3NTOPHOW, HO €€ COCTaB Yy YCIMOBHO 340POBbIX Mto-
[€N 0CTaeTcs OTHOCUTENbHO MOCTOSHHLIM Gnarogaps
AVMHAMUYECKOMY PaBHOBECUMIO Mexay MOCTynneHnem
MVKPOOPraHU3MOB M3 OKpYXatoLLen cpedbl U U3 BEPXHUX
AbixatenbHblx nyten (BAM) u MMMyHHbIM OTBETOM Ma-
kpoopraHuama [11, 12]. 3Ty mMogenb, cornacHo KOTOpoK
ONTUMaNbHbIA KAYECTBEHHDIA N KONMUYECTBEHHbBIN COCTaB
MUKpPOBKOTbI, TO eCTb 3y6103, BO3HWKaeT bnarogaps au-
HaMn4yeckoMy NpoTMBOBOPCTBY PasnUyHbIX CWSl, UCCHe-
poatenu obpasHo Hassamm «Hb 1 Ay [13].

HanomHum, yto cuctema B[N coctonT M3 nonoctu
HOCa, HOCOrnoTKM U poTornoTku, a HAM BkntovaloT rop-
TaHb, Tpaxeto, GpoHXu, GPOHXMONbI 1 anbBeonbl [14].

Y 3popoBoro yenoeeka Mukpobuoty HIAM dopmu-
PYlOT B OCHOBHOM Takue (pusbl, kak Pseudomonadota
(npoteobakTtepun), Bacillota (hupmukyTbl) n Bacteroidota
(bakTepomabl), KOTOpble B COBOKYMHOCTM COCTaBMSIOT
okono 90% obuTatowwmx 3geck baktepui [15]. Ha ypos-
He pogdéB 3gecb npeobnagaloT cnegyrlme TakCOHbI:
Veillonella, Prevotella, Sphingomonas, Pseudomonas,
Acinetobacter, Fusobacterium, Megasphaera, Staphylo-
coccus u Streptococcus [16].

BaxHo oTMeTuTb, 4To MukpobuoTta HAM m3yyeHa B
OCHOBHOM Mp¥ MOMOLL MOMEKYNSPHO-FEHETUYECKUX Me-
TOOOB WCCNELOBaHMS, TPaLUUMOHHbLIA KyNbTypanbHbIi
MeToZ NpaKTUYecku HUKOraa He aaet pesynbTatos [17].
ObHapyxeHnwne parmeHToB [JHK He nossonsieT onpeae-
NUTb, NOSTYYEHbI TN OHM W3 XXMBOW UMK U3 yXe pa3pyLLeH-
HOW GakTepuanbHOW KNeTkW, WMEHHO NO3TOMY KpamHe
TPYAHO YCTaHOBWTb, Kakie MUKPOOPraHWU3Mbl pPe3NAEHT-
Hble, a Kakve TpaHauTopHble ans HAM.

Monoctb Hoca kononmaupytoT Corynebacterium, Pro-
pionibacterium, Staphylococcus spp., Moraxella, Pseudo-
monadota (Proteobacteria) u Fusobacterium [14]. B Hoco-
rnotke gomuHupytoT Corynebacterium w Staphylococcus
[18]. Potornotky HacensitoT Streptococcus, Haemophilus,
Neisseria, Prevotella, Veillonella v Leptotrichia [14].

Mukpobuota Bl npu atom Gonee Gorata no cpas-
HEHMIO ¢ MUkpobnoTon HAMM Kak B KONMYECTBEHHOM, Tak
W B Ka4eCTBEHHOM OTHOLIEHUM, HO UX COCTaB BO MHO-
rOM KOppenupyet BBMAY HEMOCPEACTBEHHON CBA3N [BYX
atux nokycoB [19]. Kpome Toro, BLI npeacrasnsior
co0O0W 3KOMOTMYECKYH HULLY AN BaXHbIX NaTOOWOHTOB:
Streptococcus pneumoniae, Haemophilus influenzae n
Staphylococcus aureus (S. aureus) — CUMBUOTUYECKUX
MVKPOOPraHu3mMoB, KOTOpble, O4HAKO, MOTYT Bbl3blBaTb
3aboneBaHus YenoBeka Npu OnNpefenieHHbIX YCIoBUAX
[20].

Cpean BWpyCcOB B pecnMpaTopHOM TpakTe oOHa-
PYXWUBAlOT Takue cemeicTsa, kak Picornaviridae, Pa-
ramyxoviridae, Orthomyxoviridae, Coronaviridae, Adeno-
viridae, Parvoviridae, Herpesviridae, Anelloviridae,
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Papillomaviridae, Polyomaviridae W MHOroYMCREeHHbIE
Gaktepuodarn [21].

[pnbbl  NpenMmyLLecTBEHHO NpeACTaBMeHbl podamm
Aspergillus, Cladosporium, Eurotium, Penicillum v Heko-
TOpbIMK Apyrumu [22].

Cpepv apxeli B AblxaTenbHbIX NYTAX BbIABAAIT Takue
TUNbl, Kak Euryarchaeota (Hanpumep, Methanobrevibac-
ter smithii kak pe3ynbTaT MUKpoacnupauuu n3 xeny-
[OYHO-KULWEeYHoro Tpakta), Thaumarchaeota (npegcra-
BUTENN MUKpobuoTel koxu n BAIM) n Woesearchaeota,
XapakTepHble HenocpefcTBeHHo ang HAM. Ux ponb B
300POBOM OpraHW3mMe K Mpyu maTonorM noka uayuveHa
HeZoCTaTouHo [23].

HekoTopble npefcTaBUTENM HOPMAnbHOW MUKpOGMO-
Tbl PECNUPATOPHOrO TpakTa YeroBeka NpeacTaBfeHbl Ha
cxeme (puc. 1).

MonoxutenbHas ponb MUKPOOMOTbHI  AbIXaTenbHbIX
nyTei kpaiHe pasHoobpasHa, B YaCTHOCTM, OHa obecne-
ymBaeT PopmMmpoBaHNe cbanaHCUPOBAHHOTO MMMYHHOMO
oTBeTa B Merkux, npeaynpexaas passutne YpeamepHo-
ro BocnaneHus B oTBeT Ha 6e3BpedHble aHTUreHbl [24];
NpenaTcTBYeT Pa3MHOXKEHUIO MaTOTEeHHbIX MWKpoopra-

NMATO®U3NOJI0IrMA — MEAUNLUHE
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H3MOB, KOHKYpUPYS C HUMK [25]; ycunmuBaeT NpoTWBO-
BUPYCHbIN UMMYHWUTET [26], npedynpexaaeT pa3suTue
paka nerkux [27]; a Takke Yepes NPOSYKLMIO pasfnyHbIX
Ouonornyecks akTUBHbIX BELLECTB y4acTByeT B (hOpMU-
POBAHMM OCU «KULLEYHWUK — nerkuey [28].

HapyweHue KayeCTBEHHOTO W  KOMWYECTBEHHOrO
cocTaBa MWKPOOGMOTbI PECnMpaToOpHOro TpakTa, Wnu
ANconos, MOXeT NPUBECTM K YTHETEHMIO NEPEYNCTIEHHBIX
3aLUMTHBIX (YHKLMIA 1 OCabneHnto pesucTeHTHOCTM Op-
raHM3Ma Kak K cneumduyeckum [29], Tak 1 k Hecneundm-
YecKUM pecnupaTopHbIM MHekumam [24, 30].

K ancbuosy abixaTenbHOro TpakTa BeAyT Takue dhak-
TOpbI, KaK KypeHue, 3arpssHeHne BObIXAaEMOro BO3ayxa,
UMMYHoZEeULUTHbIE cocTosHUS (Bkmtoyas BUY/CMNAL),
CaMi MHGEKLIMOHHBIE U HEMH(DEKLMOHHBIE pPecrnupaTop-
Hble 3aboneBaHns, 1Ccnonb3oBaHWe aHTMbaKTepUanbHbIX
npenapatoB, MEAMLWHCKME BMeLlaTenbCTBa (MCKyCCT-
BEHHasi BEHTUNALMS Nerkux, GpoHXockonus 1 ap.), a Tak-
Ke HapyLeHve banaHca KuWwevHon MUKpobuoTsl 1 3abo-
neBaHus Apyrux opraHos u cuctem [11, 31, 32]. OyHKuuUm
MWUKPOBMOTBI NErKMX 1 hakTopbl, MPUBOLALLME K €€ AnC-
GanaHcy, npefcTaBneHsl Ha puc. 2.

Puc.1. MukpobuoTa pecnupaTopHOro Tpakta (PMCYHOK aBTOPOB AaHHOW CTaTbK)
Fig. 1.  Microbiota of the respiratory tract (the figure is prepared by the authors of this article)

2026;11(1):7-22
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MwkpobuoTa pecnupaTopHoro Tpakta
Microbiota of the respiratory tract
Y Y Y Y
[pubbl Bupycebl Bakrepum Apxeu
Fungi Viruses Bacteria Archaea
Aspergillus Picornaviridae BepxHue fpixatenbHble HwxHue abixaTenbHble Woesearchaeota
Cladosporium Paramyxoviridae nyT nyTv Euryarchaeota
Eurotium Orthomyxoviridae Upper respiratory tract Lower respiratory tract Thaumarchaeota
Penicillium Coronaviridae
Fusarium Adenoviridae l
Parvoviridae \
Herpesviridae Pseudomonadota dunbl
Anelloviridae Fusobacterium Phyla
Papillomaviridae Corynebacterium Pseudomonadota
Polyomaviridae Propionibacterium Bacillota
Moraxella Bacteroidota.
Staphylococcus Popa
Haemophilus Genera
Neisseria Veillonella
Prevotella Prevotella
Veillonella Sphingomonas
Leptotrichia, Pseudomonas
B TOM yucre Acinetobacter
naTo6UOHTI Fusobacterium
Including pathobionts Megasphaera
Staphylococcus
Streptococcus
u apyrue
and others
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KuueyHbin aucbunos
Intestinal dysbiosis

KypeHue 1 aspononmnioTanTbl
Smoking and aeropollutants

MIMmMyHopehuunTHbIE
COCTOSAHNA
Immunodeficiency conditions

AtporeHus
latrogenesis

AHTUbaKTepUanbHble
npenapatbl

Antibacterial drugs system

Tybepkynes opraHoB AblxaHus
Tuberculosis of the respiratory

VIHGeKUMOHHbIE N HEMHMDEKLMOHHbIE
HecneLudmyeckie 3aboneBaHns nerkux
Infectious and non-infectious nonspecific

|

[MpeaynpexaeHne KONOHM3aLMn NaToreHHbIMM
11 YCNOBHO-NATOrEHHbIMI MUKPOOPraHu3mamu
Prevention of colonization by pathogenic
and opportunistic microorganisms

Mukpo6uoTa
pecnupaTopHoro

Microbiota
of the respiratory tract

lung diseases

TpakTa }

[1pOTUBOBUPYCHbIN
UMMYHUTET
Antiviral immunity

VimmyHomogynsumus
Immunomodulation

MpoTneoonyxonesblit achdekT

Ocb «KULIEYHUK — Nnerkney

Antitumor effect The “gut-lung” axis

Puc. 2.
Fig. 2.

Hecneuuduyeckme
MH(eKLmmn
pecnupaTopHOro Tpakta
Nonspecific infections
of the respiratory tract

Tybepkynes opraHoB
OblxaHus
Tuberculosis
of the respiratory system

[ncbuos pecnupatopHoro
Tpakta

Dysbiosis of the respiratory

tract

Puc. 3. TMpuHumMnuanbHasa cxema B3auMocBA3M gucbuosa pe-
CMMpaTOpPHOro TpakTa, TybepKynesa nerknx U Hecme-
unduyeckon MHeKuUM (PUCYHOK aBTOPOB [AAHHOM
cTaTbm)

Fig. 3. A schematic diagram of the relationship between dysbiosis,

pulmonary tuberculosis and nonspecific infection (the figure
is prepared by the authors of this article)

Taknm obpasom hopmupyeTcs kak Obl AByHanpas-
NeHHas CBA3b UMM MOPOYHbLIN Kpyr — kak T, Tak 1 He-
cneumnduyeckas MHMEKUMS NErKUX MOTYT NPUBOANTL K
nokanbHOMY Anconosy, YTo NOBLILAET BOCIPUMMUNBOCTbL
opraHmama YenoBeka k 3Tum xe 3abonesannsam [33]. Ha

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

®YHKUUN MUKPOOMOTLI NErknx 1 dakTopbl, NPMBOASALLME K ee AucbanaHcy (pPUCYHOK aBTOPOB aHHOWN CTaTbK)
The functions of the lung microbiota and the factors leading to its imbalance (the figure is prepared by the authors of this article)

puc. 3 npeacTaBneHa npuHUUNuanbHas cxema B3anMoc-
BA3N Ancbuosa pecnmnpaTopHoro Tpakta, Tb nerkmx u He-
cneynu4eckon HGeKLun.

BansaHue Bo36byautensa tybepkynesa
Ha MMKpPOOGUOTY Nerkmx

B 2022 r. kuTaiickue uccneposatenu nposenu 60nb-
Wyt paboTy No u3yyeHuo Npouns MUKPOBKUOTbI NErkMX
y nauvenToB ¢ Tb [34]. [ins nccnenoBanus MUKPOGroThI
HOM 6binn oToGpaHbl 06pasibl GPOHX0ANbBEONSPHOM
NaBaXHOW XMOKoCTH, 4TO Bonee nokasatenbHo, YeM Uc-
cnefoBaHMe MOKPOTbI, Npu cbope KoTopoi B 0bpasel He-
MUHYeMOo nonagarT MUkpoopraHuamel 13 BT v potoson
nonoctu [15]. KayeCTBEHHbIN 1 KONMYECTBEHHbIN COCTaB
MUKPOOMOTbI Obln ONpeaeneH npy NOMOLM MeTareHoM-
HOr0 CEKBEHMPOBAHWUS HOBOrO NOKoMneHus (metagenomic
next-generation sequencing, mNGS).

B oOpasuax, monyyeHHbIx OT 340POBLIX Ntoaen U3
rpynnbl  KOHTpoOns, Oblnv npeacTaBneHbl B Gorbluem
konuuectse Prevotella melaninogenica (P. melanino-
genica) n Ralstonia pickettii (R. pickettii), a B obpasue
OT nauneHToB ¢ HeneveHbiM Tb — S. aureus n Neisseria
spp. [34]. Otn pesynbTaTbl YaCTWYHO COrMacytTcs C
JaHHbIMM MeTaaHamusa 2019 r., cornacHo KoTopbIM
Streptococcus n Neisseria Yalle BCTpeyanuch y 6orb-
Hbix TB (35,01 n 27,1% obLiero yncna cooTBETCTBEH-
HO), a Prevotella — y 30,0poBbIX NMOAEN U3 KOHTPONbHOM
rpynnbl (36,9%) [35]. B aToi xe paboTe coobLyanocs, 4To
Veillonella, Rothia, Leuconostoc n Lactobacillus 6binu
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BbISIBIIEHBI TONBKO Y 605bHbIX T 1 06HapyxeHbly 7, 8,4, 3,
2 1 1,8% nauneHToB COOTBETCTBEHHO. Kpome Toro, poaesl
Gammaproteobacteria, Haemophilus w Actinobacillus
BCTPEYanuchb TOMbKO Y 300POBbIX NOAEN U3 KOHTPOSIbHO
rpynnbl [35]. Pa3nuuus B coctaBe MUKPOBUOTHI NErKkX Ha
YPOBHE poda y nauneHToB ¢ Tb vy 300poBbIX Noaen u3
KOHTPOIbHOM rpynnbl NpeacTaBneHbl Ha puc. 4 [34].

Crtont oTMeTUTb, YTO gons camux MBT y naumeHToB
¢ Th, N0 HeKOTOPbIM AaHHbLIM, COCTABMSET MULLb OKOMO
0,06% obwero uncna Bcex bakTepui, oBHapyK1MBaeMbIx
npu aHanuae MoKpoThI [36].

[onognnHHO HEW3BECTHO, YTO SBMSETCH NEPBUY-
HbiM — TB unu gucbnoa pecnupatopHOro TpakTa, HO
MBT, cyas no Bcemy, MOryT 3Ha4nUTENbHO BIIUATL HA MU-
KPO3KOMOTMIO NErkuX, TeM CamblM YCWUNNBAs pPa3MHOXe-
HWe OAHMX MUKPOOPraHWU3MOB 1 NOAABNAS Pa3MHOXEHNe
apyrux [34].

Kpome TOro, mo AaHHbIM nuTEpaTypbl, MUKpOBKO-
Ta, UAEHTU(UUMPOBaHHas B MokpoTe 6onbHbix Th ¢
MOMOLLbH0 CEKBEHMPOBaHMS reHa 16S pubocomanbHoi
PHK, moxeT 3Ha4yMMO pasfnmyatbCsl Ha YpOBHe poja B
3aBUCMMOCTW OT YCTOMYMBOCTM UMM YYyBCTBUTEIIBHO-
ct1 MBT k pasnuuHbiM npenapatam (puc. 5) [36]. Tak,

%
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40 -
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20 1

101

» Lactobacillus
Leuconostoc

» Rothia

» Actinobacillus

» Haemophilus

® Gammaproteobacteria

u Veillonella

B Prevotella

B Streptococcus

B Neisseria

MaumeHTbl
¢ Tybepkynesom
nerkux
Patients with pulmonary
tuberculosis

KoHTponbHas
rpynna
Control group

Puc.4. CoctaB MMKpOGMOTbI NerkMx Ha ypoBHe popa y na-

Fig. 4.
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LUMEHTOB C TybepkynesoM M Yy 3[00POBbIX ntofent
(https:/icdn.ncbi.nim.nih.gov/pmc/blobs/e984/6347808/
ff898c63225f/12879_2019_3712_Fig3_HTML.jpg)

The composition of the lung microbiota at the genus
level in patients with tuberculosis and in healthy people
(https://cdn.ncbi.nim.nih.gov/pmc/blobs/e984/6347808/
ff898c63225f/12879_2019_3712_Fig3_HTML.jpg)
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Obino ycTtaHoBneHo, 4to Delftia MOXET CIyXMTb NOTEH-
LnanbHbIM AUArHOCTUYECKUM MApKepOM [Ns BbISBNEHNS

nayneHT

thamnuy
Bordetel

0B ¢ Tb, Bbi3BaHHbIM MBT, ycToiuMBLIMK K pU-
nHy; Kingella v Chlamydophila — k n3onnasuay;
la — K pudbamnuumHy 1 n3oHnasugy (6onbHbIX ¢

MITY k Bo3byauTento) [36].

%
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OtHocuTenbHas pacnpoctpaHeHHocTb / Relative abundance

10 1

Puc. 5.

Fig. 5.
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DS MR-INH MR-RFP MDR PR

CocTaB MUKPOBUOTLI BEPXHUX AbIXaTeNbHbIX NyTel Ha
YPOBHE poaa y nauueHToB C TybepKyne3oMm, BbI3BaH-
HbIM MUKoGakTepusmu TyGepkynesa € pasnMyHbIMKU
npodnAMM YyBCTBUTENBHOCTM K NPOTUBOTYOEpKY-
ne3HbIM npenapatam. OTHocUTeNbHas pacnpocTpaHeH-
HOCTb = pPacnpoCcTPaHEeHHOCTb MUKPOOPraHM3MOB pas-
HbIX BupgoB; DS — nekapCTBEHHO-Y4YBCTBUTENbHbIN
Ty6epkyne3; MR-INH — MOHOpe3MCTEHTHOCTb K U30HHU-
asuay; MR-RFP — MoHOpe3NUCTeHTHOCTb K puthamnuuu-
Hy; MDR — MHOXeCTBeHHasi nieKkapCTBEeHHas yCToM4m-
BOCTb; PR — nonupe3ncTeHTHOCTb (3TO YCTONYUBOCTb
K ABYM NpOTMBOTYGepKyne3HbIM npenapatam nepeoro
pspa u Gomnee npuM COXpaHeHMM YyBCTBUTENbLHOCTH
KaK MMHUMYM K M30HMa3ngy v pudamnuuuHy OgHOB-
PeMeHHo) (https:/lcdn.ncbi.nim.nih.gov/pmc/blobs/
ca0b/8040397/f0e6c4a78ballijmsv18p19359003.jpg)

Composition of the upper respiratory tract microbiota
at the genus level in patients with tuberculosis caused
by Mycobacterium tuberculosis with different sensitivity
profiles to anti-tuberculosis drugs. Relative abundance —
prevalence of microorganisms of different species; DS —
drug-sensitive tuberculosis; MR-INH — monoresistance
isoniazid; MR-RFP — monoresistance rifampicin; MDR —
multidrug resistance; PR — polyresistance (this is resistance
to two first-line anti-tuberculosis drugs and more, while
maintaining sensitivity to at least isoniazid and rifampicin
simultaneously)  (https://cdn.ncbi.nim.nih.gov/pmc/blobs/
ca0b/8040397/f0e6c4a78badlijmsv18p19359003.jpg)
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BMAHUE NPOTUBOTYBEPKY/IE3HOW
TEPANMNUN HA MUKPOBUMNOTY JIETKNX

Ha MuKkpoBUOTYy nerkux B 3HAUMTENbHOW Mepe Brus-
eT npoTtuBoTy6epkynesHas Tepanua (MTT) [34, 37]. Bce
nauWeHTbl, BoLeALWwe B UCCNEA0BaHNE, UMV NekapeT-
BEHHO-YYBCTBUTENbHbIA TH 1 nonyyanu neyvexue no cxe-
ve: 2 mecsya npuema HRZE (M3oHnasug, pudamnumupH,
nupasuHamug u atambyton) u 4 mecsaua npuema HR (13o-
HWasng v pudamnuumt). CoctaB MUKPOBUOTBI 3A0POBbIX
nogen, naunentos ¢ TB, nonyyatowmx MTT B MOMEHT uc-
CrnefoBaHus, U NaLMEHTOB, HEAABHO 3aBEPLUMBLUMX KYpC
XuMuoTepanumn (KNMMHAYECKM M3neYeHHbIX ¢ bakTepuono-
TMYECKUM NOATBEPXAEHMEM), BbIIN CXOL4HbI, OAHAKO TakK-
COHOMMYECKMI NPOthUIb MUKPOBMOTHI CUIBHO OTNMYancs
y Tex nauueHToB ¢ Tb nerkux, KOTopble Ha MOMEHT uC-
CcnefoBaHus Tepanuio He nonyyanu. bbino 3ameyeHo, YTo
YCNOBHO-NATOreHHbIn S. aureus Gbin 3HaunMTenbHO 6onee
pacnpocTpaHeH B rpynne nauyueHToB ¢ HeneyeHbIM Tb,
a OTHocuTenbHOe KonmyecTBo R. pickettii u P melanino-
genica, HanpoTuB, BbINo kyaa MeHbLue [34]. Coobianocs,
yTo R. pickettii cnoco6Hbl Npeobpa3soBbiBaTh STUOHAMUA
B aKTMBHYIO (hOpMY, U CHWKEHME WX KONW4ecTBa Yy na-
uneHToB ¢ TH MOXeT HeraTMBHO CKa3aTbCsl Ha pesynb-
Tatax neyeHns [38]. baktepun poga Prevotella xe, no
HEKOTOPbIM AaHHbIM, WUrpaloT MONOXWUTENbHYIO POfb B
noagepXaHun NerovHbIX PYHKLUMA U KOHTpONe Hag BOC-
naneHnem. COOTBETCTBEHHO, CHWXEHWE YWUCNEHHOCTM
npeacrasuTenen suga P. melaninogenica MoXeT accoum-
MPOBATLCS C HapYLLUEHNEM 3TUX (DYHKLWIA U Ype3MepHOi
BOCnanuTensbHon peakumei [39].

B uenom pasHoobpasne MUKPOOpraHW3MoB B rpynne
nayneHToB ¢ HeneyveHbiM Th BbINo CyLECTBEHHO HIke,
yeM B pyrux rpynnax. Takum o6pa3om, B 4aHHOM uccre-
posaHum MTT, BONpeKu OxmaaHuam, ObICTpo NpuBoauna K
BOCCTaHOBIIEHWI0 HOPMAnbHOMO COCTaBa MUKPOOUOTHI fier-
kux [34]. 370, NO-BMANMOMY, OBBACHAETCS UMEHHO CUIb-
HeAWwnM nokanbHbIM aerctamem MBT Ha MUKpPOSKONOrnto
HOM. CywectsytoT paboTbl kak noaTeepxgatowme [40],
TaK 1 OMpoBepraroLme gaHHoe Habnogexme [37].

B 1o xe Bpems MTT, HECOMHEHHO, UMEET W Hera-
TUBHble NOCNeAcTBMS. M3 4 HasHayeHHbIX NauueHTam B
“ccreaoBaHun npenapaToB pudamnuuuH npeacTaBnseT
aHTUOMOTKK LUMPOKOTO CNEeKTpa AeNCTBUS U MOXeT npu-
BOAWTb K Pa3BUTUIO aHTUBMOTUKOPE3UCTEHTHOCTH, B TOM
yncre Yy YCrOBHO-NATOrEHHbIX MWKPOOPraHu3MoB [34].
Opyrumn aHTMOMOTKaMK LLIMPOKOTO CNEKTpa AeNcTBus,
UCMONb3yeEMbIMU B Pa3fUYHbIX CXemax neveHus Tb,
aBnstoTca prdabyTuH M pudaneHTuH; QTOPXMHOIOHI
(neBodpnokcaLmMH, MOKCUGIOKCaLUMH,  cnapdriokcaLuH);
AMUHOTNMKO3MAb! (KaHAMWLWH, aMUKALMH, KanpeoMULMH);
kap6aneHeMbl (KOMOMHWMPOBAHHbLIN Npenapat UMUNEHEM +
+ UunactatuH 1 MeponeHeMm) u nosyCUHTETUYECKUA aH-
TMOMOTUK rpynnbl NEHULMIAMHOB B KOMOMHALMK C WUH-
rmoutopom BeTa-naktamas — aMOKCULMIIMH + KniaBy-

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

60 Vef(En2)

cal
APH(3)-llla
SAT-4

Pseudomonas_aeruginosa_catB7
CTX-M-56

40

20

CpepHee Konn4ecTBO reHoB aHTBMoTUKopeancTeHTHoCTH / Average ARG Abundance (RPKM)

uTe TG cTG

Puc. 6. KonuuyecTBO pa3nuyHbIX FeHOB PE3UCTEHTHOCTM MHU-
KpobMOTbI nerkux B pasHbIX Fpynnax HabniogeHus.
UTG — naumeHTbI ¢ Ty6epKyne3om, He nony4aslue ne-
yenus; TTG — nauymeHTbl ¢ Ty6epkynesom B npouecce
neyenun; CTG — naumeHTbl, M3neyYeHHbIe OT TyGepky-
nesa nerkux B HepaBHeMm npownom (https://edn.nchi.
nim.nih.gov/pmc/blobs/3411/8865484/d7e5b5637cde/
spectrum.01901-21-f005.jpg)

The abundance of different lung microbiota resistance genes
in different observation groups. Average ARG Abundance —
average number of antibiotic resistance genes; UTG —
the untreated pulmonary TB group; TTG — the treated
pulmonary TB group; CTG — the cured pulmonary TB group
(https://cdn.ncbi.nim.nih.gov/pmc/blobs/3411/8865484/
d7e5b5637cde/spectrum.01901-21-f005.jpg)

Fig. 6.

naHoBas kucnota [3]. bbino NpoaeMOHCTPUPOBAHO, YTO
MTT ysenuuusaeT pasHoobpasne W KONMYECTBO TEHOB,
OTBEYalWMX 3a YCTOMYMBOCTb K MPOTMBOMMKPOBHBLIM
npenapaTam y BCero MUKpobHoro coobLyectsa. JT0 Bbl-
3blBaeT 00ECMOKOEHHOCTb B CBSI3N C BO3MOXHbIM PasBu-
TUEM Y MaLMEHTOB HECMeUnUYECKNX PeCmMpaToOpHbIX
WHDEKLMA,  BbI3BAHHbIX ~ AHTUBMOTUKOPE3NCTEHTHLIMM
WTamMmamn natobuoHToB BO Bpemst unu nocne [TT.
FMctorpamma, nokasbiBatollasi KONMYEeCTBO PasfiMyHbIX
FEHOB PE3UCTEHTHOCTM Yy NIEroYHON MUKPOOMOTHI B pas-
HbIX rpynnax HabmogeHust, NpeacTaBneHa Ha puc. 6 [34].

HeobxoanMo OTMETUTbL, UTO Hecmeuuduyeckas UH-
bekuma nerkux, ocnoxHswLas TeyeHme Tb, 4acTo Bbl-
3bIBAeTCA He COOCTBEHHbIMW MaToBUOHTaMK BOMbHOTO,
a UMPKYIMpYOWMMN B CTaUMOHape rocnuTanbHbIMMI
WTaMMamMn MUKPOOPraHM3MOB C MPUCYLLYUMU UMEHHO
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M. vanbaalenii PYR-1 [NC_008726] Mycobacterium sp. Spyr1 [NC_014814]

Mycobacterium sp. MCS [NC_008146]
Mycobacterium sp. KMS [NC_008705]
Mycobacterium sp. JLS [NC_009077]

M. smegmatis MC2 155 [NC_008596]

M. abscessus [NC_010397]

Mycobacterium sp. JDM601 [NC_015576]

M. avium 104 [NC_008595]
M. avium K-10 [NC_002944]

M. leprae [NC_011896 and NC_002677]
Puc. 7.

M. marinum M [NC_010612]
M. ulcerans Agy99 [NC_008611]

M. tuberculosis group [NC_000962, NC_002755 NC_002945,
NC_008769, NC_009525, NC_009565, NC_012207, NC_015848]

CeTyaras CTPYKTypa, AeMOHCTpUpyoLan co0ObITUA 0OMeHa KOHCepBaTUBHbIMU reHaMun Mexay pa3nnvyHbiMK MVIKOGaKTepVIHMM

(https:/lcdn.ncbi.nim.nih.gov/pmc/blobs/d4f0/4331801/b230cfc44751/1471-2148-15-S1-S2-4.jpg)

Fig. 7.

A reticulate network showing the events of the exchange of conserved genes between different Mycobacteria (https://cdn.ncbi.nim.nih.

gov/pmc/blobs/d4f0/4331801/b230cfc44751/1471-2148-15-S1-S2-4.jpg)

UM npodunamm aHTMOMOTUKOpe3ucTeHTHocTH [41]. 310
0CO6EHHO aKTyanbHO Npu ANUTENBHOM CPOKe rocnuTany-
3aLuM NaUMEeHTOB (HTU3MATPUYECKOrO NPOGUNS, a Takke
NPW HAXOXOEHWUN UX B OTAENEHUSX peaHUMaLnn U UHTEH-
CWBHOMN Tepanuu, 0COGEHHO C NPUMEHEHNEM UCKYCCTBEH-
HOM BEHTUAALMM NErKNX, YTO He PefKkoCTb B OTHOLIEHWN
naumeHToB ¢ kouHdekunen TB/BY, UMMyHUTET KOTOPbIX
K TOMY K€ Ype3BblyaliHo ocnabneH [42-44].

Kpome TOro, B 370 CBSA3K HEOOXOAMMO YMOMSIHYTb
FOPU30HTANbHbIN NEPEHOC FEHOB. JTO MPOLECC, Npu Ko-
TOPOM MMKPOOPraHuam nepefaeT reHeTUYeCcKUid mare-
puan opyromMy MUKPOOPraHu3my, He SBMSIOLEMYCS €ro
MOTOMKOM, MOCPEACTBOM Pa3HO0OpasHbIX MOBUMbHBIX
reHeTUYeCKNX dNEMEHTOB (NNnas3Mui, TPaHCMO30HOB, WH-
TerpoHos) [45]. bnarogaps aTomMy MexaHu3My LeTepMmu-
HaHTbI PE3NCTEHTHOCTM MOTYT ObICTPO PacnpOCTPaHsATb-
cA Mexay B0o3byauTensmMu HO30KOMManbHbIX MHQEKLWA,
B TOM 4uCre OTHOCSALLMMMUCS K Tak Ha3blBaeMoW rpynne
ESKAPE, uto npeacrtaBnsieT Hemanyw npobnemy Kak
AN OTOENbHO B3SATLIX CTALMOHApPOB, Tak U ANS CUCTEM
3ApaBoOXpaHeHMs Bcero mupa [46].

OpHako obHapexwBaeT akT, 4to Mexay MBT v Bos-
OyauTensamm HecneundUUYeCcKnx HQEKLMA FOPU3OHTanb-
HbIl MEPEHOC reHOB HEBO3MOXEH. B HacTosLlee Bpems
asostouust M. tuberculosis, Bkmoyas npuobpeTeHne Mu
NEeKapCTBEHHOW YCTONYMBOCTM, MOMHOCTbIO 06ycnosne-
Ha CMOHTaHHbIMU MyTauusMK, pekombuHaumei reHoma,
JynnuKkaumen reHoB W CEnekTUBHbIM fAaBneHuem [47].
Tem He MmeHee B reHome M. tuberculosis obHapyxeHbl
OCTPOBKYW NATOrEHHOCTM, KOTOPbIE MO BbITb NOMYYEHbI
MUKPOOPraHM3MOM U3BHE B MpoLecce ero (unoreHesa,
1 06ycnoBnMBatoT €ro BbICOKYI BUPYNEHTHOCTb. Kpome
TOro, Apyrue mukobaktepuu, Takue kak Mycobacterium

avium n Mycobacterium marinum n CerogHs akTUBHO
06MeHMBaoTCA MOBUNbHBIMU FEHETUYECKUMU 3NEMEH-
TaMu Kak Apyr ¢ ApYroM, Tak U ¢ TaKCOHOMWUYECKN 0TAa-
NEHHbIMU MUKpOOpraHnaMamu. Takum obpa3oM, Hemnb3s
UCKIMIOYNTb, YTO OfHaxAbl B MeHee unu 6onee otga-
neHHoM ByayLlem YCNOBHO-NATOreHHble MukobakTepuu
npeBpaTATcs U3 BO3byauTeneit NpemMmyLlecTBeHHO On-
NOPTYHUCTUYECKNX WHC(EKLMIA B NATOreHbI, He yCTynato-
wue no ypoeHto onacHoct MBT [47]. OcobeHHO BaxHO
YUMTbIBaTb [aHHbIA (haKT B YCMOBUSX YBENWYEHMS Ya-
CTOTbl BbISIBMEHUS MWUKOBAKTEPUO30B HE TOMBKO Cpeam
nuy, ¢ BUY-uHgekumen, Ho 1 cpefy UMMYHOKOMNETEHT-
HOro HaceneHus [48]. Ha puc. 7 npeactaBneHa ceTyaras
CTPYKTYpa, AEMOHCTpupytowas cobbitns obMeHa KOH-
CepBaTMBHbIMW reHaMi Mexzay pasnmyHbiMiU MukobakTe-
pusimmn [47].

ANATHOCTUYECKOE 3HAYEHUE
OMPEAENEHNA COCTABA MUKPOBUNOTDI
NETKUX B CBA3UN C TYBEPKYJIE3OM

Takum obpasom, uccnegoBaHue mukpobuotsl HAIM
NpeLCcTaBnaeTcs BaXHbIM AUarHOCTUYECKUM WHCTPYMEH-
TOM B pykax Bpaya-pTuauartpa v gpyrux cneLmanvcTos.
MaumeHTbl ¢ TB 06nagatT yHUKanbHbIM Npodunem mMu-
KpoBUOTbI NErkuX, ero onpegeneHue MoxeT NoMoYb Bepy-
(uumpoBaTb TyGepKynesHbIit NPOLECC Ha paHHUX cTagu-
X, NPOBOAUTL AN depeHLManbHy0 AUarHOCTUKy Mexay
TB 1 pakom nerkoro, a TaKkke Apyrumn NaTonorusmu, npo-
rHO3MPOBaTb TSKECTb TeyeHuss Th, BEpPOSTHOCTL Mpuco-
eUHEHNS Hecnelnunieckon MHGeKLMN 1 hopMUpoBaHue
NeKapCTBEHHON YCTOMYMBOCTM Y KOHKPETHOMO MauueHTa
[34-36, 49]. Kpome TOro, Tak kak ancbuos pecnuparop-
HOrO TpakTa — OAWH U3 (hakTopoB pucka pa3sutus Tb,
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Tabnuua 1

CpaBHeHue HEKOTOPbIX MONEKYNAPHO-reHeTU4eCKUX MeToaoB uccrneaoBaHua MVIKpOGVIOTbI

Table 1

Comparison of some molecular genetic methods of microbiota research

XapakTtepuctuka
Characteristic

CekBeHnpoBaHue
reHa 16S pubocomanbHoi PHK
16S ribosomal RNA
Gene Sequencing [52]

CeKkBeHUpOBaHWe NONHOro reHoMa
MeTOA0M Apo6oBuMKa
Shotgun Whole-Genome
Sequencing [53]

MeTareHomMHOe cekBeHMpOBaHue
HOBOrO MOKONeHus
Next-generation metagenomic
sequencing (mMNGS) [54]

OObEKT CeKBEHMPO-
BaHus
Sequencing facility

OpuH reH (16S pubocomanbHo
PHK)
Assingle gene (16S ribosomal RNA)

Becb reHoM 0ZHOI M30MMPOBaAHHON
HakTepum

The entire genome of a single, isolated
bacterium

Bcsi HK/PHK n3 obpasua (6aktepum,
apxew, BUpychl, rpubbi)

All DNA/RNA from a sample (bacteria,
archaea, viruses, fungi)

MpuHUMN MeToda
The principle
of the method

AmMnnndukaLms n cekBeHMpoBaHmne
KOHCEpBaTMBHOTO reHa ¢ Bapuabens-
HbIMU pervoHamu Ans uaeHTuduka-
LIMN TaKCOHOB

Amplification and sequencing

of a conserved gene with variable
regions to identify taxa

CnyvaiiHas parmenTauus ceit JHK
GakTepuu, cekBeHpoBaHme dpar-
MEHTOB U «cOopka» MOMHOro reHoma
Random fragmentation of the entire
bacterial DNA, sequencing frag-

ments and “assembling” the complete
genome

CekseHupoBaHue Bceil [HK/PHK,
13BneYeHHomn n3 obpasua cpepsl,

¢ nocneaytoLLen cOOpKoM 1 TAKCOHOMM-
YeCKuM/hyHKLMOHANbHLIM aHanu3om
Sequencing of all DNA/RNA extracted
from a medium sample, followed by as-
sembly and taxonomic/functional analysis

PaspewatoLas
€nocobHoCTb
Resolution capacity

YpoBeHb poaa, pexe Buaa
Genus-level, rarely species-level

YpoBeHb LUTamMma, BO3MOXHO
onpefeneHne reHoB BUPYIEHTHOCTU
1 PE3NCTEHTHOCTU

Strain level, possible determination

of virulence and resistance genes

YpoBeHb BUAA, MHOTAA LWTaMMa.
[aet npeacraBnenue o0 GyHKLMO-
HanbHOM noTeHuuane coobulecTsa
Species-level, sometimes strain-level.
Functional potential of the community

KonnyecteeHHas
OLleHKa

Quantitative assess-
ment

OTHOCUTENbHAs YUCTIEHHOCTb MUKPO-
OpraHu3mMoB B MUKpoGHOM cooblLue-
cTBe (nons B coobLyecTse)

Relative abundance (proportion within
the community)

HeBo3moxHa (MeTog 1Cnonb3ayoT
ANst YUCTON KynbTypbl)

Not applicable (the method is used
for pure culture)

OTHocuTenbHas n abconoTHas
YNCMEHHOCTb MUKPOOPraHn3moB (npu
1CMONb30BaHWUM METOZ0B KannbpoBkw)
Relative and absolute abundance

of microorganisms (when using calibra-
tion methods)

OcHoBHoe npume-
HeHve
Main application

OueHka TakCOHOMIUYECKOTO Mpocuns
coobLecTBa, anbga- u beTa-pasHo-
obpaans

Taxonomic profile of a community,
alpha- and beta-diversity

[eTanbHoe 13y4yeHne KOHKPETHOro
MUKPOOpPraHu3ma: reHomuka, Bupy-
NEHTHOCTb, 3BONOLMS

Detailed study of a specific microor-
ganism: genomics, virulence, evolution

MonHas kapTuHa coobluecTsa:
TaKCOHbI 1 FeHbl BUPYMEHTHOCTH,
PE3NCTEHTHOCTY U T.4. (TO €CTb
(PYHKLMOHANBHBIA NOTEHLMan)

The full picture of the community: taxa
and genes of virulence, resistance, etc.
(i.e. functional potential)

MpenmyLiectaa
meToga
Advantages of the
method

Huskas ctoumocTb, CTaHgapTU3Mpo-
BaHHbIN METO/, Hanuyme BonbLUMX
6a3 JaHHbIX

Low cost, standardized method, avail-
ability of large databases

«3010TON CTaHZapT» 4151 N3y4YeHns
VHAMBMAYANbHbIX FEHOMOB, BbICOKas
paspeLuaroLLas cnocobHoCTb

The “gold standard” for studying indi-
vidual genomes, high resolution

Haunbonee nonHas nHcopmaums 6es
HeobX0AMMOCTY KynbTUBMPOBAHMS
The most complete information without
the need for cultivation

Hepoctatku metoaa
Disadvantages
of the method

Hu3skoe paspeluenve, He faet
npeacTaBneHns 0 yHKLMOHANbHOM
noteHumane coobuiecTsa, MLP-
amnanuKkaLns BHOCUT UCKaXKEHNS,
He NPUMeHSEeTCS AN U3y4YeHns
BMPYCOB U rpn6oB

Low resolution, does not provide an
idea of the functional potential of the
community, PCR amplification intro-
duces distortions, and is not used to
study viruses and fungi

TpebyeT BblAeneHus u KynbTUBMPO-
BaHWS YUCTON KynbTypbl (TPYAOEM-
KOCTb)

Requires isolation and cultivation

of pure culture (labor intensity)

BbIcokast CTOMMOCTb, CHIOXKHbIN
aHanus, Tpebyet BonbLUKX BblYNCTIN-
TembHbIX MOLLHOCTEN

High cost, complex analysis, requires
a lot of computing power

Mpumevanue: MLP — nonumepasHas LenHas peakums.
Note: PCR — polymerase chain reaction.

Tabnuya cocmaeneHa asmopamu
The table is prepared by the authors.
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KOppeKUmMst cocTaBa MMKpoOMOTLI Morna Bkl cnocobeTBo-
BaTb npodunakTuke atoro 3abonesanms [50, 51].

B HacToslmMiA MOMEHT Ansi WU3y4eHust MMKPOBUOTHI
MPUMEHSIOT TPU OCHOBHBIX MOMNEKYNAPHO-FEHETUYECKUX
MeToAa, Kaabli U3 KOTOPbIX MMeeT CBOM NpenmMyLLecTBa
1 HeJOCTaTKMN: CEKBEHMPOBaHMe reHa 16S pubocomanbsHol
PHK [52], cekBeHMpoBaHWe NOMHOro reHoMa METOLOM Apo-
Boswka (Shotgun sequencing) [53] 1 mNGS [54]. CpasHe-
HWE 3TUX METONOB CEKBEHMPOBAHWS FEHETUYECKOrO MaTe-
prana MMKpoOUOTLI NpeacTaBNEHO B Tabn. 1.

Bce metoabl obrnagatoT CBOMMU YHUKaNbHBIMKA BO3-
MOXHOCTSIMI 1 OrPaHUYEHNSIMUK, YTO AenaeT UX B3auMo-
LOMNOMHSIOWMMI MHCTPYMEHTaMM B apceHane coBpeMeH-
Horo mukpobuornora.

Kak ynomuHanoch Bbiwe, B[l 3aceneHbl pasnuu-
HbIMU MWKPOOPraHM3Mamm ropasfo 3HauuTeNbHee, YeMm
HWXHME, B CBA3M C YeM 0C0BOro YNnoMmHaHUs 3acyxuBa-
0T HekoTopble 0cO6eHHOCTH 0TBopa Npob 13 nocnegHuX.
Bo n3bexaHue HexenatenbHON KOHTaMUHALMU UCNOSb-
3Yl0T Takue npuembl, kak MonockaHWe nalueHToM pTa
nepea npoueaypon, 0Tkas OT acnupauuy Npy BBELEHWUN
BpoHxockona, Jo ero nonagaHus B Tpaxeto, a Takke uc-
Nonb30BaHMe 3alLMLLEHHbIX METOLOB B3ATUS 00pas3LoB
[55]. K Takum MeToaaM OTHOCSTCA 3aLLMLLEHHDIA OPOHXO-
anbBEONSAPHbINA NaBax, NPy KOTOPOM CTEPUIbHBIN 3aLLn-
LLEHHbIV KaTeTep NPOBOASAT Yepes pabounin kaHan BGpoH-
X0CKOMa, nocre Yero BBOAST ¥ acnUpUpYIOT CTEPUNbHBbIA
(hM3MONOrMYEeCKMin  pacTBOp M3 AWCTamnbHbIX OTAENOB
AblXaTenbHbIX NyTei, 1 3aluLLeHHas WeToyHas buoncus
(3awwmweHHas bpal-buoncus), kotopas nogpasymeBaeT
HaxoXAeHWe WeTKM B CneuumarnbHon onneTke 4o 1 nocne
B3ATMS MaTepuana u3 3oHbl nHTepeca [55]. BoinonHeHne
9TUX MaHWNynauuii GbiBaeT COMPSKEHO C CEPbe3HbIMU
TpyaHocTaMu W TpebyeT onpeseneHHo NOAroToBKK Bpa-
ya-aHgockonucTa. Ha gotorpadum ¢ kamepbl 3HZOCKONA

Puc. 8. ®otorpadma neHucToit GPOHXO0aNbLBEONAPHON NaBax-
HOW XMIKOCTM B NpocBeTe OpOoHXa, cAenaHHas npu no-
MoLLM Kamepbl 3HAOCKoNa (M3 nuyHoro apxuea A.B. [le-
peBsiHKO)

Fig. 8. A photograph of foamy bronchoalveolar lavage fluid in

the bronchial lumen, taken using an endoscope camera
(from the personal archive of A.V. Derevyanko)
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(puc. 8) npeacTaBneHa 6poHxoanbBeonspHas naBaxHas
KUOKOCTb B NpoceeTe BpoHxa, KoTopas npu npaBuibHOM
ee NomnyyYeHnn LOmKHa MMETb NEHSLLMNCS BUL.

Mpn uccnepoBaH Mukpobuotel HAM obsizatenscHo
TakKe MCCNEeAoBaHNE KOHTPOSbHbIX NPO6 — MPOMbIBHbIX
BOA 13 paboyero kaHana bpoHxockona, He3acesiHHOro CcTe-
PUMBHOTO (PM3MONOrMYECKOro pacTeopa, MaskoB M3 3eBa,
KOTOPbIE NOABEPratoT TAaKOMY e aHann3y, kak M OCHOBHbIE
0bpasupbl [56]. 3aTem MmeTogamn BromHopMaTUKK Konmnye-
CTBO MPOYTEHWA BCEX MUKPOOHBIX TaKCOHOB, OGHapYXeH-
HbIX B JOMOMHUTENbHbIX KOHTPOMAX, KaK bbl «BbIYNTAETCS»
W3 aHanorM4HbIX KONMYECTB, NOMYYEHHbIX NPK UCCnefoBa-
HUM OCHOBHbIX NPOG, YTO MO3BONSET UCKMOYNTL KOHTaMK-
HaHTbI 3 UTOrOBOW CTATUCTUMKK [55, 56)].

MHIFANAUNOHHBIE NTPOBNUOTUKU
B JIEHEHUU U NMPODUNTAKTUKE
3ABOJIEBAHUWN NETKUNX

Kak 6bino onucaHo Bblwe, HOpMarnbHas MuKpobuo-
Ta Nerkux BbINOMHSAET GoMblioe KONMYEeCTBO MOME3HbIX
yHKUMI [24-28]. B cBSI3M € 3TUM npegnaraeTcs MCnonb-
30BaTh CneumanbHble NPOBUOTUKN ANS MHIaNSLMOHHOTO
NPUMEHEHUSI C LIENbIO NeYEHNs U NPOUNaKTUKN pasnuy-
HbIX MH(EKLMOHHBIX 1 HEMH(EKLMOHHBIX NEroYHbIX 3ab0-
nesaxui [49, 50].

PaspaboTka npobuoTukoB ¢ Takum cnocobom fo-
CTaBKM WUMeeT psf TpyaHocTen. MpeanbHbiM anamert-
POM YacTWL ANS HAKOMMEHUS WX B NETKMX CYMTAEeTCs
1-5 MKM. bonee KpynHble YacTuubl yOansoTcs peTpo-
rpagHo C NOMOLLbIO MYKOLMIIMAPHOTO KNMpeHca, a bonee
Mesk1e — C BblAblXaeMbIM BO34yXoM [57], no3aTomy Ans
obecneyeHns He06X0ANMOrO pasMepa YacTuL, Npeanoy-
TUTENbHbI TakWe CUCTEMbI [JOCTaBKA NEKAPCTBEHHbBIX
npenapaToB, kKak MUKPOKancysbl, MUKpoOcdepbl, UMo-
COMbI 1 HUOCOMbI (CXOXU C IMNOCOMaMM, HO cogepxat
CMHTETUYECKNE HEMOHOTEHHbIE MOBEPXHOCTHO-AKTUBHbIE
BewlecTsa) [51].

Heobxoaum u TwatenbHbIn nogbop ycTponcTea ans
adhekTBHON JOCTaBKM NpobMoTHKoB B nerkve. Hambo-
nee noaxogsaT Ans 9ToW 3agaun Hebynansepbl ¢ TEXHO-
norven BUMOPUPYIOLLEN CETKM U WMHIransaTopbl C «MSTKUM
TymaHom» (pecnumartsl) [58]. OgHO W3 orpaHnyeHni 3a-
KntoyaeTcs B TOM, YTO mpenapaT AoMmKeH ObITb pacTBo-
pWM B BOAE MNW B CMECW BOAbI C 3TAHOINOM BO u3bexaHne
3acopeHust punbtpos [59). ELle oanH BapuaHT — npume-
HEHMe BbICYLLEHHbIX NOPOLIKOOBpa3HbIX NPOBUOTUKOB C
MOMOLLbI0 TEXHOMOTWN CyXWX NOPOLUKOBBIX MHransTOpoB.
B kauyectBe HocuTens npumepHo B 90% npeacTaBneHHbIX
Ha pPbIHKe CYXUX MOPOLUKOBbIX WHransTOPoOB UCMONb30Ba-
Ha nakTo3a, 1 pa3pabaTbiBaeMblil npenapaT JOMKeH Co-
XpaHsTb CTabunbHOCTb U 3hHEKTUBHOCTL B €e NpucyT-
cTBum [51].

YXe cerogHs npeafiaraeTcs NpUMeHsITb WHransumuoH-
HbI BrOTEepaneBTUYECKN MpenapaT Ha OCHOBE NakTobak-
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TEPWUA 4119 NeyeHns: BPOHXOMNEroYHON AUCNNa3ni y HeAo- 3@ MOXET CTaTb HOBbIM UHCTPYMEHTOM AN MOBbILIEHNS
HOLLEHHbIX HOBOPOXAEHHbIX W XPOHUYECKOW OBCTPYKTMB-  3(h(HEKTUBHOCTU NeYeHUs, 0COBEHHO B Criyyasx nekapcT-
HOW BonesHu nerkux, OH nokasasn CBO dPEEKTUBHOCTL  BeHHO-ycToMumMBoro Thb, a Takke Ans npodunakTvky 3a-
Ha pasMNyHbIX 3KCMEPUMEHTaNbHbIX MOAensx in vifro u  GoneBaHus y NWL 13 rPynn puUcka, B TOM Yncne y AeTen
in vivo [60]. 3ByyaT npeanoxeHus paccMoTpeTb Bo3Mox-  [50, 51, 60, 61].
HOCTb TpaHCMNaHTaLuun MUKPOOMOTbI NIErkux no aHarnoru Takum o6pa3om, yrnybrieHHoe W3yyeHne MUKpo-
C TpaHcnnaHTaume KueyHon MukpobuoTel [61]. 3KonorMn ApixateflbHblX NyTel OTKPbIBAeT HOBblE ropu-
VHransauuoHHble  npobuoTukM, HECOMHEeHHO, OyayT 30HTbl Ans dTuanaTpuu, npensellas nepexoq k Gonee
nonesHbl Takxe AN neYeHust 1 NpoUNakTUKL MHGEKUM-  NEPCOHANMU3UPOBaHHBIM M 3(MEKTUBHLIM noaxo4am B
OHHbIX 3aboneBannit nerkux [50, 51], B TOM uncne, Bepo-  ANArHOCTHKe, NEYEHNUM U NPOUNAKTIKE OAHON U3 CaMblX
ATHO, 1 TB. OcoBeHHO NepCMeKTUBHO UCMONb30BaHNE Ta-  APEBHUX U COLMANbHO 3HAYNMbIX UHEKLWA B NCTOPUK
Kux npenapaToB B Tepanuu T, BbI3BAaHHOMO NekapcTBeH-  YesloBeYecTBa.
HO-YCTOMYMBLIMUA MUKOBAKTEPUSMM UMW OCTIOKHEHHOTO
Hecneuuduryeckoin nHdekumen, a Takke ans ckopenwen  AOMOJIHUTE/IBHAA MHO®OPMAL A

HOpManm3awym NNero4Hon MKpoBbUoTbl Y PEeKOHBaNeCLEH- Bknag aBTopoB. /1.A. bapaHoB — koHUenums 0630-
TOB. [lJaHHOE HanpaBneHve NpeaCcTaBnseT 3HauMTeNbHbIN  pa, HanucaHwe uHanbHoro Tekcta cratom; H.B. Tunpu-
WHTEPEC A1 NOCNEAYIOWMX HAYYHbIX N3bICKaHWIA. KMH — HanucaHve N pefakTUpoBaHue TecTa, paspaboTka

MwukpobnoTta nerkmx — akTMBHENLUWA Y4acTHUK nog-  MHdorpadmkn; A.B. [lepeBsHkO — peaakTMpoBaHue Tek-
[epxaHus pecnupartopHoro romeocrasa. ®opmupys cTa, npegoctasneHue ortomartepuanos; [.M1. Mnagux,
MECTHbI UMMYHWTET 1 obecrneunBas KonoHuaumoHHylo  M.3. JlozoBckas — pyKOBOACTBO, pefakTUpoBaHue TeKe-
PE3UCTEHTHOCTb, OHA BbICTyMaeT kntoyeBbiM haktopom Ta; E.C. 3ybapesa, H.C. Kosnosa — HanucaHue v peaak-
3alUMTbl OT pecnupaTopHbIX MaTOreHoB, B TOM YUCHe OT  TUPOBaHWe TeKcTa.

M. tuberculosis [24, 25, 33, 34]. Bce aBTOpbl BHECNU CYLIECTBEHHbIN BKIaj B paspa-

Kak nokasbiBaloT uccnegoBanus, TybepkynesHas uH- - 60TKy KOHLENUMM, NpoBefeHne MCCNeaoBaHns U Noaro-
(heKuns oKa3blBaeT OrPOMHOE BMMSIHWE HA MUKPOBHOE  TOBKY CTaTbM, NPOYNM M ofobpunu uHanbHy Bepcuio
co00LLecTBO Nerkux, NPUBOAS K XxapakTepHomy aucbuo-  nepes nybnukaumen.
3y — CHWXeHno bropasHoobpasns, yMeHbLLIEHWNIO [0 KoHdnukT uHTepecoB. ABTOpbI JeknapupytoT 0TCyT-
KOMMEHCanoB, Takux kak Prevotella, N yBENMYEHUIO Y- CTBUE SIBHBLIX W NOTEHLMAIBHBIX KOH(PNUKTOB UHTEPECOB,
CNEHHOCTM NaTobuoHToB [34, 35]. ATOT cneyudmnyecknini - CBSI3aHHbIX C NybnuKaLyeit HacTosLWen cTaTbi.
npocunb obnagaet 3HaYMTENbHBIM ANArHOCTUYECKIM U
NPOrHOCTUYECKUM noTeHuuanom u oTkpbiaeT nepcnek- ADDITIONAL INFORMATION
TUBbI 411 pa3paboTkn HEMHBA3WBHLIX METOJ0B BbisBIIE- Author contribution. |.A. Baranov — review concept,
Hus Tb B TpyAHbIX Ang auddepeHynansHon anarHoc-  writing the final text of the article; N.V. Tivirikin —
TUKN CIy4yasix, OLEHKN pucka pas3BuTWS nekapcTBeHHoW writing and editing the test, developing infographics;
YCTOMYMBOCTM M MPOrHO3MpoBaHus TeveHus Gonesnu. A.V. Derevyanko — editing the text, providing photo
BaxHo oTMeTWTb, 4TO coBpeMeHHas npoTuBoTybepky- materials; D.P. Gladin, M.E. Lozovskaya — management,
nesHas xumuoTepanus, XoTs, N0 HEKOTOpbIM AaHHbIM, 1 editing the text; E.S. Zubareva, N.S. Kozlova — writing
cnocobCTByeT BOCCTAHOBNEHNIO HOpManbHOro coctaBa — and editing the text.

MUKPOOMOTBLI NErkMX, OAHOBPEMEHHO MHAYUMPYeT ce- All authors made a substantial contribution to
NeKUMIo aHTMBNOTMKOPE3UCTEHTHBIX WTaMMOB ycroBHo-  the conception of the study, acquisition, analysis,
naToreHHbIX MuKpoopraHnamos [34, 40, 62]. interpretation of data for the work, drafting and revising
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Abstract. Introduction. A progressive trend in the field of healthcare and education is a personalized
approach, which determines the urgency of searching for individual risk factors for the development
of asthenic syndrome in young people in order to create an optimized educational trajectory and
measures to prevent asthenic syndrome. The aim of the study. To evaluate the relationship between
individual psychophysiological characteristics, variations in cerebral blood flow and risk factors for
asthenic syndrome, taking into account gender, and to compare the effectiveness of options for
preventing asthenic syndrome. Materials and methods. The study involved 147 students divided into
two groups based on gender. The students were tested in three stages under different conditions of
basic workload and stress levels through a specially designed and standardized online questionnaire.
The assessment of the personal characteristics of cerebral circulation was carried out using the
rheoencephalography technique. Cognitive training games and transcranial micropolarization were
used for stimulation. Results. Men have more pronounced reserves of cognitive functions, they
demonstrate a more stable state to the basic level of stress and intellectual load, however, with
increasing psychocognitive load, they experience a marked increase in asthenia, which may indicate
limited compensatory resources under prolonged exposure to stress factors. Women, on the contrary,
have a higher predisposition to asthenic manifestations against the background of a basic level of
stress, however, with an increase in the intensity of stress, they demonstrate better adaptation and
less variability in their emotional state. Conclusions. The results of the study indicate that gender
differences have an impact on psychophysiological characteristics under different intellectual and
stress loads. The data obtained can be used to develop individual educational trajectories, while
creating mobile applications to optimize daily routines in order to increase the effectiveness of the
educational process and prevent the development of asthenic syndrome.

Keywords: asthenic syndrome, educational process, cognitive functions, compensatory abilities,
young people
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BBEAEHWE

[MpOrpeccuBHON TEHAEHLMEN NOCNeaHUX NeT BO BCEX
chepax Ku3HW SBASETCH AOMUHMPOBAHWE MHOMBWAYab-
HOro Moaxoda C Lenblo MakcumarnbHoW apantauuu npeg-
naraemblx NPOLYKTOB M YCIyr K 3anpocam 1 BO3MOXHOCTAM
nogen [1-4]. B obpasoBaTenbHOM NOMMTUKE Takke UMEET-
CSl OpUEHTaUMs Ha NepCcoHuMKaLmio 0bpa3oBaTenbHOM
TPAeKTOPUM ANs Kaxaoro 06yyatoLLerocs ¢ y4eToM ero iny-
HOCTHbIX 0COBEHHOCTeN [2-4]. 3HaHWe WHAWBUAYANbHbIX
0CODEHHOCTEN KOrHUTUBHOMO CTaTyca W 3MOLMOHANBHOTO
BanaHca, a Takke BapuaLui MO3rOBOr0 KPOBOTOKA MOXKET
cnocobcTBoBaThH CO3AAHMI0 CUCTEMbI Hanboree addek-
TMBHOIO U (PU3MOMOTMYHOrO 0BYYeHMs, C CyLLEeCTBEHHbIM
MOBbILLUEHWEM Pe3ynbTaTBHOCTU 0Bpa30BaTenbHOro npo-
Lecca v ¢ npeaynpexaeHneM passnutus yHKLMOHaMbHbIX
HapyLLEHMIN CO CTOPOHbI MHOMX OpraHoB 1 cuctem [1, 9.

OOHUM W3 TaKWX HapyLEeHUR, acCOLMMPOBAHHbIX C
ONUTENbHBIM MO BPEMEHW UM BbIPaXEHHbIM MO WHTEH-
CWBHOCTU  MCUXO3MOLMOHAMBHBIM  MEpeHanpsxXeHneM,
SBNSIETCA aCTEHUYECKMA CUHOPOM [6-8]. 3TO norpaHny-
HOe Mexnay 3040POBbEM M HOME3HbI0 COCTOSIHIUE, KOTOPOE
KIMHUYECKM NPOSIBNSIETCS 9HEPreTMYeckum AeduumuTom B
OpraHM3Me 1 HEBO3MOXHOCTbIO (DYHKLIMOHAMBHOW aKTWB-
HOCTM Ha NpeXHeM ypoBHe ((heHOMEH HETONEPaHTHOCTU
K NpuBbIYHLIM AencTBuaM) [9-11].

Taknm obpasom, onpeaeneHne B3anMocBsa3n akTo-
POB pUCKa Pa3BUTUS aCTEHUYECKOr0 CMHAPOMA, nokasa-
Tenen amMoLMoHanbHOro 6anaHca U KOrHUTUBHOTO CTaTy-
ca y nuL MOnogoro Bo3pacrta akTyanbHO C No3uuumn co-
3AaHMs VHOMBUAYaNbHOW 06pa3oBaTeNlbHON TPAeKTOpUK
[12-14]. He MeHee BaXHO MCMONb30BaHKWE ONTUMAbHOMO
METOAA KOPPEKLMM BbllleHa3BaHHbIX XapaKTEpPUCTUK C
Lienbto NOBbILLEHMS nporpecca B 06y4eHnn MONoAbIX ML,
1 NpeaynpexaeHnst acTeHn4yeckoro cuHapoma 19, 16].

LLEJIb MCCNEAOBAHUA

OueHNTb B3aMMOCBSI3b WMHAMBMAYANbHBIX NCUXOdN-
31ONOrMYeCckiX MokasaTenen, OCOGEHHOCTE MO3TOBOrO
KPOBOTOKa 11 haKTOPOB prCKka Pa3BUTMS CTEHUYECKOTO CHH-
[pOMa C Y4ETOM MONIOBOM NPUHAAMEXHOCTH, a Takke CPaB-
HUTb 3hHEKTUBHOCTL METOA0B NPODUNAKTIKIA ACTEHMM.

MATEPUAJIbI U METO bl

B uccnegoBaHun npuHann yyactue 147 CTygeHToB
3-ro kypca mMeauumuHcKoro uHetutyta MY um. H.IM. Ora-
peBa, pasfeneHHbIX Ha [Be rpynnbl No nofoBoMy Mpu-
3Haky: 1-a rpynna (n=111) — XeHwWwuHbl, 2-9 rpynna
(n=36) — myxunHbl. OBe rpynnbl GbINM COMOCTaBUMbI
no Bospacty. CpegHuin Bo3pacT B 1-i rpynne coctasun
19,36+0,13 ropa, Bo 2-n rpynne — 18,94+0,13 ropa.
B uccneposaHve BKNKYany yCOBHO 3[0POBbLIX WCMbI-
TYeMbIX, KOTOpble He MPeAbSBASANN HUKAKMX *anob u
CyObeKTMBHO cumTanu cebs 34OpoBbIMU, HE MPUHUMANK
nekapcTBeHHble npenapaTbl Ha MOCTOSHHOW OCHOBE W

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

He “Men COMaTUYECKUX XPOHUYECKMX 3aboneBaHui co-
rnacHo AaHHbIM MEAMLMHCKON AOKYMeHTauuu. V3 ncene-
[0BaHMs ObINK UCKMIOYEHbI NNLA, KOTOPble NepeHecmnu
OCTpble PecnupaTopHbIE BUPYCHbIE MH(EKLMM B TEYEHWe
nocnegHero mecsua.

CTyOeHTbl MpowWwnu TecTMpOBaHWe, NpPOBEAEHHOE
B TP 3Tana B pasHblX ycrnoBusx 6a30BOW Harpysku
YpoBHs cTpecca (1-in atan — B CepeAnHe cemecTpa,
2- 9Tan — B nepuopa ceccun n 3-i atan — Ao 1 nocne
CTUMYNALMM) NOCPELCTBOM CrneuuanbHo paspaboTaHHo-
r0O W CTaH4ApTM3MPOBAHHOTO OHMaWH-aHKeTUPOBaHMS.
Ha 1-m atane 6bina npoBefeHa peoaHuedanorpadus
(P3O c dyHKUMOHanbHbIMKU npobamu  (PEO-cnekTp,
00O «HempocodT») AnNs BCEX PeCNOHAEHTOB, NOBTOP-
HOe 1CCreaoBaHne BbIMOMHEHO NOCHE CTUMYNAUMN Ha
3-M aTane. B kayecTBe METOLOB KOPPEKLMM UCMONb30-
Banu CTUMyNATOp ANS TPaHCKpaHUambHOM MMKPOMons-
pusauun «Herpoctum» (000 «HelpocodT») 1 Urpsl Ha
TPEHUPOBKY NAMSTH W BHUMaHUS. [ing cTumynsayum 6eino
BblaeneHo 60 CTyaeHTOB, koTopble Obinu pa3aeneHbl Ha
yeTblpe rpynnbl B 3aBUCUMOCTW OT MeTOoAa BO3AEMCT-
Bus: 1-a rpynna (n,=15 4enosek) — ABOMHAA CTUMYNS-
Uns (coyeTaHHOe NMPUMEHEHUe METOAWKM TPaHCKpaHM-
anbHOM MMWKPOMONApU3aUUN U HEeNpOCTUMYIMPYHOLLNX
urp), 2-9 rpynna (n,=15 4enosek) — rpynna KOHTpoOns,
3-a rpynna (n,=15 4ernosek) — METOAMKM TpaHCKpaHu-
anbHOM MUKPOMONApM3aLumn B MOHOpexume, 4-9 rpynna
(n,=15 YenoBeK) — Urpbl Ha TPEHUPOBKY NaMSATU 1 BHM-
MaHWsi B MOHOPEXUME.

[ns onpepeneHns ypoBHS KpaTKOBPEMEHHOW NamsiTy
1CNoNb30Bau OHNanH-TeCTbl «MamaTb Ha yncna» u «[a-
MSITb Ha 06pa3bl», ANs OLEHKM XapaKTePUCTUK BHUMaHNS —
«KoppekTypHas npoba» B 6ykBeHHOM BapuaHTe. [Nokasate-
N1 3mMoLMoHanbHoro GanaHca uccnenoBany ¢ NOMOLLbIO
BOCbMM(AKTOPHOMO NIMYHOCTHOMO onpocHuka Crnnbepre-
pa. OcobeHHOCTU BbicLien HepBHOM fesTensHocT (BHI)
oLieHuBanu ¢ ucnonb3oBaHuem metogukn A. Ctpensy. MMo-
KasaTenn acTeHUM U3yyaniu ¢ NPUMEHEHEM CYOBEKTUBHOM
wkanbl oueHkn acteHun (MFI-20). JIyHOCTHbIE 0COBEHHO-
CTU MO3roBOro KpOBOOOPALLEHWS OLiEHMBanu C MCrosb30-
BaHuem metoamkun POI (PEO-cnektp, OO0 «Henpocod»)
C NpoBeAeHneM (yHKLMOHanbHbIX Npob. MonyyeHHble AaH-
Hble obpabaTbiBanu MeToAaMU MEeWULMHCKON CTaTUCTUKM
(oueHka HOpManbHOCTW pacnpedenieHus, napameTpuye-
CKuit t-kpuTEpWiA, HenapameTpuieckit U-kputepuin, x> —
AN OLEHKN pacnpefeneHnss OTHOCUTEMbHBIX BEMUYMH,
r — K03(hULMEHT KOppEensaLmMY; onucaTenbHas cTaTucTuka
C pacyeTOM CPEeAHWX BENNYMH M JOBEPUTENbHBIX HTEPBA-
noB). [locTOBEpHbIMU CYMTaNM pasnnymns Npu BepOSTHOCTH
BesoLwnboyHoro nporHosa Gonee 95% (p <0,05).

PE3Y/IbTATDI
/3yueHne nonoebix ocobeHHocTed BHL npoge-
MOHCTpUpoBano npeobnagaHne nokasatenen «Cuna
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npoueccoB BO30YxaeHUsS» W «[OABMKHOCTb HEPBHbIX
npoLeccoB» BO 2-W rpynne — 3HaveHWss nokasatenen
Ha 1-M 3Tane uccrnegoBaHust cocTasunn 62,32+2,49 u
84,15+3,16 ycn. eq. cootBeTcTBEHHO (p <0,05). Ha 2-m
aTane uCccreaoBaHNs B Nepuoa MHTEHCUBHOW Harpysku 1
cTpecca Takxe onpeaeneHo npeobnaaaque nokasatenen
B rPynmne MyXX4uH C HEKOTOPbIM CHIXXEHWEM NokasaTenen
B 0beux rpynnax.

OnpegeneHne ypOBHS  KPaTKOBPEMEHHOM MaMSTy
NPOAEMOHCTPMUPOBANO  Credylolme  3aKOHOMEPHOCTU:
kak Ha 1-M, TaK U Ha 2-M 3Tane uccnegoBaHus npeobna-
JaHuWe [aHHOTO nokasaTtens oTMevaercs B 1-i rpynne
(Y XeHwwmH) — Ha 1-m aTane oH cocTasun 85,99+1,41%,
Ha 2-m aTane — 89,96+1,03%. [uHamuyeckme nameHe-
HWS B NEpUOA CECCUW NPU UHTEHCUBHOW MHTENNeKTyarb-
HOW Harpyske xapakTepuayTcs He6oMbLIMM NPUPOCTOM
AaHHOro nokasatens B obewx rpynnax — B 1-1 rpynne
OH cocTaBun 4,41%, a Bo 2-i rpynne — 4,69% (p <0,05).

Mpu oueHKe nokasaTeneil BHWMAHWS BbISBMEHbI
crnegytwue 0CobeHHOCTW: HanbonblwuiA NpPUPOCT Ha
2-M 9Tane UccrefoBaHns B Nepuoj ceccuu no Bcem no-
kasaTensam Habmogancs Bo 2-1 rpynne (Myx4uHbl), Toraa
kak Ha 1-M aTane oHu 6binn NpUBAN3NTENBHO OAMHAKO-
Bble B 06enx rpynnax.

Tak, nokasaTernb CKOpPOCTW BHUMaHus Ha 1-M 3Ta-
ne wuccneposaHus B 1-n rpynne (KeHWMHbl) cocTa-
Bun 4,07+0,10 ycn. ed., Bo 2-i rpynne (MyX4uHbl) —
4,051£0,15 ycn. en., a Ha 2-m atane — 4,94+0,61 n
10,15+3,75 ycn. ed. COOTBETCTBEHHO. [pUpOCT AaHHOMO
nokasarens coctasun 17,61% B rpynne xeHLuH 1 60,10%
B rpynne Myxu4uH (p <0,05). Mokasatenb To4HOCTU pabo-
Tbl pacCYMTbIBaNM C UCMOMb30BAHWUEM TPEX METOAMK, U BO
BCEX Cyyasix ero 3HayeHus Ha 1-M aTane uccnefoBaHus
npeobnaganu Bo 2-i rpynne (MyX4Hbl) — OHM COCTaBU-
nn 0,73+0,02; 0,69+0,02 1 0,90+0,10 ycn. en. cootseT-
CTBEHHO. [InHaMn4eckne n3MeHeHus B NepUog CECCUM No
CpaBHEHWto ¢ neprnogom 6a30BOI KOTHUTUBHON Harpy3ku
[AEMOHCTPUPYIOT MaKCUMarnbHbIA NPUPOCT nokasaTtenen
B rpynne MyX4uH C He3Ha4YUTENbHbIMU U3MEHEHUAMU BO
BCEX TPeX M3MEPEHUSIX B rpymnne XeHLUmH. [pupocT noka-
3aTens B rpynne MyxuuH coctasun 21,27; 24,50 n 4,85%
CO0TBETCTBEHHO (p <0,05).

OueHka nokasaTteneit «YmcTBeHHas paboTocrnocob-
HOCTb» U «KOadhUUMEHT YMCTBEHHOW MPOAYKTUBHO-
CTW» MPOLEMOHCTPUPOBana CXOXWE 3aKOHOMEPHOCTM:
Ha 1-M 9Tane WCCneaoBaHMs UX 3HaveHus npeobrna-
fanu B Tpynne MyX4mH 1 cocTtasnsnm 2,66+0,18 u
875,02+54,44 ycn. eq. COOTBETCTBEHHO, B Nepuoa cec-
CWM MakCUMarbHbIN NPUPOCT TakKKe ONpedesieH B 3TON
rpynne (66,16 n 7,41%), Torga kak B rpynne XeHLuH OH
Bbin MuHUManbHLIM (p <0,05).

Mpn onpepeneduu nokasatenen «KoHueHTpaums
BHUMAHMA» U «YCTOMYMBOCTb KOHLIEHTPALMW BHUMAHNA»
WX MaKCUMarnbHble 3HAYEHUS BbISIBMEHbI B rpymnmne XeH-
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WnH — 67,36+1,57 n 146,63+18,05 ycn. en. cootBeTcT-
BeHHo. OfHako Ha 2-M aTane uccneaoBaHus Habnwoaa-
nocb HebOMbLIOE CHUXEHWe 3TUX MokasaTenen B rpyn-
Me XEHLUMH N MHTEHCWBHbBIA NPUPOCT B rpynne MyX4uH
(10,63 n 22,79% cooTBeTcTBEHHO; p <0,05).

WccnepgosaHne nokasatenen «O6bem 3puTENbHOM
namstny» u «CkopocTb nepepaboTku MHopmaLmny npo-
JAEMOHCTpUpOBano, 41o Ha 1-m aTtane npu 6a30BON Ha-
rpy3Ke 3Ha4YeHus 1X Bblnn NpUBIN3NTENBHO OANHAKOBLI B
obewux rpynnax: 1-a rpynna (XeHwwHbl) — 724,15+13,76
n 2,2+0,05 ycn. end.; 2-9 rpynna (MyX4uHbl) —
725,31£25,21 1 2,25+0,08 ycn. eq. Ha 2-m atane uccne-
[0BaHWA B Nepuog ceccun BO 2-i rpynne Habogancs
npupocT nokasatenen Ha 16,12 n 48,04% c HebonbLwUM
CHuxeHnem ux B 1-in rpynne (p <0,05). nHamuka HekoTo-
PbIX NOKa3aTenen oTpaxeHa Ha puc. 1.
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The speed Work Mental Processing
of attention accuracy (1) performance speed
m XeHLWmHbl B MyX4uHbl
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04
CkopocTb ToYHOCTb YmMcTBEHHas CkopocTb
BHUMaHWS! paBorsi (1) paborocnocoGHoCTs nepepaboTku
The speed Work Mental Processing
of attention accuracy (1) performance speed
m KeHWwuHbl m MyX4nHbl
6/b Women Men
Puc. 1. TonoBble 0cOGEHHOCTH U AUHAMWYECKNE U3MEHEHUS HEKO-
TOpbIX NOKa3aTenen BHUMaHUA y NuL, MONOJOro Bo3pacra:
a — rnokasaTenu BHUMaHuA Ha 1-M 3Tane nccneaoBaHus;
6 — nokasaTenu BHUMaHWSA Ha 2-M 3Tane UCCeA0BaHus.
* — [OCTOBEPHOCTb MEXIPYNMoBbIX OTAMYMi npu p <0,05;
1 — onpepeneHue nokasarens no nepsoMy BapuaHTy pac-
yeTa (PUCYHOK aBTOPOB JaHHOI CTaTbK)
Fig. 1. Sexual characteristics and dynamic changes in some

indicators of attention in young people: a — attention
indicators at the 15! stage of the study; b — attention
indicators at the 2" stage of the study. * — reliability of
intergroup differences at p <0.05; 1 — determination of the
indicator according to the first calculation option (figure by
the authors of this article)
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Taknm 0Bpa3om, Npu U3y4eHWn MONOBbLIX 0COBEHHO-
CTEN KOTHUTUBHBIX (OYHKLUMA U BIIMSIHAA Ha HWX pasfiuny-
HbIX YPOBHEN MHTENNEeKTyanbHbIX Harpy3ok BbISIBMEHO
npeobnagaHne nokasaTtens KpaTKOBPEMEHHOM NamsiTy
Y KEHLUMH W nokasaTeneit BHUMaHUS y MyxumH. Makcu-
ManbHble OMHAMWYEcKWe M3MEHEHUs nokasaTenen nog
BMUSIHUEM UHTEHCUBHbIX Harpy3oK onpeaeneHsbl B rpynne
MYXUMH, 4TO CBMAETENbCTBYET O GOMbLUEM pesepBe KX
WHTENNeKTyanbHbIX BO3MOXHOCTEN [17].

/13yyeHune nokasaTenen acTeHUW NPOAEMOHCTPUPOBa-
no cnegytolime 3akoHoMepHocTU. Ha 1-m aTane uccne-
[0BaHNs npn 6a3oBOM YpOBHE MCUXO3MOLMOHANBHOM
Harpysku MakcumaribHble 3HaYeHWs BCEX W3y4aeMmbiX
nokasaTenen YCTaHOBMEHbl B rpynne XeHwuH: «O6-
was acreHus» — 12,9310,76 ycn. eqd., «Pusmyeckas
actenus» — 10,83£0,65 ycn. eq., «[cuxuyeckas acrte-
Hus» — 11,06+0,78 ycn. en., «[loHwxeHHas akTuB-
HocTby — 12,73£0,90 ycn. ea. n «CHuxeHne moTuBa-
umm» — 10,34+0,75 yen. ep. (p <0,05). OgHako Ha 2-m
JTane uccrnegoBaHus B NEpUOA CECCUM NOA BRWSIHUEM
WHTEHCWBHON Harpy3kun Hambonmblmii MX NpPUpOCT onpe-
JeneH B rpynne MyxunH: «Obuwas acteHusy — 22,32%,
«®usnyeckas acteHuay — 19,17%, «lcuxnyeckas acte-
Hua» — 39,58%, «MoHm*eHHaa akTMBHOCTbY — 37,75% 1
«CHuxenne moTueaumm» — 30,25%. [nHamuka n cBSi3b C
MOS0BON NPUHAAIEXHOCTLIO NOKa3aTenel acTeHun npea-
CTaBfEHbI Ha puC. 2.

CnepoBatenbHo, Haubonbliee BnMsHUE (aKTOPOB
WHTENNEeKTyanbHOM Harpyskm W CTpecca Ha nokasatenu
acTeHuM onpegeneHo B rpynne MyX4uH npu UcxogHo 6o-
nee BbICOKMX 3HAYEHUSIX B IPYNNE XEHLLMH, 4TO yKa3blBa-
€T Ha MeHbLUYI ajanTaumio K Harpyskam y MyxuuH [18].

[py U3y4eHUN BMSHNS YPOBHS MCUXOKOTHUTUBHOM Ha-
TPy3KV 1 MOMOBON MPUHAAMEXHOCTU Ha AMOLMOHANbHbIN
BanaHc CTyAEHTOB BbIsIBIEHbI CrieayloLe 3aKOHOMEPHO-
CTW B OTHOLIEHWUW NoOKasaTeneil PeakTUBHBLIX COCTOSHUIA:
Ha 1-M aTane uccnegoBaHus nokasatens «/HTepec» npe-
obnagan B rpynne My4uH — oH coctasun 24,79+0,88 ycn.
€., Torda Kak nokasatenm «Arpeccusin, «Tpesora» U
«[lenpeccusy Bbiny MakCUManbHbIMU B rPYMMe XeHLLUMH U
coctasunn 11,84+0,35; 17,32+0,58 1 14,01+0,47 ycn. en.
COOTBETCTBEHHO (p <0,05). Ha 2-m atane uccnegosaHns
noa BIMSHMEM BbICOKOTO YPOBHS CTPecca OTMEYeH npu-
pocT nokasatenen «Arpeccusi», «Tpesora» n «[enpec-
cus» B 0beunx rpynnax: B rpynne eHwuH — 7,94; 14,04 n
6,23% coOTBETCTBEHHO, B rpynne MyxunH — 2,92; 10,72 n
11,40% cootBeTcTBEHHO. [oKazaTenb «/HTEpec» Ha 2-m
aTane yBenuumncs B rpynne MyxuynH Ha 7,15% u He3Haum-
TEMNbHO CHU3WNCS B rpynne xeHwwuH (p <0,05).

B oTHOWeHMM nokasaTenen NUYHOCTHLIX XapakTe-
PUCTUK 3MOLMOHanbHOro 6anaHca, Takux kak «J/lo6o-
3HATENbHOCTbY, «ArpeccUBHOCTbY, «TPEBOXHOCTbY W
«[lenpeccmMBHOCTbY, OTMEYEHO OTCYTCTBME CTATUCTUYE-
CKM 3HAYUMbIX M3MEHEHW NoA BAWUSIHUEM CTPECCOBOrO

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA
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Puc. 2. MonoBble 0co6EHHOCTM M AMHAMUYECKME M3MEHEeHUs
nokasaTtenei acTeHuM y nuL Monojgoro BospacTa: a —
nokasaTenu acTeHWM Ha 1-m 3Ttane uccrefoBaHus;
6 — noka3saTtenu acTeHUu Ha 2-M 3Tane UccnefoBaHus.
* — AOCTOBEPHOCTb MEXTPynnoBbIX oTnnyuii npu p <0,05
(pncyHoKk aBTOPOB AaHHOW CTaTbK)

Fig. 2. Sexual characteristics and dynamic changes in asthenia
indicators in young people: a — indicators of asthenia at
the 15t stage of the study; b — indicators of asthenia at the
2 stage of the study.* — reliability of intergroup differences
at p <0.05 (figure by the authors of this article)

(hakTopa — NpUpOCT Ha 2-M 3Tane UccrnegoBaHus B ne-
puoa ceccumn cocTaBun MeHee 1% Ans BCex nokasaTenen
B 0beux rpynnax.

Taknm 0Opa3om, Hambonbluee BIMSHUE Ha 3MOLO-
HanbHbIN BanaHc YpoBHA CTpecca M KOTHUTUBHOW Ha-
rPy3KM OTMEYEH B IPyMnmne XEHLUMH, NPUYEM NNYHOCTHBIE
0C06€EHHOCTW Mo BO3AeNCTBIEM AaHHbIX (DaKTOPOB thak-
TUYECKM HE 3MeHunmeb [19].

Ha 3-m atane nccnegosanus 60 yenosek 6binn pasge-
NeHbl Ha rpynmbl B 3aBUCKMOCTH OT METOZ4A CTUMYMSLMM.
/A3MeHeHUs  KOTHUTUBHBIX (PYHKLUMA  XapakTepusytoTcs
cnegyowumu ocobeHHocTamu. Hanbonblumin npupoct
nokasatens KpaTKOBpEMEHHOM NamsATh onpeaeneH B 1-i
(oBoWHas ctumynsauus) u 4-n (HeMpoCTUMYnMpyHoLLMeE
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urpsl) rpynnax — oH coctasun 10,07 n 11,11% cootset-
CTBEHHO, MUHUMASTbHBIA NPUPOCT OTMEYEH BO 2-11 rpynne
(koHTponb) — oH cocTasun 3,53%. Cpeau nokasatenein
BHUMaHUs He BbIN0 CTaTUCTUYECKM 3HAYNMbIX Pa3NNymnin B
WX NPUPOCTE MEeXAy rpynnamu C UCrosb30BaHUEM CTUMY-
NsLMK, OGHAKO B rpynne KOHTPOMS OTMEYEHO HEKOTOpoe
CHWXEHWe: Hanpumep, nokasatenb «KOHLEHTpauus BHU-
MaHus» cHuauncs Ha 16,04%, nokasatenb «Obbem 3pu-
TenbHOM namaty — Ha 12,17%, nokasatens « CKopocTb
nepepaboTku nHdpopmauumy — Ha 7,02% (p <0,05).

Mpn nccnenoBaHMM BAMSHASL Pa3nnYHbIX BapUaHTOB
CTUMYNAUMM Ha 3MOLMOHaNbHbIM BanaHc CTyAEHTOB He
0BHapYXEHO CTATUCTMYECKM 3HAUMMbBIX Pasfnuuii Mexay
Bapu1aHTaMu CTUMYNALUMNA U BMSHWEM Ha PeakTUBHbIE CO-
CTOSIHWS M INYHOCTHbIE XapaKTEPUCTUKW. MiaeHTUYHble an-
HaMuke 3MOLMOHaNbHOro BanaHca N3MeHeHNs OTMEYEHbI
B OTHOLLEHWW NoKa3aTesiei acTeHuM.

Mpu npoBeaeHun PAT Ha 1-m aTane npy 6a30BOM ypoB-
He MCUXOKOrHUTMBHOWM Harpyski CTaTUCTUYECKM 3HAYMMON
KOppenauum ¢ nokasaTensiMnm KOTHUTUBHbBIX (DYHKLWA W
3MOoLMOHanbHoro 6anaHca BbiSiBNEHO He 6bino. BnngHue
NOJIOBO NPUHALNEXHOCTI ONpeSeneHo Ans nokasatens
«/HOeKC BEHO3HOro OTTOKa» — B TPynne MyX4uH ero
3HaYeHne MeHbLLe, YeM B rpynne XEHLUMH, C yBeNYEHU-
eM pasHuLbl NpW BbINOMHEHUM (YHKLMOHANbHbIX NPOb:
CpefAHee 3HaueHWe nokasaTens no BCeM OTBEAEHUSM Npu
3anucu B nokoe coctasuno 0,61+0,03 ycn. ea. B rpyn-
ne myxuyuH, 0,67+0,01 ycn. ed. B rpynne XeHLWWH; npu
3anucy PAI npu nosopote ronosbl Bneso — 0,58+0,02
n 0,64+0,01 ycn. ef. COOTBETCTBEHHO; NpW MOBOPO-
Te ronosbl Bnpaso — 0,61+0,02 n 0,64+0,01 ycn. eg.
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Puc. 3. TonoBbie 0cobeHHOCTU NoKa3aTeneit MO3roBoro KpOBOTO-

Ka (MHAEeKC BeHO3HOro oTToka) Ha 1-m artane. * — pgocro-

BEPHOCTb MEXTpynnoBbIx oTnnymi npu p <0,05 (pucyHok

aBTOPOB AaHHOI CTaTby)
Fig. 3.  Sexual characteristics of cerebral blood flow (Venous outflow

index) at 1% stage. * — reliability of intergroup differences at
p <0.05 (figure by the authors of this article)

NMATO®U3NOJI0IrMA — MEAUNLUHE

PATHOPHYSIOLOGY — MEDICINE

COOTBETCTBEHHO; NpM OpTOCTaTUYeckon npobe —
0,57£0,03 un 0,62+0,03 ycn. en. COOTBETCTBEHHO
(p <0,05). laHHbIE NpeacTaBneHbl Ha puc. 3.

MoBTopHas 3anucb POl Ha 3-M aTane uccrnegoBaHns
nocne CTUMynsLMK Takxe NPOAEMOHCTpUpOBana oTcyT-
CTBME CTATUCTNYECKM 3HAYMMON KOPPENALMN C NokasaTe-
NAMW KOTHUTMBHBIX (OYHKLMIA, SMOLMOHAnNbHOro banaHca
W C BapuaHTOM MWCMOMb3yemon cTumynsumn. Bo Bcex
rpynnax Ha gaHHOM aTane Habnoganocb HEKOTOPoe Mo-
BbILUEHWE TOHYCa KPYMHbIX U CPEAHWUX COCY0B W HE3Ha-
ynTenbHOE YBENMYEHMe nokasatens «/Haekc BEHO3HOro
oTTokay [20].

OBCYXAEHUE

B xome paHHOro wccrnefoBaHMs BbISIBMEHbI chegy-
loLLMe 3aKOHOMEPHOCTW. Y MyXYWH OTMeyeHbl Bonee
BbIPaXXEHHbIE PE3epBbl KOTHUTUBHBLIX (DYHKLWA, YTO nog-
TBEPKAAETCS MaKCMManbHbIM MPUPOCTOM YPOBHS KpaT-
KOBPEMEHHOI NamsTh WU nokasaTenen BHAMaHWUS Ha aTa-
ne UHTEHCMBHOM MHTENNEKTYasbHOM Harpy3ku. Mpu 3TOM
MY>X4WHbI JEMOHCTPUPYIOT 60nee yCTONYMBOE COCTOSHIE
k 6a30BOMY YpOBHIO CTpecCa W MHTENNEKTYanbHON Ha-
rPy3Ku1, 4TO CBUAETENLCTBYET 0 Gonblueit CTabunbHOCTY
afanTalyoHHbIX MEXaHW3MOB NpW CTaHAAPTHBIX YCIOBK-
sx. OfHaKo npy BO3pacTaHuu NCUXOKOrHUTUBHOW Harpy3-
KW y HUX HabnioaaeTcs BbIpaXeHHbI poCT nokasatenei
acCTeHWW, YTO MOXET yKa3blBaTb Ha OrpaHUYeHHble BO3-
MOXHOCTW KOMMEHCATOPHbIX PECYPCOB NpU ANUTENBHOM
BO3AENCTBUN CTpecc-hakTopoB. Kpome TOro, Ans Myx-
YWH XapaKTepHbl MeHbLUKe 3Ha4YeHNs peodHuedanorpa-
(hMYeckoro napameTpa «MHOEKC BEHO3HOTO OTTOKa» BO
BCEX OTBEAEHUSIX KaK B MOKOE, TaK WU Npu PyHKLMOHAMb-
HbIX Npobax, YTo oTpaxaeT 0COHEHHOCTI MO3rOBOrO KPo-
BoOOpaLLeHns, NOTEHUMAmNbHO BAMAKLLME HA AUHAMUKY
KOrHUTWBHBIX NPOLECCOB.

Y KeHWWH, HanpoTuB, OTMeyeHa Oonee BbICOKas
NpespacnonoXeHHOCTb K aCTEHWYECKUM MPOSBIEHUAM
Ha ¢oHe 6a30BOr0 YPOBHS Harpysku, O4HAKO Npu yBe-
NIMYEHNN UHTEHCMBHOCTU CTPECCOBOrO BO3LENCTBUS OHU
AEMOHCTPUPYIOT NYYLLYI0 afanTaLuio U MeHbLUY Bapu-
abenbHOCTb AMOLMOHANBHOTO COCTOsHMS. Haunbonbluee
BNUSIHWE SMOLIMOHAMNBHOM HarpysKku NposiBNSETCS B U3Me-
HEHMM PeaKTUBHbBIX COCTOSHWIA MPK COXPaHEHUM CTaburb-
HbIX IMYHOCTHbIX XapaKTEPUCTUK. OTW JaHHble YKa3biBa-
toT Ha 60 NbLUY0 TMOKOCTb M adanTUBHOCTb SMOLMOHATb-
HO-KOTHUTMBHBIX MEXaHU3MOB Y JKEHLUWH NPU N3MEHEHUM
YCNOBUI AeATENBHOCTMU.

BbIBO /bl

1. 3y4eHne ypoBHS KpaTKOBPEMEHHOW NaMATH, Noka-
3aTenen BHUMaHNS 1 3MoLMOHanbHoro 6anaHca npoge-
MOHCTpUpOoBano 6OnbluMe pesepBbl KOTHUTUBHBIX (YHK-
WA M MeHbLLYI0 NabUNbHOCTb PEaKTUBHBIX COCTOSHUIA Y
MYXYUH.
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2. MonoBble 0COBEHHOCTM KOTHUTMBHOTO CTaTyca W
amMouunoHanbHoro 6anaHca MonodblX nogen conpsxe-
Hbl C afanTaUMOHHLIMU XapaKTEPUCTMKAMM B YCIOBUSIX
PasnnyHOM CTEMEHN WHTENNeKTyanbHOW U CTPeCcCcOoBOM
Harpy3ku: BbisiBNEHbl 60NbLIas agantayus K NOBbILLEHUIO
YPOBHS Harpysku y eHLUMH 1 6onee ageksaTtHas npucno-
CoBNIEHHOCTL K 6a30BOMY CTPECCY Y MYXUMH.

3. BrmsiHnsa nHamBnayanbHeIx 0COBeHHOCTEN MO3roBo-
ro KpoBOOOpALUEHNS HA KOTHUTUBHbIE (DYHKLM, SMOLMO-
HanbHbIN 6anaHc 1 NokasaTenu acTeHUN He BbISBMEHO.

4. Tlpn cpaBHUTENBHOM M3YYEHUN BapUAHTOB Hel-
POCTUMYMALMN HA KOTHWUTWBHbIE (OYHKLMM HaubBomnbLumi
3h(pekT OKasblBanW ABOWHASA CTUMYNSALMS U MOHOKOp-
PEKLMS C UCMOMb30BaHUEM WUrp.

Takum 06pa3om, NonyyeHHble AaHHbIE MOTYT CRYXUTb
OCHOBOW AJ151 AanbHEALWMX UCCNeLoBaHMA, HanpaBneHHbIX
Ha OMTUMM3ALMI0 NOAXOLOB K NOAAEPNAHMIO KOTHUTUBHOIO
11 AMOLMOHAMNBHOTO 3[10POBbS C Y4ETOM NOMOBbIX 0COOEHHO-
cTeit, a Takke npu paspaboTke MHAMBKAYanbHbIX 06pa3oBa-
TENbHbIX TPAEKTOPUA C YY4ETOM FeHAEPHBIX 0COBEHHOCTEN
obyyatoLLmxcs, Npu co3naHn MOBMIbHBIX MPUIOXEHNA ANs
ONTUMM3aLMK pacnopsgka AHS C Lenbio paLvoHanbHOro
pacnpefeneHns BpeMeHu, NoBbILIEHUS pesybTaTMBHOCTM
obpa3oBaTenbHOro mpouecca 1 npotunakTvkM passuTUs
aCTEHMYECKOro CHHAPOMA M APYrUX (PYHKLMOHAMBHBIX pac-
CTPOWCTB CO CTOPOHbI OPraHoB u cuctem [21-23].

aHanusa; E.B. ApceHTbeBa — Hay4yHOE M TEXHUYECKOE
pepaktuposaHue; T.M. BnacoBa — nocTpoeHne mogenu
MCCEA0BaHMs, OLEHKa NMPOMEXYTOYHbIX M OKOHYaTemb-
HbIX pe3ynbTaToB.

Bce aBTOpbl BHECNU CYLLECTBEHHbIN BKNaj B paspa-
BOTKy KOHLenuuW, NpoBeAeHNe UCCrnefoBaHus U NOAro-
TOBKY CTaTbil, NPOYnn 1 0A06pUnM OUHAmNbHYI BEPCUIO
nepen nybnukaumnen.

KoHdnukt uHTepecoB. ABTOPbLI AeKNapupyT OTCyT-
CTBWe SIBHbIX M NOTEHLMaNbHbIX KOH(MUKTOB MHTEPECOB,
CBSI3aHHbIX C NyOnuKkauyeit HacTosLWen cTaTbi.

WUHdopmupoBaHHoe cornacue Ha nyonukauuio.
ABTOpbI MONYYKUIIM NUCbMEHHOE cornacue obcnesyembix
Ha ny6nukaunio MeLULMHCKUX AaHHBIX.
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Pe3tome. BeedeHue. KappariHaH-1HayLMpOBaHHbIN 0Tek — Hanbonee pacnpocTpaHeHHast Moaenb
in vivo ons oLEeHKN TepaneBTUYeckoin 9 eKTUBHOCTI NPOTUBOBOCNANUTENbHBIX NEKapCTBEHHbIX
npenapaToB. B 0cHOBe naToreHesa kapparMHaH-MHOYLMPOBaHHOIO OTEKA NEXNUT OCTPOE 3KCCyaa-
TUBHOE BOCNAneHe, B KOTOPOM BaXHYH POIib UrPaeT HapyLueHue MUKpoLmpkynauum. syverne
naToreHesa MUKpOLMPKYNALMM NpeacTaBnseT DonbLON UHTEPEC, Kak ANarHOCTUYECKUIA, TakK U
NPOrHOCTUYECKNIA, NPY OLIeHKe (DYHKLIMOHaNbHOro cTatyca opraHuama. O4HUM 13 nepcnekTus-
HbIX 1 YCNELIHO NPUMEHSIEMbIX AUarHOCTUYECKMX METOAOB UCCMef0BaHWS TKAHEBOro KPOBOTOKa
SBNAETCA NasepHas Jonnneposckas noymeTpus, Kotopas N03BONSET OLEHUTb U3MEHEHUS
MUKPOLIMPKYNATOPHbIX NPOLECCOoB. Ljesib — NpOBECTU OLiEHKY TKAHEBOrO KPOBOTOKA B AMHAMMKE
Y MblLLleil MEeTOAOM Na3epHON SONNNEPOBCKOW (hroyMeTpuUm B CONOCTABIIEHWN C NOKa3aTensamm
NNeTU3MOMETPUM B MOZENU KappariHaH-UHAYLMPOBaHHOIO OTeKa Ans U3yyenunst aheKTUBHOCTM
1 hapmakoLMHaMuKn BUOMEOULIMHCKMX KNETOYHbIX MPOAYKTOB U hapmaLeBTUYecknx cybeTaH-
L1 B JOKNMHUYeCKON npakTuke. Mamepuanbi u memodsl. B paboTe ncnonb3oanu 40 Mbllent
(20 camuos 1 20 camok) nuHum BALB/c B Bo3pacTte 8—10 Hegenb. B npouecce akcnepumeHTa
MOZENUPOBany kapparmHaH-uHAYLMPOBaHHbIN OTeK, NPOBOAUNM Na3epHY AONMNEPOBCKYH0
hnoyMEeTpUIO N NNETU3MOMETPUIO B 00NacTu NeBOi 3a4HEN KOHEYHOCTU SKCMEPUMEHTANBHOMO
XMBOTHOrO. 10 pesynsTaTtam nccnefoBaHNs BbINOMHEHbI: 1) oLeHka TkaHeBo nepdy3umn y
MblLlel B 06nacTu NogoLWBEHHOMO anoHeBPO3a B AMHAMUKE; 2) NNETU3MOMETPUS B AMHAMUKE
(OUeHKa CTeneHN BbIpaXeHHOCTI OTEKa Y XKMBOTHbIX MO U3MEHeHMI0 06beMa narbl XWBOTHOrO);
3) conocTaBneHue nokasatenei NNeTM3MOMETPUM 1 NTa3epPHON AONNNEPOBCKOM (hrIoyMeTpuML.
YCTaHOBIIEHO, YTO CTeneHb BOCCTAHOBIIEHNS KPOBOTOKA U BbIPAXXEHHOCTb OTEKa KOppenupyoT
Mexay cobolt (koadduumeHT koppensiuumn coctaBnseT 96%). Bb1eods. NlasepHast fonnnepoBckas
noymeTpusi B MOLENW KapparnHaH-MHAYLMPOBAHOro 0TeKa Yy MblLUeN NO3BONAET NPWKNU3HEHHO
1 B IUHAMVKE OLEHNTb COCTOSIHUE MUKpOLMPKynsLmu. MeToa OTAMYaeTcs TOYHOCTBIO U BbICOKON
YYBCTBMTENBHOCTBIO, C €ro MOMOLLbH0 MOXHO ONpeenuTb U3MEHEHNS MUKDOLIMPKYSLIMNA KDOBOTOKA
Ha paHHUX aTanax, 4o «BW3yarnbHOro» NposiBneHus oTeka. HabniogaeTcs Boicokas koppensauus
MEXAY LaHHbIMU, NOMYYEHHbIMU NPY UCMONb30BaHUM JTa3ePHON JONMNEPOBCKON (DNOyMeTpum 1
nneTuamMomeTpa. B nepcnekTmBe faHHbI METOS MOXET ObITh LUMPOKO NPUMEHEH B JOKIMHUYECKON
NpaKTIKe 47151 OLEHKM TepaneBTuIeckon 3hheKTUBHOCTM U (hapMakoaMHaMuki paspabaTbiBaemblx
npenapaTtos, BIUSIOLLMX HA PErMOHapHOe KPOBOOOPALLEHNE U MAKPOLMPKYTISALMI.

KntoueBble cnoBa: kapparyHaH-1HAYLMPOBaHHbINA OTEK, Ta3epHas 4ONnnepoBckast ProymeTpus,
NnAo®, buonoruyeckas TecT-cuctema
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Abstract. Introduction. Carrageenan-induced edema is the most common in vivo model for
evaluating the therapeutic efficacy of anti-inflammatory drugs. The pathogenesis of carrageenan-
induced edema is based on acute exudative inflammation, in which microcirculation disorders
play an important role. The study of the pathogenesis of microcirculation is of great interest,
both diagnostic and prognostic, in assessing the functional status of the organism. One of the
promising and successfully applied diagnostic methods for studying tissue blood flow is laser
Doppler flowmetry, which makes it possible to assess changes in microcirculatory processes.
The aim is to evaluate tissue blood flow in mice using the laser Doppler flowmetry method in
comparison with plethysmometry parameters in the carrageenan-induced edema model to study
the efficacy and pharmacodynamics of biomedical cellular products and pharmaceutical substances
in preclinical practice. Materials and methods. 40 mice (20 males and 20 females) of the BALB/c
line aged 8-10 weeks were used in the study. During the experiment, carrageenan-induced edema
was modeled, laser Doppler flowmetry and plethysmometry were performed in the area of the
left hind limb of the experimental animal. According to the results of the conducted research, the
following tasks were performed: 1) assessment of tissue perfusion in mice in the area of plantar
aponeurosis in dynamics; 2) plethysmometry in dynamics (assessment of the severity of edema
in animals by changes in the volume of the animal’s paw); 3) comparison of plethysmometry and
laser Doppler flowmetry. It was found that the degree of blood flow restoration and the severity of
edema correlate with each other (the correlation coefficient is 96%). Conclusions. The use of laser
Doppler flowmetry in the carrageenan-induced edema model in mice makes it possible to assess
the state of microcirculation in vivo and dynamically. The method is characterized by accuracy
and high sensitivity, which makes it possible to determine changes in blood microcirculation in
the early stages, including before the “visual” manifestation of edema. At the same time, there is
a high correlation between the data obtained using laser Doppler flowmetry and plethysmometer.
In the future, this method can be widely used in preclinical practice to evaluate the therapeutic
efficacy and pharmacodynamics of drugs under development that affect regional blood circulation
and microcirculation.

Keywords: carrageenan-induced edema, laser Doppler flowmetry, LDF, biological test system
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BBEAEHWE

MUKpPOLMPKYNATOPHOE PYCNO — TPO(MYECKOEe 3BEHO
reMOLMPKYNALMM M KOCBEHHO OTpaXaeT XM3Hecrnocob-
HOCTb TKaHeW, UX CMoCcOBHOCTb pereHepupoBaTth, OCY-
LWeCTBNATb UMMYHHYIO U MHOXECTBO ApYrux (hu3nosno-
TMYECKMX (PYHKLWA, CBOWCTBEHHbLIX 340POBbIM TKAHAM
opraHuama. HapylieHne TkaHeBOW Nepdy3nn He TOMbKO
yKasblBaeT Ha MOpaXeHue MCCriefyemMoro opraHa unu
TKaHW, HO W 3a4acTyl0 SBNSETCA pesynbTaToM CUCTEM-
HbIX MPOLIECCOB B OpraHn3me, NpUBOZALMX K TSKENbIM
nocneacTausM. MayyeHne cOCTOSIHMS MUKPOLMPKY LN
B YCMOBWAX BOCMAneHWs NpeAcTaBMnseT 3HAYMTENbHbIN
WHTEPEC B [OKIMHUYECKOW NpaKTUKke ANS OLeHKW Tepa-
NeBTUYECKON 3GhEKTUBHOCTU NPOTUBOBOCMANUTENBHbBIX
nekapcTBeHHbIX NpenapaTos [1-9].

OpHa M3 Hambonee pacnpocTpaHEHHbIX Mopenen
BOCManeHus in Vvivo — KkapparvHaH-MHAYLMPOBaHHbI
oTek. [laToreHes kapparMHaH-WHOYLMPOBAHHOMO OTeka
00ycrnoBneH OCTpbIM 3KCCyAaTMBHbIM BOCManeHueM, B
KOTOPOM OJHWM W3 OCHOBHbIX €r0 KOMMOHEHTOB CYWTa-
eTCS PacCcTPONCTBO MUKPOLMPKYNALMM C 3KCCyaaumen 1
amurpaumen. JTakoH4HbIM CnocoboM AUarHoCTUKL Hapy-
LIEHUA MUKPOLMPKYNATOPHOTO pycra CRyXuT nasdepHast
ponnneposckas gnoymetpus (IAP), koTopas BbI3biBaeT
CTOVMKMA MHTEPEC WCCRefoBaTeNie no BCEMY MUPY Yxe
He nepBoe aecstuneTue [5, 6].

[aHHbIN MeTog yCnewHo UCnonb3yloT Ana uccnemo-
BaHWS TKAHEBOW MUKPOLMPKYNALMM Y YenoBeka, 0gHaKo
Y KMBOTHbIX B HACTOsILLEE BPEMS €r0 LUMPOKO He npume-
HatoT [2, 4, 7, 8].

Takum obpasom, JIP octaeTcs nepcnekTUBHLIM Ha-
npaBneHnem UCCNeoBaHU B OKIMHUYECKON NPAKTUKE.

LLESb UCCNNEAOBAHUA

lMpoBecTn OLEeHKY TKaHEeBOTO KPOBOTOKA B AMHAMUKE
y Mbiwei metogom JI® B conocTasneHnn ¢ nokasarte-
nAMK NNEeTU3MOMETPUN B MOAENW KapparvHaH-uHAyLu-
POBAHHOrO OTeKa ANA M3y4eHns adeKkTUBHOCTM U dap-
MaKoAMHaMUKN BUOMELNLMHCKMX KNEeTOYHbIX NPOLYKTOB
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n apmaueBTUieckux CyOCTaHUUA B AOKMUHUYECKOM
NpaKTuKe.

MATEPUAJIbl U METO bl

XugomHble. B akcnepumeHTe wucnonbsosanu 40
Mblwel (20 camuos 1 20 camok) nuHum BALB/c B BO3-
pacte 8-10 Hegenb, SPF-kateropumu, nony4yeHHbIx K3
HMM «lMuTomMHUK nabopaTopHbIX XMBOTHbIX» Punnana
WHcTuTyTa GMOOPraHnyeckoi XMMUM UM. akaLeMUKOB
M.M. WewmsiknHa n K0.A. OBumnHHMKOBa Poccuinckoir aka-
aemun Hayk, . Mywwuro. CogepxaHue, yxon 3a XwBOT-
HbIMW 1 SKCMEPUMEHTANbHOE MOLENMPOBaHNE NPOBOAM-
NN B COOTBETCTBUM C MEXAYHAPOAHBIMUA €BPONEACKUMU
BuroaTnyeckuMy CTaHgapTamu, POCCUICKAMN STUYECKN-
MW CTaHAapTamn no cofepxaHuio u obpalyeHnto ¢ na-
BopaTopHbIMKA XMBOTHBIMM, HOpPMamu W MpaBunamm,
ykasaHHbIMM B «[lonuTuke paboTbl ¢ XuBOTHbIMM AO
‘TEHEPUYM”».

[JusaiH uccnedosaHus. Bbino cgopmmupoBaHo ase
rpynnbl xmBoTHbIX: 1-9 rpynna (n=20: 10 camok u 10 cam-
LloB) — MOJenu1poBaHue KapparMHaH-H4yLMpPOBaHHOMO
oTeka; 2-4 rpynna (n=20: 10 camok 1 10 camuoB) — mo-
[eNvpoBaHue KapparHaH-MHOyLMPOBaHHOTO oTeka +
+ BHYTPUMbILLIEYHOE BBEAEHME AuKnodeHaka, 25 mr/mn
(Hemofarm, Cep6us), 0ogHOKpaTHO, Yepes MUHYTY nocrne
MOZEeNMPOBaHUs KapparMHaH-UHOyLMpOBaHHOrO oTeka, B
Jo3e 3 Mr/kr.

OKCMEPUMEHT COCTOAN M3 Tpex dTanos: | aman —
MOZeN1poBaHue KapparvHaH-WHAYLMPOBAHHOTO OTEKa;
Il aman — NA®; Il aman — oueHKa CTeneHu BblpaxeH-
HOCTMW OTEKa Y KMBOTHbIX C MOMOLLbIO NNeTU3MoMeTpa no
N3MeHeHMI0 0bbeMa nanbl KUBOTHOTO.

I aman. ModenupoeaHue Kappa2uHaH-UHAYyupo-
8aHHO20 omeka

lMpu BOCNPOM3BEAEHUM MOAENM KapparuHaH-uHay-
LUMPOBAHHOrO OTeka B JIEBYIO 3aHIO KOHEYHOCTb XKu-
BOTHOTO CybnnaHTapHO MOA MOAOLIBEHHLIA ANOHEBPO3
opHokpaTtHO BBOAMNM 1% pacTteop kapparuHaHa (A Car-
rageenan plant mycopolysaccharide (SIGMA-ALORICH/

ala

Puc. 1.

6/b

MoaenupoBaHue KapparuHaH-mHAyuUupoBaHHOro oTeka U OLEHKa MUKPOLUMPKYnAuuMu MeTooom nasepHol AonniepoBCKON

tdnoymeTtpun: a — BBegeHue 1% pactBopa kapparuHaHa (1 u 4 — nogowseHHble Gyropku); 6 — nasepHasi AonnnepoBcKas

¢noymetpus (dpoto aBTOpOB)
Fig. 1.

Modeling of carrageenan-induced edema and assessment of microcirculation by laser Doppler flowmetry method: a — administration

of 1% carrageenan solution (3 and 4 — plantar tubercules); b — laser Doppler flowmetry (photo by the authors)
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LOT:1408463V)) B 06beme 25 mkn (puc. 1, a). MNoaroTosky
1% pacTtBOpa kapparvHaHa NpoBOAWMN COrfacHo MeTo-
puke E. Phyllis n coasrt. [9].

Il aman. JlazepHas donnnepoeckas ¢hnoymempus

TkaHeByl0 Nepdy3nto perucTpupoBanu Ha nesoi 3ag-
Hel KOHEYHOCTU XWBOTHOTO B 06mact NOAOLIBEHHOMO
anoHespoaa [10].

J1IO® BbINONHANM C NOMOLLIO AaT4YMKa Nasep-gonnne-
pa TSD145 (BIOPAC Systems Inc, CLLA) u nporpammHo-
ro obecneyenus Acqgknowledge® 4.

[ns kaxgon BPEMEHHOW TOYKM M3MEpEeHUs MpOBO-
AVNN TPUKObl B TEYEHUE MUHYThI Y KAXOOrO XWUBOTHOTO
W Y4uTbIBaNW yCpeaHEHHOe 3HAYeHUe TPex M3MepeHuit
(puc. 1, 6).

Cxema peaucmpayuu nasepHol  donnmaeposckoll
¢hnoymempuu

1. Touka «O» — go BBegeHus 1% pactBopa kappa-
rMHaHa.

2. Toukn «5 MUHYTY», «10 MUHYT», «15 MUHYTY,
«30 MUHYTY, «1 4» 1 «3 y» — yepes 5, 10, 15, 30 mu-
HyT, 1 1 3 yaca nocne BeeaeHuns 1% pactBopa kappa-
rMHaHa.

N3mepenne «0» BbINOMHANN Y XKUBOTHBIX BCEX 3KCMe-
PUMeHTanbHbIX rPYNn Ha 3a4HNX KOHEYHOCTSX. CTaTuCTH-
YeCKM AOCTOBEPHbLIX Pasnuunii Mexay NeBoi M npasoi
3a0HUMU KOHEYHOCTSAMW NpW 3TOM BbISIBIIEHO HE BbIno.
Mocneaytowyto pernctpaymto J1I4® nposoannn Ha nesoi
3agHen KoHeuyHocTW. B xoge aHanusa JIA®-rpammbl pac-
CYUTBIBANM KanunspHbIA KPOBOTOK, XapaKTepu3aytoLiuii
COXPaHHOCTb MMKPOLMPKYNALMM BO BCEX BPEMEHHbIX
TOYKaX PErucTpaumm TkaHeBon nepdysnn OTHOCUTENBHO
HOPMbI (TOYKa «0»).

Il aman. OyeHka cmeneHU ebipaXeHHOCMU omeka
Y XUBOMHbIX C NOMOW|bI0 Niemu3mMomempa no usme-
HeHur o6bemMa n1anbl XUeomHo20

CTeneHb BbIPAXEHHOCTM OTEKA Y XMBOTHbIX OLEHU-
Banu ¢ nomolbto nnetusmometpa (Ugo basile biological
research apparatus, Italy) no nameHenuto obbema nesoi
3adHel KOHEYHOCTW IKMBOTHOMO, COFMAacHO METOAMUKE
C.J. Marris [11].

OBbem nanbl ONpeaensnu TPUKAb! B Kax4oi BpeMEH-
HOW TOYKe AN KaXAOoro XMBOTHOMO W Gpanu ycpenHeH-
HOe 3HayeHne TPeX U3MEPEHNN.

Cxema OUeHKU cmeneHu 8bipaxeHHoCmU omeka

1. Touka «O» — po BBegeHus 1% pacteopa kappa-
rMHaHa.

2. Toukn «1 4» 1 «3 4» — yepes 1 u 3 vaca nocne
BBeAeHus 1% pacTBopa kapparmHaHa.

OBbem koHeyHOCTM B ToUKe «0» OLEHMBAnNM y XMBOT-
HbIX BCEX 3KCMEPUMEHTaNbHbIX TPYNn Ha 3afHWX KOHEY-
HocTsx. CTaTMCTUYECKN JOCTOBEPHbIX Pasfnynin Mexay
NEeBOI M NPaBOii 3aAHUMM KOHEYHOCTSIMM MPU 3TOM BbisiB-
neHo He bbIno. MocneaytoLlyto oUeHKy o6bema NpoBoaw-
NN Ha NeBON 3aHEN KOHEYHOCTH.

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

Mocne m3MepeHns o6bemMa KOHEYHOCTEN paccyuTbl-
Banu nHaekc oteka (M0O) no cdopmyne:

M0 =100 - (Vt-V,)/V,,

rae V,, Mn— obbem nanbl 4o seefeHus 1% pacteopa
kapparuHa; V,, Mn — obbem nanbl cnycta 1 vac, 3 vaca
nocne BBeaeHus 1% pacTBopa kapparmHaxa.

Cmamucmuyeckasi obpabomka pe3ynsmamos. ony-
YeHHble B xoge paboTbl JaHHbIe NPOBEPEHbI HA HOPMarb-
HOCTb pacnpegeneHus. CTaTCTMYeCKUn aHann3 BKYa
BbIYMCNIEHNE CPEOHEro 3HAYEHWS W CTAaHAAPTHOMO OTKMO-
HeHusi. [INsi cpaBHEHWS 3HAYEHWIA MCMOMNb3oBany napame-
TpUYeckuii nokasatenb — t-kputepuin CTblogeHTa, Tak Kak
BbibOpKa COOTBETCTBOBANA 3aKOHY HOpPMaIbHOro pacnpe-
AenexHns. Pasnuums cuutanu cTaTUcTUYeCcKn 3HaYUMbIMU
npn p <0,05. Cratuctnyeckyto 06paboTky AaHHbIX NPOBO-
OWNW C NpUMeHeHWeM nporpammHoro naketa IBM SPSS
Statistics (23 v, IBM Corp., CLLA).

PE3YJIbTATbl N OBCYXKAEHWUE

Mo pesynbTaTam OLeHKW TKaHEBOW nepdysnn B obna-
CTM NMOAOLLBEHHOTO anoHeBPO3a Y MblLLIEN Npy MOAENMpo-
BaHMM KapparnHaH-MHAYLMpOBaHHOTO OTeka Habnoganu
CTaTUCTUYECKM 3HAYUMOE CHUXKEHUE MUKPOLMPKYNSALMM
BO BCEX BPEMEHHbIX TOYKax W3MEepeHWA nocne BBede-
Hus 1% pacTBopa kapparMHaHa OTHOCUTENBHO TOYKN «O»
Yy BCEX rPynn XMBOTHbIX. [10CIe MHBEKLMM KapparMHaHa y
KMBOTHbIX BCEX Fpynn K 5-1 MuHyTe Habnoganu coxpaHe-
HWe MukpoLmpkynauum Ha 10-12%, 4To XxapaKkTepHo Ans
cTaguu kpaTkoBpeMeHHoro cnasma cocygos. K 10-i mu-
HYTE Y XMBOTHbIX PErUCTPUPOBaNN PE3KO BbIPAXEHHOE
yCUNEHWe KanunispHoOro KPoBOTOKA — apTepuarnbHyo
TUNepeMnio 1 COXpaHeHWe MUKPOLMPKYNALMA Ha ypoB-
He 56% oTHocuTenbHO ToukK «O». Ha 15-1 MuHyTE OT-
Meyanu COCTOSiHWE BEHO3HOM rnepeMni U CoxpaHeHue
MUKpOLMpKYNsLmm Ha ypoeHe 30% wcxogHoro. Mpu mo-
AENUPOBaHNN  KapparMHaH-MHAYLMPOBaHHOTO OTeka Mo
nokasatenam JIA® B Toukax «5 MuHYTY, «10 MUHYT» U
«15 MUHYT» He BbISBIEHO CTATUCTUYECKN 3HAYUMbIX OT-
NMYNA BHYTPU SKCEpUMEHTanbHbIX rpynn. Ha Toukax
«30 MUHYT», «1 4» 1 «3 Y» Npy perucTpaLmm napaMmeTpos
MUKPOLIMPKYNALMM Habntogany CTaTUCTUYECKN 3HaYMMoe
ynyylleHre KpOBOTOKA Y XMBOTHbIX BO 2-W 3KCMEpPUMEH-
TanbHOW rpynne no cpasHeHwto ¢ 1-i rpynnoi. B Touke
«30 MUHYT» B 1-1 rpynne KpOBOTOK COXpaHeH Ha 25%, BO
2-it Ha 36%. B Toukax «1 4» n «3 4» B 1-1 rpynne ypoBeHb
MukpoLmpkynsauumn coctaBnsan 20 n 15% cooTBETCTBEHHO,
BO 2-/ rpynne — 45 1 55% coOTBETCTBEHHO (puC. 2).

Mo AaHHbIM nneTusmorpadum B 1-i1 rpynne cTeneHb
BbID@XEHHOCTN OTEKa 9KCMEPUMEHTANbHON  KOHEYHOCTH
no obvemy Ha 1-3 4 — 46-51% ot Touku «O» (MK Bbipa-
XEHHOCTW OTeka oTMmevancs Ha 3 4 — 51%). Bo 2-i rpynne
CTeneHb BbipaXeHHOCTM O0Teka Ha 1-3 u cocTaensna 36—
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Puc.2. [vHamumka M3MEHEHWsi KanUNNAPHOrO  KPOBOTOKA
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Tpum), %. 1-a rpynna — 1% pacTBOp KapparuHaHa;
2-a rpynna — 1% pacTBop KapparuHaHa + auknodeHak
B f03e 3 Mr/Kr (PUCYHOK aBTOPOB JaHHOM CTaTby)
Fig. 2. Dynamics of changes in capillary blood flow (according to
laser Doppler flowmetry data), %. Group 1 — 1% carrageenan
solution; Group 2 — 1% solution of carrageenan +
+ Diclofenac, 3 mg/kg (figure by the authors of this article)
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Puc. 3. CreneHb BbIpaXeHHOCTU OTeKa NeBOW 3afHell KOHeu-
HOCTM (N0 06BLeMy; No AaHHbIM nnetusmorpadum), %.
1-a rpynna — 1% pacTBOp KapparuHaHa; 2-a rpynna —
1% pacTBoOp KapparuHaHa + guknodeHak B fo3e 3 Mr/kr
(pncyHOK aBTOPOB AaHHOI CTaTbK)
Fig. 3. The severity of edema of the left hind limb (by volume;

according to plethysmography), %. Group 1 — 1% carra-
geenan solution; Group 2 — 1% solution of carrageenan +
+ Diclofenac, 3 mg/kg (figure by the authors of this article)

25% HopMmbl (MUK BbIPAXXEHHOCTU OTeka 3adMKCUpOBaH
Ha 14— 36%) (puc. 3).

Mo pesynbTatam KOPPEnsLMOHHOTO aHanu3a ycTa-
HOBMEHO, YTO CTeneHb BOCCTAHOBMIEHWS KPOBOTOKA W
BbIPaXXEHHOCTb OTEKa KOPPENUPYIOT Mexay cobomn (koad-
uumeHT koppenauu — 96%).

B npeacTaBneHHbIX B nuTepatype WcCrnefoBaHusx,
NOCBSILLEHHbIX MOZENMPOBAHUIO KapparHaH-WHAYyLmMpo-
BaHHOrO OTeka, MakCUMarnbHbI OTeK nan y MblLLen nocne
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WHAYKUMW KapparMHaHa Habniopancs yepes 3-5 vacos U
coctaenan 41% ucxoaHoro o6bema nanbl COrnacHo nne-
TM3morpacuyeckomy metogy [9]. Metog nneTuamorpacgum
LUMPOKO UCMONB3YETCS W ABMSAETCS TOYHBIM, OLHAKO He no-
3BOMNSET ONPeAenUTb COCTOSHUE MUKPOLWMPKYNALMN B AaH-
HOW MOZEN, YTO B psie UCCreaoBaHN CY)XUT OCHOBHbIM
KpuTEpMEM L1151 OLIEHKM NPOTUBOBOCMANMUTESNbHBIX CBOMCTB
nekapcTBeHHbIX npenapatoB. Kpome nnetusmorpacum,
CTeNeHb BbIPAKEHHOCTW OTEKa OLEHMBAKOT MpU MOMOLLM
MeTofda amnyTauuy nan, OgHako no pesyrbTatam LaHHOro
MeTOZa BO3MOXHO MOSyYeHne AaHHbIX OT OAHOIO XMBOTHO-
[0 TOMbKO B OAHOM TOUKE U TEXHUYECKM €70 3aTPYAHUTENBHO
NPUMEHNTL Ha Mbllax [12]. B HacTosiee Bpemsl, cornacHo
nuTEpaTypHBIM UCTOYHMKAM, ONS OnpefeneHus CTeneHu
BOCNaneHnst B TKaHSX B 9KCMEPUMEHTamNbHbIX MOAENsX,
TaK1X KaK KOXHO-HeMporeHHoe Bocnanexue [6, 7, 13], nco-
puatudeckuit apTpur [12], Hanbonee nepcnekTBHOWM Auna-
THOCTUKON SIBNSIETCS OLIEHKA COCTOSIHUS MUKPOLIMPKYMSILMN.
B ocHoBe JaHHOrO MEeToAa NEXKUT OLieHKa MUKPOLIMPKY LM
Y KpbIC B 06MacTi NOAOLIBEHHOMO anoHEBPO3a C MCMOMb30-
BaHviem J1I®. [JaHHbIN MeTOA NO3BONSIET HE TOMBKO BbISBUTH
WHAMBWAYANbHYIO M3MEHYMBOCTb MUKPOLMPKYNALMK, HO 1
uccrnenoBatb MexaHuaMbl ee perynsuum [4, 13].

Takm 06pasom, oeHka MukpoLmpkynsyum J10® B mo-
AENnU KapparvHaH-MHaYLMPOBAHHOIO OTeKka Yy MbllLen Ans
ONpeAeneHns cTeneHn Bocnanexus B AuHamnke — Aocta-
TOYHO NepcnekTuBHbIN MeTtod. JIA® B AaHHOM Mogenu B
COMOCTaBMEHUN C METOAOM nneTusMorpacuu no3BonseT
NPWKU3HEHHO W B AWHAMUKE OLEHUTb COCTOSIHUE MMKPO-
LUMPKYN[LmMA, COCTaBUTb NpeaBapuTeNbHOE NpeacTaBrie-
Hue 06 adpdekTMBHOCTM Havana Tepanun Ans paspabatbl-
BaeMbIX MPOTWBOBOCNANMUTENbBHBIX NpenapaTtos. [pu aTom
HabnogaeTcs BbICOKMA YPOBEHb  KOPPEnsauud Mexay
[aHHbIMW, NOSTyYEHHbIMKM NpK Ucenonb3osaHun JIO® u nne-
T3MOMeTpa (OCHOBHOM MeTOA ANS OLIEHKW CTEMeHM Bbipa-
KEHHOCTM OTeka y BUONOrMYeckux TECT-CUCTEM).

BbIBO bl

Takum obpasom, no pesynbTaTam WCCnegoBaHUs y
Mblleit B MOAENW KapparMHaH-MHAYLMPOBaHHOMO OTeka
BbIMOMHEHbI OLIEHKA B AMHAMWKE TKAHEBOrO KPOBOTOKA
meTogom JIO® 1 conoctaBneHne nomyyYeHHbIX AaHHbIX C
nokasaTensmu nnetusmorpadmn.

YcTtanosneHo, yto JIA®:

1) BaeT BO3MOXHOCTb C BbICOKOI KOppensumen Mexay
[AHHBIMW OLEHUTb COCTOSIHUE MUKPOLMPKYNSALMM
Ha pa3HbIX CTaauUsIX Pa3BUTUS KapparuHaH-uHayLm-
POBAHHOIO OTeEKa;

2) XapaKkTepuayeTcsl BbICOKOM TOYHOCTBH M YyBCTBY-
TENbHOCTb, YTO MO3BONSET ONPEAENUTH M3Me-
HEHWS B MUKPOLMPKYNALMN KPOBOTOKA Ha paHHWX
aTanax, 10 «BWU3yanbHOro» NposiBIieHUs oTeka.

Mcxoas 13 BblILLEONUCAHHOTO, daHHbI MeTod MO-

KET ObITb MCMOMb30BaH B LOKIMHUYECKON MPAKTUKE MpW
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2010/63/EU EBponeiickoro napnameHTa 1 Coseta EBpo-
newckoro cotsa o1 22 ceHtabps 2010 roga no oxpaHe
KMBOTHbIX, MCNOMNb3YEMbIX B HAY4YHbIX LEeNsix).

OLEHKe TepaneBTUYEeCKOro BO3[eicTBus paspabaTtbiBa-
eMblX NpenapaTos, BIUSIOWMX Ha pervoHapHOe KpoBO-
obpalleHne 1 MUKPOLIMPKYNALMI, B TOM YUCHe U C yye-
TOM BO3MOXHOCTW paHHEN ANarHOCTUKA.
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MOMyKOMMYECTBEHHYHO OLieHKY rnapoHedpo3a (0—4 6anna) u BocnanuTensHoro nHgunetpara (0-3 6an-
na). TupeonaHbIit CTaTyC NOATBEPXKAEH N3MEPEHNEM YPOBHS TUPOKCHHA M TUPEOTPOMHOMO rOPMOHa
MeTOLOM MMMYHOhEPMEHTHOTO aHanu3aa. Pesynbmamel. [unepT1peo3 Ha PoHe runepnnasny nped-
CTaTenbHON Xenesbl NPUBEN K MakCUManbHOW BbIPaXKEHHOCTU 06CTPYKTUBHBIX M3MEHEHMIA; OTHOCH-
TenbHas Macca noyek ysenuuunack Ha 38,1% B cpaBHeHum ¢ koHTponem (p <0,05), macca ocTaTo4Ho
MOYM NpeBbicUNa KOHTPOMbHbIN NokasaTens B 10,25 pasa (p <0,05), a TonLmHa KOpKOBOro BELLECTBa
yMeHbLumnack Ha 36,7% (8o 0,95+0,12 mm, p <0,05). MukpomophomeTpus No3BoNMIIa BbISIBUTb Bbipa-
KEHHYH0 AUnaTaLmo AncTanbHbIX kaHanbLes (anametp 48,245,9 mkm npotus 21,0+2,8 MKM B KOHTpONE,
p <0,001), yennueHue nnowaam knyb6oukos Ha 15% (p <0,05), NoBbILLEHNE NNIOTHOCTM KaNUMNSPOB
Ha 50% (p <0,05), a TaKxe ruapoHedpos Il cteneHun n ymepeHHoe Bocnanexue (2 6anna). B rpynne
«runepnnasus NpeacTaTenbHON Xenesbl + rMnoTMpeosy BCe NapameTpbl Obinn 3HaUMTENBHO brimke
K KOHTPOMIO: Aunataums kaHanbLes 6bifia MUHUMansHON (25,3+3,2 MKM), TOMLLMHA KOpbl COXpaHeHa
(1,4010,17 mm), BOCMannTeNbHbIA MHGUALTPAT OTCYTCTBOBAN, @ MMAPOHedPO3 oLeHnBanca B 1 6ann.
3aknroyeHue. JKCnepyMEHTabHbIN MUNEPTUPEO03 MOTEHLMPYET CTPYKTYPHOE NOBPEXAEHNE MOYEK Npu
0BCTPYKTMBHO yponaTuu, a r1noTUpeos, HanpoTWB, NPOSBNSET BbIPaXKEHHbIN NPOTEKTUBHbIN ADAEKT.

KnioueBble cnoBa: noyka, 06CTPyKTUBHAS HedhponaTus, r1noTMpeos, runepTupeos, Aobpo-
KayecTBEHHas runepnnasus npeacTaTeNibHoM Xeneabl, KpblChl
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Corresponding author:  Abstract. Introduction. The influence of thyroid status on the morphogenesis of obstructive

Adelya R. Iskalieva. nephropathy, which develops against the background of benign prostatic hyperplasia, remains

E-mail: unexplored, despite the presence of contradictory clinical data on the relationship of hypo- and

iskalieva.adelia@mail.ru hyperthyroidism with the risk of developing benign prostatic hyperplasia. There are no experimental
studies on this issue. The aim — to evaluate the effect of experimental hypo- and hyperthyroidism
on the morphological characteristics of the kidneys in conditions of testosterone-induced benign
prostatic hyperplasia and concomitant obstructive uropathy in rats. Materials and methods. Benign
prostatic hyperplasia was modeled on 32 male Wistar rats using daily injections of testosterone
propionate (5 mg/kg). The animals were divided into 4 groups (n=8): intact control, “pure” benign
prostatic hyperplasia, benign prostatic hyperplasia + hyperthyroidism (L-thyroxine, 10 mcg/100 g/day)
and benign prostatic hyperplasia + hypothyroidism (propylthiouracil, 0.05% with drinking water).
On day 36, macro- and micromorphometry of the kidneys was performed using light microscopy,
hematoxylin and eosin staining, and digital image analysis (ImageJ). The mass of the organ, the
thickness of the cortical substance, the area of the glomeruli, the diameter of the lumen of the
proximal and distal tubules, the density of capillaries were evaluated, and a semi-quantitative
assessment of hydronephrosis (0—4 points) and inflammatory infiltrate (0-3 points) was performed.
The thyroid status was confirmed by measuring the levels of thyroxine and thyroid-stimulation
hormone using the ELISA method. Results. Hyperthyroidism on the background of benign prostatic
hyperplasia led to the maximum severity of obstructive changes: the relative mass of the kidneys
increased by 38.1% compared to the control (p <0.05), the mass of residual urine exceeded the
control value by 10.25 times (p <0.05), and the thickness of the cortical substance decreased by
36.7% (to 0.95+0.12 mm, p<0.05). Micromorphometry revealed pronounced dilation of the distal
tubules (diameter 48.2+5.9 microns versus 21.0£2.8 microns in the control, p <0.001), an increase
in glomerular area by 15% (p<0.05), an increase in capillary density by 50% (p <0.05), as well as
the development of grade 3 hydronephrosis and moderate inflammation (2 points). In the “benign
prostatic hyperplasia + hypothyroidism” group, all parameters were much closer to the control:
tubule dilation was minimal (25.3+3.2 microns), cortical thickness was preserved (1.40£0.17 mm),
inflammatory infiltrate was absent, and hydronephrosis was estimated at 1 point. Conclusion.
experimental hyperthyroidism potentiates structural kidney damage in obstructive uropathy, while
hypothyroidism, on the contrary, exhibits a pronounced protective effect.

Keywords: kidney, obstructive nephropathy, hypothyroidism, hyperthyroidism, benign prostatic
hyperplasia, rats
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BBEAEHWE

[obpokayecTBeHHast runepnnasns npegcTaTesbHO
xenesbl (IMDK) sBnseTcs MOPGHONOrnieckn reTeporeHHbIM
3aboneBaHneM, BeAyLLMM K OBCTPYKLMN HIKHUX MOYEBbIX
nyTen u BTOPUYHOI OBCTPYKTUBHOW Hedbponatum [1, 2].
[TOMMMO KITHO4EBOM POMK aHOPOreHoB, B MaToreHese Ao-
BpokayecteHHo MK 1 ee ocnoxHeHuin Bce Bonbluee
BHUMaHME MPUBIEKAIOT CUCTEMHbIE TOPMOHArbHO-MeTa-
Bonnyeckue HapyLeHUs), BKIOYas ANCHYHKLMIO LNTOBUA-
HOW xenesbl [3-5]. AnuaemMmonornyeckne UccneaoBaHus
NOCMeaHMX NeT AEMOHCTPUPYIOT TECHYIO CBSA3b MEXAY AnC-
(PYHKLMEN LWNTOBMAHON Xernesbl 1 NoYeYHOM NnaTornoruen.
Tak, B kpynHoM nonynsunoHHom uccrnegosaHn NHANES
(2007-2012) BbisieneHa U-obpasHas 3aBUCUMOCTb Mexay
ypOBHsAMY cBOBOAHOTO TPUAOATUPOHUHA (T5) M TMPOKCHHA
(T,) v puckom XpoHKU4ecKkon BonesHN noyek: kak runo-, Tak
W TMNEPTUPED3 acCOLMMPOBaHbI C MOBBILLEHHBIM PUCKOM
pasBuTMS U NPOrpPeccMpoBaHNS NOYEYHOMN AUCHYHKLMN [5].
OTI AaHHble 0COBEHHO aKTyanbHbl 4719 NaLUMEHTOB C 4O-
BpokauecteHHow [TDK, y koTopbix 0BCTpYKTVBHAS ypona-
TUS MOXeET YCyrybnaTb noveyHble OCMOXHEHWS, a TUPeo-
UOHBIA CTATYC BbLICTYNATb KPUTUMYECKUM MOAMUKATOPOM
naroreHesa.

LEJIb NCCNEAOBAHWMA

OueHUTb BNUSHWE SKCMEPUMEHTAMBHOTO rMMo- W runep-
TMpeo3a Ha MOPGONOrMYECKME XapaKTEPUCTUKM MOYEK B
YCIOBMSX MOAENUPOBAHWS TECTOCTEPOH-MHAYLIMPOBAHHO
rvnepnnasun npeacTaTenibHoN Xenesbl 1 passuUTUs ConyT-
CTBYHOLLEN OBCTPYKTUBHOM yponaTum y Kpbic.

MATEPUAIbI N METO bl

OKCMEepUMEHT BbINOMHEH Ha 32 NONOBO3pENbIX caM-
uax kpbic nuHum Wistar (macca 220-250 r). KMBOTHbIX
coAepanu B CTaHAAPTHBIX YCMOBUSX BUBApUS Npu TeM-
nepatype 2212 °C, oTHocuTenbHoi BnaxHoct 50-60%
u 12-yacosom ceeToBoM Uukne (¢ 8:00 go 20:00). Bee
MaHWUNynauuM CooTBETCTBOBaNW npuHuunam EBponei-
CKOM KOHBEHUWW O 3alyuTe MO3BOHOYHbIX XMBOTHbIX
(Ctpacbypr, 1986) n 6binn 0gobpeHbl NOKanbHbIM 3TU-
YecKMM KOMUTETOM.

Ob6was npomoKMTENBHOCTL MCCNEA0BAHNS COCTa-
Bina 35 CyToK. Bcem XMBOTHbIM, KPOME WHTAKTHOMO
KOHTPONS,, NOA TUONEHTan-HaTpUeBbIM Hapko3oMm (40 mr/kr)
Oblna BbiMOMHEHa TOTanbHasi ABYCTOPOHHAS OPXMIKTO-
MUS ANs co3gaHns oHa aHAPOreHHon aenpusauui. Ye-
pe3 7 CyTOK NOCne onepauyu XXMBOTHbIM Ha4Yanu BBOAUTb
TECTOCTEpPOHa NPOnMoHaT (5 Mr/kr) ans UHAYKUMM runep-
nnasuy npeacTaTenbHON Xenesbl U MOAENUPOBaHUS 06-
CTPYKTUBHOM yponatuu [1].

Ipynna 1 (MHTaKTHbIA KOHTPOSb): NOXHas onepauns +
+ NoaKoxHoe BBefeHve onmekosoro macna (0,1 mn/100 r
maccbl Tena) ¢ 7-ro no 35-i geHb. pynna 2 (mopenb
runepnnasun, TTDK): exenHeBHble NOAKOXHbIE WHBEK-

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

UMM TecTocTepoHa nponuoHaTa (5 mr/kr) B ONMBKOBOM
macne ¢ 7-ro no 35-i genb. Tpynna 3 (FMHK + runep-
TUPEeO3): 3a 7 CYTOK JO OPXWU3KTOMWW W faree nocTosH-
HO — L-TupokcuH (cyxoe Belectso, PYI «benmennpe-
napatbl», Pecnybnuka Benapycb) B gose 100+10 mkr
Ha 100 r maccbl Tena XMWBOTHOrO 1 pa3 B CyTKM + Te-
CTOCTEPOHA MPOMMOHAT MO cxeme rpynnbl 2. [pynna 4
(FTK + rnoTupeos): 3a 7 CYTOK O OPXWUIKTOMUW W
Aanee nocTOSHHO — NPONUTUOYPALMA (CyX0e BeLlecT-
Bo, Merck Selbstmedikation GmbH, l'epmaHus) B gose
2,0+0,15 mr Ha 100 r maccbl Xk1BOTHOrO 1 pas B CyTKM
BHYTPWXENYAOYHO Yepe3 aTpaBMaTUYHbIA nonuypeTa-
HOBbI 30H[, €XeAHEBHO + TeCTOCTepOHa NPONMOHAT No
cXeme rpynnsi 2.

[ns obecneyerns GUOXMMUYECKOTO KOHTPONS COOT-
BETCTBMS MOAENW 3annaHWpOBaHHOMY SHLOKPUHHOMY
cTatycy 3a 24 4 [o 3BTaHasuu y 4 crnyvaiHo Bblbpan-
HbIX KPbIC W3 KaXAOW rpynnbl NoA NErkuMm 3upHbIM
Hapko3oM 3abupanu KpoBb K3 PeTpoopbUTanbHOro
cuHyca. CblBOpPOTKYy nonyyanu LEHTpUdyrnpoBaHuem
npu 3000 06./MuH B TeyeHne 15 MuHyT. KoHueHTpaymum
ceoboaHoro TupokcuHa (T,) 1 TMPEeOTPOMHOro ropMoHa
(TTT) onpegensnu mMeTogoM TBEPAOGA3HOTO UMMYHO-
(hEPMEHTHOTO aHammu3a C MCMOfib30BaHWEM KOMMEP-
yeckux Habopos npoussogctea 3A0 «HBO WmmyHo-
Tex» Ansa uccnegosanus T, (MMmyHo®A-cT4) n TTT
(MIMMyHODA-TTT).

Ha 36-e CyTku XWBOTHbIX 9BTAHW3UPOBaNV Nepeao3u-
poBkon TuoneHTtana Hatpus (100 Mr/kr, BHYTPUOPHOLLNH-
HO). lMpoBogmnu TOTanbHyK fanapoToMuto ¢ 3abopom
noyek. OpraHbl B3BELIMBANM Ha aHANUTUYECKMX Becax
C TOYHOCTbIO 40 0,1 Mr, U3Mepsnu TOMLMHY KOPKOBOMO
BellectBa (MM) 1 dukemposanu B 10% HelTpansHoM 3a-
OydeperHom dopmanuue (pH 7,4) B TeueHne 24 . [o-
Cfe CTaH4apTHOW rMCTOMOMMYecKon NPOBOAKKM MaTepuan
3anuBanv B napaduH ¥ U3rotTaBnuBani CepuitHble cpesbl
TONWMHON 3—-4 MKkM. Cpesbl OkpaluuBamnn reMaToKCunu-
HOM 1 303uMHOM. MopdomeTpuyecknuin aHanua nNpoBOAN-
NN Ha LMPpPOBbIX M306paXkeHNsX CPe3oB, MOSyYeHHbIX C
MOMOLLb0 CBETOONTUYECKOro Mukpockona Carl Zeiss Axio
Scope A1 ¢ undpooi kamepon. [Mepen n3amepeHusamMn cu-
cTemy kanubposanu no 06BbEKT-MUKPOMETPUYECKON LUKa-
ne. Mcnonb3oBanu nporpammHoe obecnevenne Imaged
(CLLA).

[ing kaxgoro napameTpa y O4HOMO XWBOTHOTO aHanu-
3upoanu 10 cnyyaiiHbix nonei 3peHus. OueHuBanm cne-
AytoLLMe napameTpbl: TONLWMHY KOPKOBOTO BELLECTBA MM;
x100); nnowaap knybouka (Mkm?), 30 cnyyaiHbIx Kny6ou-
koB B kope Ha cpese (x400); nnoTHOCTb reMoKanumnIspoB
(wT/MMm?), KonyecTBO Npodunent kanunnsapos B 10 nonsx
3peHus kopkoBoro BellecTsa (x400); BbICOTY anuTenns
NPOKCUManbHbIX KaHanbLeB (MKM), BbicoTy 30 anutenu-
anbHbIX KNeToK C YeTKUM sApoM 1 6asanbHoM MembpaHoi
(x1000, nmmepcusl); amameTp NPOCBETA MPOKCUMAMbHbIX
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W ANCTanbHbIX KaHANbLEB (MKM), MUHAMAIbHLIA BHYTPEH-  METpuYeckuin Kputepnii Kpackena-Yonnuca ¢ nocne-
Huit guameTp 30 nonepeyHbIx cpe3oB kaHanbues (x400).  OytoWwum nonapHbiM CpaBHEHMEM Mo MeToay MaHHa-
Kpome TOro, BbINOMHSANM MOMYKOMMYECTBEHHYIO OLEHKY YWTHM € nonpaBkoit BoHdepponu. Pasnuuusa cuntanm
cteneHn rugpoHedposa (0-4 6anna): 0 — Hopma; 1 —  cTaTucTUyeckn 3HaummbiMu npu p <0,05. PesynbTathl
He3Ha4UTENbHOE pPacLUMPEHUE NIOXaHKK; 2 — yMEpeHHoe  MOopOMeTpuUn 3aHocunn B Tabnuupl C nocneayoLen
pacLUMpeHne NOXaHKK1, YNroLeHe COCOYKOB; 3 — Bbl-  CTaTUCTUYECKoW 06paboTkoi pe3ynbTaToB B Nporpamme
paXeHHOe pacluMpeHue noxaHku, crnaxusaHue rpaHuy  STATISTICA 10.0, mogynsx Nonparametric, ANOVA u
nupamug; 4 — peskas gunartauus noxaHku, uctonyeHne  Discriminant analysis.
KOPKOBOrO M MO3roBoro BellecTsa. [onykonuyecTeeHHast
OueHka BocnanutenbHoro WHgunbtpata (0-3 Ganna): PE3YJIbTATbDI
0 — oTcyTCcTBME UHDUILTPATOB; 1 — eAMHUYHbIE JIUM- Ha npoTsxeHnn BCero aKkCnepuMeHTa XMBOTHbIE BCEX
orncTmoLMTapHble KNETKM B UHTEPCTULMN; 2 — YMEPEH-  TPYMM COXPaHsANM yOOBNETBOpUTENLHOE 06Liee cocTos-
Hble MynbTUgOKanbHble WHGUNLTPATbI; 3 — MMOTHble  HWe. ExeHefenbHOE M3MepeHne Macchl Tena He BbISBU-
Andpy3Hble MHGUNLTPATBI. N0 CTATUCTUYECKU 3HAUUMbIX Pa3nMUMn MEXAY rpynnamu
HopmanbHOCTb  pacnpepeneHnss  KONMYECTBEHHBIX K MOMeHTY aBTaHasun (F=1,12; p=0,364), 4to cBUAETEND-
AaHHbIX NpOBEPSAnM € nomolbio Kputepus Lanmpo- cTBYeT 06 OTCYTCTBUM TOKCUYECKOTO BAMSHUS NPUMEHS-
Yunka. [laHHble, COOTBETCTBYHLLME HOPManbLHOMY pac- — eMblX npenapaTtoB Ha obLiee COMaTUYeCcKoe COCTOSHUE.
npefeneHnto, nNpeacTaBneHbl B BUOE CpefdHero apudg- buoxumuyeckuit aHanmmu3 CbIBOPOTKM KPOBM MOATBEP-
MEeTUYeckoro 1 CTaHaapTHoOro oTknoHeHns (M+SD). aun dopmupoBaHne LeneBbiX 3HAOKPUHHbBIX CTATyCOB.
[nd cpaBHeHus napameTpoB Mexay rpynnamu wuc- B rpynne «[TDK + runeptupeo3» yposeHb T, 6bin po-
nonb3oBanu OOHO(AKTOPHbIA LUCMEPCUOHHBIN aHanW3  CTOBEPHO MOBbILEH B 2,8 pa3a OTHOCUTENBHO noka3aTe-
(ANOVA) ¢ anoctepuopHbIM TecToM Tbtoku. Monykonn-  new koHtpons (p <0,001) npu cHwxeHHOM ypoBHe TTI
yecTBEHHble Oannbl npeacTasneHbl B Buge meauadbl  (p <0,01). B rpynne «TDK + runoTupeos» 3admkcuposa-
W WHTepkBapTUnbHOro pasmaxa [Me (Qus; Qz5). AN ux  HO CHUXeHue yposHa T, Ha 65% (p <0,001) 1 komneHca-
CPaBHeHWs Mexay rpynnamu MCMonb3oBanu Henapa- TOpHOe MoBbiweHue ypoBHs TTT B 3,2 pasa (p <0,001).

Tabnuua 1
BnusHue axcnepuMeHTanbLHOro runo- U rmnepTMpeo3a Ha MakpoMopchoMeTpUUYEeCK1e XapakTepuCTUKN NoYek
Table 1
The effect of experimental hypo- and hyperthyroidism on the macromorphometric characteristics of the kidneys
Ipynna
Group
NOYKK MOYeBOW Ny3bIpb
n kidneys bladder
Ll N | maccarTena,r
Parameter weiaht ’ abconioTHan | OTHOCMTenbHas | TOTWWHA KOPKOBOTO | OTHOCUTENBHAR 1 ooy ag
gnt, 9 BeLyecTBa, MM macca onopoxHe-
macca, Mr macca, mr/100 r - Moya, Mr
(MxSD) ! X thickness Hus, mr/100r .
absolute relative weight, . L . residual
weiaht. m mal100 of the cortical relative weight of urine. m
ght, mg 9i1%0 9 substance, mm emptying, mg/100g e
KoHTponb 8 |312,0£354 11207+137,3 | 359,2+37,3 1,50+0,18 58,261 1,2+0,4
Control
rmK 8 |302,5+£32,8 1347,8+131,2¢ | 445,6+31,2* 1,25+0,15* 72,848,3* 8,5+2,1*
BPH
MK+ T, 8 | 294,5+31,5 1583,5+130,1*# | 537,8+30,1"# 0,95+0,12*# 85,419, 7*# 12,3+3,5#
BPH + T4
X+ NTY 8 |290,5+£31,9 1190,5+129,81 | 409,8+29,8t1 1,400,177 65,147,2*t 3,8+1,2*t
BPH + PTU
ANOVA F=1,12 F=15,45 F=18,90 F=22,30 (p <0,001) | F=15,43 F=28,91
(p =0,364) (p <0,001) (p <0,001) p <0,001 (p <0,001)

Mpumeyanus. * — pasnuuus ¢ rpynnoi KoHTpons aoctoBepHbl (p <0,05); # — paanuuus ¢ rpynnoit « MKy goctoepHs! (p <0,05); T — pa3snuyus ¢ rpynnoit « MK+
+ runepTupeo3» goctosepsl (p <0,05). MK — runepnnasus npeactaTensHom xenesbi.

Notes. * — differences with the control group are significant (p <0.05); # — differences with the “BPH” group are significant (p <0.05); + — differences with the
“BPH group + hyperthyroidism” is significant (p <0.05). BPH — benign prostatic hyperplasia

Tabnuya asmopog daHHol cmambUu
Table by the authors of this article
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B rpynnax koHtpons v MK nokasaterm T, u TTI mexay
coboit 4OCToBEPHO He pasnuyanuce (p >0,05).
MakpoMophoMeTPUYECKII aHaNM3 BbISBIN JOCTOBEp-
Hble pasnuyns Mexay rpynnamu no napamerpam, CBsi3aH-
HbIM C pa3BuUTMEM OBCTPYKTUBHOM yponatuu (Tabn. 1).

43

Kak cnemyeT w3 paHHbIX Tabn. 1, mopenupoBaHue
TeCTOCTEPOH-MHAYUMpoBaHHon [TDK npueeno k pocto-
BEPHOMY YBEMWYEHUI0 OTHOCUTENBHOM Macchbl NOYek Ha
20,4% no cpaBHeHWto ¢ KoHTponem (p <0,05), yto code-
Tanocb CO 3HAYMTENbHBIM POCTOM MacChl OCTaTO4YHOM

Tabnuua 2

BnusHue JKCNepuMeHTasrIbHOro runo- 1 runepTupeosa Ha MI/IKpOMOp(*)OMeTpW-IeCKVIe U NONYKOJNINYeCTBEHHbIE NoKa3aTesnn
NnoYeK y KpbiC C runepnna3ueﬁ npep,CTaTeanoﬁ Xene3bl N0 CPaBHEHUIO C KOHTpOHbHOﬁ rpynnoﬁ

Table 2

The effect of experimental hypo- and hyperthyroidism on micromorphometric and semi-quantitative kidney parameters in rats
with benign prostatic hyperplasia compared with the control group

lpynna CraTtuctuyeckas
Group 3HaYMMOCTh
Mapawmetp rpynna 1 2 rpynna 3 (MK + | rpynna 4 (TTX+ (ocHoBHbIE
Parameter (koHTpONb) rpynna rmnepTupeos) rMnoTMpeos CpaBHeHus)
group 1 (FTIX) group 3 (BPH + group 4 (BPH + Statistical significance
(control) SICHRE BEL) hyperthyroidism) | hypothyroidism) (main comparisons)
TonwuHa kopkosoro Bewectsa, Mm | 1,50+0,18 | 1,25+0,15* 0,95+0,12"# 1,400,171 Ip. 3-Tp. 2: <0,05
(M+SD) Gr. 3-Gr. 2: <0.05;
Thickness of the cortical substance, Ip. 4-Tp. 3: <0,00
mm (M+SD) Gr. 4-Gr.3: <0.001
Mnowapb knybouka, Mkm? (M+SD) 82504950 9100+1050 10 500+£1200*# 8600+980 p. 3-Tp. 2: <0,05
Glomerular area, mm? (M+SD) Gr. 3-Gr. 2: <0.05;
p. 3-Tp. 4: <0,01
Gr. 3-Gr. 4: <0.01
MnoTHOCTbL KanWUNNsPOB KOpbl, 320445 380+50* 480+60*# 2904401 Ip. 3-Tp. 2: <0,01
wt/mm? (M£SD) Gr. 3-Gr. 2: <0.01;
Density of cortical capillaries, Ip. 4-Tp. 3: <0,001
pcs/mm? (M£SD) Gr. 4-Gr. 3: <0.001
BbicoTa anuTenusi npokcUManbHbIX 8,2+1.1 9,5+1,3* 10,8+1,5* 7,8+1,01 Ip. 3-Tp. 2: <0,05
kaHanbLes, MkM (M+SD) Gr. 3-Gr. 2: <0.05;
Height of the epithelium of the Ip. 4-Tp. 3: <0,001
proximal tubules, microns (M+SD) Gr. 4-Gr. 3: <0.001
[nameTp npocseTa npokcuManbHbIx | 28,5+3,5 32,041 35,5+4,8* 29,2+3,7t p. 3-Tp. 2: <0,05
kaHanbLes, MkM (M+SD) Gr. 3-Gr. 2: <0.05;
Diameter of the lumen of the Ip. 4-Tp. 3: <0,01
proximal tubules, microns (M+SD) Gr. 4-Gr. 3: <0.01
[nameTp npoceeTa AnCTanbHbIX 21,0+2.8 35,5+4 5* 48,2+5 9*# 25,3£3,2*t Ip. 3-Tp. 2: <0,001
kaHanbLes, MkM (M+SD) Gr. 3-Gr. 2: <0.001;
Diameter of the lumen of the distal Ip. 4-Tp. 3: <0,001
tubules, microns (M+SD) Gr. 4-Gr. 3: <0.001
CreneHb r1apoHedposa, 6ansbi 01[0; 0] 2 3 1 p. 3-Tp. 2: <0,01
[Me (Qgs; Q75)] [1,5; 2,5]* [3; 41# [0,5; 11"t Gr. 3-Gr. 2: <0.01;
Degree of hydronephrosis, points Ip. 4-Tp. 3: <0,001
[Me (Qyg; Q)] Gr. 4-Gr. 3: <0.001
BocnanutenbHbIn MHUnbTpaT, 01[0; 0] 1 2 0 p. 3-Tp. 2: <0,05
6annbl [Me (Qys; Q)] [1; 21 [2; 3*# [0; 11t Gr. 3-Gr. 2: <0.05;
Inflammatory infiltrate, scores Ip. 4-Tp. 3: <0,001
[Me (Qyg; Q)] Gr. 4-Gr. 3: <0.001

Mpumeyanus. * — pasnuuus ¢ rpynnoit KoHTpons aoctoBepHsl (p <0,05); # — pasnuuus ¢ rpynnoit «[TXK» gocToBepHsl (p <0,05); T — pasnuuus ¢ rpynnoi
«TIXK + runeptupeo3» poctoBepHbl (p <0,05). [laHHble npefcTaBneHbl kak cpefHeetCTaHaapTHoe OTknoHerne (M+SD) unv meanaHa v UHTEPKBAPTUBHBIN
paamax [Me (Q,5; Q;5)]. MK — runepnnasus npeacratensHo xenesbl.
Notes. * — differences with the control group are significant (p <0.05); # — differences with the “BPH” group are significant (p <0.05); T — differences with the “BPH
group + hyperthyroidism” is significant (p <0.05). The data are presented as meanzstandard deviation (M+SD) or median and interquartile range [Me (Q,5; Q7))

BPH — benign prostatic hyperplasia.

Tabnuya asmopos 0aHHOU cmambu
Table by the authors of this article
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moun (B 7 pas; p <0,05). Hanbonee BbipaXeHHblE W3-
MEHeHWs MakponapameTpoB Habntoganuce B rpynne
«[TDK + rynepTupeo3»: OTHOCUTeNbHas Macca nodek bbina
MakcumarnbHoi (yBenuyeHue Ha 38,1% OTHOCUTENBHO
koHTpons; p <0,05), a macca OCTAaTO4HOM MOYM MpPEBbI-
Lana KOHTpObHbIA nokasatens B 10,25 pasa (p <0,05).
[pn 3TOM TOSLMHA KOPKOBOTO BELLECTBA B 3TOM rpynne
Obina MuHuMansHon (0,95+0,12 Mm), SEMOHCTPUPYS CHU-
XeHwe Ha 36,7% oTHocuTenbHo kKoHTpons (p <0,05). B rpyn-
ne «TDK + rnoTupeo3», HECMOTPS Ha Hanuyme Moaenu
TPK, Bce M3mMepeHHble NapameTpbl (Macca noyky, mMacca
OCTaTOYHOM MOYM, TOMLMHA KOpbl) AOCTOBEPHO OTMNMua-
NMCb OT rpynMbl ¢ rMnepTupeosom (p <0,05) 1 Bbinun Brvxe
K nokasatensam rpynnbl «4uctoiy MK unu koHTpons, uto
YKa3blBasno Ha MEHeE BbIPaXeHHY0 0BCTPYKLMIO.

[McTonornyeckoe UccrefoBaHne u nocnegyrowas
MopchOMETpUSt MpenapaToB MOYEK, OKPALIEHHbIX rema-
TOKCUIIMHOM 1 303VHOM, NO3BOMMWAN AeTan13npoBathb Xa-
pakTep CTPYKTYPHbIX U3MEHEHUI.

B rpynne WHTaKTHOrO KOHTPONS apXWUTEKTOHWKa KOp-
koBOro BelectBa Obina coxpaHHoi. KnyGouku nmenu
00blYHbIE pa3mepbl U YeTkne KOHTYpbI. pokcuMasnbHble
W gucTtanbHble KaHanbLbl Obinv BbICTNAHbI BbICOKAM Ly-
NIMHAPUYECKM U KYBNYECKUM 3nUTENeEM COOTBETCTBEH-
HO, WX MPOCBETbl PaBHOMEpPHblE, HE paclmpeHbl. CTpo-
MasnbHble COEANHUTENBHOTKAHHbIE MPOCHOWKU TOHKME,
6e3 NpU3HaKOB OTEKA UM KNETOYHOWN UHMABTPaLWN.

B rpynne «[TDK» BusyanusupoBanacb kapTuHa Ha-
YanbHOro oBCTPYKTMBHOTO MoBpexaeHns. Ha doHe oTHO-
CUTENBbHO COXPaHHbIX KyOGOYKOB OTMevanach ovarosas
aunataums OucTanbHbIX KaHambueB W cobupaTenbHbIX
TpybOK, NPOCBETLI KOTOPbIX BbIN HEPABHOMEPHO pacLLu-
PeHbl. ONUTENUA MPOKCUMArbHbIX KaHamnbLeB MecTamu
BbIrNs4en ynnoLeHHsIM. B cTpome onpegensnuck yyacT-
KM YMEPEHHOr0 OTeka W efuHWYHbIE NUMAorucThoLmTap-
Hble MH(UNbTPATbI, NPENMYLLECTBEHHO NEPUBACKYNISPHO.

Hanbonee BblpaXeHHbIE M KOMMMEKCHbIE M3MEHEHMS
Habntopanves B rpynne «[TDK + rneptupeos». Kopkosoe
BeLecTBO ObINo UCTOHYEHO. Knybouku 4acTo Bbirnsaent
YBENWUYEHHbBIMI, C NOSTHOKPOBHBLIMW COCYAUCTLIMU NETAISAIMU.
XapaKkTepHON Haxodkon Oblna BbipaxeHHas pacnpocTpa-
HEeHHas [JunaTaums KaHanbleB, OCODEHHO AMCTanbHbIX
OTAENOB, MHOTME W3 KOTOPbIX OblM PE3Ko paclumpeHbl 1
BbICT/IaHbl YMMOLEHHbIM dnuTenneM. OLHOBPEMEHHO B
HenopaxeHHbIX y4acTkax OTMeYanach rmnepTpodus anuTe-
nus NpoKCUManbHbIX kaHanbueB. CTpoma bbina yMepeHHo
OTeYHa, C MynbTUOKANbHbIMK, AOCTAaTOMHO MAOTHBIMM
BOCNaANMTENbHBIMA MHAMIbTPaTaMu. MUKPOLMPKYNSTOPHOE
pycno (neputybynsapHble Kanunnspbl) BU3yarnbHO NpeacTas-
NANOCh NOTHOKPOBHBIM 11 PA3BETBIIEHHbIM.

B rpynne «ITDK + rnoTtupeos» ructornornyeckas kap-
TUHA KOpbl 3HAYUTENBHO OTNMYanack. MpusHaki 0b6CTpyk-
TUBHOW OunaTtaunm KaHanbleB Obiin MUHUManbHbIMKA 1
ovaroBbIMU. Kny6ouku 1 kaHambLEBbI 3NUTENMIA MO CTPOe-
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HUO ObINKM GRIKE K KOHTPOMH, OOHAKO CTPOMa MOra Bbl-
rMsi8eTb HEeCKOrbKo 6onee NMNOTHOW, C NpK3Hakamu crnaboro
anddpysHoro 6asounbHOr0 okpalumBaHmus (oTek). Bocna-
nuTenbHas MHGUNLTPaLWS, Kak NpaBuio, OTCYTCTBOBara.
KanunnsipHas ceTb He Bbirnsiaena nofHOKPOBHOM.

KonnyecTBeHHas OL€HKa OMMCaHHbIX UCTONOrnYe-
CKWX M3MEHEHMI NMpeACTaBneHa B Tabn. 2.

Ha ocHoBe pesynbTaToB MOPHOMETPUYECKOTO aHamnu-
3a (cM. Tabn. 2) BbisSBNEHa YeTkas 3aBUCUMOCTb CTPYKTYp-
HbIX M3MEHEHWI NOYeK OT TUPEOWZHOrO cTaTyca Ha (hoHe
obeTpyKUmMK. B rpynne WHTaKTHOrO KOHTPONS r1cTonornye-
ckas KapThHa Mouku cooTBeTcTBOBaNa Hopme. KnyGouku
“Menu ctaHgapTHyto nnowaab (8250+950 mkm?), npocse-
Tbl KaHanbLieB OblM paBHOMEPHLIMM (AUaMETp AucTanb-
HbIX KaHanbues 21,0+2,8 mkm), ctpoma 6e3 0cobeHHo-
CTeW, BocnanuTenbHbIi MHAMNBLTPAT OTCYTCTBOBAIT.

B rpynne ¢ mogensto MK oTmeyanack kapTuHa Ha-
YanbHoW 0BCTPYKTUBHOM HedhponaTumn: LOCTOBEPHOE YBe-
NMyeHne guameTpa NpocBeTa AMCTaNbHbIX KaHaNbLEB Ha
69% (go 35,5+4,5 mkm; p <0,05) 1 ymepeHHoe noBbiLue-
HWe NMOTHOCTW NepuTyBynapHbIX kanunnspos Ha 19%
(no 380450 wr/mm?; p <0,05) OTHOCUTENBHO KOHTPONS.
C nomoLLbt0 NOMYKONMYECTBEHHON OLEHKM 0BHapyXeHbl
rmopoHedpos Il crenenn [2 (1,5; 2,5)] n cnabein Bocna-
nuTenbHbIN MHMNLTPaT [1 (1; 2)].

[MNOTMPeOo3HbI (hOH He TOMbKO accouumpoBancs ¢
MeHbLUEN CTeneHblo 06CTPYKUMM (4TO NOATBEPXKLAIOT
MakponapameTpbl), HO W OKasblBaf NogasnsioLlee BIW-
SHWe Ha COCYAMCTLIN U NPONNGEPaTUBHBIA KOMNOHEHTbI
NOYEYHON TKaHW, MPEnsTCTBYS PasBUTUIO XapaKTepHbIX
Ans obCTPYKUMM MNepnnacTUiecknx M aHrmoreHHbIX
peakuuin. B rpynne «TDK + runepTupeos» CTPYKTYpHble
N3MeHeHus Oblnn MakCUManbHO BbIPAKEHHBIMM U HOCK-
NN KOMMNMeKCHbIN xapaktep. [0 CpaBHEHUIO C rPynnow
«umctony DK B aToM rpynne Habmoganock, Bo-NepBbiX,
yCuneHve gunaTtauum kaHanbLes: AMaMeTp npoceeTta au-
CTanbHbIX kaHanbues Obin Ha 36% 6onblue, 4em B rpyn-
ne «MDK» (48,245,9 npotus 35,5+4,5 mkm; p <0,05),
4yTO B 2,3 pasa npeBblllasnio KOHTPOSbHbIA NoKasaTenb;
BO-BTOPbIX, HapacTaHWe rmoMepynspHbIX U COCYAUCTbIX
W3MeHeHu: nnowanb knybouka yBenuuunacb Ha 15%
no cpasHeHuto ¢ rpynnon «IMXK» (10 500+1200 npoTus
9100+1050 mkm?, p <0,05), a NNOTHOCTb KanunnspoB
kopbl Bo3pocna Ha 26% (480+60 npotus 38050 wt/mMm?;
p <0,05), yto Ha 50% Bbile YPOBHS KOHTPONS; B-TPETb-
WX, NPOrpeccupoBaHne rmMapoHedpo3a U BOCNANEHMS:
MeauaHHbI Nokasatenb rnapoHedposa (B 6annax) Obin
[OCTOBEPHO BbllLe, YeM B rpynne «[THK» [3 (3; 4) npoTus
2 (1,5; 2,5); p <0,05], a BocnanuTenbHbIA UHDUALTPAT
JOCTUI YMEPEHHOM cTenenu [2 (2; 3)].

B rpynne «[TDK + runotupeos», HanpoTue, peru-
CTpMpOBanacb HaMMeHee BblpaxeHHas TpaHchopmaums
GonbluMHCTBA napameTpoB. 10 CpaBHEHWO C rpynmnon
«TDX + runepTtupeo3» Ha 48% Bbina MeHbLLe gunaTauus
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AncTanbHbIX kKaHanbLeB (25,3+3,2 npotue 48,2+5,9 MKkM;
p <0,05), ocraBasch, ogHako, Ha 20% Bble KOHTpONS
(p <0,05). MnoTHOCTb KanWANSPOB KOpbl MOYKM Obina
Hke Ha 40% (290240 npoTus 480+60 w/mm?; p <0,05),
yTo faxe Ha 9% Huxe ypoBHs koHTpons (p <0,05). Ot-
cyTCTBOBana runepTpodus knyboukoB M SnuTenus ka-
HanbLeB: nrowaab knyboyka 1 BbiCOTa 3NUTENNS NPOK-
CUMarnbHbIX KaHanbLeB CTAaTUCTUYECKU HE OTnMYanuchb
OT KOHTPOMbHbIX 3HayeHuin (p >0,05). beina oTmeyeHa
MWHWMasbHas BbIPaXEHHOCTb MPU3HAKOB OOCTPYKTMB-
HOTO MOBPEXAEHNS: TMAPOHedPo3 oueHnBany B 1 6ann
[1(0,5; 1)], 4To 6bIN0 JOCTOBEPHO MEHBLLE, YEM B rpynne
«TDK» (p <0,05), a BocnanuTenbHbIn UHAUNLTPAT Obin
HesHauuTenbHbIM Unu otcytcteosan [0 (0; 1)].

OBCYXAEHWE PE3Y/IbTATOB

KrmHuyeckne AaHHble O B3aMMOCBS3WN TUPEOWUZHOTO
cratyca ¢ gobpokayectBeHHoit MK npoTuBOpeumBbI:
O[HMW UCCnefoBaHWs YKasbIBaOT Ha accouuauuio runep-
TMpEeo3a C yBennyeHnem obbema npocTaThbl [4], Torga kak
Apyrue, ¢ UCnomnb3oBaHWEM MEHAENeBCKON paHAoMM3a-
LMK, NOKA3bIBAKT, YTO MMNOTUPEO3 MOXET ObITb CBSA3aH
CO CHKeHneM pucka gobpokadectseHHom [TDXK [6]. ITu
NPOTUBOPEYNS NOAYEPKMBAOT CIIOKHBIN XapakTep BIUS-
HWS! TUPEOUIHbBIX TOPMOHOB Ha MOpPOreHe3 opraHoB Mo-
YeBbIAeNNTENBHON cUCTEMbI. HacTosiLee uccnegosaxme
LEMOHCTPUPYET, YTO 3KCMepUMEHTarbHbIA rMNo- 1 runep-
TUPEO3 OKasblBaeT JAMBEPTEHTHOE BIIUSHWME HA CTPYKTYp-
Hble U3MEHEHMNS NOYEK B YCIOBUAX TECTOCTEPOH-MHAYLN-
POBaHHOW 0BCTPYKTMBHOM yponaTum y Kpbic. [unepTupe-
03 NOTEHLMpOBas, a rMnoTUpeos 3HauNTeNbHO CHUXKaI
BbIPaXXEHHOCTb TMAPOHedpo3a, Aunataunn kaHanbLes,
BOCNANEHWs 1 rnoMepynsapHbIX U3MEHEHUI.

BbisiBrieHHble NpW TUNEpPTMPEOn3e W3MEHEHWst MoryT
BbITb CBA3aHbI C 3aMyCKOM HECKOMbKIX B3aMMOCBA3aHHbIX
MexaHu3moB [7, 8]. Bo-nepsblIx, C pOCTOM remognHammuye-
CKOVA Harpy3ku. N36bITOK TMpEOUaHbIX TOPMOHOB CTUMY M-
PYeT NOYEYHbI KPOBOTOK M KilyGouKkoByto chunbTpaumio [9,
10], 4To B ycnoBusix 06CTPYKUMM CO3AAET AOMOMHUTENb-
HYI0 Harpysky Ha HedpoHbl, crnocobCTByS rrnomepyrome-
ranuu u ckreponpoBaHuio. Bo-BTOpbIX, C OKCUOATUBHBIM
ctpeccom [11, 12]. TwnepTMpeo3 accouMMpoBaH C ycu-
NeHVeM reHepaumn akTuBHbIX (HOPM Kucnopoda uepes
aktuaumio NOX4 [13], 4To ycunvBaeT NoBpexaeHue Ty-
BynspHoro anutenus. B-TpeTbux, ¢ Moaynsuuen Bocna-
NUTENBHOM peakLmun: TUPEoUaHbIE TOPMOHBI MOZYNMUPYIOT
NF-kB-3aBucumoe Bocnanerue [14], yeunueas npogykLmio
MPOBOCNANMTENbHbIX LMTOKMHOB (MHTEPNENKUHA-1[3, dak-
TOpa HeKpo3a onyxonu a).

Makpockonuyeckue 1 MUKPOCKOMMYECKME NoKasaTenu
B rpynne «[TDK + runotupeos» Gbinu 6nmn3ky k nokasa-
TENAM WHTAKTHOTO KOHTpons unn «uucton» K. TMpo-
TEKTUBHbIA 3 GEKT rMNOTMPe03a MOXeT ObITb CBSA3aH C
Tpems caktopamu. Bo-nepBbIx, CO CHMKEHMEM METabo-
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nuama. MMnoTMpeo3 YMEHbLUAET MOYEYHbIA KPOBOTOK U
meTabonuyeckyro Harpy3ky Ha HedpoHbl [10], 3amegnss
TEMMbI UX MOBPEXAEHUS U CKNepo3upoBaHus. Bo-BTo-
pbIX, CO CMelLeHreM 6anaHca B CTOPOHY aHTUOKCUAAHT-
HbIX (bakTopoB. CHWXeHWe reHepauuy akTUBHbIX (hOpM
kucrnopoga [13] 3awmiwaeT MUTOXOHAPMM TyBynouuToB
oT anonTo3a. Hakowel, Aeduunt T, npu runoTupeo-
3e ocnabnser TGF-B/SMAD-curHanuHr (transforming
growth factor beta — TpaHchopmupytowmin dhaktop po-
cra 6eta / Sma n Mad — cemeiicTBO BenkoB) — knto-
yeBol NyTb cmbporeHesa [15, 16]. ATo moxeT obbsic-
HATb COXpaHeHWe apXUTEKTOHWKKM KOPKOBOrO BeLLecTBa
M MeHbLUYK aunatauumio kaHansues B rpynne «[TDK +
+ runotupeo3s» [17].

PesynbTaTbl NOAYEPKMBAIOT BAXKHOCTb OL|EHKW TUpEeO-
MOHOrO cTaTyca mauneHToB ¢ AobpokayecTtBeHHon MK
Kak MOTeHLMarnbHOro npeaukTopa pucka nporpeccuposa-
HUS MOYEYHBIX OCMOXHEHUN. Koppekuuio runepTupeosa
MOXHO paccMaTpuBaTh Kak AOMOMHUTENbHYIO CTpaTeruo
ANS 3aMedneHus pasBuTus HedponaTtum.

3AKJIFOMEHUE

OKCMEpUMEHTaNbHO  MHOYLMPOBAHHbLIA  MMNepTUPEO3
Ha mogenu [TIK noTeHumpyeT CTPYKTYpHOE NoBpeXaeHne
MoYyek 3a CYeT OBCTPYKTMBHOM ypomaTun Ha ¢oHe Gonee
BbIPXXEHHON rWneprnnasun npegcraTenbHoi xenesbl U
NUMEOreHHON  UHAUALTPALMM  MOYEYHON MapEHXWUMBI,
HECMOTPSl Ha yBenuyeHue nnowaamn knyboykoB u nnoT-
HOCTW Kanunnsapos. HanpoTue, Npu MHAYKUAW rMnoTupe-
033 BO3HMKAET BbIPAXEHHbIA MPOTEKTUBHLIA 3PGEKT 3a
CYET CHWXEHUS MPU3HAKOB OBCTPYKTUBHOIO MOBPEXAEHNS
MOYEYHON MAPEHXUMbI W OTCYTCTBUS NUMEOreHHON WH-
unbTpaLuu. YCNoBHOE 3KCTPanonMpoBaHue nonyveHHbIX
pe3ynbTaToB B KMHUYECKYIO NPaKTWKY NOAYEPKMBAET He-
06X0AMMOCTb KOMMMEKCHOTO 3HAOKPUHOMOMYECKOro noa-
Xofa K BedeHuto nauueHTos ¢ [MHK.

AONONNHUTENIbHAA UHPOPMALINA

Bknag aBTopoB. P.W. [nylakos — KOHUenumus aKc-
nepuMeHTa, HamucaHue McxogHoro Tekcta; 3.B. MMauy-
nns — cbop maTepuana, U3roToBMEHWE TMCTONOMMYECKUX
npenapatos; A.Jl. CemeHOB — npoBefeHue 3Kcnepu-
MEHTanbHOro uccnegosanns; B.B. KpuwTton — onwuca-
HWe MOpCONOrMYECKUX MpenapaToB, aHann3 nosyyeH-
HbIX [aHHbIX, BbINOMIHEHWE CTATUCTUYECKOTO aHamnmaa;
A.P. UckanneBa — HanucaHue TekcTa cTaTby, Hay4YHoe
TEXHWYECKoe pefaKTMpOBaHMe.

Bce aBTOpbI BHECNN CYLLECTBEHHbIN BKNag B paspa-
BOTKy KOHLenuuW, NpoBeAeHne UccrnefoBaHus U NOAro-
TOBKY CTaTbi, NPOYN U 0J0BPUNM (PUHANBHYIO BEPCUIO
nepea nybnukaumen.

KoHdnukT unTepecoB. ABTOPbLI AeKNapupyoT OTCyT-
CTBME SIBHbIX M NOTEHLMANbHbIX KOH(MKTOB UHTEPECOB,
CBSI3aHHbIX C NyOnukaLyeit HacTosLen cTaTbi.
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JKCnepuMeHTbl C XMBOTHbIMKU. Bce MaHnunyns-

LMW COOTBETCTBOBANM MpuHLUMNaM EBPONENCKON KOH-
BEHLUMM O 3alyuTe MO3BOHOYHBLIX XMBOTHbIX (CTpac-
Oypr, 1986) 1 Gbinn 0go6peHbl NOKaNbHBIM ATUYECKUM
KOMUTETOM.
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Pe3tome. BeedeHue. B HacTosiLiee BpeMst B CTOMATONOTMYECKOM NPaKTUKE Npy NaTonorum BUCOY-
HO-HWXHEYEMICTHOrO CycTaBa U/unu napadyHKLmMsaX (rMnepToHWM) XeBaTeNbHbIX MbILLL CTanu
LUMPOKO NPUMEHATH OKKIHO3MOHHYHO CMMHT-Tepanuio. B To e Bpems 4o C1x Nop He NpOBOAWINCH
yrnybneHHble MCCNefoBaHUs O BIIUSHWAW OKKIIO3MOHHOW CMAMHT-TEpanuu Ha COCTOSHWE aMany
3y60B, a Takxe NpohUNakTUKLA ee AeMuHepannsauuv. Ljeab pabombsi — n3y4nTb BINSHINE OKKITIO-
3MOHHOW CNAIMHT-TEpaNUM Ha COCTOSIHWE aMarnu 3y60B W OLEHNTb APAPEKTUBHOCTL UHAWBULYATbHBIX
FUTMEHNYECKUX MePONPUATIIA NO yX04y 3a NOMOCTHI0 PTa B OTHOLLIEHWW peMUHEpan13aLmm aManu
3yboB. Mamepuanbi u Memodsl. Mop HabnaeHNeM B TEYEHWE ABYX MeCSLIEB HAXOAUIUCh
45 xeHLWuH B Bo3pacTe oT 19 [0 44 net, NpoXoAMBLUMX FIEYEHME OKKMIO3UOHHOM CANHT-Tepanu-
el no noBoay 3aboneBaHNil BUCOYHO-HUXKHEYEMIOCTHOMO CycTaBa /UMK eBaTemnbHbIX MbILLL,.
lMauneHToK Ha NpoTshkeHun 60 cyTok nepuogunyecku, 1 pas B Mecsl, oCMaTpuBaniu 4ns OLEHKN
(OYHKLMOHAMNbHON PE3NCTEHTHOCTM aManu 3y60B, KOTOPYH BbINOMHANM C NoMolblo TOP-TecTa.
B 1-10, KOHTpONbHYIO, rpynny uccnefoBaHus sowwnu 20 Yenosek, OCYLLEeCTBNSABLUNX B XO€ OK-
KIHO3MOHHOM CNAMHT-TEpanuK 00bIYHYH ANS HAX ABYKPATHYH O6LLENPUHATYI0 MHAMBUAYATBHYIO
rUreHy noocTn pta B CyTkW. Bo 2-t0, OCHOBHY!IO, rpynny nccnefoBaHWs BOLWIIN 25 YenoBex,
KOTOpbIE NOCIEe OCYLECTBEHNS MHAMBUAYANbLHOTO YX04a 3a NOMOCTbI0 PTa AOMNOHUTENBHO
ncnonb3oBanu renb ans 3yb6os pemunepanusytowmin ACEMNTA. Pesynbmamsl. [1o Havyana
OKKMIO3MOHHOMN CRNWUHT-TEpanuu nokasatenu yHKLMOHaNbHON Pe3NCTEHTHOCTI amManu 3y60oB k
KucnoTe y nauueHToB 1-i 1 2-i rpynn 6binn npakTUYeckn o4MHakoBbIMM U cocTaBunm 2,73+0,19
1 2,81+0,18 ycn. eq. COOTBETCTBEHHO. Y naLMeHTOB 1-i rpynnbl 3a Nepuos AMHaMUYECKOro Ha-
OniogeHust 0TMeYeHa TEHAEHLMS K CHUKEHWH (DYHKLMOHANBHON PE3UCTEHTHOCTI SMany 3y6oB 10
2,85+0,17 ycn. eq., B TO BPEMS KaK y NaLMEHTOB 2-1 rpynnbl (PYHKLMOHANbHANA PE3NCTEHTHOCTb
amanu 3y6oB goctoBepHo nosbicunack Ao 1,0240,18 ycn. eq., Yto cBuaeTenscTByeT 06 addekTns-
HOCTM NPUMEHSEMOTO UMW rens Ans 3y60B B Xofe OKKMNIO3MOHHOM CNANHT-Tepanun. ExeaHeBHoe
“cnonb30BaHWe nauueHTamu 2-i rpynnbl UCCNeaoBaHus rens ans 3y6oB peMuHepanuaytoLlero
ACETITA B x04€e ABYXMECSYHOW OKKITIO3MOHHO CAMIMHT-Tepanuu No3BonnI0 NoBbLICUTL NOKa3a-
TEMNMN Pe3NCTEHTHOCTM amManu 3y6oB Ha 36,3%, 4To SBNSeTCS BaXHbIM (hakTOPOM NpOdUIakTUKL
pasBuUTUS Kapueca 3y0oB.

KntoyeBble cnoBa: OKKk03MOHHAs CNNNHT-Tepanus, 3yObl, kapuec 3y0oB, NpodunakTika kapneca
3y060B, yHKLMOHaNbHAsa PE3NCTEHTHOCTb AManu, peM1HepanuaytoLme cpeacTea ans 3yobos,
naToreHeTNYeCcKkMin METOA NPoUNakTMKM kapueca 3y6os
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Corresponding author:  Abstract. Introduction. Currently, occlusal split therapy has become widely used in dental practice

Andrey K. lordanishvili. for pathology of the temporomandibular joint and/or parafunctions (hypertonia) of the masticatory
E-mail: - muscles. At the same time, no in-depth studies on the effect of occlusal splint therapy on the condi-
professoraki@mail.ru tion of tooth enamel, as well as the prevention of its demineralization have been conducted so far.

The aim — to study the influence of occlusal splint therapy on the state of dental enamel and also
to estimate the effectiveness of using the individual oral hygienic care for remineralization of dental
enamel. Materials and methods. There were 45 women aged from 19 to 44 years old being under
observation for 2 months who were treated by occlusal splint therapy for temporomandibular joint
and/or masticatory muscles diseases and were periodically examined once a month for 60 days
to estimate functional resistance of tooth enamel by means of TER-test. The 1%, control, group
consisted of 20 people, who performed their usual 2 times daily routine individual oral hygiene
during occlusal splint therapy. The 2", main group, consisted of 25 people who additionally used
ASEPTA remineralizing dental gel after oral hygiene treatment. Results. Indexes of functional
resistance of tooth enamel to acid before occlusal splint therapy in the 1st and 2" groups patients
were almost the same and comprised respectively 2,73+0,19 and 2,81+0,18 conventional units.
Patients of the 15tgroup had the tendency to decrease the functional resistance of tooth enamel
to 2,85+0,17 conventional units during the period of dynamic observation while the patients of the
2" group had the functional resistance of tooth enamel significantly increased up to 1,02+0,18
conventional units that is the evidence of the effectiveness of the remineralizing gel for teeth during
the occlusal splinting therapy. Daily use of remineralizing ASEPTA dental gel by the patients of the
main study group 2 in the course of 2 months of occlusal splint therapy allowed to provide 36,3%
increase of digital indices of tooth enamel resistance, which is an important factor of prevention of
dental caries development.

Keywords: occlusal splint therapy, teeth, dental caries, prevention of dental caries, functional
enamel resistance, remineralizing agents for teeth, pathogenetic method of dental caries prevention
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BBEAEHWE

B HacToslLlee BpeMs B CTOMATONOIMYECKON MpaKTu-
ke Npu NaTonor1 BUCOYHO-HKHEYEIOCTHOrO CycTaBa
(BHYC) w/unn napadyHKUMSX (rMNepTOHUM) XeBaTerb-
HbIX MbIWL CTanu LWWPOKO MPUMEHSTb OKKMHO3NOHHYHO
cnnuHT-Tepanuio [1-3]. CinMHTBI elye HasbiBaKT OKKHO-
3MOHHBIMM LUMHAMK UK Kannamu, KOTopble yCTaHaBMu-
BatOT Ha 3yOHble paabl 0gHOM unu obeux yemocTen u
OHW MEHSIT XapakTep CMblkaHus 3y0OB, NOMOXEHWE
FONOBOK HUXHEN YENKCTN B CYCTaBHbIX MKaX BUCOYHbIX
kocTen, 4To HopmanuayeT dyHkuymo BHUC v xeBaTens-
HbIX MbILL, @ Takke CnocobCTBYT mpodmnakTike no-
BbILUEHHON cTUpaemocTi 3y6oB [4—7]. CAnMHTLI 06bIYHO
W3roTaBNMBAKT U3 NNACTMAcChl UKW CUMMKOHA, U nauu-
EHTbI UX UCMONb3YKT 8-24 4 B CYTKM B 3aBUCUMOCTU OT
npegHasHaveHus [3, 8, 9]. MNpogomkuTensHoe NONb30Ba-
HWe CnNMHTaMK CO3LaeT Mof HUM NapHUKOBbIA 3GeEKT,
KOTOPbIA COAENCTBYET Pa3MHOXEHUIO MUKPOOPraHU3MOB,
CcnocobHbIX BbI3bIBaTb AEMUHEpanuM3aLmio amManu 3y6os,
4TO MOXET MPUBECTM K MX kapuecy [10-12]. N noaTomy
BaXHbIM acnekToM MPUMEHEHWNSI CMIIMHTOB SBNSETCS
afeKBaTHbIN WHAMBMAYANbHLIA YXO4 3a 3ybamu W nono-
cTbto pTa [7, 13, 14]. [o HacToSALEro BPEMEHM He NPOBO-
paunuch yrnybneHHble NccnegoBaHns O BAVSIHAW OKKITHO-
3MOHHOI CMIIMHT-TEpanuUK Ha COCTOsiHME amanu 3ybos, a
TaKkke NpoUNakTUKK ee AeMUHepanu3samm.

LE/Ib MCCNEAOBAHUA

/3yunTb BNNSIHWE OKKIHO3MOHHON CMAIMHT-TEpanun Ha
COCTOSIHME amani 3yDboB, a TaKkKe OLeHWUTb 3deKTnB-
HOCTb MHAMBUAYANBHbIX TUTMEHNYECKMX MEPONPUATUI MO
yxofy 3a NomnocCTbi pTa B OTHOLIEHUN PEMUHEPANU3aLIm
amanu 3y60B.

MATEPUAJIbl U METOAbI

Moo HabmofeHWeM B TeyeHue Tpex MecsileB Ha-
xogunuce 45 xeHwwuH B Bo3pacte oT 19 go 44 ner,
CTpafaBlWwuX pasnuyHon natonornen BHYC w/mnm na-
padyHKUMAMY KeBaTENbHbIX MbIWL, KOTOPbIM Oblnu
PEKOMEHA0BaHbl CUIMKOHOBbIE CMMHTBI HA  HKHIOK
yenocTb. [MauueHTbl ObiNW pa3aeneHsl Ha Ase rpynnbl
nccneposanust. B 1-1o, KOHTPonbHYt0, rpynny sownu 20
(46,51%) 4enoBek, KOTOpble B XOA4e CMIMHT-TEpanuu
OCYLLECTBNANM OBLLENPUHATYIO OBYKPATHYIO WHAWBMAY-
anbHYo TUrWeHy norocTy pTa B CYTKW: NPOBOAUMM yX0f
3a NONoCTbI0 PTa C NOMOLLLIO MaHyanbHoW 3yBHON LeTKK
n 3yBHon nactbl. Bo 2-t0, OCHOBHYIO, rpynmny uccneaosa-
Hua Bownmn 25 (53,49%) yenosek, KOTOpble Mocne Bbl-
NOMHeHUs OBLLEeNPUHATOr0 WHAMBMAYANbHOMO yxo4a 3a
NonocTbio pTa AOMOMHUTENBHO WUCMOMb30BaMNM refb AN
3y6oB pemunepanuaytowmin ACEMNTA (AO «BEPTEKC»,
r. Cankr-Metepbypr, Poccus). Menb, cornacHo aHHoTa-
LIMOHHOW XapaKTepucTuKe, COAEPXUT BUOMUMETNYECKMIA
rMApOKCHanaTuT, cnocobeTByoWmiA BeicTpon 1 addrek-
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TMBHON MUHEpPanu3auuy TBepAbIX TkaHen 3yboB [1], uTo
ABNSETCA naToreHeTuyeckn 0OOCHOBAHHBIM METOLOM
npodunaktukm aton natonoru. C nomoLibto 3yBHON
LWeTKW renb pacnpegensny no noBepxHocTu 3y6os, co-
3AaBanu BO3MOXHOCTb ero annnukauuv ¢ TBepabiMu Tka-
HAMM 3y60B Ha 1-2 MUHYTLI, @ 3aTeM 13BbITKW rens cnne-
BbiBanu 6e3 nocreaytoLlero nonockaHus noroctu pra.
MaymneHToB Npeaynpexaant, YTo UHAMBMAYANbHbIA yXo4
3a 3ybamu crefoBano NpoBOAMTL YTPOM rnocne 3aBTpa-
ka 1 Be4epoM nocne yxuHa nepeg cHOM. 10 okoH4aHWUK
NPUMEHEHIS TeNs peMUHePanu3yHoLLero pekoMeHLoBanm
B TEYEHMWe nosnyyaca He NpUHUMATb NULLY W HE NUTb.

Ons n3yyeHns BRMSHUS OKKMKO3MOHHOW CMNHT-Te-
panuum Ha COCTOsiHME 9Mann 3yDoB, a TaKKe OLEHKM
9 (EKTUBHOCTU MHAMBUAOYANbHBIX UTVEHNYECKUX Me-
POMpUATUAIA MO yXOAY 3@ MOMOCTbIO PTa C TOYKU 3pEHUS
peMuHepanusaumm amanu 3y6oB Obina MCnonb3oBaHa
MeTOAMKa onpeaeneHns yHKUMOHAmNBHOM PE3UCTEHTHO-
CTM 3Manu 3yboB ¢ nomowbio TOP-TecTa, NpeanoXeHHo-
ro B.P. Okywko [5]. Y nauneHToB pe3ncTeHTHOCTb aMasu
nccnegoBany Ha O4HOM U3 LLEHTPanbHbIX PE3LIOB HKHEN
YenloCTu, 4N Yero ouvnLanm KOpoHKy 3yba OT BO3MOX-
Horo 3yGHOro HaneTa, BbICyLUMBANM €€, a 3aTeM HaHOCK-
nn 1% pacteop HCI, co3gaBas Ha NOBEPXHOCTH KOPOHKM
Kanno guameTpom 4o 2 MM. Yepes 5 ¢ kanno cMbiBanu
AUCTUNIMPOBAHHON BOLOW, BbICYLUMBANK KOPOHKY 3yba
BaTHbIM LUAPUKOM M Ha MECTO MPOTPaBIIMBAHWS HAHO-
cunu kann 1% pactBopa MeTWUIEHOBOTO CUHEro, KOTo-
pylo Cpasy yhansnu BaTHbIM LUIAPUKOM, 3aTEM OLiEHMBa-
NN KUCNOTOYCTONYMBOCTb dManu B 6annax, To ectb ee
PE3NCTEHTHOCTb, NO WHTEHCMBHOCTM 06pa3oBaBLLencs
Ha KOpPOHKOBOW YacTu 3yba okpacke. Ee peructpuposa-
nu, cpaBHMBas co cTaHgapTHo 10-6annbHOM LKanow
OTTEHKOB CMHEro ugeta ot 0 (Mpu MOMHOM OTCYTCTBUM
OKpaLUMBaHMA NPOTPaBMEHHON YacTW KOpPOHKK 3yba) Ao
10 6annos (npu Hanbonee WHTEHCUBHOM OKpaLLMBaHWW
B NMPOTPABEHHOM 4acTu KOPOHKM 3yba B CUHWIA LBET).
Y Kaxporo nauueHta nogobHoe uccnepoBaHue 6bino
NpoBEAEHO [0 Hayana NoNb30BaHUS OKKITO3MOHHBIMM
cnnuHTamu, a Takke yepes 30 n 60 gHelt oT Havana wx
NPUMEHEHUS.

[oCTOBEPHOCTL Pa3nNMuMn CpefHUX BESUYMH Hesa-
BMCHMbIX BbIGOPOK OLEHMBANW Npy NOMOLLM NapameTpyu-
yeckoro kputepust CTbloAeHTa npu HOpPManbHOM 3aKoHe
pacrnpegeneHns n HemapameTpuyeckoro kputepus Man-
Ha—YWUTHX NP1 OTNNYMM OT HOPMANBHOTO pacnpeseneHns
nokasatenen. MNpoBepky Ha HOPManbLHOCTbL pacnpegere-
HWS BbINOMHANM Npu nomoLum kputepust LWanupo-Yunka.
[ns cTaTMCTMYECKOro cpaBHEHWs [OMEN C OLEHKoi Jo-
CTOBEPHOCTW Pa3nnynii MpUMeEHSN kputepui X% Mupco-
Ha C y4eToM nonpaeku MaHTens—XeH3ens Ha npasgono-
pobue. Bo Bcex mpouenypax CTaTMCTUYECKOrO aHanvsa
cunTan AOCTUTHYTbI YPOBEHb 3HAYUMOCTH (P), KpUTUYE-
CKWI YPOBEHb 3HAYMMOCTH Npyn 3TOM Obin pasHbiM 0,05.
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PE3Y/IbTATbDI

Mpn wnccrenoBaHUM PesUCTEHTHOCTU dManu  3y60B
y nauueHToB 1-1 1 2-i rpynn B0 Havamna OKKMKO3NOHHOM
CMIMHT-TEpanW BbISIBIEHO, YTO MoKasaTenu (yHKLMO-
HarbHOWM PEe3NCTEHTHOCTX aMann 3y6oB K KucroTe 6birm
MPaKTUYECKN OAMHaKoBbIMM U coctaBisanm 2,73+0,19 u
2,811£0,18 ycn. eq. cootBetcTBeHHO (p 20,05). Cnycts
MeCSiL, OT Hayara OKKMIO3MOHHOW CMAWHT-Tepanun y na-
LMEHTOB KOHTPOMbHOW rpynMbl OTMEeYanach TeHAeHLMs
K CHKEHWUIO (PYHKLIMOHAIBHON PE3UCTEHTHOCTW 3Maru
3y60B, KOTOpas MNpOJOIKMIAch Ha MPOTSKEHUM [ABYX
MecsiLeB AMHaMMYeckoro HabriofdeHns 3a nauueHTamu
(puc. 1). CnycTs gBa MecsiLa OKKMIO3MOHHOW CIIUHT-Te-
panui hyHKLMOHANbHAs PE3UCTEHTHOCTb amMani 3y6oB k
KWCIOTe B KOHTPOMbHOW rpynne nauueHTOB COCTaBnsna
2,85£0,17. HecmMoTps Ha TO YTO Takon LiMhpOBOI Nokasa-
TeNb XapakTepu3yeT BbICOKYH CTPYKTYPHO-(YHKLMOHAMb-
HYI0 Pe3UCTEHTHOCTb amanu [5, 10], cregyeTt roBoputb 0
HebnaronpusTHOM AWHaMKKe 3TOro mapameTpa B Lienom,
4TO MOXeT CrocobCTBOBATL Pa3BUTUIO kapreca 3y6oB.

Y naumeHTOB OCHOBHOW IPpynMbl Ha NPOTSKEHUN BCErO
nepuopa uCCrefoBaHWs BbiSBNEHA AOCTOBEpHas TeH-
[EHUMS K MOBbILEHNI0 (DYHKLMOHAIBHON PE3NCTEHTHO-
cTn amanu 3yboB k kucnote (cm. puc. 1). Tak, cnycta 30
1 60 cyToK OT Havana OKKMH3MOHHOW CMAMHT-Tepanuu
y NauuMeHTOB 2- rpynnbl nokasaTenu (yHKUMOHANbHON
PEe3NCTEHTHOCTM aManu 3y60B ynmyywunucL W cocta-
B 1,56+0,19 u 1,02+0,18 ycn. ed. COOTBETCTBEHHO
(p =0,01). Ha puc. 2 npeactaBneHa guHamuka nokasare-
nen TOP-TecTa y naumneHTOB 13 KOHTPOMbHOW 1 OCHOBHOW
rpynn UCCreaoBaHns Ha NPOTSXKEHUN OUHAMWYECKOro Ha-
BrogeHus 3a HUMK O Hayana W Ha npoTskeHun 60 cy-
TOK CMNNHT-TEpanuu.

CUInUKOHOBbIE CMNMHTBI ANS OKKITO3WMOHHOW Tepanuu
3aTPYAHSAIOT OMbIBaHWE CrIOHOW dManu 3y6oB, Haxoas-
WMXCA NOL CMAMHTOM, YTO MpK 0BLIYHOM WHAWMBMAYaIb-
HOM yXxofJe 3a MOMnoCTbK pTa Ha NPOTSHKEHUM [ABYX Me-
CSLEB OKKIIO3WOHHOW CMNHT-Tepanuu cnocobcTBoBano
CHVXXEHWIO Pe3NCTEHTHOCTM amanu 3yboB. ATo npope-
MOHCTPUPOBAHO Ha MpuUMepe NauueHToB U3 1-i rpyn-
Nbl UccrnefoBaHus. Takas HebrnaronpusTHas AuMHaMuKa
(DYHKLWOHANLHOM PE3NCTEHTHOCT 3Manu MOXeT cTaTb
npegpacnonaraowmuM ¢GakTopoM pas3BUTUS Y NPOXOAS-
LWMX OKKMIO3MOHHYKD CRAMHT-Tepanuio kapueca 3y6os,
X0TS LUndpoBon nokasatens TOP-TecTa cnycta gBa Me-
csla Takom Tepanuu Bee elle CBUAETENbCTBOBAN O Hamnu-
YWW Y NaLMEHTOB 1-1 rpynMbl BbICOKOW CTPYKTYPHO-(YHK-
LMOHANBbHON PEe3NCTEHTHOCTW AManu.

ExenHeBHOe NpUMeHeHWe nauumeHTamu 2-n rpynnbl
nccnegoBanus rens Ansa 3y6oB  peMuHepanusyioLye-
ro ACEINTA Ha npoTskeHun 60 CyTOK OKKMIO3MOHHOM
CNIUHT-Tepanui No3Bonuno obecneynTb NONOXMTEMb-
HYI0 AMHAMUKY MoKasaTenen Pe3NCTEHTHOCTW aManu 3y-
6oB, KoTOpas 4OCTOBEPHO OTNMYaANach OT aHanOrMYHbIX

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

Yen. ep.
Units

1-51 rpynna (KOHTponbHasi)
1st group (control)

2-9 rpynna (ocHoBHas)
2nd group (basic)

m Yepes 30 cytok  m Yepes 60 cyTok
After 30 days After 60 days

m [lo cnnnHT-Tepanum
Before splint-therapy

Puc. 1. TMokasatenu ¢yHKUMOHANbLHOW PE3NCTEHTHOCTM 3Ma-
nu 3y60B K KUCNOTe Y 06CcneoBaHHbIX KOHTPONLHOM
1 OCHOBHOIA Fpynn MUccneaoBaHMs Ha NPOTSXEHUU Au-
HaMMUyecKoro HabnogeHust (PUCYHOK aBTOPOB AaHHOM
cTatbi)

Fig. 1.  Functional acid resistance of tooth enamel in the control and
main groups during follow-up (figure by the authors of this
article)

Yen. eq.

Units

3,54
3

25, 3 3
24

1,6 -

14

0-

MaumenTka LW.,
40 net (2-a rpynna)
Patient Sh., 40 years old (group 2)

Maumentka E.,
33 ropa (1-s rpynna)
Patient E., 33 years old (group 1)

m [lo Hayana cnnuHT-Tepanuy m Yepes 30 cyTok  m Yepes 60 cyTok
Before splint-therapy After 30 days After 60 days

Puc.2. [uHamuka nokasatened ¢pyHKUMOHANbHOW PE3NUCTEHT-
HOCTM 3manu 3y6oB K Kucnote y ABYX o6crneAoBaHHbIX
NaLMeHTOB M3 KOHTPONbLHOW M OCHOBHOI rpynn uccne-
[OBaHMSA Ha NPOTSXKEHUM AUHAMUYECKOro HabnoaeHus
(pncyHoK aBTOPOB AaHHOW CTaTbK)

Changes in tooth enamel acid resistance in two patients from
Groups 1 and 2 during follow-up (figure by the authors of this
article)

Fig. 2.

B 1-i rpynne nauueHToB yxe yepes 30 cytok (p <0,05),
XOTS 3TU MOKasaTenn, COrNacHO OLEHOYHbIM PEKOMEH-
Jaumam TOP-TecTa, Takke XapaKTepusoBann BbICOKYH
CTPYKTYPHO-(DYHKLIMOHAIBHYIO  PE3UCTEHTHOCTb  AMany
[10]. Ho npu atom ang nauueHToB 2-i rpynnbl Uccneno-
BaHWS MOXHO [AOCTOBEPHO rOBOPUTb O BraronpusTHOM
AnHamuke nokasatenen TAP-TecTa, Yo CBUOETENBCTBYET
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0 NOBbILIEHNN (DYHKLIMOHAMBHON PE3UCTEHCTHOCT 3Man.
310, 04eBMOHO, OymeT cnocobCTBOBATL MpOdUNaKTHKe
pasBUTUS Kapueca 3y60B y MaLMeHTOB B NpOLECCe Mofb-
30BaHNS CUIMKOHOBbLIMM Ha3yOHbIMM Kannamu (CnimHTa-
MM) NPY OKKMKO3NOHHOM CMMHT-TEpanuu.

BbIBOAbI

1. Mpun 06LWenpuHATLIX UHAMBUAYATBHBIX MEPONpUs-
TUSX MO YXOZY 3a NOMOCTLI pTa B Neproz OKKMO3NOHHON
CNIMHT-TEpPanUy CUMNKOHOBLIMW CMIMHAMK OTMEeYaeTcs
CHUXEHME PYHKLMOHANBbHON PE3UCTEHTHOCTU aManu 3y-
60B, YTO MOXeT CTaTb npeapacnonaralLMM GakTopom
AN pasBuTUS Kapueca 3y60B.

2. Wcnonb3oBaHne COBPEMEHHOTO OTEYECTBEHHOIO
rens ansa 3y6os pemuHepanuaytowero ACENMTA, conmep-
Kallero GMOMUMETUYECKUI TMAPOKCUANATMT, NO3BONSET
3a 60 CyTOK OKKMKO3MOHHOW CMAMHT-TEPanUM MoBbICUTb
(DYHKUMOHAmNbHYI PEe3NCTEHTHOCTb aManu 3y6oB Ha
36,3%, 4YTO SBNAETCS BaXHbIM PaKTOPOM NPOHUNAKTUKLA
pasBuTUs kapueca 3y6oB. IMEHHO NMO3TOMYy MOXHO pe-
KOMeHAoBaTb NauWeHTaM Ha Nepuoa ANNUTENbHOro Nosb-
30BaHWS CMNMHTAMKU BKMOYaTb NMPUMEHeHWe rens ans
3y60B pemuHepanuaytowero ACEMTA B Mmeponpustsi no
WHAMBMAYaNbHOMY yXOAY 3a NOMOCTbIO pTa.

AONO/NHUTE/NIbHAA UHPOPMALINA

Bknag aBTopoB. A K. lopaaHuweunu — paspaboTka
KOHLLeNUMM 1ccnefoBaHns, HanucaHue UCXOLHOro Tekc-
Ta, BbINOIHEHWE CTATUCTUYECKOTO aHanusa, Hay4yHoe U
TexHuyeckoe pegaktupoBanue; A.A. CepukoB — cbop
MaTepuana, npoBeeHNe KIMHUYECKOTO WUCCrefoBaHus,
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aHanu3 nomnyYeHHbIX Pe3ynbTaToB, HanuUCaHWe TekcTa
cTatbi.

Bce aBTOpbI BHECNM CYLLECTBEHHLIN BKNag B paspa-
OOTKy KOHLenuun, NpoBeAeHNe UCCneLoBaHMs U NOAro-
TOBKY CTaTbit, MPOYnM 1 0806pUNN PUHaMNbHYID BEPCUIO
nepeg nybnukauuen.

KoHdnukt nHTepecoB. ABTOpLI A€KNapUpyOT OTCYT-
CTBME SBHbIX M NOTEHLMANbHbIX KOH(IIMKTOB UHTEPECOB,
CBSI3aHHbIX C NybnvkaLuen HacTosLLen cTaTby.

WHdopmupoBaHHOe cornacue Ha nybnukauuio.
ABTOpbI MOMYYMNN NUCbMEHHOE COornacve NauWeHToB Ha
nyGnukaumio MeguLMHCKNX JaHHbIX.
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Abstract. Mesenchymal stem cells and products based on it are an effective means of treating
diseases due to their proven effect on the tissue reparation. In recent years, large amount of data
has accumulated showing that the therapeutic effect of mesenchymal stem cells is realized not
by the cells themselves, but by it secretome. Preclinical studies using in vitro and in vivo disease
models have demonstrated promising results with small extracellular vesicles derived from stem cells,
including mesenchymal stem cells: reduction of oxidative stress, increased proliferation, survival
and differentiation of cells, suppression of inflammation, which promotes regeneration at the site of
damage. Isolation of the vesicular fraction of mesenchymal stem cells is the starting point for the
production of products based on it. However, the path from the idea to the registration of such products
is associated with many difficulties. A therapeutic strategy that allows achieving the effects of cell
therapy without mesenchymal stem cells transplantation offers a number of advantages. The aim
of this review is to highlight the multiple factors that contribute to the high variability of the vesicular
fraction obtained from mesenchymal stem cells, the challenges of developing cell-free products,
and the need for standardized protocols for the production and evaluation of extracellular vesicles.

Keywords: mesenchymal stem cells, mesenchymal stem cell secretome, extracellular vesicles,
exosomes, extracellular vesicle-based products
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BBEAEHWE

MynbTunoTeHTHble cTBONOBLIE KNeTkn (MCK) n npo-
DYKTbl Ha UX OCHOBE OTKPbIBAKT HOBblE BO3MOXHOCTY
B obnactu GUOTEXHONMOMIA 1 pPereHepaTBHON Meanuuu-
Hbl. MCK moryT anddepeHLmpoBaTbCs B OCTEOTEHHOM,
aZ1noreHHoOM ¥ XOHAPOreHHOM HamnpaBreHNsIX, KCnpec-
CUPYIOT psiA MOBEPXHOCTHLIX Mapkepos (CD105, CD73,
CD90) u cnocobHbl K agresuu K cnewumanmsnpoBaHHOMY
NNacTuKy Npu CTaHAAPTHbIX YCMOBMSAX KyNbTUBUPOBAHUS
(puc. 1) [1].

Tepanestnueckoe npumerenne MCK wwpoko mccne-
[YETCS: MO COCTOSHMIO Ha aBrycT 2025 r., no faHHbIM Ha-
LMOHamNbHOro UHCTUTYTa 3apaBooxpaHeHus CLUA (https:/
clinicaltrials.gov), npoeaeHo B 06LLer cnoxHocTi Gonee
1300 nccnenoBaHuin. Tem He MEeHEe OCTAeTCs MHOXECT-
BO HepeLUeHHbIX BOMPOCOB, B CBSA3N C YEM KONMYECTBO
3apPerncTpUpPOBaHHbIX KMETOYHbIX MPOAYKTOB, COAEpXa-
wmx MCK, coctaBnsieT Ha AaHHbI MOMEHT 12, Npu 3TOM
YnpaBneHue no CaHUTapHOMY HaZ30py 3a Ka4yecTBOM
nuuiesbIx npoaykToB 1 meaukamentoB CLUA (Food and
Drug Administration, FDA) ogobpuno muwb 1.

C wmomeHTa oTkpbiTMd MCK  ®pugeHwTeinHom B
1970-x ropax [2] po Havana 2000-x rogoB cyuTanu, 4to
adektsl MCK  06ycrnoBneHbl  KOHTaKTHO-3aBUCUMO
nepepayeit cUrHarnoB ApYruMm KreTkam, a Takke WX CKo-
NNeHMeM B NOBPEXAEHHbIX Y4acTkax, OCHOBaHHbIM Ha
cnocobHoct MCK Kk MynbTUnOTEHTHOM AuddepeHLm-
poBke [3]. OTy KOHUENUMIO CTanu nepecMaTpusatb Mo-
cne nybnukaumn Gnecchi, obHapyxwBwero, 4to MCK
onocpeaylT cBou 3deKkTbl cekpeuueinr N BbicBOOO-
XOeHreMm Tpoduyeckux Monekyn [4]. Mpu atom aHanua
TpekuHra MCK nocrne cucTeMHOro BBEAEHMS Mokasas,
4to MCK (M cTBOMNOBbIE KIETKM B LIESIOM) HE CTaHOBATCS
YacTblo MOBPEXAEHHOTO yyacTka. B nocnegHee Bpems
Hakannueaetcs BCe Gornblue CBEAEHUM, YTO OCHOBHbIM
mexaHusmom pgenctens MCK sBnsietcs napakpuHHbIA
3hheKT BBMAY BbIAENEHNS UMM BMONOTMYECKM aKTUBHBIX
MOSIeKyr, HbIHE W3BECTHbIX KaK CEKpeToM. 3a nocneaHune
[Ba OeCATUNETUS Hay4HbIN UHTEPEC K CEKPETOMY KNETOK
(B 0COBEHHOCTM K BE3WKYNSPHOM (hpaKLim) pesko BO3poc.

Puc.1. Me3seHxumanbHble CTBONMOBbLIE KNETKM (PUCYHOK noaro-
TOBMNEH aBTOpaMu)
Fig. 1. Mesenchymal stem cells (the figure is prepared by the authors)

MHHOBALMOHHAA ®APMAKOJIOINA

INNOVATIVE PHARMACOLOGY

/3yyeHne cocTaBa cekpeToMa OTKpbIBAeT HOBble ac-
NeKTbl MEXKNETOYHbIX KOMMYHWUKaLWiA, onpeaensitoLmx
MHOXeCTBO B1OMNOrnyecknx NpoLeccoB — Kak pusnono-
rMYEeCKNX, Tak 1 natonornyeckux. Coctas cekpetoma oT-
paxaeT COCTOSHNE CEKPETUPYIOLLEN Er0 KNETKM, YTO yxe
NPUMEHSIIOT C LieNblo ANarHOCTMKM 3aboneBaHuil, OLEeHKN
NporHo3a 1 AeTanbHOro U3y4YeHus natoreHesa. AKTUBHO
pa3pabaTtblBalOTCA CTpaTerMm [OCTaBKM NEKapCTB Le-
neBbIM KneTkam Mpyu MOMOLLM BE3UKyNApHOW dpakuuu
CeKpeToMa C BbICOKOM cneunduyHOCTb0 U ahdeKkTnB-
HOCTbHO.

COCTAB CEKPETOMA ME3EHXUMAJIbHbIX
CTBOJIOBbIX KJIETOK

CeKpeToM KneTKM OnucaH Kak CroxHas cMecb npo-
BYKTOB, BblAeNnseMblX NPakTUYeckn BCEMU KneTkamm op-
raHu3ma B BUAe BE3UKYNAPHON 1 HEBE3UKYNAPHOM dhpak-
uui (puc. 2) [5].

Be3ukynsipHas cpakuua cocTouT u3 Be3nKyn, Ko-
TOpble KnaccuuumMpyloT B 3aBUCMMOCTM OT MX pa3me-
pa. CormacHo pekomeHgauusm MexagyHapogHoro 06-
lecTBa BHekneTouHbIX Be3ukyn (International Society
for Extracellular Vesicles, ISEV) ot 7 cdespana 2024 r.,
TEPMUH «BHEKNETOYHbIE BE3MKYIIbI» MPUMEHSIIOT K YacTu-
Ljam, BbICBOBOXAaeMbIM W3 KNETOK W OrpaHNyYeHHbIM Bu-
NUNUAHBIM CMOEM, KOTOPble He MOTyT pennnuMpoBaThCs
CaMOCTOATENbHO (TO eCTb He cofepxat YHKLUMOHAmNbHO-
ro sigpa) [6]. Mpu atom ISEV pekomeHzyeT He UCMOIb3o-
BaTb TEPMUHbI «3K30COMbI» U «3KTOCOMbI», OCHOBAHHbIE
Ha BuoreHese, XOTS OHM YAO0BHbI 4115 NPaKTUYECKOro Npu-
MEHEHUSI, HO OMYyCKAEeT NCMOMNb30BaHNE TEPMUHOB «Ma-
nole (Menee 200 HM) BHeKrneTOuYHble Be3ukynbl» (MBB)
n «bonblive (Gonee 200 HM) BHEKNETOYHbIE BE3UKYITbI»
(bBB), npu aTom onpepeneHue pa3mepa 3aBUCUT OT
KOHKPETHOW [MarHoCTUYeCcKon MeTOAWKW. B MHoroumc-
NEHHbIX Hay4HbIX MyOnMKaLmMsiX BHEKNETOYHbIE BE3UKYMbI
KnaccuduuymMpoBaHbl B 3aBUCMMOCTK OT crnocoba buore-
He3a 1 BbICBOOOXAEHMS: ak3oMepbl (<50 HM), 3K30COMbI
(30-150 Hm), mukpoBeaukynbl (100-1000 Hm), anonTo-
Tnyeckne Tenbua (1000-5000 HM), murpacombl (500-
3000 Hwm) 1 oHkocombl (1000-10000 Hm) [7].

HeBe3ukynspHbie BHEKNETOYHbIe YacTUlbl (non-
vesicular extracellular particles, NVEP) npeacrasnstot
co601 BCe YacTuLbl KNETOYHOrO NPOUCXOXKAEHUS OOHOMO
UMK HECKOMbKUX MOMEKYNSIPHbIX KNaccoB MpuM YCroBuM,
4yTo He obpasyeTcs pasrpaHuMyMBaloLlen BuAMNMaHON
MembpaHbl [6]. Mpu 3TOM HeBeauKymnspHble BHEKNETOY-
Hble YacTuLbl MOTyT ObITb 3HAYUTENBHO MEHbLUE NO pas-
Mepy, YeM BHEKNETOYHbIE BE3WKYIIbl, YTO 3aTPYAHSET MX
o6HapyxeHue, a MeTogbl BbiaeneHns cekpetoma MCK
MOTYT NPUBOANTL K COBMECTHOM N30MALNN BE3NKYNSPHON
W HeBe3uKynspHoit dpakumm [8]. Hanbonee yacTo BCTpe-
YyaeMble KOMMOHEHTbI HEBE3UKYNSPHON dhpakuumn cekpe-
Toma MCK npeacTaBneHbl B Tabn. 1.
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CeKpeToM Me3eHXUManbHOI CTBONOBON KNeTKU (PUCYHOK NOArOTOBNEH aBTOPaMM)
Mesenchymal stem cell's secretome (the figure is prepared by the authors)

Tabnuua 1
Haubonee yacTo BCTpevyaeMble KOMMNOHEHTbI HEBE3NKYNSAPHOW (PpaKLMM CEKpeTOMa Me3eHXUManbHbIX CTBOJIOBbIX KIIETOK

Table 1
The most frequently encountered components of the non-vesicular fraction of the mesenchymal stem cells secretome

KomMnoHeHTbI HeBe3UKynsipHOM

WcTounuk
S Mphwep ARHHLIX
Components of the non-vesicular fraction P i)
of the mesenchymal stem cells secretome
LinTokuHbl IL-1a, IL-1B, IL-6, IL-8, IL-10, IL-13 [8, 9]
Cytokines
XEMOKVHbI + ®akTop CTBONOBbLIX KNeTok (SDF-1) [8]
Chemokines Stem cell factor (SDF-1);

+ 6enok-xemoaTTpakTaHT MoHouutoB (MCP1)
Monocyte chemoattractant protein (MCP1);

* XeMOKWHOBBI nuraHg motuea 12 (CXCL12)
Chemokine ligand 12 motif (CXCL12);

* cybbeauHmua 8 nonunentuaa 1, copepxaldero wanepoHuH (CCT8)
Subunit 8 of polypeptide 1 containing chaperonin (CCT8);

* MakpodaranbHbIi BocnanutensHblil 6enok 1-6eta (MIP-1B)
Macrophage inflammatory protein 1-beta (MIP-1B)
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OkoHyaHue mabn. 1/ Ending of the Table 1

KoMnoHeHTbI HeBe3UKYNAPHOIA

¢hpakumm cekpeToma Me3eHXMManbHbIX Tl T;:::&K
CTBONOBBIX KNETOK Egam ﬁas Data
Components of the non-vesicular fraction P ST
of the mesenchymal stem cells secretome
dakTopbl pocTa « ®akTop pocta hubpobnactos 2 (FGF-2) [8]

Growth factors

Fibroblast growth factor 2 (FGF-2);

* rpaHynouuTapHo-MakpodaranbHbIii KonoHrecTumynmupytoLLyi chaktop (GM-CSF)
Granulocyte-macrophage colony-stimulating factor (GM-CSF);

* thaktop pocra renatouutos (HGF)
Hepatocyte growth factor (HGF);

* cy6peanHuua A TpombouutapHoro daktopa pocta (PDGF-1)
Platelet-derived growth factor subunit A (PDGF-1);

* TpaHcdopmupytoLwmii thaktop pocta 6eta (TGF-B)
Transforming growth factor beta (TGF-B)

Benku uutockeneta
Cytoskeletal proteins

* AkTuH a2 (ACTA2), aktuH B (ACTB), a-aktun cepaeyHon Mbiwusl (ACTC1) | [10]
Actin a2 (ACTA2), actin B (ACTB), cardiac a-actin (ACTC1)

Benkn BHEKNETO4HOro MaTpukca * ®nbpunnue (FBN1), 6eta-uyens dubpuHoreHa (FGB) [10]
Extracellular matrix proteins Fibrillin (FBN1), fibrinogen beta chain (FGB)

depmeHTbI * [nuuepanbperua-3-pocdataernaporeHasa usgonamut 2 (GAPDH); [8]
Enzymes cynepokeuaamcmyTasa (SOD)

dismutase (SOD)

Glyceraldehyde-3-phosphate dehydrogenase indoleamine 2 (GAPDH); superoxide

['opmoHonogo6HbIe BeljecTsa
Hormone-like substances

* WHcynuHonogobHbIi daktop pocta-1 (IGF-1) [8]
Insulin-like growth factor-1 (IGF-1)

Tabnuya cocmaeneHa asmopamu
The table is prepared by the authors.

Hanbonee 4acTto BCTpe4yaemble KOMMOHEHTbI Be-
3nKynsipHon dpakuymm cekpetoma MCK oTpaxeHbl B
Tabn. 2.

MBB, BbigeneHHble n3 MCK, obnapaioT Temu xe
NOBEPXHOCTHbIMW Mapkepamu, 4To 1 camu MCK: CD29,
CD44, CD73, CD90, CD105 [14]. LaHHble MapKepbl MOX-
HO 0BHapYXWTb C MOMOLLbK Pa3nnyHbIX METOAOB, BKIIHO-
4as NPOTOYHYIO LIMTOMETPUIO N BECTEPH-OMOTTUHT.

MBB wwpoko npefcTtaBneHbl B B10NOrMyeckux xua-
KOCTSIX, TaKuMX Kak CMtoHa, Moya, rpyaHOE MOMOKO, JIVK-
BOp, Mna3ma unu coiBopoTka kposu [15]. CogepxaHue
MBB B pasnuyHbIX 61ONOTMYECKNX XKUAKOCTSX Bapbupy-
€T, HO KOHUeHTpauus MBB B 1 Mn nnasmbl KpoBW JOCTK-
raet 10" [16]. MimeHTudmumMpoBaHHble KOMNOHeHTbI MBB
Bkntoyatot okono 10 000 ©enkos, 3500 PHK, 3000 mu-
kpoPHK 1 1000 nunugos [17].

YuutbiBast, 4to MBB coxpaHsitoT curHatypy «pogu-
TEMNbCKUX» KNETOK, C O4HOW CTOPOHbI, OMpefeneHne ux
coCTaBa B Nnna3Mme KpOBW UMeeT CYLLEeCTBEHHOE [uarHo-
CTMYECKOE W MPOrHOCTUYECKOE 3HaYeHune, C Apyroi — co-
ctaB Bcex MBB nna3mbl KpoBuW KpaiiHe reTeporeHeH Bau-
Jy pasHoobpasus MBB B nna3me kpoBw, BblAensieMblx
knetkamn GOnbLUMHCTBa TkaHel. pn 3aTOM U3yyeHne
coctaBa MBB MOXeT CyLleCTBEHHO pacupuTb npea-
CTaBreHne o natoreHese 3aboneBaHWi U NOCMYXUTb OT-
NpaBHO TOYKOW NS pa3paboTkn HOBbIX NEKAPCTBEHHbIX

cpeacTs Ha ocHoBe MBB ons Tepanuu 3abonesanuin unm
BakuuHauuu [18].

Cneunduueckuin Genkosblin n PHK-Habop MBB MCK
BapbupyeT B 3aBUCUMOCTY OT ucTouHnka MCK 1 ycrnosuii
nx kynbtmueupoBaHus [19, 20]. Ycnosus kynbTMBMpOBa-
HWS, TaKne Kak rMroKCus 1 CTUMYNALMS LUTOKMHAMM, MO-
ryT U3MeHsTb coctaB MBB v okasbiBaeMblid adhpekT. ['n-
MOKCKS NOBbILIAET CeKpeLytio NPOoaHrnoreHHbIX hakTopos
MCK n Bbipensiembix umn MBB, ynydwas HeoBackyns-
pU3aLMI0 M BOCCTAHOBMEHME KOCTHOM TKaHu [21]. MeTog
KynbTVUBaLWW C panaMULHOM W OrpaHnYeHnem (PakTopoB
pocTa yBenununeaeT BbicBoboxgeHne MBB [22]. Takue
(haKTopsbl, Kak BO3pacT JOHOPA, Er0 COCTOSAHNE 340POBbS,
Metop nonyvenus MCK, 6yayT obycnasnueatb pasnuy-
HbIn coctaB MBB [23]. Hanpumep, MBB MCK xupoBoi
TKaHW, NONYYEHHOM MyTEM UCCEYEHUS B XOLE XWpypru-
Yeckoro BMeLLaTenbcTBa W nunoacnupauuu, obnagarwTt
pasfnYHbIMKU XapakTepucTukamu, Npu 3TOM pasnnyms B
npocune mukpoPHK Habniogatotcs gaxe npu Bblgene-
HWAW OOHWM METOLOM, HO M3 pa3HblX aHAaTOMWUYECKUX 30H
[24]. Bo3pacCTHble M3MEHEHWs1 JOHOPCKWUX KNEToK OyayT
OTpaxaTtbCs Ha KayecTBe Bblgensembix MBB, orpaHu-
4nMBas WX MPOTUBOBOCMANMUTENBHBLIA W PEreHepaTopHbIN
noteHyuan [25].

Bce 6Gonbllee BHMMaHMe uccneaoBaTeneit npu-
BfieKaeT (hpakums HykneuHosbIx kucnot MBB. B psae
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Tabnuua 2

HauGonee yacTo BCTpeyaeMble KOMMNOHEHTbI Be3UKYNAPHOI (pakuumn ceKkpeToma Me3eHXMManbHbIX CTBOMOBbIX KNETOK
COINacHO pasHbIM UCTOYHUKaM

Table 2

The most common components of the vesicular fraction of the mesenchymal stem cells secretome according to different sources

KomnoHeHTbI Be3uKynsapHoii chpakumm
ceKpeToma Me3eHXUMasnbHbIX
CTBOMNOBBIX KNETOK
Components of the vesicular fraction
of the mesenchymal stem cells secretome

UcTouHuK
JOaHHbIX
Data source

Mpumepsbl
Examples

o AKTUH
Actin;

* B-Ty6YNMH
B-tubulin;

Benkn
Proteins

+ TeTpacnanuHbl (CD9, CD63, CD81, CD82)
tetraspanins (CD9, CD63, CD81, CD82);

+ 6enku Tennosoro woka (HSP770, HSP90)
heat shock proteins (HSP770, HSP90);

+ 6enok onyxonesoii npegpacnonoxerHoctn 101 (Tsg101)
tumor predisposition protein 101 (Tsg101);

+ Benok, B3aMOAENCTBYIOLLMIA C 3anporpaMMMpOBaHHON KNeTouHO! rnbenbio (Alix)
programmed cell death-interacting protein (Alix);

+ 6enku rnaBHoro komnnekca rucrocosmectumocty | v Il knaccos (MHC |, MHC-I1)
proteins of the major histocompatibility complex classes | and Il (MHC |, MHC-II)

(1

Junugbl
Lipids

* Llepamugpl
Ceramides;

¢ COUHrOMUENVH
sphingomyelin;

* (hochaTuancepuH
phosphatidylserine;

* (hochaTMannMHO3NTON
phosphatidylinositol;

* XONecTepuH
cholesterol

(12]

* MatpuyHas PHK
messenger RNA;

* MukpoPHK
microRNA

* pubocomanbHas PHK
ribosomal RNA

o OHK
DNA

HyknenHoBble KUCMOTbI
Nucleic acids

(13]

Tabnuya cocmaeneHa asmopamu
The table is prepared by the authors.

pabot ykasaHo, uto JHK, nepeHocumas B MBB, yyacT-
BYeT B rOPM30HTaNbHOM NMEPEHOCE FeHOB Mexay KneT-
kamu, B TOM 4ucne TpaHCOPMUPOBAHHbIX, NPUBOAS K
reHeTMYECKOMy pasHoobpasuio, MOTEeHUWUanbHO MO3Bo-
NA8 pacnpocTpaHaTb OHKOTeHbI BO BPEMS NPOrpeccupo-
BaHWs paka [26].

Mockonbky B [JHK MBB, nofyYeHHbIX U3 HEKOTOPbIX
Onyxornen, NpOCIeX1BaTCA XapakTepHble reHeTUYeckue
M3MeHeHMsa (MyTauum unu amnnmdgukauum), MBB aens-
l0TCS NepcnekTBHbIMM 0BbekTaMu Ans HeWHBa3UBHbIX
ANarHOCTUYECKMX UCCNEAO0BaHUNA, BKTOYAS KMOKOCTHYIO
Buoncuo. bonee Toro, mutoxoHapuansHas [OHK MBB
CBSi3aHa C peakuWsaMKU Ha KNeTOUHbI CTpecc U MOXET
UrpaTb POIib B MEXKNETOYHOM CUTHASUHTE UMMYHHOM CH-
cTembl [27].

POCCUMCKUE BUOMEANLIMHCKUE UCCNIELOBAHUA

Takxke cpeau HyKIenHoBbIX KUCMOT, MPUCYTCTBYHOLLMX
B MBB, obHapyxeHbl pasnuuHble dopmsl PHK (MaTpuy-
Has PHK — mMPHK, mukpoPHK, pubocomanbHas PHK,
konbuesble PHK, OHK, anuuHble Hekogupyowme PHK).
PHK MBB nopggepratotca ropusoHTansHOMY MEpEeHo-
Cy Mexgy KneTkamu, YTo MpuBOAUT K (PeHOTUMMYECKUM
M3MEHEHMAM B KneTkax-peuunueHTax BBUAY WX BaXHOM
ponu B Perynsuum reHoB 1 y4yacTum B pasnuyHbIX u-
anonornyeckux npoueccax [28]. Tak, Hanpumep, MBB,
nony4YeHHble U3 3MOPUOHANbHBIX CTBOMOBbIX KNETOK, MO-
ryT nepenporpaMmMnpoBaTh KPOBETBOPHbIE KNETKU-NPea-
LIECTBEHHWKN NOCPeacTBOM JocTaBku B HUX MPHK [29].
B xoze MMMyHHOro 0TBETa NPOUCXOAMUT OAHOHAMNpPaBneHHas
nepepaya MPHK ot T-numdounTa K aHTUrEeH-NPe3eHTn-
pyIOLLEN KNeTKe, YTO, BOMOXKHO, 3aBUCUT OT aHTUreHa.
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BupycHble MukpoPHK MBB, Bbigensiemble MHGULMPO-
BaHHbIMU KneTkamm, 3axBaTblBaloTCs MHTaKTHbIMU [30].

MukpoPHK — Haubonee pacnpocTpaHeHHbld BUA
PHK MBB B nnasve 4enoBeka, COCTaBMss MPUMEPHO
40%, 4TO ABNSAETCA NPEUMYLLECTBOM ANS AMArHoCTUYe-
CKWX Lienen.

OBPA3OBAHWE N BNOJTOTNYECKUE
DOPEKTbl BHEK/IETOYHbIX BESUKY /I

Cekpeuus knetkot MBB — dyHOameHTanbHbIi npo-
Liecc, HeobxoauMbIA ANS MEXKIETOYHON KOMMYHMKaLMu
kak npu OM3NONOTMYECKNX, TaK M MPU NaTONOTMYECKNX
cocTostHusAX [31], KOTOpbIA, BEPOSATHO, CyLLecTBOBan Ha
NpoTSXKeHUM BCel asontouumn [32]. B ycnosusx in vitro
MBB BbICBODOXOAKTCS KYNbTUBMPYEMbIMU KNETKaMi B
nuTaTenbHyto cpeay.

lMpouecc 06pa3oBaHMs BE3WKyn HaYMHAETCS C MHBA-
MMHaUMM uuTonnasmatnyeckon membpaHbl BHYTPb KneT-
K1 C (DOPMUPOBAHNEM PAHHKUX 3HLOCOM C NOCMEeaYLUM
0bpa3oBaH1eM MO3AHMX SHAOCOM UMM MyMbTUBE3NKYNSP-
HbIx Tenel (MBT) (puc. 3) [33].

MHHOBALMOHHAA ®APMAKOJIOINA

INNOVATIVE PHARMACOLOGY

Ha atom atane MBT comepxat 6enku, kotopble npu-
CYTCTBOBA/M Ha LuTONNasMaTnyeckoin MembpaHe, a Takke
PHK 1 6enku, nonyyeHHble 3 yutonnaamsl. [lanee 8 MBT
BKIIOYAOTCA GENKM U3 3HLONNA3MaTUYECKOro peTuKkynyma
1 komnnekca onbaxu. BkntoyeHre pasnnyHbIX KOMNOHEH-
T0B de novo B MBT onpepensietcs 6enkoBbIM KOMMIIeK-
com ESCRT (Endosomal Sorting Complexes Required for
Transport, 3HAOCOManbHbIE COPTUPOBOYHBLIE KOMMMEKCHI,
Heobxoaumble Ans TpaHcnopTa) nubo onocpeayeTcs Le-
pamug/TeTpacnaHnH-3aBUCUMbIM NyTem [34].

Yactb obpasoBaHHbix MBT cnmBatoTcs ¢ nm3ocomon
C rocregylowen aerpagauuen ux cogepxumoro. [pyras
yacTb MBT «nomevaeTcs» Lepammgamu, BHELUHAS Membpa-
Ha MBT crnmBaetcs ¢ nnasmatudeckoit membparon, n MBB
BbIOENSOTCA BO BHEKIIETOYHOE MPOCTPAHCTBO [39].

broreHes n cekpelns MBB koHTponupytoTcs cneuymdm-
yeckumu 6enkamm ['Tdaszamm. Manbie [Mda3bl cemencTsa
Rab onpenenstoT BHYTPUKNETOUHBIA TPAHCTOPT BE3UKYN.
Hanpumep, npu yyactun Rab5 obpasytotcs 3HZOCOMbI,
a Rab7 cnocobetyeT perpagauum cogepxumoro MBT
B nusocome. Heckonbko Rab (Rab35, Rab11, Rab27a,

( =
Monekynbl agreanm
. Adhesion molecules
CTpykTypa mManbIx MoBEPXHOCTHBIN \ TR,
aHTUreH AN\rteliel P, «py3»
BHEKIETOUHbIX Surface antigen £ ¥ soner | % A Cargo:
BE3VKY E5 % '-_ HYKIEVHOBbIE KMCMOTbI,
H ; 1 % = ek, MMnnabl
: (== £3 nucleic acids, proteins, lipids
Structure of extracellular vesicles 0 7 P P
TMNNBHBIN PAT S 7 rrs et
Lipid raft R T Benok TeTpacnaHuuH
Tetraspanin
- )
O6pa3oBaHne BHEKNETOUHbIX BE3NKYIT
Production of extracellular vesicles
Mansie BonbLve
BHEKINEeTO4HbIE BHEKNETOUHbIE
. BE3UKYNbI -y _ Beaukynbl
Small extracelluar ({ )) Large extracelluar
K30UNTO3 . vesicles / vesicles
Exocytosis < OkToLMTO3
: — Ectocytosis =
I — | "':h_ﬁL“‘ "\b“ ))
e R {‘“ ‘ E STy S e
::. ) o ' Lintonnasma
—~ \ . = /1 - Cytoplasm
[ )| _Rab2rA 5) \
PaHuas MynbTuBesnkynsapHoe - '
3Hgocoma Tenble (5C '
Early Multivesicular  \\ 57 <g:3- '
endosome endosome - '
CnusHue -
C N130COMON '
Lysosome fusion :
Puc. 3. CrpykTypa u 6uoreHes BHEKNETOYHbIX BE3UKYI (PUCYHOK NOArOTOBNEH aBTOPaMM)
Fig. 3.  Structure and biogenesis of extracellular vesicles (the figure is prepared by the authors)
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Rab27b) koHTponupytoT cekpeumto MBB BO BHekneTou-
Hoe npocTpaHcTeo [31]. O6pasoBanne u cekpeums MBB
MOXET MOrYT W3MEHSATbCS MOA BIIMSIHUEM BHYTpUKMe-
TOYHbIX MPOLECCOB WNMK BHELLHEro CTUMyna. Hanpuwvep,
TPaHC(OPMMPOBAHHbLIE OMYyXONEBbIE KNETKM CEKpeTUpy-
toT 3HaunTenbHo Gonblue MBB, yem HeTpaHctopmuMpo-
BaHHble 300poBble KneTkn [36]. KneTouHbIn cTpecc siB-
nseTcs BOSMOXHbIM PakTOpOM, YBENMYMBAIOLMM BbIXOZ,
MBB [37].

Mocne BbicBoboXaeHnss MBB agresupytotcs Ha no-
BEPXHOCTU LieneBon KneTku, YTo obecneynBanT WH-
TETPUHbI M TeTpacnaHuHbl. Hanpumep, MHTErpUHbl Qv
(CD51), a3 (CD49c), B1 (CD29), a Takke naktagreput
1 BUTPOHEKTUH y4acTBytoT B adresuu MBB k neikouutam
[33]. TeTpacnaHuHbl, NpeACTaBlIeHHbIe Ha LMTONMa3Ma-
TYeckoil MembpaHe, Takke BbICOKO 9KCMPECCUPOBaHbI
Ha MBB (CD9, CD81, CD63, CD82), 4yto no3sonseT ux
1CMonb30BaTh B KavyecTBe creuuguyeckux Mapkepos
MBB. TeTpacnaHWHbI UrpatoT KIHYEBYI0 ponb B afresuu,
CrusiHUM 1 n3bupaTenbHom 3axBate MBB kneTkamu-pe-
unnueHtamm [38]. MameHeHus akcnpeccun cneuudunye-
CKWX TeTpacnaHWHOB MOTYT MOAYNMPOBAaTh CENEKTUBHOE
HauenueaHue 1 nornowexne MBB, Tem cambiM BnMAS
Ha KneTouHbIn oTBeT. CneunduyHocts MBB Kk LeneBbiM
KneTkam MOXET onpefensTbCs KOMOMHaLMeNn aHTurexa ¢
monekynamm MHC | n Il knaccos [39].

Bsaumopenctene MBB ¢ kneTkoi-peLmnMeHToM mo-
XET NPUBOAMTB K pa3nnyHbIM nocneacTeusm: 1) nepepa-
Ye CUrHana 4Yepes BHYTPUKNETOYHble CUrHamnbHble MyTu
(toKCTaKpUHHBIA 3G GEKT); 2) CAIMAHMIO C KNETOYHON MEM-
BpaHoi 1 BbICBOBOXAEHMIO COAEPKMMOrO B LMTONNa3My
kneTku-peunnuenta; 3) daroyutody MBB, makponumHo-
uutosy MBB, peuenTop-onocpefoBaHHOMY 3HOOLMTO3Y
MBB. Copepxumoe MBB B kneTke-peuunueHte nunbo
noasepraetcs gerpagauuu, nubo noTeHUMpyeT KreToy-
Hbln oTBeT. MBB 06n1agatoT WMpOKON (PYHKLMOHANBHOM
aKTMBHOCTBI), OHAKO WX OCHOBHOE 3HAYeHue 3aKnio-
yaeTcst B CnocobHOCTM ObiTb HOCMTENEM WHGOpPMaLK,
obreryatoLyei AUCTAHTHYIO MEXKNETOYHYIO KOMMYHUKa-
umio. MexknetouHas KOMMyHUKaums npu nomow MBB
Hanbonee ahekTMBHA NO CpaBHEHMIO C Anddy3unen
pacTBOPUMBIX UH(OPMALMOHHBIX MOMEKYN Kak no cune
BO30eNCTBMA, TaK 1 N0 TOYHOCTMU.

NMPEMMYLLECTBA NCIMNOJIb3OBAHUA
BECK/ZIETOYHbIX MPOAYKTOB
HA OCHOBE KOMIMOHEHTOB CEKPETOMA
ME3EHXWMAJIbHbIX CTBOJIOBbIX K/IETOK
HecMOTps Ha MHOrOYUCIIEHHbIE KITMHUYECKWe uccre-
[0BaHMS, KONMWYECTBO 3aperncTpUpOBaHHbIX KMETOUHbIX
npogyktos, cogepxawx MCK, coctaBnsieT Ha AaHHbIN
MOMeHT 12, npn atom FDA opgoGpeH nuib oguH —
Prochymal (Remestemcel-L) (Osiris Therapeutics Inc.,
Mesoblast Ltd.), npumeHsembli Npu Tepanun peakuum

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

61

«TpaHCnnaHTaT NPOTUB X03sMHay. B €BA3N € 3TUM NoTeH-
UuManbHoe ucrnonb3oBaHue BeckneTouHbIX NPOAYKTOB Ha
ocHoge cekpetoma MCK 1nu ero BeankynspHoit (pakLmm
obecneynBaeT psa KnoYeBblX NPEMMYLLECTB NO CPaBHe-
HWKO C KNeToYHbIMW npoaykTamu, cogepxawmmn MCK,
a UIMeHHO Mo3BONSET:

1) noBbicuTb 6€30MacHOCTL ANS MauneHToB M n3be-
XaTb HEBbICOKOTO, HO MOTEHLMamNbHO CyLieCTBYHO-
LEro pucka TyMOpOreHesa 1 nepeaadun WHgekuu-
OHHbIX areHTOB, CBSI3@HHbIX C TpaHCMnaHTauuen
NONyNSALMN XMBbIX CTBOSIOBbIX KNETOK;

2) YMEHbLUNTD KONMYECTBO WHBA3MBHLIX MpoLeayp
cbopa matepuana nubo usbexatb UX BOBCe (B 3a-
BUCMMOCTM OT UcTOYHMKa MCK);

3) oueHuTb Be3onacHoCTb 1 3P GEKTUBHOCTL aHamno-
TMYHO (hapMaLieBTUYECKUM areHTam;

4) MHOTOKpaTHO YBENWYUTL CPOK XPaHeHus 3a cyeT
KpWOKOHCepBaLumn unu nuocunusaumn 6e3 notepu
Buronormyeckorn akTMBHOCTY; MPOAYKTbI, Copepxa-
LLME XMBbIE KNETKMW, KaK NPaBmMmo, KOPOTKOXMBYLLWE
(HECKOMbKO 4acoB-CyTKM), YTO TpebyeT CROXHOM
opraHu3auuy ux 6bICTPoON AOCTABKM NaLyeHTam;

5) MaccoBo Npon3BoANTb BEeCKNeTouHbIe NPOAYKTHI C
MOMOLLBIO CMeLnanbHO CO34aHHbIX KNETOYHbIX K-
HWN B KOHTPONMPYEMbIX NabopaTopHbIX YCIOBUSAX
(Hanpumep, B GruopeakTopax) C LEMblo NonyyeHns
komMnoHeHTOB cekpeToma MCK B Heobxogumbix
KOHLiEHTpaLmsX, a Takke KOMOMHMPOBaHWS cocTa-
Ba CEKPeTOMa B 3aBUCUMOCTM OT TepaneBTUYECKON
uenu;

6) cokpaTuTb BPEMS 1 CTOMMOCTb NOMy4eHus beckne-
TOYHbIX NPOAYKTOB , @ rOTOBbIE MPOAYKTbI CAENaTh
[OCTYMHBIMWA HEMELNIEHHO, YTO BaXHO ANs Tepa-
MM OCTPbIX COCTOSHUI (LepebpanbHas nwemus,
WHapKT MMOKapAa, BOEHHas Tpasma U T.4.).

CNNIOXHOCTU CO34AHUNA
BECK/ZIETOYHbIX MPOAYKTOB
HA OCHOBE KOMIMNOHEHTOB CEKPETOMA
ME3EHXMMAJIbHbIX CTBOJIOBbIX KNIETOK
HecmoTps Ha TO 4TO GecknetoyHble NpPomyKTbl Ha
OCHOBe KOMMOHeHTOB cekpeToma MCK obnapatot noteH-
UManbHbIMA NPEUMyLLECTBaMI NO CPABHEHUIO C KIETOY-
HbIMW MpogykTamu, cogepxaLimumn MCK, nponssoacTBo 1
WX perncTpaLms ConpskeHbl C MHOXECTBOM CIOXHOCTEMN.
1. FemepozeHHocms MBB, nonyyenHsix u3 MCK. Buo-
nornyeckas U3MeH4MBoCTb copepxumoro MBB, ynomsiHy-
Tasl BbllUe, NpeacTaBnseT coboit npobnemy ans ctaHaap-
TU3aLWK 1 NpeacKkasyeMoCTi pesyrnbTaToB Tepanum Ha oc-
Hoe MBB. Ctporiie Mepbl KOHTPOSS KayecTBa, BKIIOYas
ncnonb3oBaHue pedepeHTHbIX 06pasyos, paspaboTky
CTaHAapTOB KannbpoBKM, KOHCEHCYCHbIX PYKOBOACTB ANs
uccnegosanmin MBB, MOryT ynyylwnTb BOCMPOWU3BOAM-
MOCTb pe3ynbTaToB 1ccneaoBanui ¢ yyactuem MBB [40].
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2. [pumeHerue pa3nuyHbIx Memod08 U30MsUUU U OUeH-
ku MBB. Ha cerogHsiLUHWiA ieHb OTCYTCTBYIOT CTaHAapTK30-
BaHHble MeTodbl M30MALMK, 04nCTKU M oueHkn MBB [41].
OTO NnopoxXgaeT HeonpeaeneHHOCTb B OTHOLUEHUN OXuaa-
eMblIx Bronoruyeckmx aghdekToB, NOTEHLMANBbHBIX Pe3yrb-
TaTOB UX MPUMEHEHNS U 3HAYUTENBHO 3aTPYAHSIET OLEHKY
ahekTMBHOCTM M BE30MacHOCTU B XOAE KIMHUYECKUX W
3KCMepUMEHTaNbHbIX NCCNeRoBaHW. K Wnpoko npumeHsie-
MbIM MeTofaMm BblaeneHus MBB oTHocsT ynbTpadunbTpa-
LWI0, YNbTPaLEHTPUYTMPOBaAHME, KCKIHO3NOHHYIO XpOMa-
Torpacouo U UMMyHOaPUHHOCTL [42)].

lMepBoHayanbHbI pasmep MBB (30-150 Hm), reTe-
poreHHocTb MBB B ncxogHom obpasue, Hanuuve 6ern-
KOBbIX MPUMECEN, BbICOKME SKOHOMWUYECKME 3aTpaThbl He
no3sonsioT BblbpaTh Hanbonee nepcnekTUBHbIN NOAXOA K
nonyyennio MBB ¢ 3agaHHbIMK XxapakTepucTukamu. Ynb-
TpadunbTpaums, OCHOBaHHAs Ha pasgeneHun no pas-
Mepy, He TpebyeT poporocTosiiero o6opyaoBaHus, HO
ABNAETCA ANUTENbHBLIM NPOLECCOM, COMPOBOXAAeMbIM
PUCKOM ObICTPOro 3arpsisHeEHUsT PUIbTPALMOHHON MeM-
OpaHbl 6onee kpynHbiMKU Gpakumamm [43]. YnbTpauen-
TpUdyrnpoBaHne, OCHOBAHHOE Ha pasHULEe MIOTHOCTW/
pasmepa 1CXo4Horo Matepuana, TpyaoeMKui, LOPOron 1
CMOXHbIA MPOLeCC, CBA3aHHbIN C NOTEHLMANbHbIM MOony-
YeHVeM BbICOKOro coaepxanns npumecen (PHK, 6enkn),
PUCKOM HapylleHus LenoctHocTn MBB [44]. Okcknto-
3MOHHYI0 Xpomatorpadmio NPUMEHST AN MOMyYeHus
MBB BbICOKOI# YMCTOTbI, HO HE0BXOANMO AOPOroCTOsILLEE
obopynoBaHne U METOA CNOXHbIA. MMyHoadhdUHHBIN
METOZ, OCHOBaHHbIA Ha uaeHTUdukaumm MBB no wux
YHVKanbHbIM NPOdUISM NOBEPXHOCTHLIX BenKoB npu no-
MOLLUM BUOTUHUIIMPOBAHHBIX aHTUTEN, UCMOMb3YIT ANs
BblAeneHns TkaHecneumduyuHbix MBB BbICOKOM 4nCTOTHI,
HO [AaHHbIA MEeTOL AOPOroCTOSILMIA, HU3KO NPOU3BOAN-
TeNbHbIA 1 TpebyeT ANUTENbHON NPeABapUTENBLHON NoA-
roToBKM [42].

Mocne Bbigenexnns MBB 13 obpasua, OHWU AOMXKHbI
ObITb OXapakTepnaoBaHbl. [Mockonbky MBB copepkat Hy-
KnenHoBble KUCNOTbI, Benku, NMNnabI B Ka4ecTBe rpy3a, a
Takke P TUMNYHBIX NOBEPXHOCTHBIX MapKepOB, Kaxabli
3 3TUX KOMMOHEHTOB MOXeT ObITb M3MEpPeH Ans cyppo-
raTHoOW konnyecTBeHHoM oueHkn MBB B obpasue. OgHa-
KO HU OAMH U3 3TWUX MapaMeTpoB HE KOppenupyeTt uie-
anbHo ¢ dhaktnyeckum ymcnom MBB. YuctoTy u Bbixog
MBB MOXHO onpefenuTs C NOMOLLbH TakuX METOA0B, Kak
MPOCBEYMBAIOLLAS UMW CKaHMPYIOLLAsh 3MEKTPOHHas Mu-
KPOCKOMMWS, NPOTOYHAs LMTOMETPUS, BECTEPH-ONOTTUHI
W XMAKOCTHas xpomatorpagms — Macc-CrnekTpoMeTpus
[44]. MoapobHoe onucaHne BhILLENepeUunCieHHbIX METO-
[0B BbIXOAWT 3a paMKu JaHHOW CTaTbM.

3. Huskut ebixod MBB. Hecmotpsa Ha 10 yto MBB
npeacTasnsatoT cobo MHoroobelyatle TepaneBTuye-
CKME areHTbl, Yalle BCEero OH He CEKPETUPYHTCS B KOMK-
YecTBax, AOCTATOYHbIX AN KNUHUYECKOTO NPUMEHEHNS,
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YTO OrpaHNYMBAET MOSHOE PACKPbITUE TEPaneBTUYECKOrO
noteHuymana MBB. HegoctaTtoyHas npoaykums MBB —
OQHO M3 NpenaTcTBUA Ans 3PEEKTUBHOTO WX MCMOMb-
30BaHus [45]. Hanpumep, 1 Mn KOHAWLMOHUPOBAHHOW
nuTaTenbHo cpedbl cnocobeH npoayuupoBaTh OKOMO
10° MBB, B TO Bpems Kak adhdekTMBHas Jo3a Ans Te-
paneBTNYEeCKOro NPUMeHeHUst 06bIYHO COCTaBNSAET OKOSI0
10" yactuy MBB Ha 1 mn [46]. Tem He MeHee Ha ceroa-
HALWHMIA AeHb He pa3paboTaHbl pekomMeHaaummn no Heob-
xogumoit gose MBB in vivo ¢ y4eToM (hapMaKOKUHETUKM
¥ hapmakogmHamukm [47].

B kauecTBe cTpateruii 4ns yBenuyeHus BoicBoboXge-
Hns MBB 13 KynbTUBMPYEMbIX KNETOK paccmaTtpusaroT
TpexmepHoe (3D) kynbTuBMpPOBaHWe B BuopeakTopax W
KNETOYHbIX cdepax, puanyeckyo cTumynsaumo (mexa-
HWYECKYI0, SMEeKTPUYECKY0, MarHUTHbIM MOfieM), XUMU-
YeCcKyl CTUMYNSLMIO, (h3MONOrMYECKY0 MOgMMUKaLMO
W TEHeTUYEeCKY) MaHUMyIauMio UCXOAHOW nonynsuumn
kneTok — npoayueHtos MBB [48]. Momumo croxHocTel
npy NosTy4yeHnn BbICOKOro cogepxaHns MBB 13 knetou-
HOW KynbTypbl, HEOOXOAMMO Y4YWTbIBATb, YTO B3aUMO-
pencteue MBB ¢ LeneBon KNeTkon CONPOBOXAAETCS MX
YaCTMYHOWM NM30COManbHOM Aerpafaluen, Yto B utore
CHUXAET WX TepaneBTUYECKuil NOTEHLMan.

4. PasnuyHas cmabunbHocmbs MBB. Ha cerogHsaLwHWi
AeHb OTCYTCTBYIOT TpeboBaHUs U CTaHAApPTU30BaHHbIE
ycnosus ans xpaHeHus MBB, xota ato Heobxogumo ans
NnaHupoBaHUs NPOW3BOACTBA NPOAYKTOB, COAEpXalLuX
MBB. [Ins xpaHeHus MBB, kak npaBuio, NPpUMEHSIOT TpH
MeTofa: KPMOKOHCEPBALUMI, PaCMbIfIMTENbHYID CYLLKY,
CYBIMMALMOHHYIO CYLLKY.

KpuokoHcepBauus npoucxoaut npu TemnepaTypax
-80 unn -196 °C. KpuokoHcepBauns npu oTpulatesb-
HbIX TemnepaTtypax BKMYaeT 3amopaxwusaHne MBB,
pasMopaxmBaHue 1 BO3MOXHOE NMOBTOPHOE 3aMOpaxuBa-
HWe Nocne YaCTUYHOMo UCnonb30BaHUs. [Ans coxpaHeHus
yenoctHoct MBB B uuknax 3amopaxuBaHus-OTTauBa-
HWS MPUMEHSIOT PasnnyHble COEAMHEHWS, Ha3blBaeMble
KpMONpoTEKTOpaMu, KOTOpble AOMKHbI 0bagaTh HU3KON
TOKCMYHOCTBIO, PAaCcTBOPUMOCTBHO B BOAE W HWU3KOW CTOU-
MOCTb.

Takve dpakTopbl, Kak KOMMYECTBO LIMKIOB 3aMOpaxu-
BaHus-0TTauBaHus, pH, coctaB cpeabl ANS XpaHeHus,
OCMOTWYECKOE [aBfieHWe, BNMSAIT Ha CTabunbHOCTb
cogepxumoro MBB (ocobeHHo Ha Genkm u mukpoPHK,
KoTOpble ONOCPeaytoT pasnuyHble TepaneBTUYeckue pe-
3ynbTaThl), nonyyeHHbix 13 MCK [49]. Hanpumep, xpa-
HeHve MBB B dhocchaTHOM Bydbepe nprBoauT K peskomy
CHWXeHuWto BoccTaHoBneHus MBB B TeyeHne Heckorbkux
OHel, a pa3basneHne docdatHoro bydepa ymeHbLIaeT
BoccTaHoBneHne MBB gaxe B TeYeHWe HECKOMbKUX MU-
HyT [50]. Mpun atom pobaBneHne B cpeay YenoBEYECKo-
r0 CbIBOPOTOYHOrO anbbymuHa u Tperanossl npu —80 °C
Hambonee NepcnekTMBHO AN ANUTENbHOTO XpaHeHUs W
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NO3BONNT AeTaribHee OLEHUTb MOTEHUManbHyo addek-
TUBHOCTb 1 G€30MacHOCTb TepaneBTUYECKUX MPOLYKTOB
Ha ocHoBe MBB, a Takxe moguuLmMpoBaTh UX COCTaB B
3aBUCUMOCTY OT LieN NPUMEHEHUS.

COXpaHeHus CTabWUnbHOCT B TEYEHUE HECKOMbKMX Liu-
KMOB 3aMOpaXuBaHWS-0TTanuBaHN.

PacnbinutenbHas Cylwka npespallaeT XMOKyl Ccy-
cneHsuto ¢ MBB B cyxoi nopotuok nytem Gbictpon obpa-
BOTKM ropsiyMM ra3om, 4To MOXET NPUBOAMTDL K AeHaTy-
pauuy MHOTVX MOBEPXHOCTHbIX BEekoB Ha MOBEPXHOCTU
MBB 1 penaet ee MeHee nogxogswen ansa MBB ¢ Tep-
MOYYBCTBUTENbHbIMW KOMMOHEHTamu. Mpu cybnumauu-
OHHOW CyLUKE UNK NMounn3auuy (ABYXaTanHbIn MeToq
KOHCEepBaL1, OCHOBAHHbIA Ha 3aMOpaXuBaHWN BOLbl C
nocreayowum ee yganeHnem) soga yaansetcs n3 MBB
nog HW3KUM AaBneHnem, 4yto ctabunuampyet MBB [51].
Mocne nuodpunusaumn MBB MOXHO XpaHWTb Npu KoM-
HaTHOW TeMnepaType B TeYEHUE ANUTENbHOrO BPEMEHM.
OpHako TMN KpUOMpOTEKTOPOB WMeeT peLuarllee 3Ha-
YeHue 4Ns NpefoTBpaLLeHns arperaumm u obecneyeHus
(byHKUMoHanbHOW LenoctHoctn MBB nocrne BoccTaHoB-
nexus [52].

HecmoTps Ha ouyeBuaHble mpenmyllectBa beckre-
TOYHbIX MPOLYKTOB, MPEACTOMT pewWwuTb MHOXECTBO
npobnem, npexge vem OygeT monmyyeHo nepBoe peru-
CTpaLOHHOE YAOCTOBEPEHME HA NMPOAYKT, CoAepKaLLni
cekpetom MCK unm ero komnoHeHTbl. CambiMy OCTPbIMU
BOMpOCaMW CO3[4aHMA W PErUCTpaunn Takux npoayKToB
SBNAKTCA CTaHAAPTM3aLMs W YCOBEPLUEHCTBOBaHWE Me-
TOAOB BblAEMNEHUS, XPaHEHUS U OLEHKN BE3UKYNApHOW
tpakumm cekpetoma. Takum 06pa3om, CO3AaHNE HaaEX-
HOW TepaneBTMYeckoi nnaTopmbl ANs NPOU3BOACTBA
npoaykToB Ha ocHoBe MBB TpebyeT macltabupyembix
NPOM3BOACTBEHHbIX MPOLECCOB, PernaMeHTUPOBAHHbIX
Mo BPEMEHM 1 3KOHOMUYECKUM 3aTpaTam. He meHee Bax-
Hbl JanbHENLLMe UCCNEA0BaHMS Mo COCcTaBy, BroreHesy u
aekram MBB, oka3biBaeMbIM Ha LieNeByIo KNeTKy, YTO
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MNaTodusnonornyeckas posb cucTeMbl rArOKaroHonogo6Horo
nenTtuga-1B perynsymm ctpecc-uHAYyLUPOBaHHbIX HApPYLUEHUIN
UMNY/IbCUBHOIO U KOMMNY/IbCUBHOI O NOBEAEHUA Y KPbIC

Hukonait Ceproesuy [leganuiwsunu’, CapHr CaHanosuy MMopsees” 2, Anapein AHapeesud JleGenes?,
Anppeit Ime6osuy Bacunbes!, AHHa BaneHTuHosHa Bacunbesa', Mapust AnekcanaposHa lMaxomosa', Metp Amutpuesny LLlabaHos?

' CaHkT-MeTepbyprekuii rocyAapCcTBEHHbINA NeanaTpUYeckuil MeauunHckuin yHuepeutet, 194100, r. CankT-MeTepbypr, yn. Jutosckas, 4. 2,
Poccuiickas ®epepayns
2 IHCTUTYT 3KCnepuMeHTanbHoi MeauuuHel, 197022, r. CaHkT-MeTepBypr, yn. Akagemuka Masnosa, 4. 12, Poccuitckast Geaepauus

Ana yumupoeanus: [epannwsuny H.C., Miopsees C.C., Nlebenes A.A., Bacunbes Al', Bacunbea A.B., Maxomosa M.A., LLa6aHos M.0.
Matocbuanonoruyeckas posib CucTeMbI FrtokaroHonogobHoro nentuaa-1 B perynsuymmn CTpecc-MHaYyLMpOBaHHbIX HApyLLEHWI MMYNbCUBHOTO
11 KOMNYIbCUBHOTO NOBEAEHNS Y Kpbic. Poccutickue buomeduyuHckue uccrnedosanus. 2026;11(1):67-76. https://doi.org/10.56871/RBR.2026.87.25.007.

MocTtynuna: 03.12.2025 OpobpeHa: 23.01.2026 MpwvnsTa k nevartu: 27.03.2026
AgTop ans Pe3tome. BeedeHue. Cuctema ritokaroHonogo6Horo nentuaa-1 (GLP-1) urpaeT BaxHyto posb He
koppecnoHAeHUuu TOMbKO B PETYNSALMM SHEPreTUYeckoro 06MeHa, Ho 1 B KOHTPOIE MOTUBALMOHHO-NOAKPENISIOLLEr0
CapHr CaHanosuy noBeAeHus. B nocnegHne rogbl yCTaHOBMNEHO, YTO aroHUCTbI peLenTopoB GLP-1 cnocobHbl Moay-
”'Op‘?eeB- NNPOBaTb aKTUBHOCTb ME3ONIMMONYECKIX CTPYKTYP, YHaACTBYHOLMX B PA3BUTUM UMMYNbCUBHOCTM
E-mail: 1 apanKTUBHBIX (hopM noBeaeHns. OnHako BNUSHUE akTMBaUuM cucTeMbl GLP-1 Ha cTpecc-uHay-

dr.purveev@gmail.com \yn0BaHHble HapyLEHNUS CAMOKOHTPOMS HEAOCTATOYHO U3y4eHo. Ljesb uccnedosarust — onpe-
AenuTb posb CUCTEMBI FtokaroHonogo6Horo nentuaa-1 (GLP-1) B perynsuum uMnynbCUBHOTO U
KOMMYNbCMBHOTO NOBELEHMS!, POPMUPYIOLLErOCs Y KpbIC NOCINE PaHHEr0 CTPECCOBOrO BO34ENCTBMUS
(BpEMEHHOM 13onsLMmM 0T MaTepu), a Takxe OLEHUTb BNUsiHWE hapMaKonorMyeckorn akTuBaLmum
peuentopoB GLP-1 Ha noBeaeHYECKME NPOSABEHMUS, CBA3AHHbIE C HApPYLLIEHNEM CaMOKOHTPO-
N 1 aMoLuMoHanbHol perynauun. Mamepuanbl u Memodbl. JKCNEPUMEHThI BbIMONTHEHbI HA
Kpblcax BucTtap, noaBeprwmnxcs BpeMeHHOM N3onsLun OT MaTepy B NOCTHATaNbHOM Nepuoae.
[ns oLeHkn MMNYNbCUBHOCTU UCMONb30BaNN MOANGULIMPOBAHHBIA TECT BbibOpa C pa3nnuyHom
BEPOSITHOCTbH NoakpenneHus (aHanor lowa Gambling Task), a Ans oLeHKN KOMNYNbCUBHOCTY —
TECT 3aKanblBaHWs WapuKoB. [penapat akceHaTua (Byetta®, AstraZeneca, BenukobputaHus)
BBOAWIN MOLKOXHO B 403€ 10 MKI/KI exXeHEeBHO B TeyeHue 7 aHein. Ctatuctuyeckyro obpaboTky
AaHHbIX NpoBOAMNAKM € nomoLbto t-kputepus CTolofaeHTa; pesynbTaTthl NpeacTaBreHsl B Buae
M+SEM, pasnuuns cuntanu 3HaunmbivMu npu p <0,05. Pesynbmamesi. BBeaeHue aroHucra
GLP-1 np1BoamMnO kK JOCTOBEPHOMY CHUXEHMIO MMMYNBCUBHOCTY, BblpaxaBLUeMyCst B YMEHbLIEHUM
4acToThl BbIGOpA PUCKOBAHHbIX PYKABOB B TECTE BEPOSTHOCTHOIO NOAKPENIEHUS N0 CPABHEHMIO
C rpynnowu, noslyYaBLUEN M30TOHNYECKIIA pacTBOp HaTpust xnopuaa pacteop (p <0,05). Mpu aToM
[OCTOBEPHOIO BIUSAHNS Ha NPOSIBIIEHNS KOMMYbCUBHOMO NOBEAEHNS B TECTE 3aKanblBaHUs LWapm-
kOB He BbIsSiBNIEHO. Bbigodbl. AkTuBaLms pelentopoB GLP-1 ¢ nomolLbto 3KkceHaTUaa okasbiBaeT
CenekTUBHOE aHTUMMMNYNbCUBHOE OENCTBUE NPU COXPaHEHUM YPOBHS KOMMYNbCUBHbIX peakLui,
4TO yKa3biBaeT Ha MOAYNUPYIOLLYIO ponib cucTeMbl GLP-1 npenmyLLecTBeHHO B perynsauum uv-
nynbCUBHOIO KOMMOHEHTA noBefeHNs. MonyyeHHbIe JaHHble NOATBEPKAAKT NEPCNEKTUBHOCTb
aroHnctoB GLP-1 kak hapMakonornyecknx CpeacTs Ans KOPPEKLMM CTPECC-NHAYLMPOBAHHbIX
HapyLUEHU CaMOKOHTPONS 1 afAUKTUBHBLIX PACCTPOMCTB NOBEAEHUS.

KnwoueBble cnoBa: rntokaroHonofo6Hbin nentua-1 (GLP-1), akceHaTua, MMNyNbCUMBHOCTD,
KOMMNYMNbCUBHOCTb, CTPECC, MaTEPUHCKas AenpuBaLms, Kpbica, Me3onumbuyeckas cuctema

WUcTouHuku hmHaHcupoBaHus. ViccnefoBaHmne BhINOMHEHO B paMKax rocyfapCTBEHHOIO 3afa-

Hus @TBHY «UHCTUTYT aKcnepumMeHTanbHon MeanumHbly FGWG-2025-0020 «Monck monekynsp-

HbIX MULLEHeR Ans apMakoorMyeckoro BOAENCTBUS NPW aaaNKTUBHBIX U HEMPOSHAOKPUHHBIX

HapYLLEHMSX C Lienbi CO3AaHNS HOBbIX (PapMakoOrMYECKn akTUBHbIX BELLECTB, AEMCTBYHOLMX
© KonnexTvs agTopos, 2026 Ha pevenTtopbl LIHC».
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Pathophysiological role of the glucagon-like peptide-1
system in the regulation of stress-induced impairments
of impulsive and compulsive behavior in rats
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Received: 03.12.2025 Revised: 23.01.2026 Accepted: 27.03.2026
Corresponding author:  Abstract. Introduction. The glucagon-like peptide-1 (GLP-1) system plays an important role not
Sarng S. Pyurveev only in the regulation of energy metabolism but also in the control of motivational and reward-
E-mail: related behavior. Recent studies have demonstrated that GLP-1 receptor agonists can modulate

dr.purveev@gmail.com the activity of mesolimbic brain structures involved in the development of impulsivity and addictive
behavior. However, the effect of GLP-1 system activation on stress-induced disturbances of self-
control remains insufficiently studied. Aim. To determine the role of the glucagon-like peptide-1
(GLP-1) system in regulating impulsive and compulsive behavior that develops in rats following
early-life stress (temporary maternal separation), and to evaluate the effects of pharmacological
activation of GLP-1 receptors on behavioral manifestations associated with impaired self-control
and emotional regulation. Materials and Methods. Experiments were carried out on Wistar rats
exposed to maternal separation during the postnatal period. Impulsivity was assessed using a
modified decision-making test with different reinforcement probabilities (analogous to the lowa
Gambling Task), and compulsivity was evaluated using the marble burying test. The GLP-1 receptor
agonist exenatide (Byetta®, AstraZeneca, UK) was administered subcutaneously at a dose of 10 pg/kg
daily for 7 days. Statistical analysis was performed using Student’s t-test; data are presented as
mean+SEM, and differences were considered significant at p <0.05. Results. Administration of the
GLP-1 agonist resulted in a significant reduction in impulsive behavior, expressed as a decreased
frequency of risky arm choices in the probabilistic reinforcement task compared to saline-treated
rats (p <0.05). At the same time, no significant effect was observed on compulsive behavior in the
marble burying test. Conclusions. Activation of GLP-1 receptors by exenatide exerts a selective
anti-impulsive effect while maintaining the level of compulsive responses, indicating a modulatory
role of the GLP-1 system primarily in the regulation of the impulsive component of behavior.
The obtained results support the potential of GLP-1 receptor agonists as pharmacological agents
for correcting stress-induced impairments of self-control and addiction-related behavioral disorders.

Keywords: glucagon-like peptide-1 (GLP-1), exenatide, impulsivity, compulsivity, stress, maternal
deprivation, rat, mesolimbic system
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BBEAEHWE

XapakTepHOon 0COBEHHOCTHH MHOTUX NCUXMYECKMX pac-
CTPOWCTB, BKMKOYas paccTponNCTBa, CBA3aHHbIE C ynoTpeb-
NEHMEM NCUXOAKTUBHbIX BELLECTB, MaToNOrMYeckoe Bre-
YeHue K a3apTHbIM urpam, 06CecCMBHO-KOMNYNbCUBHOE 1
KOMMYNbCUBHOE NepeefaHne, SBMSETCS CHMKEHUE KOHT-
ponst Hag nosegeHvem [1]. MmMnynbCuBHOCTL onpegens-
€TCS KaK «CKIMOHHOCTb K BbICTPbIM, HEOCO3HAHHBLIM AENCT-
BUSIM B OTBET Ha BHYTPEHHUE UMW BHELLHWE CTUMYIIbI MpU
CHWKEHHOW CNOCcOBHOCTM NpeaBMaeTb OTpULATENbHbIE
MnocneacTBuMs 3TUX AeNCTBMI Ans cebs unm opyrmx» [2, 3].

KomnynbCMBHOCTb,  HampOTMB,  XapakTepuayetcs
«BbIMNOMHEHNEM MOBTOPSHOLMXCH U (PYHKLMOHANBHO He-
afanTuBHbIX AENCTBUA — OTKPbITHIX UMW CKPbITbIX, — CO-
BEpLUAEMbIX CTEPEOTUMHO, B COOTBETCTBUM C XECTKUMM
npasunamu Unu 4ns npegoTspalleHns Cy6bekTUBHO BOC-
NPUHUMAEMbIX HEraTUBHbIX NOCNeaCTBUNY [3].

CoBpeMeHHble UCCneaoBaHMs NOKasblBatoT, YTo 0ba
noBefeHYecknx eHoTUna NpeacTaBnsoT coboin MHOro-
YPOBHEBbIE 1 MHOTOKOMMOHEHTHbIE KOHCTPYKTbI, BOBIIE-
KatoLme pasnuyHble Heipobuonornyeckne m MoTMBaLW-
OHHble MexaHu3Mbl. VX OTHOCWTENbHbLIN BKNag B KMu-
HUYECKYI0 KapTUHY MOXET BapbMpOBaTb B 3aBUCUMOCTU
OT TWNa NCWUXONaTONOMN, FIMYHOCTHBIX OCOGEHHOCTEN U
cTaguu 3abonesaHus [4].

B nocneaHue rogpsl npeanpuHsAThl 3Ha4NTeNbHbIE YCu-
NS N0 U3YYEHMIO HENPOBMONOrNYECKX OCHOB CHIDKEHUS
CaMOKOHTPONS, BKNoYas pa3paboTky noBeLeHYECKMX Te-
CTOB [N OLEHKM UMNYIbCUBHOCTU W KOMMYNbCUBHOCTY.
CornacHo akcnepuMeHTanbHbIM JaHHbIM, BblpaXeHHbIe
UMNYNbCUBHBIE N KOMMYNbCUBHBLIE YEPTbI BBISBASIOT NpU
o6bceccBHO-KOMNYNbCUBHOM  paccTponcTee [1], 3aBu-
CUMOCTSIX OT MCUXOAKTUBHBIX BELLECTB [5], a Takxe npu
APYrUX aaanKTUBHBIX (hopMax NOBeAEeHNs, — Hanpumep,
naToNOrM4eCKOM BrieYEeHWUM K a3apTHbIM urpam [9].

3HaunTenbHO MeHbLUe M3BECTHO O TOM, Kak 3Tu
npoLeccbl COOTHOCATCS C MaToOreHe3oM paccTpoilcTBa
komnynbcuBHOro nepeepanus (binge-eating disorder).
KomnyrnbcuBHOe nepeefaHue xapaktepusyetcs notpeb-
neHnem BorbLIOro KONMYECTBa MUK 3@ OrpaHNYEHHbIN
NPOMEXKYTOK BPEMEHW B COMETAHWW C YyBCTBOM YTparThl
KOHTPONsl Hag npoleccoM eabl [6]. PaccTponcTBo pac-
CMaTpuMBaIOT Kak (hEHOMEH, UMEIOLLNIA YEPTHI, CXOAHbIE C
3aBWCUMOCTSAIMM, BKITOYAS NONOXUTENbHYIO KOPPENALMIO
C UMMYNbCUBHOCTBIO [7, 8].

CornacHo CoBpeMeHHbIM NpeACTaBneHUsIM O Herpo-
Bronorun agauKTUBHBIX PaccTpOICTB, nepudepuyeckne
meTabonuyeckne (akTopbl, OkasblBaloLe LEeHTparb-
HOe AencTBUe, Takue Kak rmoKaroHonoAobHbI nentua-1
(GLP-1), urpaloT 3Hauumyt0 ponb B perynsuum cUcTembl
BO3HarpaxgeHns u acdektax NOLKPENeHus, cBs3aH-
HbIX C MCUX0aKTUBHbIMU BeLlecTBamu [15].

GLP-1 — 3TO WMHKPETMHOBLIA TOPMOH, CeKpeTupye-
MbI L-kneTkamn KuMLWEYHUKA B OTBET Ha MpUEM MULLM.

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

OH CHWXaeT ypoBEHb [IOKO3bl B KPOBW 3@ CYET CTUMY-
NALMK CekpeLun NHCYNUHa B-KneTkamu nogxenyao4HoN
Xenesbl, 3aMe4nsaeT ONOPOXKHEHWE Xenyaka 1 yeunuea-
€T YyBCTBO HacklweHus [8]. Ha ocHose aTnx addhekTos
Obinu paspaboTtaHbl aHanorn GLP-1, npumeHsiemble ans
YNyYLWEHUS FIUKEMUYECKOTO KOHTPONS NpW CaxapHOM
anabete 2-ro Tuna. Momumo nepudepnyeckux addek-
TOB, OMOCPEAOBaHHbIX addepeHTamu OnyxaatoLlero
HepBa, GLP-1 Takke CMHTe3upyeTcs B rofIOBHOM MO3-
re — npenMyLLecTBEHHO B HEMPOHaX sapa OLMHOYHOMO
TpakTa (nucleus of the solitary tract, NTS), rae cdyHkumo-
HUpYyeT kak HernpomogynsaTop [10, 11]. Peuentopbl GLP-1
(GLP-1R) akcnpeccupytoTcs B psie KIYeBblX CTPYKTYp
Mo3ra — fpe OAMHOYHOrO TpakTa, runotanamyce, BeH-
TpanbHo# obnactu nokpeiwky (Ventral Tegmental Area,
VTA) n npunexawem sape (Nucleus Accumbens, NAc),
KOTOpbIE Y4YaCTBYKT B PEryNsLMMN roMeocTa3a SHeprum,
anneTuTa, NULLEBOT0 M HapPKOTUYECKOrO BO3Harpaxae-
Hua [12].

Pag COBpPEMEHHbIX [JOKMMHUYECKUX WUCCReL0BaHMNA
yKasblBaeT Ha BaxHyk ponb cuctembl GLP-1 B peryns-
Uuv aaavkTUBHOrO noBefeHus. Mybnukauyum nocnegHero
LECATUNETNS AEMOHCTPUPYIOT, YTo exendin-4 nogasnset
hopmMMpoBaHWe npeanoyTeHus 0byCnoBneHHOro MecTa
(Conditioned Place Preference, CPP), comoBBeaeHus
KOKauHa, a Takke BOCCTaHOBIIEHWE HAapPKOTUYECKOro Mo-
1CKa, BbI3BAHHOE KaK CaMWM BELLECTBOM, TaK W accoum-
aTMBHbIMM CUrHanamm B nepuof abetuHeHumm [13-15].

C y4eTOM COBpEMEHHbIX NPeACTaBneHUn O Herpo-
MeTabonnyecknx MexaHuamax perynauu Motusauuu u
BO3HarpaxaeHust NpefcTaBnseTcs Ypes3BblyalHO aKTy-
anbHbIM M3yveHne ponn GLP-1 n ero peyentopoB B na-
TOreHe3e NMOBEAEHYECKMNX PacCTPOMCTB. B TO Bpemsi kak
BMUsiHME cucTembl GLP-1 Ha 3sHepreTuyeckmii banaHc,
anneTuT U yrmeBoAHbIn 06MeH NoapobHO MccnegoBaHo,
ee yyacTie B popMMPOBaHUM UMMYNbCUBHBIX 1 KOMMYb-
CMBHbIX NATTEPHOB NOBEAEHMS, aAANKTUBHbIX TEHAEHLMIA
W CTPECC-MHAYLMPOBAHHBIX HapYLIEHWNA SMOLMOHANBHOM
perynsumm u3y4eHo mano.

LLEJIb NCCNEAOBAHWMA

OnpenennTb ponb  CUCTEMbI  FTHOKAroHoNogo06Ho-
ro nentuga-1 (GLP-1) B perynsauum uMnynbCUBHOMO W
KOMMYNbCUBHOMO NOBEAEHWS, (DOPMUPYIOLLETrOCS Y KpbIC
nocre paHHero CTPeccoBOro BO3LENCTBUS (BPEMEHHO
“3onAUMK OT MaTepy), a Takke OLEHUTb BrusHue dap-
makornoruyeckorn aktusauun peuentopos GLP-1 Ha no-
BEeJEHYECKME MPOSBEHNS, CBSI3aHHble C HapyLIEHWEM
CaMOKOHTPOIS 1 3MOLMOHANBHON perynsauum.

MATEPUAIbI N METO /bl
JKcnepuMeHTanbHbIe XUBOTHblE. lccrnegoBaHue

BbINOSIHEHO Ha 33 kpbicax Buctap maccon 250-300 r

(62 camua n 10 camok). XXuBoTHble Obinn NOMNyYeHbl 13
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nuToMHuka «PannonoBoy» (TOCHEeHCKWA panoH JleHuH-
rpaackoi obrnactu) n cogepxanuch B BuBapun CaHkT-
lMeTepbyprckoro  rocyaapCTBEHHOrO — NeauaTpUyeckoro
MeaMUMHCKOTO  yHuBepcuTeTa. KMBOTHbIX —copepka-
N B CTaHAAPTHbIX MIACTUKOBbLIX KMeTKax pa3mMepom
40x50%20 cm npw Temnepatype 2212 °C, oTHOCUTENb-
Hon BnaxHoctm 50-60% ¥ WHBEPTUPOBAHHOM CBETO-
Bom pexume: cseT 20:00-08:00; temHoTa 08:00-20:00.
KopmneHwe ocyLlecTBnsnm rpaHyiMpoBaHHbIM KOPMOM W
Bogon ad libitum. Tlocne nocTynneHus XMBOTHbIE NPOXO-
AWNW ABYXHELENbHbIN KapaHTWUHHBIM Nepuoa agantauum.
Bce akcnepumeHTanbHble NpoLeaypbl COOTBETCTBOBAM
OvupektBe EBponeickoro napnamenta u Coseta EC
2010/63/EU «O sawynTe XMBOTHbIX, MCMNONb3YEMbIX B Ha-
YUHbIX Lensax» 1 Obinn ogobpeHbl NOKanbHbIM 3TUYECKUM
komuteToM CaHkT-leTepBbyprekoro  rocydapCTBEHHOMO
neguaTpUYECKOro MeANLUMHCKOrO YHUBepcuTeTa (MpoTo-
kon Ne 58/03 ot 25.09.2025).

Pa3BeaeHune n nony4yeHne notomctaa. CaMkm Kpbic
cogepxanu rpynnamu no 5 ocobei B NnacTUKOBLIX KIeT-
kax ¢ AOCTynoM K Bofde U nuwe ad libitum. B kaxgyo
KneTKy nofcaxueanu no ogHomy camuy. Kaxabli AeHb
Opanu BarMHanbHble Masku W UCCefoBanu WX Noa CBe-
TOBbIM MuKpockonom. OBHapyxeHue Cnepmarto3omaoB
B Ma3ke B CTaguu Npo3cTpyca cyMTanu HynesbiM gHEM
GepemeHHocTu. [locne noaTeepxaeHus GepeMeHHOCTM
caMoK nomelanu B WHAMBMAYanbHble kneTku. Mpogon-
KUTENbHOCTL GepeMeHHOCTH cocTaBnsna 2012 gHs.

Mopenb paHHero CTpeccMpoBaHMA MOTOMCTBA.
[Ans MoaenupoBaHWs paHHEro MocTHaTanbHOMo CTpecca
CMONb30BanM MeTog OTfyyeHust oT Matepu. C 2-ro no
12-11 ieHb NOCTHATarNbHOro NepUoAa KPbICAT EXXeJHEBHO Mo-
MeLanv Ha 180 MUH B MHAMBMAYambHbIE NNACTUKOBbIE CTa-
KaHYMKW. BuayanbHbli, TAKTUBHBINA 1 aKyCTUHECKIMIA KOHTaKT
C MaTepbto Obin uckmtodeH. Mocne 3aBeplueHns nepuoda
JenpueaLM 1 nocrnegyloLwero BCkapMIMBaHUs MOMOAHSIK
cofepxanu B CTaHAapTHbIX KneTkax no 5 ocobeit. B ganb-
HeliLweM Ans noBegeH4Yeckix TecToB oTbmpani 20 camLoB B
Bo3pacte 90-100 aHen n maccoin 200-250 r [5].

PaHpgomuzauusa. Mcnonb3osann OGnokoByt paHgo-
MU3aLMI0 Ha ypoBHE momeTa (Mo 1-2 LWeHka Ha rpyn-
ny u3 kaxporo nometa). pynnbl: MS+NaCl (n=14) n
MS+akceHatug 10 mMKr/kr s.c., 1 pa3 B cyTkn, 7 nocnemo-
BaTesbHbIX gHeit (n=14).

OueHKka WMNYNbLCUBHOTO MNOBEAEHUA B TecTe
BblOOpa BEpOSATHOCTU W BeNMYUHbI MOAKPEenneHms
(mopndmumpoBaHHbih lowa Gambling Task). [ns
OLEHKN MOBEAEHYECKON WMMYNbCUMBHOCTM MPUMEHSNN
BapuaHT TecTa «BEepOSTHOCTW U BENUYWHBI NOAKPense-
Hus» (Probability-Reward Task), npeacTtasnswoowmi co-
Boi mogudukaumio lowa Gambling Task ans rpbisyHoB.
OKCnepyMeHTanbHas yCTaHOBKa BKMtoYana CTapToBYHO
nnowagaky (33x50%x35 cm) u Tpn pykaBa nabupuHTta anu-
Hoi mo 50 cm v wupuHoi 15 cm. B KoHUe kaxgoro pyka-
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Ba Haxogurnacb aBTOMaTM4eckast KopMyLlka Ans nogadu
nuwieoro nogkpenneHus (puc. 1). Kaxgoe BosspatleHme
KMBOTHOTO Ha CTApTOBYH NNOWAAKY MHULMMPOBANO HO-
BbIli UMKN noakpennenus. ObyyeHne npoBoauIM exe-
[HEBHO B TeyeHue 21 OHS NpW OrpaHUMYEHHOM [OCTyne
k muwe (4 4 B cyTku) u cBoBoaHOM JocTyne Kk Boge. [Me-
ped KaxablM CEaHCOM KpbICbl HAXOAUIUCH B COCTOSHWM
20-4acoBon NULLEBON AenpuBaLmm.

B nepeble 5 OHeN MCnonb3oBanu TPEHUPOBOYHLIN
PEXUM MOJauM CTaHOAPTHbIX MULLEBLIX NanneToB Mac-
coit 0,1 r npu 3axofe B pykaB 1 — ogHa nanneta, B py-
kaB 2 — [ABE ManneTbl, B pykaB 3 — Tpu nannetbl npu
Ka)[4OM MOCELLEHNH.

[lanee nepexogunu K OCHOBHOMY 3Tany OOy4eHus.
Pexwum nogkpenneHus 6bin nsMeHeH: B pykase 1 — FR1
(ogHa manneta npw kaxgom 3axoge), B pykase 2 — FR2
(oBe nanneTbl MpU KaXgoMm BTOPOM 3ax0A4e), B pyka-
Be 3 — FR3 (Tpu nanneTsbl npu KaxaoM TPETLEM 3aX04e).

Takum obpasom, ©e3 noakpenneHus OCTaBanmMChb
1/2 3axomoB BO BTOPOW pykaB u 2/3 — B TpeTuit. Kpu-
TEPUEM YCTOMYMBOrO HayyYeHUs CYMTanu ctabunbHOCTb
MPeanoyTEHNs B TeYEHWe He MeHee Tpex nocneaosa-
TenNbHbIX AHEN. XKNBOTHbIX, HE COBEPLUABLUMX 3aX040B B
pykaea nabupuHta (He 6onee 15 %), ucknoyanm u3 aKc-
nepumenTa [7].

OueHka KOMNYNbCMBHOTO NOBeAeHUsl B TecTe 3a-
kanbiBaHus wapukos (Marble Burying Test). [insa aHa-
n3a KOMNyNbCUBHOMO M TPEBOXHOTO KOMMOHEHTOB Mo-
BEAEHUS MCMONb30BanM TECT 3aKanbiBaHWS LUAPWKOB.

FR1 — 100% _¢0
= = .
FR2 — 50% @

 FR3—33% _¢ .’.

= ABTOMAaTUYECKME AaTUYUKM
[IBUXEHUS
Automatic motion sensors

@ AsTomaTU4ECKME KOPMYLLKN
Automatic feeders

Juswiadlojuloy
BUHaLLadNTOU eheto|

- -

@ Mvuwesble nanneTsl
Food pellets

Puc.1. Cxema akcnepumeHTanbHOW YCTaHOBKW ANs Tecta Be-
POSITHOCTM W BeNMYUHbI NoAKpenneHus (Moaudmumpo-
BaHHbII lowa Gambling Task). FR1 — ogHa nanneta npu
KaxaoMm 3axoge; FR2 — gBe nanneTbl Npu Kaxgom BTO-
pom 3axopae; FR3 — Tpu nanneTtbl npu Kaxaom TpeTbeM

3axope (pUCyHOK COCTaBneH aBTopamu)

Experimental setup for the probability-reward task (modified
lowa Gambling Task). FR1 — one pallet per pass; FR2 —
two pallets per every second pass; FR3 — three pallets per
every third pass. (compiled by the authors)

Fig. 1.
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KpbiC nomellanu B CTaH4apTHbIE NNACTUKOBbLIE KIETKM
pasmepom 40x50%20 cMm, AHO KOTOPbLIX BbIIO MOKPbLITO
CNoeM OMnUMOK TONWMHONA 5 cM. Ha NoBEpXHOCTW paBHO-
MepHo pacnonaramu 20 CTEKNSAHHbIX LUAPUKOB AMameT-
pom 1,5 cM. Kaxgoe XMWBOTHOE Haxo4uNoCh B KNeTke B
TeyeHne 30 MUH, nocre Yero NOACHUTbLIBANN KONMYECTBO
YaCTUYHO UMM MOMTHOCTBIO 3aKOMaHHBIX LWapukoB (rnybxe
yem Ha 2/3 guameTtpa) [7].

lMokasaTenb Yucna 3akonaHHbIX WapUKOB CRYXUI UH-
AMKaTOPOM BbIPaXEHHOCTM KOMMYNbCUBHOTO MOBEAEHUS.
lMocne kaxgoro Tecta MOACTANKY U LUAPUKU 3aMeHSNN
HOBBLIMW A1 UCKIIOYEHNS BMSIHWS 3anaxa.

dapmakonoruyeckue cpeactBa. B kauectse ap-
MaKONOrMyeckoro areHTa Ucnonb3oBanu aroHUCT peLien-
TOPOB rtokaroHonogo6Horo nentuaa-1 (GLP-1) — akc-
eHatng (Exendin-4; Byetta®, AstraZeneca, Benukobpu-
TaHWS), CUHTETUYECKMI aHANOor SHLOTEHHOTO UHKPETUHA,
obnapatowuit Bbicokoi adduHHoCTbi0 K GLP-1-peuen-
TOpaM W YCTOMYMBOCTbIO K (hepMeHTaTWBHOW Aerpa-
pauum gunentuaunnentugason V. CornacHo nutepa-
TYPHbIM AaHHbIM, B JOKMUHWYECKUX UCCEdoBaHWAX Ha
rpbI3yHax 3kceHaTug NpuMeHsT B fo3ax 2,4—10 mkr/kr,
BbI3blBAOLLMX BbIPaXEHHbIE MOBEAEHYECKUe W Henpo-
Xummndeckme apgekTol 6e3 3HaYMMbIX COMATUYECKUX
HapyLLEeHUN.

B HacToswen paboTe akceHaTWg BBOAMAN MOLKOXKHO
(s.c.) B gose 10 mkr/kr B obbeme 1 MA/Kr exenHEBHO B
TeyeHue 7 gHel. Kypc HauMHanu nocne nepuoda aganta-
LMV XMBOTHBIX K 9KCMEPUMEHTarbHbIM YcnoBuam. Beibop
[03bl 1 pexuma BBeAeHUS OCHOBaH Ha paHee ony6nu-
KOBaHHbIX AaHHbIX, MOATBEPKAANLMX 3PEHEKTUBHOCTL
aroHucToB GLP-1 npn koppekuuu cTpecc-MHayLMpoBaH-
HbIX M afAUKTUBHbIX HApYLUEHWI NOBEAEHMS.

Cratuctnyeckas obpaboTka gaHHbIX. CtaTuctnye-
Cckyro 06paboTKy pe3ynbTaToB MPOBOAWIM B MpOrpamme
GraphPad Prism 10.1 (CLUA). Pacnpegenenne gaHHbIX
npoBepanu ¢ nomowbo kputepus Konmoroposa—Cmup-
HoBa. [Ins OLEHKM pasnnuuin Mexay Bblbopkammu 1cnosb-
3oBanu t-kputepuin CtotogeHTa (t-test).

[laHHble npeacTaBneHbl B BULE CPeHEro 3HaueHus +
+ cTaHgapTHas owwbka cpegHero (M+SEM). Pasnnyus
CUMTaNM CTaTUCTUYECKM 3HaYUMbIMK npu p <0,05.

PE3Y/IbTAThHI

CpaBHeHWe [onu MoceLleHuin 1-ro pykasa B rpyn-
nax, NOABEPrLUMXCS BPEMEHHOW WM30MALMN OT MaTepu
NOny4YaBLUMX W30TOHWYECKWN PacTBOp HATpWUs Xnopuga
(MS+NaCl) nubo aroHuct GLP-1 (3kcenatua, MS+GLP-1
agonist), Nokasano JOCTOBEPHbIE pasnmnuus.

Ha puc. 2 npeacTaBneHbl pesynbTaThl TecTa «Be-
POATHOCTM M BENWYMHBI MOAKPENNEHMs» Y KpbiC nocne
BO30eNCTBNS BPEMEHHOW 130MsLUumn 0T MaTepy (maternal
separation, MS). CpaBHuBanu fge rpynnbl XWBOTHbIX:
MS+NaCl — kpbicam BBOZMMM W3OTOHUYECKUI PACTBOP

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

HaTpus xnopuaa; MS + aroHuct GLP-1 — XuBOTHbIe no-
nyyanu aronucT peuentopoB GLP-1.

Y kuBOTHbIX rpynnbl MS+Ex4 pons nocelerun
1-ro pykaa coctasuna 36,01£2,90%, 4uto 6bin0 3Ha-
unTenbHO Gornblue, Yem Yy KpbIC, MOMyYaBLWKX M30TO-
HWYeckun pacTBOp HaTpus xnopuga (21,61+1,76%,
1(26)=4,238, p=0,0003). Pasnuune mexgy CpeaHUMY 3Ha-
yeHuamu coctasuno 14,40% npu 95% LoBepuTensHOM
uHTepBane 7,42-21,38. KoadhduumeHT AetepMuHaLimm
(n?=0,4085) ykasblBaeT Ha T0, 4T0 0K0N0 41% Ancnepcum
nokasaTens obbsicHAeTCs 3PGEKTOM BBEOEHUS arOHu-
cra GLP-1.

[Mpu CpaBHEHMM LONW NOCELLEHUI 3-TO pyKaBa Mexay
rpynnamu, NoABepruvMIUCs BPEMEHHOI N30MALMK OT Ma-
TEPU U MOMYYaBLUMMU WM3OTOHWYECKUI PaCTBOP HaTpus
xnopuga (MS+NaCl) nubo aronuct GLP-1 (skceHatng,
MS+GLP-1 agonist), BbISBNEHO 3HAYMMOE CHIKEHME MO-
KasaTens y XWBOTHbIX, NOMy4aBWMX aroHWUCT. CpeaHss
pons nocelleHun 3-ro pykasa y kpbic rpynnsl MS+NaCl
coctauna 44,43+2,90%, torga kak y XMBOTHbIX, Mo-
nyyaBLUMX 3KCEHaTUA, 9TOT nokasaTeNb CHU3UNICA A0
24,40£2,90% ((26)=4,803, p <0,0001). PasHnya mexay

® Bpews nsonsauum ot matepu + NaCl
Maternal separation + NaCl

80, ® Bpewms nsonauum ot matepu + aronuct GLP-1
Maternal separation + agonist GLP-1
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Puc.2. W3meHeHne ypenbHOro Beca MOCELlEHUA PYKaBOB C
Pa3nMYHON BEPOATHOCTLIO MOAKPENSEeHUs y KpbIC No-
cre BPeMEHHOW W30NsALUMM OT MaTepy Npu BBeAEHUU
M30TOHMYECKOTO pacTBOpa HaTPUs XJTIOPUAA M aroHMcTa
GLP-1. [laHHble npeAcTaBneHbl B BUAE CPegHUX 3Hayve-
Hui * SEM; ctatuctuyeckaa obpabotka — t-kputepun
CrblogeHTa; * p <0,01, ** p <0,001 (pucyHok cocTaBneH

aBTopamu)

Changes in the proportion of arm visits with different
reinforcement probabilities in rats after maternal separation
following administration of saline or a GLP-1 agonist. Data
are presented as mean + SEM; statistical analysis was
performed using Student’s t-test; *p <0.01, **p <0.001
(compiled by the authors)

Fig. 2.
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® Bpewms nzonsyum ot matepu + NaCl
20 - Maternal separation + NaCl

¢ Bpewms n3onsuum ot matepu + aronuct GLP-1
Maternal separation + agonist GLP-1
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Puc. 3. KonuyecTBo 3akonaHHbIX LWAPUKOB B TECTE 3aKanbIBaHUSA
WapUKOB Y KpbIC Nocne BpeMeHHOW M30MALUM OT mate-
pu npu BBeAEHMM M3OTOHMYECKOTO pacTBopa HaTpus
xnopuga u aronucta GLP-1. [laHHble npeacTaBneHbl kak
cpepHue * SEM (pucyHok cocTaBneH aBTopamm)
Fig. 3.  Number of marbles buried in the marble burying test in rats

after maternal separation following administration of saline
or a GLP-1 agonist. Data are presented as mean + SEM
(compiled by the authors)

cpeaHuMM 3HaueHnsamn coctasmna —20,03% npw 95% fo-
BepuTenbHOM WHTepBane ot 28,60 go —11,46. Koaddou-
LneHT aetepmuHaumm (n?=0,4702) yka3biBaeT, YTO OKONO
47% BapnabenbHOCTW noBeaeHus 06bsAcHAeTCs adhdek-
TOM BBeAeHus aroHucta GLP-1.

Takum obpasom, aktusauus peuentopos GLP-1 npu-
BOAMINA K nepepacnpefeneHuto NoBeaeHYeCckon akTMBHO-
CTW B NOMb3y Y4aCTKOB C rapaHTMPOBaHHbIM NOAKPense-
HWeM, oTpaxas M3MeHeHWe MOTMBALMOHHO-NOAKPEeNNs-
toLlero naTTepHa Bbibopa nocrne paHHero CTPEcCOBOro
BO3AENCTBMS.

Ha puc. 3 npefcraBneHbl pesynbTaThl TecTa 3aka-
NbIBAHNS LWAPUKOB Y KPbIC, NOABEPTLUMXCS BPEMEHHO
n3onsAUMM OT MaTepu, nocne BBeLEHUS W30TOHNYECKO-
ro pacteopa Hatpus xnopuga (MS+NaCl) u aronucra
peuentopoB GLP-1 (MS+GLP-1 agonist). Y XMBOTHbIX
obeux rpynn oTMevanacb Cxoxasi TEHAEHLWS B MoBe-
AEHWN: KpbICbl aKTUBHO B3aUMOAENCTBOBANN ¢ 0bbekTa-
MW 1 3aKanblBanu Lapuk, O4HaKo BBEAEHWE aroHucTa
GLP-1 He BbI3blBano [OCTOBEPHLIX M3MEHEHWA KOMM-
yecTBa 3aKOMaHHbIX LUAPUKOB MO CPABHEHMID C XUBOT-
HbIMW, NOMyYaBLWNMKU U3OTOHUYECKWUIA PACTBOP HaTpUS
xnopuga (p >0,05, t-kputepuin CTotogeHTa).

CpegHvie 3Ha4YeHMs Yncna 3aKonaHHbIX LUAPUKOB CO-
crasunu 8,2+0,7 B rpynne MS+NaCl n 7,1+0,6 B rpynne
MS+GLP-1 agonist. HecmoTpsi Ha Hebonbluyo TEHOEH-
LIMt0 K CHVXKEHUIO NoKasaTens nocne BBEAEHMS aroHNCTa,
pasnnymns CTaTUCTUYECKN HEQOCTOBEPHDI.

OBCYXAEHWE PE3YJ/IbTATOB

Mogenb BpeMeHHO U30NALMM OT MaTepy, NPUMEHEH-
Hasl B JaHHOM WCCNeA0BaHWM, NPeACTaBNSET COOO OfHY
n3 Hauboree BamnMaHbIX 1 BOCMPOM3BOAUMBIX MOZenen
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AN MOAENUPOBAHWUS  CTPECC-WHAYLMPOBAHHbIX Hapy-
WEHMA 3MOLMOHaNbHO-NOBeAeHYeCkon perynauum [16,
17]. [inutenbHoe oTheneHne KpbICAT OT MaTepu B paH-
HeM nocTHaTanbHOM Nepuoae COMPOBOXOAETCH aKTUBa-
Unen runotanamo-runoguaapHo-HaanoyeyHKoBON OCH
1 HOPMUPOBAHWNEM CTOMKMX HapyLIEeHW B fodamuHep-
MYECKNX U CepPOTOHUHEPTMYECKUX CUCTEMAX MO3ra, YTo
NPUBOAMUT K MOBBILLIEHHON WMMYbCUBHOCTM, TPEBOXHO-
CTW 11 Pa3BUTUIO PUTMAHBIX NOBEAEHYECKUX NATTEPHOB BO
B3pocniom Bo3pacrte [18].

lMornyyeHHble HaMu AaHHble AEeMOHCTPUPYIT, YTO
(bapmakonoruyeckass aktueauus peuentopos GLP-1
9KCEHATWUAOM Yy XMBOTHBLIX C OMbITOM PaHHEro MocTHa-
TamnbHOro CTPECcCUpoBaHUs M3GMpaTenbHO KOPPEKTUPYET
WMNYNbCUBHBIN KOMNOHEHT NPUHATUS PELUEHWIA, CMeLLas
noBedeHNe OT PUCKOBAHHbLIX CTpaTerMi K npenckasye-
MOMY MOZKPENNEHUI0. JTO HanpsMylo cregyet u3 ne-
pepacnpefeneHns noceLleHnn pykaBoB B MOAMGULM-
POBaHHOM TecTe «BEPOSTHOCTM/BENWUYMHBI NOAKPense-
HWSI»: Y KpbIC, NOMyYaBLUMX SKCEHaTWAa, 4ONS 3aX0foB B
PyKaB C rapaHTUpoBaHHbIM nogkpenneHnem (FR1) Geina
CYLLECTBEHHO BbILIE, YEM Y XKMBOTHbIX Ha W30TOHWYe-
ckom pactBope Hatpusa xnopuga (36,01+2,90% npotvs
21,61+1,76%; t(26)=4,238; p=0,0003), Torga kak konnye-
CTBO NMOCELLEHUI «pucKoBaHHoOro» pykaea (FR3), Hanpo-
TMB, [AOCTOBEPHO ymeHbluanoch (24,40+2,90% npotvs
44,4312,90%; 1(26)=4,803; p <0,0001). OtcytctBuMe po-
CTOBEPHbIX M3MEHEHWI B TECTE 3aKarblBaHWS LUAPUKOB
noavepkmMBaeT CeNnekTMBHOCTb 3addekTa akceHaTuaa:
BMELLATENbCTBO KOPPEKTUPYET UMMYMbCUBHOCTb, HO He
BNWSIET Ha KOMMYNbCUBHbIE/CTEPEOTUMHLIE MATTEPHbI,
roe BeAyLly ponb MUrpatoT puriaHOCTbL M nepceBepaLms.
CnepyeT NOMHUTb, YTO TECT 3aKanbiBaHWUS LUAPUKOB WH-
TErpupyeT 1 TPEBOXHOCTHbIN KOMMOHEHT, 13-3a Yero ero
YYBCTBUTENbHOCTb K U3MEHEHWUSIM KOTHUTUBHOW PUTMOHO-
CTV OrpaHuyeHa; Takum obpasom, Habnaaemas aucco-
Uuaums MMnynbCMBHOCTb—KOMMYIIbCUBHOCTb HE TOMbKO
MeTOoZ0N0rYecki NpaBaonoaobHa, HO M KOHLENTyanbHO
oXugaema, NOATBEPXAAs OTHOCWUTENbHYI He3aBWcu-
MOCTb 3TWX KOHCTPYKTOB B pamKax €AuHOro WMMyMbCuB-
HO-KOMMYNbCYBHOIO CMeKTpa.

lMonyyeHHble Hamu pesynbTaTbl YKNaablBaTCS B
NPeacTaBneHnst O LieHTpanbHol ponu cuctembl GLP-1
B perynsuum MOoTMBALMOHHO-NOAKPENNSIOLWEro nosege-
HWs: peuentopbl GLP-1 akcnpeccupytoTcs B CTPYKTypax,
KpUTUYHBIX ANS oueHku BosHarpaxgeHns (NAc, VTA,
MWHAanuWHa, runotanamyc), a aroHuctel GLP-1 cnocob-
Hbl MOZYNMPOBAaTb aKTUBHOCTb ME30NMMBKUYECKOro NyTH
[20, 21]. WHrMbupoBaHne akTMBHOCTW cucTembl GLP-1
B paHHEM OHTOreHe3e Takke NPUBOAWT K 3HAYMMbIM MO-
BEAEHYECKUM U3MEHEHNsIM. HeoHaTanbHoe BBepeHWe
nHrnbutopa gunentugunnentugassl [V — gunpoTuHa A,
Brokupytowero Aerpagaumio SHAOMEHHbIX MHKPETUHOB,
CONPOBOXAaeTcs OPMUPOBAHNEM TUMEPAKTUBHOMO (e-
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HOTWNA W CTONKWM MOBbILUEHNEM arpeCcCUMBHOCTM Y B3pOC-
NbIX KpbIC [22].

Ha aToM (hoHe nokasaHHas Hamu NepeopueHTauus ¢
PWUCKOBAHHOM Ha Mpefckadyemyio CTpaTernto noBeaeHus
nocne NpUMeHeHUs aKceHaTnaa NOTMYHO pacLuMpsieT 1s-
BeCTHble 3hhekTbl aroHncToB GLP-1 (nopasnenne CPP,
CaMOBBe[eHNe KokauHa M BO30OHOBMEHWE HapKOTWYe-
CKOrO Momcka) Ha MOAENb paHHero CTPeCCcOBOro NOBPEX-
AEHUS, TO €CTb N3 06NacTi «HAPKOTUYECKON MOTUBALMMY
B 06nactb CTpecc-MHAYLMPOBAHHON WMMYNbCUBHOCTY
MPUHATWA peLeHuni [23-27].

Takum 00pa3om, COBOKYMHOCTb MOMYyYEHHbIX aKCne-
PUMEHTanbHbIX AaHHLIX W NUTEPATYPHbIX MCTOYHUKOB
nosBonseT paccmatpueatb cuctemy GLP-1 kak BaxHbIN
HEpPONENTUAHBIA KOMMOHEHT, MHTErpUpyLLMA MeTabo-
NMYeCKkNe U MOTUBALMOHHbIE MEXaHW3MbI PErynsaLun no-
BeAeHus.

CaHue U pefaKTMpOBaHWe TeKcTa, KOHUenuus uccnego-
BaHust; A.A. Jlebenes, A.l. Bacunbes, A.B. Bacunbesa,
M.A. lMaxomoBa — HanucaHwe U peaakTUpoBaHWe Tekc-
Ta; M.[. WabaHoB — HanucaHWe 1 pefakTUpoBaHue Tek-
CTa, PyKOBOACTBO.

Bce aBTOpbI BHECNN CYLLECTBEHHbIN BKNag B paspa-
BOTKy KOHLenuuW, NpoBeAeHne UccrnefoBanus U NoAro-
TOBKY CTaTbi, NPOYN 1 0J0BPUNM (DUHANBHYIO BEPCUIO
nepea nybnukayuen.

KoHhnukT nHTepecoB. ABTOpbI AEKNapupyoT OTCYT-
CTBME SBHbIX U NOTEHLMANbHbIX KOH(MKTOB UHTEPECOB,
CBSI3aHHbIX C Nybnukauyein HacTosLen cTaTbi.

JKCNEePUMEHTbI € XMBOTHbLIMW NPOBOAWIN B COOT-
BETCTBMM C MeXAyHapOAHbIMW npasunamm (JupekTuson
2010/63/EU EBponeiickoro napnameHTa 1 Coseta EBpo-
newckoro cotosa ot 22 ceHTabpsa 2010 r. no oxpaHe xu-
BOTHbIX, MCMOSb3YEMbIX B HAYYHbIX LieNsix).

BbIBOAbI

1. ArOHUCT peLienTopoB rMtoKaroHonogobHoro nenTu-
pa-1 (GLP-1) — askceHatng — OKa3blBaET BblpaxeHHoe
aQHTUMMNYIbCUBHOE AEWCTBUE, NPOSIBISIOLEECS B CHU-
XEHUWM AOMW PUCKOBAHHbIX BbIGOPOB 1 MOBLILLEHUM OpU-
eHTauuM Ha ctabunbHoe NOAKPENnneHuWe y Kpbic nocne
paHHEro CTPeccoBOro BO3OENCTBUS, YTO NOATBEpXAaeT
perynupytLLylo ponb cuctembl GLP-1 B mexaHu3max
KOHTPONS UMMNYNbCUBHOCTH.

2. BeeneHnune aroHucta GLP-1 goctoBepHO He BIusieT
Ha NPOSIBNEHNS KOMMYNbCUBHOIO NOBEAEHMS B TECTE 3aKa-
NbIBaHUS LUAPWKOB, YTO MOXET CBUAETENbCTBOBATbL O Ce-
NeKTUBHOCTM AencTBua cuctemsl GLP-1 npenmyuiectsen-
HO B OTHOLLIEHWM MMMYNIbCYBHBIX KOMMOHEHTOB NOBEAEHUS.
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Pestome. BeedeHue. AnekTpoaHLedanorpadmio paccMaTpuBatoT kak Haubonee BaxHbIil UH-
CTPYMEHT NS OLEHKM NPOCTPAHCTBEHHO-BPEMEHHBIX 0COOEHHOCTEN ANEKTPUYECKON aKTUBHOCTY
Mo3ra npu obcrnefoBaHuM NaLMEHTOB C HEBponorudeckumm nposineHnsamm COVID-19, ocobeHHo
Mpw NpOsIBNEeHMM 3HLedanonaTu, CyLopor 1 SNUNenTUYeckoro cratyca. Ljesib uccnedosaHus —
BblAENTb Pa3NNYHbIe NAaTTEPHbI ANEKTPO3HLedanorpamMmbl, XapakTepHble 4ns rpynmbl nauneH-
T0B, nepexectunx COVID-19, npu BU3yanbHOM aHann3e anekTpoaHLedanorpaMmmbl ¥ C NOMOLLbIO
KONMUYECTBEHHbLIX METOOB — CMEKTPaNbHOIO U KOrepeHTHOr0 aHanusa, OLeHUTb BO3MOXHbIe
oyaroBble nameHeHus. Mamepuanbi u Memodsbl. PeructpupoBanit anekTposHUedanorpammy
125 ambynaTopHbIx naLyneHToB B Bo3pacTte 0T 16 4o 68 net, Haxoaawmxcs nog HabnwaeHEM B
ncuxoHeBponoriyeckom ancnavcepe ¢ COVID-19 B aHaMHese 1 NcuxocoMaTyeckumm xanobamm
Ha MOMeHT 0b6cnefoBaHWs. KOHTPOMbHYLO rpynny cocTasuin 45 300poBbIX UCMbITYEMbIX. Pe3ysib-
mambl. [JaHHble perucTpauuy v aHanusa anekTpoaHuedanorpamMmbl Bbln pasgeneHbl Ha Tpu
TWNa NaTTEPHOB: NONMMOPMHAs HN3KOYACTOTHAS aKTUBHOCTb; HI3KOYACTOTHAS NONMMOPMdHas
aKTMBHOCTb C NpeobnafaHnemM MeaneHHbIX BONH (AenbTa-  TeTa-anana3oHbl); BbICOKOYACTOTHAS
3NeKTposHUedanorpamma ¢ AOMUHAHTON B 6eTa-1-guanasoHe. Bbieodbl. OTMEYEHO hOpMUpPO-
BaHWE 04aroBbIX U3MEHEHW MEANEHHOBOSTHOBOIO XapakTepa C XxapakTepHOM fiokanusaymnen B
npaso BucoyHomn obnactu y 20% nauneHTos. MHAEKC koppenaunm B anbga-guanasoHe ctabuneH
ANs aneKkTposHuedanorpadum KoHTponNbHON rpynnbl, rae y 90% ncnbiTyeMblx KO3 DUUNEHTBI
koppenauuu B anba-guanasoxe 6binn 6onee 0,6. Hanpotus, cpeam nauueHToB Habnoganach
nonumopHas kapTuHa, cTabunbHble nokasatenu ¢ koadduumeHTom bonee 0,6 ans Bcex U3y-
YEeHHbIX CBS3EN KaK Mexay nonywapusmu, Tak i BHyTpU nosywapuit 6binv 3apernctprupoBaHsbl
TONbKO B 25% cnyyaes. [Npu aHanuae kK03 PULMEHTOB KOTEPEHTHOCTM Y NaLWNEHTOB OTMEYEHDI
Bonee BbICOKas CTabUNBHOCTb MEXNONYLUAPHBIX CBA3EN U pas3nnyHble BapuaHTbl ocnabneHns
CBSI3eil BHYTPM NonyLIapui, KOTOPble YaCTO HOCAT 3epKarbHblil XapakTep.

KnioyeBbie cnoBa: anekTposHuedanorpadus, I3, NocTKOBMA, CNekTpanbHbIA aHanus, kore-
PEHTHbIN aHanma 0

© Konnextvs aBTopos, 2026
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Corresponding author:  Abstract. Introduction. The electroencephalography is considered as the most important tool
Nikita Yu. Kipyatkov. for assessing the spatiotemporal features of the electrical activity of the brain in the examination
E-mail: of patients with neurological manifestations of COVID-19, especially in cases of encephalopathy,
fd@pnd1.spb.ru seizures and epileptic status. Aim. It was planned to identify various electroencephalography

patterns characteristic of the COVID-19 group of patients with visual electroencephalography
analysis and to evaluate possible focal changes using quantitative methods such as spectral
and coherent analysis. Materials and methods. The electroencephalography of 125 outpatient
patients aged 16 to 68 years who were under observation at a neuropsychiatric dispensary with a
history of COVID-19 and psychosomatic complaints at the time of the examination was recorded.
The control group consisted of 45 healthy subjects. Results. The obtained results made it possible
to divide the results of electroencephalography registration and analysis into three types of patterns:
polymorphic low-frequency activity; low-frequency polymorphic activity with a predominance of slow
waves (delta and theta bands); high-frequency electroencephalography with a dominant in the beta1
band. Conclusions. The formation of focal changes of a slow-wave nature with a characteristic
localization in the right temporal region is noted in 20% of patients. The correlation index in the
alpha range is stable for the electroencephalography of the control group, where 90% of the subjects
had correlation coefficients in the alpha range of more than 0.6. On the contrary, a polymorphic
pattern is observed among patients, stable indicators with a coefficient of more than 0.6 for all
studied connections, both between the hemispheres and within the hemispheres, were recorded
only in 25% of cases. The analysis of coherence coefficients in patients, on the contrary, shows a
higher stability of interhemispheric connections and various options for reducing connections within
the hemispheres, which often have a mirror character.

Keywords: electroencephalography, post-COVID condition, EEG spectral analysis, EEG coherence
analysis
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BBEAEHWE

[Mepnog pacnpocTpaHeHUst KOPOHaBMUPYCHON MHCEK-
uum (COronaVlrus Disease 2019, COVID-19) conpoBox-
[ancs B3pbIBHbIM POCTOM WUCCMefoBaHM B 06nactu Bu-
PYCONOrMM 1 ANUAEMMUONOTNM, HEKLMOHHBIX 6GonesHen,
KnHU4eckon uauonorum u dapmakonorun. Okasanoch,
YTO W3MEHEHUs, Bbl3BaHHbIE MEPEHECEHHOWN WHMDEKLU-
el, CBA3aHbl C WMHTEpPecamu CamblX PasHbIX, MPUYEM
Y3KMX, CreunanbHOCTen MeauumMHCKo Hayku. Muorne
creumanucTbl B pasHbiX MUPOBbIX nabopatopusix BUAAT
pas3HoobpasHble cneuuduyeckne n Hecneunuyeckme
NPOSBNEHNS NOCNEACTBUA KOPOHABUPYCHOW MHMEKLMK,
kak Gnu3kMx No aHamHe3y, Tak M OYeHb OTAANEHHbIX.
CeroaHs NpoaomKatTca Hay4Hble Aebatbl 0 TOM, MOXHO
NN Hecneumguyeckne, Ho CXOAHbIe pesynbTaThl B CEpUM
ony6nMKoBaHHbIX CnyvaeB 3HUedanonati, accouu-
nposanHoi ¢ COVID-19 (nesopraHu3oBaHHas ¢oHoBas
aKTUBHOCTb C AN dY3HbIM 3amenneHnem nobHoro npe-
obnagaHus C HU3KOW PeaKTUBHOCTbIO), CYMTaTb OTMU-
unTenbHbIMKM npuaHakamm COVID-19 wmm, Haobopor,
970 06YCNOBMEHO MHOrOMaKTOPHBIM MPOUCXOXAEHNEM,
He BbI3bIBAEMbIM HENOCPEACTBEHHO BUpYycoM [1-7]. Kpo-
Me TOro, MHTEpEC K pesynbTaTam MCCreLoBaHUi anek-
TpoaHuedanorpacum (33 npu COVID-19 obycnosneH
aHanorMyHbIMK pesynbTaTamu npu psae Hespomnornye-
Cknx 3aboneBaHMnt — BUPYCHOM SHUedanuTe/sHUeda-
nonaTuu, cBsdaHHbIXx ¢ COVID-19, anunencun, a Takxe
AEMUENVHU3NPYIOLLNX 1 HepogereHepaTBHbIX NpoLec-
cax [1, 8, 9]. HeBponornyeckme oCnoXHEHWUSI BO3HWKaOT
y 1/3 (34,6%) nauneHnTos c Tsaxensim COVID-19 v Bknto-
4atT MHCYNbT, roNoBHYH 6011k 1 cygoporu [10]. B ny6nu-
kauusix, nocsawieHHbix A3 npu COVID-19, konuyectso
nauueHToB BapbUpYeT OT eAuHUYHbIX cnyyaes [8, 11, 12]
po 100 [13, 14]. PesynbTathl 3TUX UCCNELOBAHWIA pasHo-
00pasHbl 1 BKNKOYAKOT Kak HopManbHyto 33l [15], Tak
anddysHoe 3ameaneHne Bo Bcex criyqasx [16-18]. B He-
koTopbIX paboTax NPOAEMOHCTPMPOBaHO Npeobnagaqne
(bpoHTanbHbIX U3MeHeHun [1, 7, 19, 20].

Haunbonee pacnpoctpaHeHHbIM J3l-npu3HakoM, OT-
meyaembiM y 2/3 (68,6%) nauueHToB, SBNSETCH reHe-
panu3oBaHHOE CHWXEeHWE CpeaHel 4acToTbl konebaHui
[21-23]. 370 MoXeT ObITb MapkepoM Anddy3HOI Hecne-
umncuryeckoit sHUedanonatum — Hanbonee pacnpocTpa-
HEeHHOM aHOManuy ronoBHOTO MO3ra Npu 3ToMm 3abornesa-
HAn. K gpyrum 33T -npusHakam, ykasblBaowmum Ha aud-
(by3Hyt0 SHUehanonaTuio, 0THOCATCA reHepan3oBaHHas
pUTMUYECKas LenbTa-akTUBHOCTb W reHepanu3oBaHHbIE
nepuoanyeckme rpadoaneMeHTbl ¢ TpexdasHon Mopdo-
noruen [24-26]. PernctpupytoT Takxe naTtepanbHble ne-
prUoanNyeckne n pUTMUYECKE N3MEHEHMSs, XapakTepHble
AN CONYTCTBYIOLLE 04aroBON AUCHYHKLMN Y HEKOTOPbIX
nauueHToB. OnunenTUdopMHbIe PaccTpoicTBa He pea-
kocTb B M3yyeHHbx O3l (13,0%), 4To cBMAETENLCTBYET
0 MOBbILIEHHON BO3BYAMMOCTM KOpbI FOMIOBHOMO MO3ra,

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

npeaLLecTByOLe Cya0pOXHbIM NpunagkaM. Ha camom
aene y 5,5% nauneHToB Bbinv Npunagku Unu anunenTu-
yeckuit cratyc [27, 28]. Horaa B uccnegoBaHnsax oTme-
YatoT xapakTepHble NOBHbIE aHOManum, 4To KoppenupyeT
C npeanonaraemblM NpoHWkHoBeHneM COVID-19 B mo3r
(8, 16, 17, 19, 20].

Cuntaetcs, YTO paHHUE KIMHWYECKWe NpOosBNEHMs
COVID-19, TakvMe Kak aHOCMWsi W areB3us, CBsi3aHbl C
NPOHMKHOBEHMEM BMpYyca B CRN3NUCTYKD 0BOMOYKY HOca
W nonocTu pTa, Yemy cnocobeteytoT peuentopbl ACE-2
(angiotensin-converting enzyme 2, peuentop aHrmoTeH-
3uHNpeBpaLatolero depmeHTa 2) [27-29]. lMocneayto-
Liee pacnpocTpaHeHne B opouTodpoHTanbHylo obnactb
[29] yepes adpchepeHTHbIE HEpBbI MPUBOAMUT K MPEUMy-
LLECTBEHHOMY BOBNIEYEHMIO OOOHATENBHOWM NYKOBWLbI W
opbuTopoHTanNbLHOM/NOBHOK obnacTei, YTo MoxXeT 0bb-
SICHUTb (POPMUPOBAHUE NOKaNbHbIX U3MeHeHun Ha O3l B
nobHbIx oTBeaeHusAX [28]. Paa nccneposatenen npeana-
ratoT UCnonb30BaTh NO6HbIE aNUNENTUGOPMHbIE pa3psabl
B kauectBe Guomapkepos COVID-19 [8, 12, 16, 32, 33].
lprMepHO NONOBMHA BCEX 3aperuCTPUpOBaHHBIX dnunen-
T4eckux coctosiHui (10 u3 22) dopmupyetcs B MOGHbIX
ponsx no cpasHeHmio ¢ 18% (4 13 22) B 3aTbIN0YHON Jone.
B pononHexne k no6Hoi gone COVID-19 Takke MoXeT
nopaxaTtb rpyLeBUAHYK0 KOpY, TMMBUYECKNe CTPYKTYpbI,
Tanamyc, runotanamyc, CTBON rOfI0BHOMO Mo3ra W Bere-
TaTuBHble cTpykTypbl [30, 31, 34-36]. Vccneposatenm
NbITAKTCA CBA3aTb pasnuyHble pesynbTathl Q3 y naum-
eHTOoB, nepeHecwux COVID-19, ¢ apyrumm daktopamu,
TaKUMW KaK NOBPEXAEHWe NEerkux ¢ nocneayioLyen rmnok-
Cuen, OCTaHOBKa cephua, MeTabonuyeckne M3MEHeHMs,
CWHOPOM CUCTEMHOM BOCManUTENbHON peakuuu, noBbl-
LIEHHas CBEPTbIBAEMOCTb KPOBM, BACKY/IUTbI U UHCYIbTbI
¥ 7.4. [JaHHble CBWAETENbCTBYIOT O TOM, YTO TSKECTb Ha-
pyLueHnin Q3T KOppenmUpyeT C HaCbILLEHUEM KPOBM KMCIIO-
POLOM B MOMEHT MOCTYNIEHUS B CTALMOHAP, HO AaHHLIMM
He#poBM3yanu3aLmm fokasaTb 9Ty B3aMMOCBS3b MoKa He
ynaetcs [37]. Kpome aToro, usmeHeHus 931 Takxe MoryT
ObITb 00yCnOBNEHbI paHee CyLLEeCTBOBABLUMMM HEBPOIIO-
rmyeckumn 3abornesaHnamMU, TakuMK kak anunencus [19,
38, 39]. Takum 0Bpa3om, Ha CEroAHALLHWNA A€Hb He Cylie-
CTBYET eMHOro natrepHa 33I, KoTopbIi hopmupoBancs
Obl 32 KOPOTKMI MPOMEXYTOK BPEMEHM C MOMEHTa Havana
pacnpoctpaHeHuss COVID-19. HeT cCOMHEHWA B TOM, YTO
CNEKTP HEMPOU3NONOTUYECKUX U3MEHEHUI DYOET OYEHb
WMPOKMM W NOMMMOP(HBLIM, O4HAKO CTATUCTUYECKW [O-
CTOBEPHbIN aHann3 Bonbluoro obbema LaHHbIX OTKpPOEeT
HanpaBreHns Ons AanbHeiwero aHanusa. Kpome Toro,
He UCKMIOYeHb! NIOBONbITHbIE KOHKPETHbIE HAXOLKM.

LLEJIb NCCIEAOBAHUA

Bbigenutb nattepHbl Q3T xapakTepHble Ans rpynmb
navLyeHTOoB, KaK Npy NOMOLLW KMaCCUYECKOro BU3yarnbHO-
ro aHanusa A3, TaKk U KONMWYECTBEHHbIX METOA0B —
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CMEKTPanbHOro 1 KOrepeHTHOrO aHanu3a, a TakKe Bbl-
SBUTb BO3MOXHbIE 04aroBble U3MEHEHUS, BO3HUKLUME Ha
93T kak nocneacteust COVID-19.

MATEPUAJIbI U METOAbI

Bbinn obcnepoBaHbl ambynaTopHble NauWeHThI, Npo-
XOZsILLME NaHOBY AMarHocTMKy u neyenme B Cr6rbY3
«McuxoHeBponornyeckuin aucnancep Ne 1». [ing aHanusa
copmupoBaHbl Age rpynnbl — A v B. pynna A coctos-
na u3 125 naumeHToB (Bo3pact 18-68 net, 68 XeHLnH 1
57 myxumH), nepeHecwmx COVID-19 ot 3 go 12 mecsues
Hasaf, C pasnMYHbIMK MCUXOCOMaTUYECKUMM Xanobamu,
NOCNYXMBLUMMU NOBOAOM [Ans obpalleHus 3a NCuxo-
TepaneBTU4ecKon nomolublo. pynna B (koHTponbHas)
cocTosina n3 45 300poBbIX UCMbITYEMbIX (COOTHOLLEHME
BO3pacTa W nona aHanoriyHo rpynne A), NpOXOAWBLLMX
obcnenoBaHue Ha NpegMeT gonycka K npoeccmoHarnb-
HOM gesTenbHOCT 6€3 Hannuus B aHaMHe3e KOpOHaBW-
PYCHOW MHEKLMM.

O3l perncTpupoBanu B COOTBETCTBUM C MEXAYHapOA-
Hoit cuctemon 10-20 B 16 MOHOMONSPHBIX OTBEAEHUSIX
(Fp1, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, T5, T6, P3, P4,
01, 02) ¢ ucnonb3oBaHWeM CTaH4APTHOTO pedhepeHToro
MOHTaxa (pedepeHTblii anekTpo bl pacnonoxeH Ha
CKyIoBOM 061acTut ucnbITyemblx crnesa). A3 npoBogunm
C MpUMEHEHWeM annapaTHO-NPOrpaMMHOr0 KOMMsiekca
Muuap-33r-202. B xoae nccnefoBaHus BbIMOSHANM py-
TUHHbIE (DYHKLMOHAmNbHbIE NPOObI, BKMOYaOLWMe TECTbI
C OTKPbITUEM W 3aKPbITUEM [Na3, CTUMYNALMIO CBETOM C
BapbMpytoLLel YacToTon (B aManasoHe 1-15 '), a Takke
TPEXMUHYTHYH NPobY ¢ hOPCUPOBAHHBLIM AbIXaHUEM (TU-
nepBeHTUNALMEN).

KomnbloTepHbIA aHanu3 OCyLLeCTBIIEH C WCMOMb30-
BaHMeM nporpammHoro obecneveHnss WinEEG 2.1 u
Loreta-Key Viewer 04. MNMepBoHayanbHo J3I oueHMBanu
BM3yasibHO N0 YaCTOTHLIM 1 aMNANTYAHbLIM NapameTpam,
a TaKkke MO pacnpefenieHnto pUuTMa Ha KOHBeKCUTarb-
HOW NOBEPXHOCTU U CTENEHWN AECUMHXPOHM3ALMM pUTMa
NpW OTKPbITUM Na3 UMK NOSBMEHUN OANHOYHBIX BCMbl-
ek cseta. C NOMOLLbI KOMYECTBEHHBIX METOA0B I3l
onpeaensann cnekTpanbHy MOLYHOCTb B OCHOBHbIX Ya-
CTOTHbIX AnanasoHax, yuuTbiBas koahPuLNEHTbI Koppe-
NALMM NPU CPABHEHWI BHYTPUMOMYLWAPHbLIX U MEXMONY-
LIApHbIX B3aNMOLENCTBUN.

MapameTpbl NS onpefeneHns cnekTpanbHOW MOoL-
HOCTK ObInn cneayloLmMn: BbIAENSAAM (parMeHT anu-
TenbHocThto 10 ¢ W nepuogom aHanusa 5 c. Vcnonb-
30BanM  Criedylowme  AOMOMHUTENbHBIN  NapaMeTpbl:
nepekpbITWe nepuofoB aHanuaa 50%, BpeMeHHOe OKHO
XaHHa W UnbTp OManasoHa HWU3KOYACTOTHOTO CUrHana
0,25-1,25 'y. Kpome TOroO, ANs BCEX KaHaroB perncrpa-
Unn BbibpaHHbIx cermeHToB O3I, cBOGOAHBLIX OT apTe-
(hakToB, paccynTaH CpeaHWin CNEKTP MOLLHOCTW curHana.
lMonyyeHHble pesynbTaTbl Npeobpa3oBaHbl B MPOLEHTHI
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Takum 0bpasom, YToObl 06Lias cymma no BCEM 4acToT-
HbIM AnanasoHam Ans Kaxgoro uccregyemoro oTBefe-
Hus coctaensna 100%.

NokanbHble U3MEHEHUS! CNEKTPaNbHOM MOLLHOCTY Bi-
3yanuauposanu ¢ NOMOLLb0 METOAA 3NEKTPOMArHUTHOM
Tomorpachum Huskoro paspetenns (LORETA), pesynb-
TaTbl KOTOPOM ObINK NpeacTaBneHbl B BUAE ABYXMEPHbIX
kapT pacnpefeneHus N0 aHaTOMUYECKUM CTPYKTypam.
Cratuctuyeckyio 06paboTKy LaHHbIX NPOBOAUIM C MC-
nonb3oBaHWeM nporpamMmmHoro obecneyenus Microsoft
Office Excel, SPSS n Statistics 17.0. JocToBepHOCTb
NONyYeHHbIX Pe3ynbTaToB OLEHMBANM C NPUMEHEHWEM
t-kputepust CTbtogeHTa. CTaTUCTNYECKM 3HAYUMBIMU CHM-
Tanm pasnuyns npu yposHe 3Haummoctu p <0,05.

PE3Y/IbTATbDI

Mpn BusyanbHom aHanuie I3l y nepebonesLunx
COVID-19 ambynaTopHbix GOMbHbIX MPOCNexXMBaeTcs
TEHOEHUMS K CHUXEHMI0 BbIPAXEHHOCTU anbga-putMa.
Anbha-akTMBHOCTb MNpOSIBNSANAcCL C 3a4epKKOW Kak B
Hayare 3anucu, Tak u npu BO306HOBNEHUM Mocre npo-
Obl C OTKPbITLIMW/3aKPLITHIMU Fla3amMyt U eANHNYHbIX
CBETOBbIX CTMMYynoB. OBLiEN3BECTHO, YTO Y 3[40POBbIX
noge BO3HUKHOBEHME CTabunbHOro anbda-puTma C Bbl-
COKOW amMmnuTygon B Havane 3anucn 33l B CTaHAAPTHbIX
YCroBUAX (MPUrMYLWEHHbIA CBET, MbllleyHoe paccrnabne-
HWe, TULLIWMHA) BapbypyeT No BpeMeHn (0T 1 ¢ 4o 1 MuH
y 90% obcneayembix).

[ns conocTaBneHns A4aHHbIX Mbl UCMONb30BaN TECT
Ha «BOCCTaHOBMEHWEe arnbga-putmMa» nocrne OTKPbITHUS,
a 3aTeM 3aKpbITWS rna3, rae OTNPaBHOM TOYKOW CIyXW-
na oTMeTKa BpeMeHu B (paine 330 «rnasa 3akpbiTbly.
Y 300pOBbIX y4aCTHUKOB (KOHTPOMbHAs rpynna) crabunb-
HbIh anbta-put™M nosensanca B Teyexne 1-2 ¢ y 80%.
B nccnegyemon rpynne A «BOCCTaHOBMEHWE anbga-puT-
Ma» y 60% yyacTHukoB npoucxoguso 3a 5-10 c.

Ha puc. 1 nokasaH cparmeHT ucxogHonm 3, wn-
ncTpupyrowwen  aToT  heHoMeH. TMaUMeHT, MyxX4uHa
(48 ner), xanoBancs Ha MMOXoi COH, HecnocoBHOCTb
COCPefoTONUTLCS, CHDKEHWe BHUMaHUS M namsatn. OH
nepeHec KOPOHaBMPYCHYI MHMeKumio 4 Mecsua Hasag,
neymncs ambynatopHo, OCTpbIA Nepuog npofomkancs
He MeHee 20 AHeW, Ha KOMMbIOTEPHOI TOMOrpamme Obina
ANarHoCcTypoBaHa NHeBMOHMS, TunnyHas ans COVID-19.
CTOMT NOAYEPKHYTb, YTO Y Y4ACTHUKOB U3 rpynnbl A Ha-
Onoganocb yMeHbLUeHWe amnnuTyasl  anbga-putMma.
[Mpn 3TOM YacTOTHbIE NOKa3aTenu JaHHOro puTMa y aTuxX
nauueHToB Obinn Gnnxe K BEPXHEN rpaHuLE Auana3oHa
(11-12 'y npotve 9-10 Iy B KOHTPONLHOW rpynne).

B HacTosLemM uccrefoBaHny Npu CpaBHEHUU CreKT-
panbHOi MoWHOCTK O3l B ABYX rpynnax y nalueHToB,
neperecwnx COVID-19, Habniopanoch ycToiumBoe
CHWXeHWe MHAeKca B anbga-amanasoHe O3l B TO Bpe-
M kak Q3 340pOBLIX Ntogeil AEMOHCTPUPYET SIBHOE
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Puc. 1.

AnekTpo3Huedhanorpamma MyxuuHbl, nepeHecwero COVID-19, 48 net. 3ameaneHne BocCTaHOBNEHMSA anbda-puTMa nocne

3aKpbITHA rnas. Mapkepbl YKa3bIBalOT Ha YCTOﬁHMBOG yBeJllnyeHne nHoeKca anb(ba-p,uanasoua c 5 CeKyHAbI ((*)OTO U3 apxu-

Ba MH[ Ne 1, 2022-2023 rr.)
Fig. 1.

Electroencephalogram of a 48-year-old man who recovered from COVID-19. Delayed alpha rhythm recovery after eye closure. Markers

indicate a steady increase in the alpha frequency range index from the 5th second (photo from the archive of PND No. 1, 2022-2023)

Delta I Theta I Alpha !
Beta-1 Beta-2 Gamma
. ‘ T

0.00 mkB*2

Puc. 2. PacnpepeneHue cnekTpanbHOW MOLHOCTW NPU BbINON-
HEHUM 3IneKTpoaHuedanorpacum y 340pOBOro UCMbI-
TyeMoro (MyxuuHa, 45 net) U3 KOHTponLHolA rpynnsl B
(¢poTo n3 apxusa MHA Ne 1, 2022-2023 rr.)

Fig. 2. Distribution of electroencephalogram spectral power

in a healthy subject (male, 45 years old) from control
group B (photo from the archive of PND No. 1, 2022-2023)

npeobnagaxne anba-putMa kak npu Bu3yanbHOM aHa-
nu3e, Tak 1 Npu onpegeneHn CnekTpanbHON MOLYHOCTM
curHana. Ha puc. 2 oTMeveH Bonee «CBETMbIN» CNEKTP
KpaCHO-XemnToro LjBeTa, COOTBETCTBYHOLLMI BbICOKOMY YPOB-
HI0 NpucyTCTBUA KonebaHuil B anba-auanasoHe, 1 0TMe-
YEHO ero CUMMETPUYHOE pacripefeneHne ¢ Makcumarb-
HbIM MoKa3aTenem B 3aTbINOYHONA 0bnacTn. Takon naTTepH
pacnpefeneHns cnekTpanbHON MOLLHOCTY XapakTepeH Ans
70% 3p0poBbIX Ntogen. BuayansHo Takne 30 oLeHmBatoT
KaK naTTepHbl C LOMUHUPYIOLLMM anbda-puTMOM.

B rpynne A (ambynatopHble nayueHTbl) HabnopaeTcs
Bonee LWMpokoe pacnpeAeneHne BapuaHToB crekTpasb-
HOW MOLLHOCTM MO PasnuyHbIM YaCTOTHLIM AnanasoHam

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

O0l, 4TO COOTBETCTBYET KPUTEPUIO [OCTOBEPHOCTM
(p <0,05) no cpaBHEHMIO C AaHHbIMW O CMEKTPanbHO
MOLLHOCTM B rpynne 340POBbIX. TpaguuMoHHas AOMU-
HaHTa anba-puTMa BCTPEYAETCs 3HAYMTEMBHO pPEXe
(20%). Ona 6onblumHcTBa nauneHToB (62%) 33l xa-
pakTepu3yeTcs pacnpeaeneHmem GuocurHanoB BO BCEX
AnanasoHax oT genbTa- 4o 6eta-2-BoniH. B atom cnyvae
BblAENUTb YCTOMYMBYIO JOMWHAHTY He NpeacTaBnsercs
BO3MOXHbIM (pucC. 3).

Ha puc. 3 1 4 npefcTaBneHbl KapTbl YaCTOTHOMO aHa-
nusa 33T, a Takke pe3ynbTaTbl ANEKTPOMArHUTHON TO-
morpacdun Mo3ra naumeHTa Myxckoro nona, 50 ner, ne-
peHeciiero COVID-19 B cpegHeTspkenon gopme. Lects
MECALEB Hasag OH MPOXOAMN NeyeHue B CTaluMoHape
obuiero npocuns ¢ nocneayoLM NepeBogoM B UHAEK-
LUMOHHOE OTAeneHne. HecMoTps Ha TO YTO MauMeHT cun-
TaeT, YTO BbI3AOPOBES, N BepHYNCs K paboTe, OH xanyeT-
CA Ha COXPaHAKLLMECS NPU3HaKN acTeHOBEreTaTUBHOMO
cuHapoma: obuyto ¢nabocTb, NOBLILEHHOE NOTOOTAENE-
HWE W, KaK creacTBue, ynagok KU3HEHHON SHepru.

Mpu aHanu3e gaHHbIX obpalaeT Ha cebs BHUMaHWe
(bopMUPOBaHME NOKANWM30BaHHOrO ovara Me[neHHOM
aKTMBHOCTW B [enbTa-gnanas’oHe (M B MEHbLUER cTe-
MeHn B TeTa-AuanasoHe) B NpaBOM MOMyLlapuuM Mosra
C Hanbornbluelt BbIpaXEHHOCTbIO B BUCOYHOM 0BnacTty.
OTOT noKkanbHbIN (PEHOMEH OTYETIMBO BW3yanu3upy-
€TCH Ha ABYXMEpHOM rpaduke, NOCTPOEHHOM METOAOM
3NEKTPOMAarHUTHOM TOMOrpadui HU3KOrO paspeLleHns
(LORETA): KpaCHOW CTperkoi BblaeneHa 30Ha NoBbILLEH-
HOW CNeKTparnbHOW MOLLHOCTW B MPaBOW BUCOYHOW Jorne
(cm. puc. 4). MopgoGHoe o4aroBoe AOMMHUPOBAHUE ObIno
3ahukenposaHo y 20% nauneHToB, BXOAALMX B rpynny A.
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Delta Theta Alpha CTOMT OTMETUTb, YTO BU3yanbHas OLEHKA OTHOCWT MO-
A00Hble 3 K TUNY HU3KOAMNAWUTYAHOW MONMMOPHON
aKTUBHOCTY.

TpeTuit Bapuant 330 B rpynne nayneHToB (OKOMO
20%) xapakTepeH ANS LUMPOKOrO Kpyra ncuxocomati-
YeCKuX NauneHTOoB, NOITOMY PACLEHMBAETCS Kak HWU3KO-

Beta-1 Beta-2 Gamma .
cneunuyHbIn. ITOT BapuaHT OTNNYaeTCH CMeLLeHneM
cnekTpansHoi MowHocTh B 6eTa-1- n Geta-2-gnanaso-

aupez  HAX C 0Opa30BaHNEM ABYX «LEHTPOB aKTUBHOCTU» — B
' anbha- u beta-obnactax (puc. 5). BusyanbHo Takue
. Bapuantbl I3 OLEHMBAKT Kak BbICOKOYACTOTHbIE C

3aMeTHOW JoMuHaHTon beta-1-guanasoHa u parmeH-
Puc. 3. CneTpankHasi MOWHOCTL aneKTpodHuedanorpaduiny uc-  TapHbiM  €nabo  BbipakeHHbIM  anbda-npucyTCTB1EM.
MLITYEMOrO OMbITHOM Fpynb A (MyxuHa, 55 nier). Buao B 3anioueHny crieunanucTbl 4acTo MCTonbayioT (hpasy
pacnpegeneHue curdana no BCemM guanasoHam OT AenbTa «nnockas 33|-»
no 6eta-2 (doto u3 apxusa MHM Ne 1, 2022-2023 rr.) )
. | ¢ the ol ol ot B 7abn. 1 npeacrtaeneHbl 0606LiEHHbIE AaHHbIE O
ig. 3. Spectral power of the electroencephalogram in the  onoyrnanpuon MowHoCTH (MKB) B U3yyaeMbix Avana-
subject of the experimental group A (male, 55 years old). 30HaX. BbiIeneHbl SUYeilkh. NeMOHCTDMDVIOWME aKLEHT
The signal distribution is visible in all ranges from delta - DblAes » AEMOHCTDUDYIOLLE aKy
to beta-2 (photo from the archive of PND No. 1, 2022-2023)  CMIEKTPanbHOI MOLLHOCTI B MPaBOiA BIACOYHOI 0bnacTy.
Cpean cucTeMHbIX pesynbTaToB obpallaeT Ha cebs
BHUMaHWE 3HAYNTENbHOE PACXOXAEHME CMEKTPanbHOM
MoLHocT Q3 Mexay nauueHTamu 1 340POBbIMU - WC-
NMbITYEMbIMA B OTHOLUEHUM KonebaHuii B MeAneHHbIX
AnanasoHax — AenbTa- W TeTa-puTMOB. [Mpu CHIKEHNN
amnIUTyabl STUX PUTMOB Y NALMEHTOB WX CreKTpanbHas
BbIPXEHHOCTb 3HauMTEnbHO Bhiwe. ObpalaeT Ha cebs
BHUMaHMWe HekoTopoe npeobnagaHne B NpaBbIX BUCOYHbIX
TOoYKax pernctpauum 33l CnekTpanbHas MOLHOCTb arb-
Puc.4. OnektpomarHuTHas TOMOrpamMma HM3KOro paspelue- tha-putma 9r Yy 30POBbIX NofeN Bbille, YeM Yy navu-
Hua LORETA — BUSYATUSAUNA FOKATILHIX USMGHEHAS 1170, OfIHKO CYUIECTBEHHBIE PASnA4Ms ErACTPUpYIOT
B NPaBOA BUCOUHOW 0BnacT (ToT Xe UCMLITYEMBIM, ooy o 5 noGHOM 1 3aTbINOYHOI OBRacTsx. Nocne onpe-
puc. 3) (doto u3 apxmsa MHM Ne 1, 2022-2023 rr.) o
. , , JefleHns cnekTpanbHon MowHoctn I3 Bbin npoBegeH
Fig.4. Low-resolution electromagnetic tomography of the aHanU3 KOrepEeHTHOCTH, HaNpaBMeHHbIii Ha CpaBHEHHe
LORETA — visualization of local changes in the right ’ o
temporal region (the same subject, Fig. 3) (photo from the Memqonymaprlx unu- BHYTPUNOMYyLApHbIX B3aMMOAEN-
archive of PND No. 1, 2022-2023) CTBWA. Y 3[0POBbIX MCMbITYeMbIX (rpynna B) ctabunbHo
HabntogatoTCs BbICOKME KOIDULIMEHTBI KOPPENsSLMM Kak
Mexay nonywapusmu (B napax Fp1-Fp2, C3-C4, F7-FS8,

ette Theta Alpha T3-T4, T5-T6, P3-P4, 01-02), Tak 1 BHyTp¥ NonyLuapuii
(8 napax Fp1-T3, Fp1-C3, Fp2-C4, Fp2-T4, T3-01, C3-
01, T4-02, C4-02) (puc. 6).
B koHTponbHOWM rpynne anbga-uHOEKC Koppensum
AEMOHCTPUPYET YCTOMYNBOCTb Ha npoTskeHun 10-ce-
Beta-1 Beta-2 Gamma KyHoHoro otpeska O3, BbibpaHHOrO [Ons aHanusa.
Y 90% obcnenyembix AaHHOW Tpynmbl KO3PULNEHTbI
YR koppensauum B anbga-putMe npessiwany 0,6. B otinune
I OT 3TOro, Y NauneHToB HabnoaaeTcs pasHopoaHas Kap-
., TvHa Q3. CtabunbHble nokasatenu ¢ KoaUUMEHTOM

3 Bbile 0,6 N0 BCEM MCCNEA0BaAHHBIM MEX- U BHYTPUNONY-

Puc. 5. Pacnpe,q:neuue cnengganou gloumocm y nauumeHra LapHbIM CBA3AM 3a(bVIKCVIPOBaHbI nuwb y 25% y4acTHU-
rpynMbl A (KeHlka, 38 net). OTMENAeTCA (GOPMUPO- o 1) craTyCTIIYECKM 3HAYMMO OTAMYAETCA OT rpyNMbl

BaHue ABYX aKueHToB B 6eTa-1- u anbdha-gnanasoHax

(cboTo u3 apxvsa MHI Ne 1, 2022-2023 rr.) koHTpons (p <0,05). B 60MnblWNHCTBE OCTaNbHbIX Cryya-

Fig. 5.  Spectral power distribution in a patient, group A (female, €8 OTMEYaeTCA ocnabnetve B:v%aMMO}.'l,eVICTBVIFI MexAy
38 years old). Two accents in the beta-1 and alpha bands OTAENbHBIMA Napamin OTBEEHNN, NPEUMYLIECTBEHHO B

are noted (photo from the archive of PND No. 1, 2022-2023)  BUCOYHbIX oBnacTsix (T3 u/unm T4).

(X.Y.2Z)=(-3,52,1) [mm] ; (1.66E-4]

5 0 +5om (X)

5 0 +5em (X)
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Tabnuua 1
CneKTpanbHas MOLHOCTb 3NeKTpo3Huedanorpacmm (MkB)
B fenbTa-, TeTa- U anba-ananasoHax
Table 1
Electroencephalography spectral power (uV) in delta, theta, and alpha bands
393r-ot- OnbiTHas rpynna (A) KonTponbHas rpynna (B)
BefeHue An experienced group (A) The control group (B)
Ab?:ﬁ;ng AenbTa TeTa anbda AenbTa TeTa anbda
delta theta alpha delta theta alpha
Fp1 5+1,2* 10+4,2* 1244 5* 0,2+0,1 5422 21478
Fp2 6+2,1* 11+4,6 1746,4 0,340,1 5123 19475
F3 5+2,2** 9+3,9* 1645,4 0,1£0,1 4419 17+6,8
F4 4+1,9"* 10+4,1** 176,5 0,240,1 3+1,6 19+7,6
F7 542,3* 11+4,5* 1545,0 0,3+0,1 31,7 16+6,5
F8 4+1,7* 8+3,8* 19+7,9 0,3%0,1 4+1,8 22481
C3 2+1,4* 10+4,1** 1143,9 0,3+0,1 3+1,6 12+4,7
C4 1£0,6* 9+3,7** 10+3,6 0,210,1 3+1,6 10+4,4
T3 3+1,6* 11+4,3* 1645,6 0,3+0,1 2414 17+6,7
T4 6+4,5** 155,9** 1448 0,4+0,1 3+1,5 15+4,3
T5 341,7% 10+4,5** 18+7,6 0,3+0,1 3+1,6 2047,5
T6 75,6 14457+ 1615,4 0,2+0,1 2414 18+6,9
P3 4+1,9* 9+3,8* 19+7,8* 0,40,2 3+1,6 2510
P4 4+1,9* 10+4,1* 20481 0,3+0,1 3£1,5 22+9,5
01 6+4,3** 1144 4% 22+8,8** 0,240,1 4+18 35+11,3
02 6+4,5* 10+4,2* 24+10,1** 0,3+0,1 52,0 32+111

[ocToBepHocTb * p <0,05; **p <0,01.
Reliability * p <0.05; **p <0.01.
Tabnuya cocmagneHa asmopamu

The table is prepared by the authors.

0.60 0.80 — 040 0.60
Puc. 6. CooTHOWEHNE MEXNONMyWapHOro U BHyTpunonywapHo- Puc.7. COOTHOIWEHWe MEXNONyWapHOro 1 BHYTPUNONYLWAPHO-
ro B3aUMOZENCTBUA MeXAYy TOYKamum B COOTBETCTBUM ro B3aUMOZEWCTBMA MeXay OTBEAEHNAMU B COOTBETCT-
¢ cucremon 10/20 B anb¢a-guanasoHe B uccnegyemon BuuM ¢ cuctemoii 10/20 B anbcha-guanasoHe, naument C.
KOHTPOJNILHOM rpynne (3MeKTposHuedanorpaMma xeH- (anekTpoaHuedanorpamma MyxuuHbl, 50 net) (poto u3
wuHbl, 35 net) (poto u3 apxmsa MHA Ne 1, 2022-2023 rr.) apxuBa MHAO Ne 1, 2022-2023 rr.)
Fig. 6.  The ratio of interhemispheric and intrahemispheric in- Fig. 7.  Ratio of interhemispheric and intrahemispheric inter-

teraction between points according to the 10/20 sys-
tem in the alpha band in the studied control group (fe-
male electroencephalogram, 35 years old) (photo from
the archive of PND No. 1, 2022-2023)

action between leads according to the 10/20 system in
the alpha band, patient C. (male electroencephalogram,
50 years old) (photo from the archive of PND No. 1, 2022-
2023)
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0.40

0.60

CooTHOLlWEHNe MeXNONYLAPHOro U BHYTPUNONYLWAapHO-
ro B3aI/IMO,qu7ICTBVIS| Mexay oTBeaeHUAMMU B COOTBETCT-
Buu ¢ cuctemoit 10/20 B anb¢a-guanasoHe. Mpynna A,
3nekTposHuedanorpaMma XeHwWwuHbl, 55 net (doto u3
apxua MHA Ne 1, 2022-2023 rr.)

The ratio of interhemispheric and intrahemispheric in-
teraction between the leads according to the 10/20 sys-
tem in the alpha range. Group A, electroencephalogram
of a woman, 55 years old (photo from the archive of PND
No. 1, 2022-2023)

Puc. 8.

Fig. 8.

B KkauecTBe npumepa KOrepeHTHOrO aHanusa npu-
Bogum cnyyan naumeHta C., 50 net, nepeHeclero
COVID-19 cpeaHeit cTeneHn TAXeCTH, € rocnuTanuaaui-
el 1 neveHnem B peaHumaumu (puc. 7). Cnycts nonroaa
nocne BbI34OPOBEHUS NALMEHT XanoBasncs Ha nepuoau-
Yeckune MblLieyHble 601, CHUKeHne paboTocnocobHOCTM
W nnoxoi coH. Mpu aHanuse B3I BLISBMEHO YMEHbLUE-
HWe KoathuumeHTa Koppensauun Mexay nonywapusmm
B Toukax T3-T4, a Takxe CHKEHWe BHYTPUMONYyLWapHbIX
B3aNMOAENCTBNUIA B 0TBeAEHMAX Fp1-T3 n T4-02.

/3yyeHne nokasatenei KorepeHTHOCTH y BOMbHbIX 13
rpynnbl A AEMOHCTPUPYET MOBLILEHHYK YCTOMYMBOCTb
MEXMOSYLWApHOTO B3aWMOLENCTBAS Ha (POHe pasHo-
obpasHbIX NposIBNEHUt ocnabneHust CBA3ER BHYTPU
Ka)xgoro monyliapusi, 4acto obnagatowmx 3epkarnbHOW
cuMmeTpuen. B kadecTBe npumepa KOrepeHTHOro aHanm-
3a Ha puc. 8 npefcrtasneH cnyyan nauynenTtku K., 55 ner,
nepeHecLlen KOPOHABUPYCHYIO MHQeKUMo cpegHen Ts-
KECTW OKOMO nonyrofa Hasag, C NepBUYHONM rocnuTanu-
3auveit B 06Lyto 60MbHNLY U NocneayoLMM NepeBoaoOM
B WH(EKUMOHHOe oTaeneHue. [lauyueHTka oueHuBaeT
CBOE COCTOSIHME KaK «BbI34OPOBMEHWE», BepHynachb K
paboTe, 04HAKO XarnyeTcs Ha CUMNTOMbI acTeHoBereTa-
TMBHOTO XapakTepa, Takue Kak ynagok Cir, NOBbILLEHHOE
NOTOOTAENeHNe U, Kak CreACTBUE, CHUKEHWE WHTepeca
K KU3HW. YMeHblUeHUe KoaULIMEHTa KOrepeHTHOCTU
Mexgy nonywapuamu HabrniogaeTcs UCKMYMTENBHO B
oTBeAeHusx T3-T4, a ocnabneHue BHYTPUMONYyLLAPHBIX
B3aMMOLENCTBUIA — B YeTblpex napax oTBedeHuin: Fpl-
C3, T3-01, Fp2-C4 n T4-02.

OBCYXAEHWUE PE3Y/IbTATOB

Ananua pesynbtatoB 33l -UccnefoBaHus NauneHToB
¢ COVID-19 u nutepaTypHbIx gaHHbix 3a 2020-2025 rr.
nokasblBaeT, YTO OCHOBHbIE JaHHble I3[ cocpegoToye-

HOBbIE TEXHOJ1IOT'MU B MEAULUHE

NEW TECHNOLOGIES IN MEDICINE

Hbl Ha CHWKEHUM HanpskeHWs (amnnutydbl) GuocurHa-
NOB U PasfMyHbIX BapuaHTax MoNMMOPQHON aKTUBHO-
CTW ¢ npeobnagaHuem onpegeneHHblx putmos A3l B
nokarnbHbIX 00nacTax KOHBEKCUTANbHOW MOBEPXHOCTH.
lMepeHeceHHas KOPOHaBUPYCHas WHGEKLNS Y NaLMEHTOB
HeponcuxmnaTpuyeckoro Npoduns xapakTepusyeTtcs Ha
O3l psigom ocobeHHOCTEN. ITO CHIMKEHME peakTUBHOCTM
KOpbI FOIOBHOTO MO3ra, M B MEPBYIO 0vepelb U3MEHEHNE
napameTpoB anbda-putma [40]. OTmevaeTcs 3HaUUTENb-
HOe M3MEeHeHWe KapTWHbI CMeKTpanbHOM MOLHOCTU QI
3a CYET paclMpeHns OMUHUPYHOLLMX obracten akTue-
HOCTW [0 YacToT, Hanbonee 6nn3kMX K anbda-granaso-
Hy, — 970 beTa- 1 TeTa-guana3oHbl. COrnacHo KorepeHT-
HOMY aHanuay COXPaHsIOTCS BbICOKME KOIPPULMEHTDI
MeXMOonyLIapHoOro B3anMogencTens 1, HaobopoT, yMeHb-
LUAeTCs KONMYECTBO BHYTPUMONYLUAPHbIX CBSA3EH, 4acTo
3aTparmBatoLLX BUCOYHbIE OTBELEHNS.

B Ka4yecTBe MHTEPECHON, BOSMOXHO, CreLuduyeckon
[eTanu aHanusa Mbl akLEeHTUPYEM BHUMaHWE Ha Xapak-
TEPHOM COBWre CMeKTparnbHOM MOLLHOCTW B MeANeHHO-
BOJTHOBbIX AnanasoHax ¢ (a3soit Bo3OYyxaeHUs B NpaBoi
BMCOYHOWM obrnactu. HuskoamnnutygHble O3l -naTTepHsl
peructpupytot npumepHo y 10% HopmanbHbIX 300POBbIX
nopen [27, 41]. OHM He NposIBNSOTCA reHepauuen no-
MUHWpYIOLLero anbga-putMa, U OTMEYaloT CHUKEHHYIO
peakTMBHOCTb, a BeTa- U anbda-4acToTbl «CMeLlaHbly.
B cepun uccnegosannit y 100% naumeHToB 3adukcnpo-
BaHa O3l -amnnuTyga He Bbiwe 20 MKB ¢ peakumu npo-
SBMIEHNSIMW PEAKTUBHOCTY.

[Mpy perucTpauuy CTaHAaApTHOrO CHa Ha I3 nokasaHo,
4TO MpW CMOHTAHHOM 3acbiMaHUK COHHbIE BEPETEHA OTCYT-
CTBOBaNM unu Bbinu cnabo BblpaxeHbl. [y KOHTPOMbHBIX
nccnenoBaHUsX MauueHToB ¢ GnaronpusiTHbIM - MCXOAOM
COVID-19 BbIsIBNEH 3aAHUIA JOMUHAHTHBIN TETa-PUTM, YTO
WCKIOYano r3nNonornieckoe OTCyTCTBME 3aaHEro anbga-
putma [15, 27, 29, 42-44].

lMaTTepHbl HU3KOrO HanpsxxeHns Ha 3 unu reHepa-
NIM30BaHHOrO MOAABIEHNS YACTO CBA3aHbI C 0BLWNPHBIMY
KOPKOBbIMW 1 MOAKOPKOBBIMIA MOPAXEHUAMU, TaKUMI Kak
BeckucnopogHas aHuedanonatus unu Tsxenas Yepen-
HO-MO3roBasi TpaBma. JTOT MATTEPH NpeALlecTBOBas
HebnaronpusTHomy nporHo3y (4 6anna no wkane 11
KayecTBEHHOW Knaccudukaumm nameHeHun 330 wnu
HeobpaTumbIM npoueccam [45, 46]. Coobwanock o no-
[OOHbIX MpoLeccax npu ULeMUYeckol sHuedanonatum
[47, 48], 32 UCKNIOYEHMEM TMMOTUPEOUAHON 3HLedano-
naTum, KoTopylo cuutatoT obpatumon [27]. Bbino Takke
OMMCaHO HU3KOEe HanpsbkeHne Ha A3 npu auddysHoi
ONCGYHKUMM HENPOHOB, BbI3BAHHOW NepeoxNaxaeHnem
WA VHTOKCUKALMEN fneKapCTBEHHbIMU MpenapaTamu,
YrHETaIOLMMN LieHTpanbHY0 HepBHYI0 cuctemy [48].

Mpwn aHanu3e nuTepatypbl 06HapyxeHo BonbLIoe Konu-
YeCTBO Pa3pO3HEHHbIX AaHHbIX O YYBCTBUTENBHOCTM CrEK-
TpanbHON MOLLHOCTM KaK Ans NpuobpeTeHHbIX, Tak v Ans
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BPOXOEHHbIX COCTOSIHWA, KOTOPbIE MaTONOrM4eckn M3me-
HAIOT AEATENbHOCTb MO3ra. B YacTHoOCTW, nokasaHo yBenu-
YeHMe MOLLHOCTM MefSIeHHbIX AenbTa- U TeTa-AanasoHoB
y NaLUMEHTOB C OCTPbIMIA HapYLLEHUSIMU MO3TOBOrO KpPOBO-
0bpalLeHns C IBHOM MONOXWTENBHOM AUHAMUKON K 14-My
[HIO NMpU OTCYTCTBIM NIOKarbHbIX 04aroB MeasIeHHON aKTuB-
HocTu [44, 49]. Psag aBTOpPOB OTMEYAlOT YBENNYEHE Crek-
TpanbHOM MOLLYHOCTW B AenbTa-anana3oHe y nauneHToB ¢
COMYTCTBYIOLMMM OPraHU4eCKUMI MOPAKEHUSIMU TONOBHO-
ro mo3ra [9, 44, 49]. B 10 e BpeMs 3Ha4YUTESbHbIE U3MEHE-
HWS CTIeKTparbHbIX XapakTepuctuk I npyn wr3odpeHum
BbISIBINEHbI TOMbKO NPW aHaANM3e peakLum Ha 3BYKOBbIE Wi
3puTenbHble CTuMynb [42, 43].

Henb3s 3abbiBaTh, 4TO MO3r HE MOXET (DYHKLMOHMPO-
BaTb «M30/IMPOBAHHOY OT OCTanbHOrO OpraHnama. Mave-
HEeHWs B pexume paboTbl MHOMMX BHYTPEHHUX OpraHoB
yepe3 NCUXOCOMATUYECKME CBSA3M BMMSIOT Ha paboTy
FOMOBHOMO MO3ra, YTO O3HAYaeT W3MEHEHUS CheKkTpanb-
Ho MowHocTy Q3. Hanpumep, yBenuyeHue cnektpans-
HOW MoLLHOCTM B BeTa-1- 1 anbda-gnanasoHax onucaHo
NPy pasinYHbIX 3HAOKPUHHBIX naTonorusx [27]. B page
craten, nocssieHHsIx 33 n COVID-19, ynomuHaeTtcs
(POHOBLIA CTPecc OT dmandeckoin akTuBHocTn [50-52].
HekoTopble aBTOpPbl 0BHAPYXMBAKOT HU3KY aMnnnuTydy
Q9l-konebaHuin, HO 0OBACHSAT ee MeTabonnyeckumu
WU ULLIEMNYECKUMUN U3MEHEHWAMM.

OpHa n3 npobnem MOXET 3akniyatbCs B TOM, YTO
O3l-uccnegoBaHnst MpoBOAAT MO METOOONOruM, OT-
NNYHON OT CTaHZApTHOW, — C MCMOSIb30BAHUEM MeHee
10 anekTpogoB BMECTO 21 (4N CHUKEHMS pUCKa 3apaxe-
Hna COVID). CornacHo NpuHATLIM B HacTosiLiee Bpems
HOpPMarnbHbIM 3HAYEHUSAM amniuTydbl, a Takke Kpute-
pusam AmepukaHckoro obLyecTBa HeMpoU3nomnoroB Ans
CTaHgapTu3auuy TepmuHonorin 30, B peaHuMauum 1c-
nonb3yT 21-3nekTpogHble AN -LUnembl, KOTOpbIE CYuTa-
lOT «30M10TbIM CTaHAAPTOMY. M3BECTHO, YTO paccTosiHUe
MexXay 9neKTpoAaMu BNUSIET Ha amnnuTygy konebaHun,
noaToMy 3anncu ¢ HebOoMbLIUM KONMYECTBOM 3MEKTPOLOB
yABauMBaloT PacCTosiHME MexXay 9NeKTpoAamu W nonyya-
toT Bonee BbICOKOE aMNAMTY/bl, B CBA3M C YEM OHM LOSK-
Hbl UMETb CBOW CTaHAApTHbIE 3HayeHus [37, 53]. OgHako
3TN coobpaxeHus Gonee xapakTepHbl Ans GUnonspHoi
perucTpaun, a He 4ns MOHONONspHON [54].

Hecneundmnyeckme nameHeHuss 93 Takke OMMCaHbI
y nauueHtoB ¢ COVID-19, koTopble OTnMYaloTcs OT Ta-
KOBbIX MPK APYrX MHEEKLUMOHHBLIX MM MeTabonnyecknx
SHUedanonatuax. B kayectBe OTAMYMTENBHOTO NpU3HaKa
3a(PMKCUPOBAHO CHIMKEHWE CMEKTPasibHOW MOLLHOCTH, Ha-
noMUHatoLLee TSKeNble SHLedanonaTnieckne CoCToSHNS,
CBSI3aHHbIE C MNOXVMM MPOrHO30M. AHanorMyHas kapTuHa
Habnoganach kak B OTAENEHUSX WHTEHCUBHOW Tepaniu,
Tak ¥ B CTaH4apTHbIX Nanartax, a Takke y NauueHToB C
BraronpusITHbIM pasBUTEM UMM NPOrPECCUPYIOLLUM YXYa-
LIEHeM COCTOSHWS. B TO e Bpems y nauyneHTos ¢ bnaro-

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

MPUSTHBIM UCXOZOM 3TW U3MEHEHWS UMEnn TEHAEHLMIO K
Hopmanu3auun J3I. OCHOBLIBAsICL Ha 3TUX pe3ynbTaTax
Q0I, MeTabonMUecKUi/rTNOKCUYECKUA  MEXaHU3M npea-
CTaBMsAETCA ManoBeposiTHbIM. Huskas amnnutyga 3l
BO3MOXHO, Bbl3BaHHAs AECUHXPOHW3aLMEN, MOXET 0bbsC-
HWUTb MUHUMAsbHYIO PacpOCTPAHEHHOCTb SMUNENTUYECKO
aKTWBHOCTM, OMKCaHHyto Y nauneHTos ¢ COVID-19 [28].

Takum obpasom, Q3 — BaXHbIA MHCTPYMEHT B fe-
YEHWM W OMarHOCTWKe MaLMeHTOB C HEBPONOTMYECKUMM
nposineHusimu COVID-19, ocobeHHo ¢ 3HUedanonatu-
eil, CydopOXHbIMM MpUNagaKkaMn 1 dNUNenTU4eckum cra-
TycOM. HapyLueHus, ecnm OHW NPUCYTCTBYIOT, BKIHOYAIOT
3ameaneHue, nepuoanyeckne paspsagpl, anunentudopm-
Hble pa3psabl, CyAOPOrK W NUNIENTUYECKUA CTaTyC, YTO
yKa3biBaeT Ha NOKanu3oBaHHyK ANCHYHKLMIO, Hecneuu-
bryeckylo sHUedanonatmio 1 Bo30yaMMOCTb KOpbI rO-
NOBHOTO MO3ra Npu 3TOM COCTOsiHMM. CTeneHb aHoOManumn
O3l 3aeucut ot anarHoda COVID-19, npooonxuTensHo-
CTW HabniofgeHns, paHee CyLlecTBOBABLUMX HEBPONOrU-
yeckux 3ab0neBaHuil, TakMX Kak anuUnencus, u THKecTu
3abonesanns. AHomanum 33, nopaxarwLyne nobHble
[0MNN, NO-BAAMMOMY, PacnpOCTPaHeHb! Y NaLWUEHTOB C 3H-
LetanonaTtuein, accoyumposarHoint ¢ COVID-19, u moryt
ObITb NPEANOXeHbI B Ka4eCTBE NOTEHLMaNbHOro Gromap-
Kepa npu yCrnoBumn NX NOCTOSHHON PErUCTpaLum.

BbIBOAbI

1. Busyanusaums 33 nossonseT pasgenutb no-
cneactens COVID-19 Ha Tpu rpynnbl. Y 6onblueit Yactu
obcnenyembix (62%) O3 aeMOHCTpUpYeT paBHOMEPHOE
pacnpegeneHne B1uoaNekTPUYECKON akTUBHOCTY MO BCEM
“ccneayembiM YacToTHbIM AnanasoHam, OT AenbTa- [0
beta-2-BonH. B nogobHbIX CUTyaumsx YeTkoe Bblgene-
HE OOMUHMPYIOLLEN YacTOTbl 3aTpyaHUTENbHO. [laHHOe
SIBMEHWe MOXHO MHTEPNpeTUpoBaTh Kak BapuaHT nonu-
MOPMHON HU3KOYACTOTHOW akTUBHOCTM.

2. 93 BTOpOW rpynnbl XapakTepusytTcs noaumopd-
HOW HM3KOYACTOTHOW aKTMBHOCTbIO C BblPAXEHHbIMY
AenbTa- U TeTa-puTMaMMm.

3. Tpetbto rpynny coctasunu A3l ¢ npeobnagaHmem
BbICOKOYACTOTHOrO GeTa-1-guanasoHa 1 MUHUMAnbHbIM
npuUCyTCTBUEM alba-puTMma, KOTOpyt OnpeaenstoT Kak
«nnockyo 3.

4. OTmevaeTcs hOpMMPOBaHME OYaAroBbIX N3MEHEHMUI
MeZJIEHHOBOMHOBOrO XapakTepa C XapaKTepHON fokanu-
3aumen B npaBoin BUCOYHON obnactn y 20% naumeHToB.

5. B koHTponbHOM rpynne 33l anba-auanasoH ae-
MOHCTPUPYET YCTONYMBbIE KOPPENSLMOHHbBIE MOKa3aTenwu,
roe y nopasnstowero 6onbwinHeTBa (90%) y4acTHUKOB
Ko3ahhuLmMeHTbI koppensauun npesbiwann 0,6. B otnnymne
OT 3TOr0, y NaLMeHTOB HabnogaeTcs pasHopoaHas kapTu-
Ha: nuLWb Y YeTBepTH (25%) 1cnbiTyeMblx 3adMKCUPOBaHI
CTabunbHO BbICOKVe 3HaueHust (bonee 0,6) no Bcem nccne-
[0BaHHbIM CBA3AM, KaK MeXZy, TaKk ¥ BHYTpU nonyLiapui.
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[Mpn aHann3e ko3P DULNEHTOB KOFEPEHTHOCTY Y NaLMeH-
TOB BbIIBNEHa NPOTUBOMNONOXKHAS TEHAEHLMS: NOBbILLEH-
Has CTabunbHOCTb MEXNOMNYLWAapPHbIX CBS3EN W Bap1aTmB-
Hoe ocnabneHne BHYTpMNOMYyLWapHbIX B3aUMOAENCTBUNA,
4acTo UMetoLLee «3epKanbHbIi» XapakTep.

AOMNOJ/IHUTE/IbHAA UH®OPMALLNA

Bknapg aBTopoB. H.1O. Kunstkos — cbop matepuana,

HanncaHue nexoaHoro Tekcta; C.A. JlbiTaeB — pa3pabot-
ka KOHLENUWUW MCCNEA0BaHNS, Hay4YHOe U TeXHUYeckoe
pegaktuposaHue; H.B. CkpebuoBa — aHanu3 nonyyex-
HbIX Pe3yNnbTaToB, BbINOMHEHWE CTAaTUCTUYECKOTO aHanu-
3a; B.B. laiBopoHCKas — aHann3 noryyeHHbIX pesyrb-
TaToB, noabop nuTepaTypHbix WUcTouHWKOB; K.A. Benb-
ckast — noabop NuTepaTypHbIX UCTOYHWKOB, BbINOIHEHNE
CTaTUCTUYECKOrO aHanmsa.

Bce aBTOpPbl BHECIU Cyl.l.leCTBeHHbIVI BKIag B paspa-

OOTKy KOHLenuun, NpoBeAEHNE UCCNeLoBaHMs U NOArO-
TOBKY CTaTbit, MPOYAM 1 0806pUNN PUHaMNbHYID BEPCUIO
nepeg nybnukauyuen.

KoHdnukT nHTepecoB. ABTOPLI AEKNapUPYHOT OTCYT-

CTBME ABHbIX U NOTEHLMaNbHbIX KOHCbJ'IIAKTOB NHTEpeCcoB,
CBA3aHHbIX C ny6nv||<au,|/|e|7| HaCTOFILLI,eI7I CTaTtbu.

HOBbIE TEXHOJIOTUN B MEANLNHE
NEW TECHNOLOGIES IN MEDICINE

MHdopMmmpoBaHHOe corfacMe Ha nybGnukauuio.

ABTOpr nony4ymnu nucbMeHHoe cornacue nauneHToB Ha
ny6r|v||<au,|/|ro MEeONLMHCKNX OaHHbIX.

ADDITIONAL INFORMATION

Author contribution. N.Yu. Kipyatkov — collection

of materials, writing the original text; S.A. Lytayev —
development of the research concept, scientific and

technical editing;

N.V. Skrebtsova — analysis of

the obtained results, performing statistical analysis;
V.V. Gaivoronskaia — analysis of the obtained results,
selection of literary sources; K.A. Belskaya — selection of
literary sources, performing statistical analysis.

All authors made a substantial contribution to the con-

ception of the study, acquisition, analysis, interpretation
of data for the work, drafting and revising the article, final
approval of the version to be published and agree to be
accountable for all aspects of the study.

Competing interests. The authors declare that they

have no competing interests.

Consent for publication. Written consent was ob-

tained from the patient for publication of relevant medical
information within the manuscript.

JINTEPATYPA

1.

2026;11(1):77-90

De Stefano P., Nencha U., De Stefano L. et al. Focal EEG chan-
ges indicating critical illness associated cerebral microbleeds in
a Covid-19 patient. Clin Neurophysiol Pract. 2020;5:125-129.
https://doi.org/10.1016/j.cnp.2020.05.004.

Hameed S., Saleem S., Sajjad A., Fahim Q., Wasay M., Kan-
war D. Spectrum of EEG Abnormalities in COVID-19 Pa-
tients. J Clin Neurophysiol. 2024;41(3):245-250. https://doi.
org/10.1097/WNP.0000000000000964.

Manganotti P., Iscra K., Furlanis G., Michelutti M., Miladinovi¢ A.
et al. Mapping brain changes in post-COVID-19 cognitive de-
cline via FDG PET hypometabolism and EEG slowing. Sci Rep.
2025;15(1):23141. https://doi.org/10.1038/s41598-025-04815-6.
Nagy B., Protzner A.B., Czigler B., Gaal Z.A. Resting-state neu-
ral dynamics changes in older adults with post-COVID syndrome
and the modulatory effect of cognitive training and sex. Gero-
science. 2025;47(1):1277-1301. https://doi.org/10.1007/s11357-
024-01324-8.

SunY., Sun J., Chen X., Wang Y., Gao X. EEG signatures of cog-
nitive decline after mild SARS-CoV-2 infection: an age-depen-
dent study. BMC Med. 2024;22(1):257. https://doi.org/10.1186/
§12916-024-03481-1.

KoceHkoea T.B., Tumuenko B.H., Hosukosa B.I. n gp. Kopo-
HaBupycHas uHdekuus u COVID-19 y peteir. Yactb 2. Knuhu-
yeckme ocobenHoctn COVID-19 y feTen: neroyHble 1 BHene-
TOYHble MPOSIBNEHUS, OCMOXHEHWUS, B TOM YMCnE MymbTUCKC-
TEMHbIN BocnanuTenbHblii cuHapom. Children’s Medicine of the
North-West. 2025;13(1):16-38. https://doi.org/10.56871/CmN-
W.2025.54.93.002. EDN: SGJZTO.

Novikova V.P. Gastrointestinal manifestations of novel coronavi-
rus infection. Review and meta-analysis. University Therapeutic
Journal. 2022;4(4):5-15. https://doi.org/10.56871/9141.2022.38.
30.001. EDN: PQPNNC.

Flamand M., Perron A., Buron Y., Szurhaj W. Pay more attention
to EEG in COVID-19 pandemic. Clin Neurophysiol. 2020;131(8):
2062-2064. https://doi.org/10.1016/j.clinph.2020.05.011.

Lytaev S. PET-Neuroimaging and Neuropsychological Study for
Early Cognitive Impairment in Parkinson’s Disease. In: Rojas I.,
Valenzuela O., Rojas F., Herrera L.J., Ortufio F. (eds) Bioinforma-
tics and Biomedical Engineering. IWBBIO 2022. Lecture Notes in
Computer Science 13346. Springer, Cham; 2022. P. 143-153.
Huang C., Wang Y., Li X. et al. Clinical features of patients in-
fected with 2019 novelcoronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506. https://doi.org/10.1016/S0140-6736
(20)30183-5.

Lytaev S.A., Kipaytkov N.Yu., Navoenko T. Quantitative EEG
Findings in Outpatients with Psychosomatic Manifestations
After COVID-19. In: Bioinformatics and Biomedical Engineer-
ing: Conference proceedings, Gran Canaria, Spain, 12-14
June 2023. Vol. 13919. Springer Cham: Springer Cham; 2023.
P. 560-572. https://doi.org/10.1007/978-3-031-34953-9_43. EDN:
BRDXPR.

Mao L., Jin H., Wang M. et al. Neurologic manifestations of hos-
pitalized patients with Coronavirus disease 2019 in Wuhan, Chi-
na. JAMA Neurol. 2020;77(6):683-690. https://doi.org/10.1001/
jamaneurol.2020.1127.

Pellinen J., Carroll E., Friedman D. et al. Continuous EEG fin-
dings in patients with COVID-19 infection admitted to a New York

POCCUNCKUE BUOMEANLUNHCKUE MCCNELOBAHNA

RUSSIAN BIOMEDICAL RESEARCH




HOBbIE TEXHOJIOTUN B MEAVNLUWHE
NEW TECHNOLOGIES IN MEDICINE

20.

21.

22.

23.

24.

25.

26.

academic hospital system. Epilepsia. 2020;61(10):2097-2105.
https://doi.org/10.1111/epi.16667.

Wu'Y., Xu, X., Chen Z. et al. Nervous system involvement after in-
fection with COVID19 and other coronaviruses. Brain Behav Im-
mun. 2020;87:18-22. https://doi.org/10.1016/j.bbi.2020.03.031.
Asadi-Pooya A.A., Simani L. Central nervous system mani-
festations of COVID-19: a systematic review. J Neurol Sci.
2020;413:116832. https://doi.org/10.1016/j.jns.2020.116832.
Galanopoulou A.S., Ferastracaru V., Correa D.J. et al. EEG
findings in acutely ill patients investigated for SARS-CoV-2/
COVID-19: a small case series preliminary report. Epilepsia
Open. 2020;5(2):314-324. https://doi.org/10.1002/epi4.12399.
Louis S., Dhawan A., Newey C. et al. Continuous electroence-
phalography characteristics and acute symptomatic seizures in
COVID19 patients. Clin Neurophysiol. 2020;131(11):2651-2656.
https://doi.org/10.1016/j.clinph.2020.08.003.

Paterson R.W., Brown R.L., Benjamin L. et al. The emerging
spectrum of COVID-19 neurology: clinical, radiological and
laboratory findings. Brain. 2020;143(10):3104-3120. https://doi.
org/10.1093/brain/awaa240.

Campanella S., Arikan K., Babiloni C. et al. Special report on
the impact of the COVID19 pandemic on clinical EEG and re-
search and consensus recommendations for the safe use
of EEG. Clin EEG Neurosci. 2021;52(1):3-28. https://doi.
0rg/10.1177/1550059420954054.

Petrescu A.-M., Taussig D., Bouilleret V. Electroencephalogram
(EEG) in COVID-19: a systematic retrospective study. Neuro-
physiol Clin. 2020;50(3):155-165. https://doi.org/10.1016/j.neu-
cli.2020.06.001.

Clemente L., La Rocca M., Quaranta N., lannuzzi L. et al.
Prefrontal dysfunction in post-COVID-19 hyposmia: an EEG/
fNIRS study. Front Hum Neurosci. 2023;17:1240831. https://doi.
org/10.3389/fnhum.2023.1240831.

Furlanis G., Buoite Stella A., Biaduzzini F., Bellavita G., Frez-
za N.A. et al. Cognitive deficit in post-acute COVID-19: an oppor-
tunity for EEG evaluation? Neurol Sci. 2023;44(5):1491-1498.
https://doi.org/10.1007/s10072-023-06615-0.

Yang Y., YuT, Yang J., Luo J., Liu X. et al. Clinical manifestations
and EEG findings in children infected with COVID-19 and exhibi-
ting neurological symptoms. BMC Pediatr. 2024;24(1):49. https://
doi.org/10.1186/512887-023-04496-y.

Babiloni C., Gentilini Cacciola E., Tucci F., Vassalini P., Chilovi A.
et al. Resting-state EEG rhythms are abnormal in post COVID-19
patients with brain fog without cognitive and affective disorders.
Clin Neurophysiol. 2024;161:159-172. https://doi.org/10.1016/j.
clinph.2024.02.034.

Chang B.A., Cassim T.Z., Mittel A.M., Brambrink A.M., Gar-
cia P.S. Frontal Electroencephalography Findings in Critically Il
COVID-19 Patients. J Neurosurg Anesthesiol. 2023;35(3):322—
326. https://doi.org/10.1097/ANA.0000000000000837.

Yao Y., Liu Y., Chang Y., Geng Z., Liu X. et al. Study on brain
damage patterns of COVID-19 patients based on EEG signals.
Front Hum Neurosci. 2023;17:1280362. https://doi.org/10.3389/
fnhum.2023.1280362.

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

87

Antony A.R., Haneef Z. Systematic review of EEG findings in 617
patients diagnosed with COVID-19. Seizure. 2020;83:234-241.
https://doi.org/10.1016/j.seizure.2020.10.014.

Séez-Landete |, Gdmez-Dominguez A., Estrella-Ledn B. et al.
Retrospective Analysis of EEG in Patients With COVID-19: EEG
Recording in Acute and Follow-up Phases. Clin EEG Neurosci.
2022;53(3):215-228. https://doi.org/10.1177/15500594211035923.
Canham L.J.W., Staniaszek L.E., Mortimer A.M. et al. Electroen-
cephalographic (EEG) features of encephalopathy in the setting
of Covid-19: a case series. Clin Neurophysiol Pract. 2020;5:199—
205. https://doi.org/10.1016/j.cnp.2020.06.001.

Chougar L., Shor N., Weiss N. et al. CoCo Neurosciences Study
Group. Retrospective Observational Study of Brain MRI Findings
in Patients with Acute SARS-CoV-2 Infection and Neurologic
Manifestations. Radiology. 2020;297(3):e313-€323. https://doi.
org/10.1148/radiol.2020202422.

DosSantos M.F., Devalle S., Aran V. et al. Neuromechanisms of
SARS-CoV-2: a review. Front Neuroanat. 2020;14:37. https://doi.
org/10.3389/fnana.2020.00037.

Balloy G., Leclair-Visonneau L., Péréon Y. et al. Nonlesional sta-
tus epilepticus in a patient with coronavirus disease 2019. Clin
Neurophysiol. 2020;131(8):2059-2061. https://doi.org/10.1016/].
clinph.2020.05.005.

Thompson R. Pandemic potential of 2019-nCoV. Lancet In-
fect Dis. 2020;20(3):280. https://doi.org/10.1016/S1473-3099
(20)30068-2.

Franceschi AM., Ahmed O., Giliberto L., Castillo M. Hemor-
rhagic posterior reversible encephalopathy syndrome as a
manifestation of COVID-19 infection. AUNR Am J Neuroradiol.
2020;41(7):1173-1176. https://doi.org/10.3174/ajnr.A6595.
Leitinger M., Beniczky S., Rohracher A. et al. Salzburg consen-
sus criteria for non-convulsive status epilepticus — approach to
clinical application. Epilepsy Behav. 2015;49:158-163. https://
doi.org/10.1016/j.yebeh.2015.05.007.

Vespignani H., Colas D., Lavin B.S. et al. Report on electroen-
cephalographic findings in critically ill patients with COVID-19. Ann
Neurol. 2020;88(3):626-630. https://doi.org/10.1002/ana.25814.
Tjepkema-Cloostermans M.C., Hofmeijer J., Hom H.W. et al.
Predicting outcome in postanoxic coma: are ten EEG electrodes
enough? J Clin Neurophysiol. 2017;34(3):207-212. https://doi.
org/10.1097/WNP.0000000000000337.

Kremer S., Lersy F., de Séze J. et al. Brain MRI Findings in
Severe COVID-19: A Retrospective Observational Study. Radlio-
logy. 2020;297(2):e242-e251. https://doi.org/10.1097/10.1148/
radiol.2020202222.

Lambrecq V., Hanin A., Munoz-Musat E. et al. Cohort COVID-19
Neurosciences (CoCo Neurosciences) Study Group. Association
of Clinical, Biological, and Brain Magnetic Resonance Imaging
Findings with Electroencephalographic Findings for Patients
with COVID. JAMA Netw Open. 2021;4(3):e211489. https://doi.
org/10.1001/jamanetworkopen.2021.1489.

Kunatko H.FO., Ckpebuosa H.B., flbitae C.A., laiiBOpoH-
ckasg B.B. YactotHas BapwatBHOCTb KonebGaHwid anbga-
AvanasoHa Ha 9nekTposHuedanorpaMmme 340POBbLIX HOAEN.

2026;11(1):77-90

RUSSIAN BIOMEDICAL RESEARCH




88

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

2026;11(1):77-90

Poccutickue 6uomeduyuHckue uccnedoganus. 2025;10(3):16—
26. https://doi.org/10.56871/RBR.2025.52.46.002

Pasini E., Bisulli F., Volpi L. et al. EEG findings in COVID-19
related encephalopathy. Clin Neurophysiol. 2020;131(9):2265-
2267. https://doi.org/10.1016/j.clinph.2020.07.003.

benbckas K.A., NlbitaesC.A.  Heliponcuxonornyeckuit aHa-
N3 KOTHUTMBHOTO AeduumTa Npy Wnsodpernn. Pusuonoaus
yenoseka. 2022. T. 48, Ne 1. C. 46-56. https://doi.org/10.31857/
S0131164622010027. EDN: AQGGCP.

Lytaev S.A., Belskaya K.A. Integration and Disintegration of Audi-
tory Images Perception. Lecture Notes in Artificial Intelligence.
2015;9183:470-480. https://doi.org/10.1007/978-3-319-20816-
9_45. EDN: VALTNF.

Lytaev S. Modern Neurophysiological Research of the Human
Brain in Clinic and Psychophysiology. Lecture Notes in Computer
Science. 2021;12940:231-241.

Amodio P., Marchetti P., Del Piccolo F. et al. Spectral versus vi-
sual EEG analysis in mild hepatic encephalopathy. Clin Neuro-
physiol. 1999;110(8):1334-1344. https://doi.org/10.1016/51388-
2457(99)00076-0.

Kaplan P.W. The EEG in metabolic encephalopathy and coma.
J Clin Neurophysiol. 2004;21(5):307-318.

Juan E., Kaplan P.W., Oddo M., Rossetti A.O. EEG as an in-
dicator of cerebral functioning in postanoxic coma. J Clin
Neurophysiol. 2015;32(6):465-471. https://doi.org/10.1097/
WNP.0000000000000199.

Kaplan P.W., Rossetti A.O. EEG patterns and imaging cor-
relations in encephalopathy: encephalopathy part Il. J Clin
Neurophysiol. ~ 2011;28(3):233-251.  https://doi.org/10.1097/
WNP.0b013e31821¢33a0.

Lytaev S. Modern Human Brain Neuroimaging Research: Ana-
Iytical Assessment and Neurophysiological Mechanisms. HCI In-
ternational 2022. Communications in Computer and Information
Science. 2022;1581:179-185. https://doi.org/10.1007/978-3-031-
06388-6_24. EDN: YLEPHW.

Koutroumanidis M., Gratwicke J., Sharma S. et al. Alpha coma
EEG pattern in patients with severe COVID-19 related encepha-
lopathy. Clin Neurophysiol. 2021;132(1):218-225. https://doi.
org/10.1016/j.clinph.2020.09.008.

Pastor J., Vega-Zelaya L., Abad E.M. Specific EEG encephalopa-
thy pattern in SARSCoV-2 patients. J Clin Med. 2020;9(5):1545.
https://doi.org/10.3390/jcm9051545.

Skorin I., Carrillo R., Perez C.P. et al. EEG findings and clinical
prognostic factors associated with mortality in a prospective co-
hort of inpatients with COVID-19. Seizure. 2020;83:1-4. https://
doi.org/10.1016/j.seizure.2020.10.007.

AnekcaHgpos M.B., Meitaes C.A., VBaHos J1.6., TpowwnHa E.M.
CraHpapTHas 93l 1 QOM-MOHUTOPUHT CHA: MUHUMaSIbHble Tpe-
0oBaHMA K TEXHWKE W MEeToAMKe perucTpauum. Pekomerpauum
Poccwitckon accoumanm cneuranictoB (PyHKLMOHanNbHOW ana-
rHocTukm (PACO[N). MeduyuHekut angpasum. 2025;(12):18-26.
https://doi.org/10.33667/2078-5631-2025-12-18-26.

Kunstkos H.1O., ibitaeB C.A., Benbckas K.A. u ap. OcHoBbl pe-
ructpaummn v aHammaa O3l y peteit u B3pocnbix. Cl6.: CaHkT-

HOBbIE TEXHOJIOTUN B MEANLNHE
NEW TECHNOLOGIES IN MEDICINE

MeTepOyprckuii rocyfapCTBEHHbIA NEAMATPUYECKNA MEAULIH-
ckuir yH-T; 2025. 28 c¢. EDN: QCUUNE.

REFERENCES

1.

De Stefano P., Nencha U., De Stefano L. et al. Focal EEG chan-
ges indicating critical illness associated cerebral microbleeds in
a Covid-19 patient. Clin Neurophysiol Pract. 2020;5:125-129.
https://doi.org/10.1016/j.cnp.2020.05.004.

Hameed S., Saleem S., Sajjad A., Fahim Q., Wasay M., Kan-
war D. Spectrum of EEG Abnormalities in COVID-19 Pa-
tients. J Clin Neurophysiol. 2024;41(3):245-250. https://doi.
org/10.1097/WNP.0000000000000964.

Manganotti P., Iscra K., Furlanis G., Michelutti M., Miladinovi¢ A.
et al. Mapping brain changes in post-COVID-19 cognitive de-
cline via FDG PET hypometabolism and EEG slowing. Sci Rep.
2025;15(1):23141. https://doi.org/10.1038/s41598-025-04815-6.
Nagy B., Protzner A.B., Czigler B., Gaal Z.A. Resting-state neu-
ral dynamics changes in older adults with post-COVID syndrome
and the modulatory effect of cognitive training and sex. Gero-
science. 2025;47(1):1277-1301. https://doi.org/10.1007/s11357-
024-01324-8.

Sun'Y,, Sun J., Chen X., Wang Y., Gao X. EEG signatures of cog-
nitive decline after mild SARS-CoV-2 infection: an age-depen-
dent study. BMC Med. 2024;22(1):257. https://doi.org/10.1186/
§12916-024-03481-1.

Kosenkova T.V., Timchenko V.N., Novikova V.P. et al. Coronavirus
infection and COVID-19 in children. Part 2. Clinical features of
COVID-19 in children: pulmonary and extrapulmonary manifes-
tations, complications, including multisystem inflammatory syn-
drome. Children’s Medicine of the North-West. 2025;3(1):16-38.
(In Russ.). https://doi.org/10.56871/CmN-W.2025.54.93.002.
EDN: SGJZTO.

Novikova V.P. Gastrointestinal manifestations of novel coronavi-
rus infection. Review and meta-analysis. University Therapeutic
Journal. 2022;4(4):5-15. https://doi.org/10.56871/9141.2022.38.
30.001. EDN: PQPNNC.

Flamand M., Perron A., Buron Y., Szurhaj W. Pay more attention
to EEG in COVID-19 pandemic. Clin Neurophysiol. 2020;131(8):
2062—2064. https://doi.org/10.1016/j.clinph.2020.05.011.

Lytaev S. PET-Neuroimaging and Neuropsychological Study for
Early Cognitive Impairment in Parkinson’s Disease. In: Rojas I.,
Valenzuela O., Rojas F., Herrera L.J., Ortufio F. (eds) Bioinforma-
tics and Biomedical Engineering. IWBBIO 2022. Lecture Notes in
Computer Science 13346. Springer, Cham; 2022. P. 143-153.
Huang C., Wang Y., Li X. et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lan-
cet. 2020;395(10223):497-506. https://doi.org/10.1016/S0140-
6736(20)30183-5.

Lytaev S.A., Kipaytkov N.Yu., Navoenko T. Quantitative EEG
Findings in Outpatients with Psychosomatic Manifestations After
COVID-19. In: Bioinformatics and Biomedical Engineering: Con-
ference proceedings, Gran Canaria, Spain, 12-14 June 2023.
Vol. 13919. Springer Cham: Springer Cham; 2023. P. 560-572.
https://doi.org/10.1007/978-3-031-34953-9_43. EDN: BRDXPR.

POCCUNCKUE BUOMEANLUNHCKUE MCCNELOBAHNA

RUSSIAN BIOMEDICAL RESEARCH




HOBbIE TEXHOJIOTUN B MEAVNLUWHE
NEW TECHNOLOGIES IN MEDICINE

20.

21.

22.

23.

24.

25.

Mao L., Jin H., Wang M. et al. Neurologic manifestations of hos-
pitalized patients with Coronavirus disease 2019 in Wuhan, Chi-
na. JAMA Neurol. 2020;77(6):683-690. https://doi.org/10.1001/
jamaneurol.2020.1127.

Pellinen J., Carroll E., Friedman D. et al. Continuous EEG fin-
dings in patients with COVID-19 infection admitted to a New York
academic hospital system. Epilepsia. 2020;61(10):2097-2105.
https://doi.org/10.1111/epi.16667.

Wu'Y., Xu X., Chen Z. et al. Nervous system involvement after in-
fection with COVID19 and other coronaviruses. Brain Behav Im-
mun. 2020;87:18-22. https://doi.org/10.1016/j.bbi.2020.03.031.
Asadi-Pooya A.A., Simani L. Central nervous system mani-
festations of COVID-19: a systematic review. J Neurol Sci.
2020;413:116832. https://doi.org/10.1016/j.jns.2020.116832.
Galanopoulou A.S., Ferastraoaru V., Correa D.J. et al. EEG
findings in acutely ill patients investigated for SARS-CoV-2/
COVID-19: a small case series preliminary report. Epilepsia
Open. 2020;5(2):314-324. https://doi.org/10.1002/epi4.12399.
Louis S., Dhawan A., Newey C. et al. Continuous electroenceph-
alography characteristics and acute symptomatic seizures in
COVID19 patients. Clin Neurophysiol. 2020;131(11):2651-2656.
https://doi.org/10.1016/j.clinph.2020.08.003.

Paterson R.W., Brown R.L., Benjamin L. et al. The emerging
spectrum of COVID-19 neurology: clinical, radiological and
laboratory findings. Brain. 2020;143(10):3104-3120. https://doi.
org/10.1093/brain/awaa240.

Campanella S., Arikan K., Babiloni C. et al. Special report on the
impact of the COVID19 pandemic on clinical EEG and research and
consensus recommendations for the safe use of EEG. Clin EEG Neu-
rosci. 2021;52(1):3-28. https://doi.org/10.1177/1550059420954054.
Petrescu A.-M., Taussig D., Bouilleret V. Electroencephalogram (EEG)
in COVID-19: a systematic retrospective study. Neurophysiol Clin.
2020;50(3):155-165. https://doi.org/10.1016/j.neucli.2020.06.001.
Clemente L., La Rocca M., Quaranta N., lannuzzi L., Vecchio E.
et al. Prefrontal dysfunction in post-COVID-19 hyposmia: an
EEG/NIRS study. Front Hum Neurosci. 2023;17:1240831.
https://doi.org/10.3389/fnhum.2023.1240831.

Furlanis G., Buoite Stella A., Biaduzzini F., Bellavita G., Frez-
za N.A. et al. Cognitive deficit in post-acute COVID-19: an oppor-
tunity for EEG evaluation? Neurol Sci. 2023;44(5):1491-1498.
https://doi.org/10.1007/s10072-023-06615-0.

Yang Y., Yu T, Yang J., Luo J., Liu X. et al. Clinical manifestations
and EEG findings in children infected with COVID-19 and exhibi-
ting neurological symptoms. BMC Pediatr. 2024;24(1):49. https://
doi.org/10.1186/512887-023-04496-y.

Babiloni C., Gentilini Cacciola E., Tucci F., Vassalini P., Chilovi A.
et al. Resting-state EEG rhythms are abnormal in post COVID-19
patients with brain fog without cognitive and affective disorders.
Clin Neurophysiol. 2024;161:159-172. https://doi.org/10.1016/].
clinph.2024.02.034.

Chang B.A., Cassim T.Z., Mittel A.M., Brambrink A.M., Gar-
cia P.S. Frontal Electroencephalography Findings in Critically Il
COVID-19 Patients. J Neurosurg Anesthesiol. 2023;35(3):322—
326. https://doi.org/10.1097/ANA.0000000000000837.

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

89

Yao Y., Liu Y., Chang Y., Geng Z., Liu X. et al. Study on brain
damage patterns of COVID-19 patients based on EEG signals.
Front Hum Neurosci. 2023;17:1280362. https://doi.org/10.3389/
fnhum.2023.1280362.

Antony A.R., Haneef Z. Systematic review of EEG findings in 617
patients diagnosed with COVID-19. Seizure. 2020;83:234-241.
https://doi.org/10.1016/j.seizure.2020.10.014.

Saez-Landete |, Gdmez-Dominguez A., Estrella-Ledn B. et al.
Retrospective Analysis of EEG in Patients With COVID-19: EEG
Recording in Acute and Follow-up Phases. Clin EEG Neurosci.
2022;53(3):215-228. https://doi.org/10.1177/15500594211035923.
Canham L.J.W., Staniaszek L.E., Mortimer A.M. et al. Electroen-
cephalographic (EEG) features of encephalopathy in the setting
of Covid-19: a case series. Clin Neurophysiol Pract. 2020;5:199-
205. https://doi.org/10.1016/j.cnp.2020.06.001.

Chougar L., Shor N., Weiss N. et al. CoCo Neurosciences Study
Group. Retrospective Observational Study of Brain MRI Findings
in Patients with Acute SARS-CoV-2 Infection and Neurologic
Manifestations. Radiology. 2020;297(3):e313-€323. https://doi.
org/10.1148/radiol.2020202422.

DosSantos M.F., Devalle S., Aran V. et al. Neuromechanisms of
SARS-CoV-2: a review. Front Neuroanat. 2020;14:37. https://doi.
org/10.3389/fnana.2020.00037.

Balloy G., Leclair-Visonneau L., Péréon Y. et al. Nonlesional sta-
tus epilepticus in a patient with coronavirus disease 2019. Clin
Neurophysiol. 2020;131(8):2059-2061. https://doi.org/10.1016/j.
clinph.2020.05.005.

Thompson R. Pandemic potential of 2019-nCoV. Lancet Infect Dis.
2020;20(3):280. https://doi.org/10.1016/S1473-3099(20)30068-2.
Franceschi A.M., Ahmed O., Giliberto L., Castilo M. Hemor-
rhagic posterior reversible encephalopathy syndrome as a
manifestation of COVID-19 infection. AUNR Am J Neuroradiol.
2020;41(7):1173-1176. https://doi.org/10.3174/ajnr.A6595.
Leitinger M., Beniczky S., Rohracher A. et al. Salzburg consen-
sus criteria for non-convulsive status epilepticus — approach to
clinical application. Epilepsy Behav. 2015;49:158-163. https:/
doi.org/10.1016/j.yebeh.2015.05.007

Vespignani H., Colas D., Lavin B.S. et al. Report on electroence-
halographic findings in critically ill patients with COVID-19. Ann
Neurol. 2020;88(3):626-630. https://doi.org/10.1002/ana.25814.
Tjepkema-Cloostermans M.C., Hofmeijer J., Hom H.W. et al.
Predicting outcome in postanoxic coma: are ten EEG electrodes
enough? J Clin Neurophysiol. 2017;34(3):207-212. https://doi.
org/10.1097/WNP.0000000000000337.

Kremer S., Lersy F., de Séze J. et al. Brain MRI Findings in Se-
vere COVID-19: A Retrospective Observational Study. Radio-
logy. 2020;297(2):e242-e251. https://doi.org/10.1097/10.1148/
radiol.2020202222.

Lambrecq V., Hanin A., Munoz-Musat E. et al. Cohort COVID-19
Neurosciences (CoCo Neurosciences) Study Group. Association
of Clinical, Biological, and Brain Magnetic Resonance Imaging
Findings with Electroencephalographic Findings for Patients
with COVID. JAMA Netw Open. 2021;4(3):e211489. https://doi.
org/10.1001/jamanetworkopen.2021.1489.

2026;11(1):77-90

RUSSIAN BIOMEDICAL RESEARCH




90

40. Kipyatkov N.Yu., Skrebtsova N.V., Lytaev S.A., Gaivoronskaia \/.V. Fre-
quency variation of alpha-band oscillations on the electroencephalo-
gram of healthy subjects. Russian Biomedical Research. 2025;10(3):16-
26. (In Russ.). https://doi.org/10.56871/RBR.2025.52.46.002.

41. Pasini E., Bisulli F., Volpi L. et al. EEG findings in COVID-19
related encephalopathy. Clin Neurophysiol. 2020;131(9):2265-
2267. (In Russ.). https://doi.org/10.1016/j.clinph.2020.07.003.

42. Belskaya KA., Lytaev S.A. Neuropsychological Analysis of Cognitive
Deficits in Schizophrenia. Hum Physiol. 2022;48(1):37-45. (In Russ.).
https://doi.org/10.31857/S0131164622010027. EDN: AQGGCP.

43. Lytaev S.A., Belskaya K.A. Integration and Disintegration of Au-
ditory Images Perception. Lecture Notes in Artificial Intelligence.
2015;9183:470-480. https://doi.org/10.1007/978-3-319-20816-
9_45. EDN: VALTNF.

44. Lytaev S. Modern Neurophysiological Research of the Human
Brain in Clinic and Psychophysiology. Lecture Notes in Computer
Science. 2021;12940:231-241.

45, Amodio P., Marchetti P., Del Piccolo F. et al. Spectral versus vi-
sual EEG analysis in mild hepatic encephalopathy. Clin Neuro-
physiol. 1999;110(8):1334-1344. https://doi.org/10.1016/s1388-
2457(99)00076-0.

46. Kaplan P.W. The EEG in metabolic encephalopathy and coma.
J Clin Neurophysiol. 2004;21(5):307-318. (In Russ.).

47. Juan E., Kaplan PW., Oddo M., Rossetti A.O. EEG as an indica-
tor of cerebral functioning in postanoxic coma. J Clin Neurophysiol.
2015;32(6):465-471. https://doi.org/10.1097/WNP.0000000000000199.

48. Kaplan PW., Rossetti A.O. EEG patterns and imaging cor-
relations in encephalopathy: encephalopathy part Il. J Clin

HOBbIE TEXHOJIOTUN B MEANLNHE
NEW TECHNOLOGIES IN MEDICINE

Neurophysiol. ~ 2011;28(3):233-251.
WNP.0b013e31821¢33a0.

49. Lytaev S. Modern Human Brain Neuroimaging Research: Analyti-
cal Assessment and Neurophysiological Mechanisms. HCI Inter-
national 2022. Communications in Computer and Information Sci-
ence Springer. 2022;1581:179-185. https://doi.org/10.1007/978-
3-031-06388-6_24. EDN: YLEPHW.

50. Koutroumanidis M., Gratwicke J., Sharma S. et al. Alpha coma
EEG pattern in patients with severe COVID-19 related encepha-
lopathy. Clin Neurophysiol. 2021;132(1):218-225. https://doi.
org/10.1016/j.clinph.2020.09.008.

51. Pastor J., Vega-Zelaya L., Abad E.M. Specific EEG encephalopa-
thy pattern in SARSCoV-2 patients. J Clin Med. 2020;9(5):1545.
https://doi.org/10.3390/jcm9051545.

52. Skorin 1., Carrillo R., Perez C.P. et al. EEG findings and clinical
prognostic factors associated with mortality in a prospective co-
hort of inpatients with COVID-19. Seizure. 2020;83:1-4. https:/
doi.org/10.1016/j.seizure.2020.10.007.

53. Aleksandrov M.V., Lytaev S.A., Ivanov L.B., Troshina E.M. Stan-
dard EEG and EEG sleep monitoring: minimum requirements
for recording techniques and techniques. Recommendations of
the Russian Association of Functional Diagnostics Specialists
(RAFDS). Medical Alphabet. 2025;(12):18-26. (In Russ.). https:/
doi.org/10.33667/2078-5631-2025-12-18-26.

54. Kipyatkov N.Yu., Lytayev S.A., Belskaya K.A. et al. The basics
of EEG registration and analysis in children and adults: a study
guide. Saint Petersburg: Saint Petersburg State Pediatric Medi-
cal University; 2025. 28 p. (In Russ.). EDN: QCUUNE.

https://doi.org/10.1097/

06 aBTOpax

* Hukuta FOpbeBuy KunatkoB — K.M.H., SOLEHT, kadeapa
HopmanbHom cuanonoruu. E-mail: fd@pnd1.spb.ru;
https://orcid.org/0000-0003-3280-3679; SPIN: 4059-0753
Cepreit AnekcanapoBuy JlbiTaeB — [.M.H., npodeccop,
3aBeayoLLmMin kacheapon HopManbHON PU3UONOTUK.

E-mail: physiology@gpmu.org;
https://orcid.org/0000-0002-1291-0381; SPIN: 5100-5552
HuHa BaneHTuHoBHa CkpebLoBa — A.M.H., AOLEHT, kadeapa
HopMmanbHol duanonorm. E-mail: niskrebcova@mail.ru;
https://orcid.org/0009-0006-5641-8571; SPIN: 8472-6915
Bukropus ButanbeBHa aiiBOpoOHCKas — K.M.H., JOLEHT,
kacheapa HopmarnbHON U3nonorum.

E-mail: gaivorv1909@gmail.com;
https://orcid.org/0000-0001-6462-462X; SPIN: 1204-1411
KceHusi AnekceeBHa Benbckas — K.M.H., JOLEHT, kadeapa
HopmanbHom cuamnonoruu. E-mail: belskaya.k.a@gmail.com;
https://orcid.org/0000-0002-9267-0639; SPIN: 6513-7335

* ABTOp, OTBETCTBEHHbIN 3a NEPENUCKY.
Corresponding author.

2026;11(1):77-90

Authors' info

* Nikita Yu. Kipyatkov — Cand. Sci. (Med.), Associate Profes-
sor, Department of Normal Physiology. E-mail: fd@pnd1.spb.ru;
https://orcid.org/0000-0003-3280-3679; SPIN: 4059-0753
Sergey A. Lytaev — Dr. Sci. (Med.), Professor, Head of the
Department of Normal Physiology.

E-mail: physiology@gpmu.org;
https://orcid.org/0000-0002-1291-0381; SPIN: 5100-5552

Nina V. Skrebtsova — Dr. Sci. (Med.), Associate Professor,
Department of Normal Physiology. E-mail: niskrebcova@mail.ru;
https://orcid.org/0009-0006-5641-8571; SPIN: 8472-6915
Victoria V. Gaivoronskaia — Cand. Sci. (Med.),

Associate Professor, Department of Normal Physiology.

E-mail: gaivorv1909@gmail.com;
https://orcid.org/0000-0001-6462-462X; SPIN: 1204-1411
Ksenia A. Belskaya — Cand. Sci. (Med.), Associate Professor,
Department of Normal Physiology. E-mail: belskaya.k.a@gmail.com;
https://orcid.org/0000-0002-9267-0639; SPIN: 6513-7335

POCCUNCKUE BUOMEANLUNHCKUE MCCNELOBAHNA

RUSSIAN BIOMEDICAL RESEARCH



HOBbIE TEXHOJIOTUN B MEAVNLUWHE 91
NEW TECHNOLOGIES IN MEDICINE

Review and description of a clinical case @®CCBY 4.0

UDC 616.137.83/.86-089.819.5
https://doi.org/10.56871/RBR.2026.50.50.009

Endovascular revascularization in case

of femoropopliteal artery occlusion

Arshed A. Kuchay" 2, Alexander N. Lipin?*, Kirill L. Kozlov®, Nikita N. Gruzdev®

' Multidisciplinary medical center “Medika”, 42/1 Svetlanovskiy ave., Saint Petersburg, 194064, Russian Federation
2Limb Salvage Center, City Hospital No. 14, 19 Kosinova str., Saint Petersburg, 198099, Russian Federation
3Kirov Military Medical Academy, 6 Akademika Lebedeva str., Saint Petersburg, 194044, Russian Federation

4 Saint Petersburg State Pediatric Medical University, 2 Litovskaya str., Saint Petersburg, 194100, Russian Federation
5 City Hospital of the Holy Great Martyr George, 1 Severny ave., Saint Petersburg, 194354, Russian Federation

For citation: Kuchay A.A., Lipin A.N., Kozlov K.L., Gruzdev N.N. Endovascular revascularization in case of femoropopliteal artery occlusion.
Russian Biomedical Research. 2026;11(1):91-103. (In English). https:/doi.org/10.56871/RBR.2026.50.50.009.

Received: 10.12.2025 Revised: 22.01.2026 Accepted: 27.03.2026

Corresponding author:  Abstract. Effective revascularization for patients with peripheral artery disease is much more

Arshed A. Kuchay. than an elementary procedure. The approach to the patient with symptom-limiting intermittent

E-mail: claudication or limb-threatening ischemia begins with understanding the population at risk and

drarshedcvs@gmail.com variation in clinical presentation. The urgency of revascularization varies significantly by presentation;
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before revascularization (if needed) to those with acute limb ischemia, a medical emergency, who
require revascularization within hours. Recent years have seen the rapid development of new tools
including wires, catheters, drug-eluting technology, specialized balloons, and biomimetic stents.
Open surgical bypass remains an important option for those with advanced disease. The strategy
and techniques employed vary by clinical presentation, lesion location, and lesion severity. There is
limited level 1 evidence to guide practice, but factors that determine technical success and anatomic
durability are largely understood and incorporated into decision-making. Following revascularization,
medical therapy to reduce adverse limb outcomes and a surveillance plan should be put in place.
There are many hurdles to overcome to improve the efficacy of lower extremity revascularization,
such as restenosis, calcification, microvascular disease, silent embolization, and tools for perfusion
assessment. Endovascular revascularization is a critical strategy in managing total occlusions of the
femoropopliteal artery, a significant challenge in patients with peripheral artery disease. This review
provides a comprehensive analysis of procedural strategies, highlighting the role of drug-coated
balloons, atherectomy devices, and advanced crossing techniques like subintimal recanalization
and re-entry methods. It discusses the importance of lesion-specific considerations, such as
the use of atherectomy devices for un-crossable or un-dilatable lesions and the effectiveness of
drug-coated balloons in reducing restenosis. Emerging techniques, including the PIERCE needle-
cracking method and intravascular lithotripsy, offer novel approaches for treating heavily calcified
plaques. Moreover, the review compares endovascular interventions with surgical bypass, noting
that while minimally invasive techniques are preferred for high-risk patients, a hybrid approach may
be optimal for selected cases. Despite advances, challenges remain regarding long-term outcomes
and the management of complex calcified lesions, emphasizing the need for ongoing research and
innovation in this field.
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Pe3tome. OchchekTnBHAS peBackynspu3aLys nauyeHToB ¢ 3aboneBaHnsMi nepudiepuieckinx apTepuin —
3710 60rbLUe, YeM NpocTo npoueaypa. MoaxoA K nayueHTam ¢ CUMNTOMAaTUYeCKON NepeMexaroLLlencs
XPOMOTOW UAN ULLEMUER, YTpOXKatoLLen NoTePeN KOHEYHOCTU, HAYMHAETCS C MOHUMaHUS rpynmbl
p1CKa M Pasnnymii B KMMHUYECKON kapTuHe. CPOYHOCTb PEBACKYNIAPU3aLM 3HAYUTENBHO BapbupyeT
B 3@BWCMMOCTY OT KITMHUYECKOW KaPTUHbI: OT NALMEHTOB C NEpeMexaroLLencs XpOMOTOM, KOTOPbIM
cregyeT NpoMTM CTPYKTYPUPOBAHHYIO (h13NYECKYI0 peabunuTaLmio nepes pesackynspusauuei (npu
HeobXxoarMOoCTL), 10 NALMEHTOB C OCTPOMN ULLIEMMEN KOHEYHOCTM, TPEDYIOLLEN HEOTNIOKHON MEAULIMHCKON
MOMOLLM, KOTOPbIM peBacKynsapu3aLms Heobxoarma B TEYEHWE HECKONbKMX YacoB. B nocneaHue rogpl
ObICTPO Pa3BMBAOTCS HOBbIE MHCTPYMEHTDI, BKIOYAS MPOBOAHMKM, KaTeTepbl, CTEHTbI U 6anmnoHs! ¢
NeKapCTBEHHBIM NOKPLITUEM, CrIELMan13npoBaHHble BannoHs! 1 BroMumeTyeckue cTeHTbl. OTKpbITOE
XVNPYPrUYecKoe LLYHTUPOBAHME OCTAETCS BaXHbIM BapUaHTOM [151 NALMEHTOB C «3anyLUeHHbIMY 3abo-
nesanueMm. CTpaterus 1 METoAbl BapbipyHoT B 3aBUCYMOCTY OT KIMHUYECKOI KapTMHbI, TOKanu3awmm
W TSKECTW MopaxeHus. IMerTcs orpaHnyeHHble JokasaTenbCTBa 1-ro YpOBHS 45 NPaKTUYECKOro
NPUMEHEHMS, HO (haKTOPbI, ONPEAENAOLLME TEXHUYECKNN YCNEX 1 aHATOMUYECKYHO NPOYHOCTb, B
3HAYNTENbHON CTENEHM U3YYeHbl U YYNTBIBAKOTCS NPU NPUHATAN peLLeHni. Mocne peBackynspusaumum
cneayeT NpOBOLANTL MEAUKAMEHTO3HYI0 TEPANMID NS CHUKEHMS YACTOTbI HEDMAronpusATHLIX UCXO40B
B OTHOLLEHWI KOHEYHOCTEN 1 pa3pabaTbiBaTb NnaH HabntoaeHus. [ns noBbIWeHNS 3DPEKTUBHOCTM
PeBaCKYNSPU3aLMM HIKHIX KOHEYHOCTEN HEOBXOAMMO NPEOAO0NETL MHOXECTBO NPENATCTBUIA, TaKNX
Kak pecTeHo3, kanbLudukaLms, MUKpococyamcToe 3abonesanne, 6eccumntomMHas ambonusawums u
oLeHka nepdy3nmn. IHLOBACKYNAPHAS peBaCKyNAapu3aLms — KpUTUYECKM BaxHash CTpaTeris npu To-
TanbHbIX OKKITHO3NsIX 6eLPEHHO-NOAKONEHHOrO CErMEHTa, NMPEACTABNSIOLMX 3HAUMTENbHYHO Npobnemy
npu 3aboneBaHusX nepudepnyeckux apTepui. B ctatbe BbIMONHEH BCECTOPOHHII aHanmM3 CTpaTerii,
noaYepKMBaKOLLMIA ponb GanMoHOB C NEKAPCTBEHHBLIM MOKPLITUEM, YCTPOCTB ANS aTEPIKTOMUN 1
nepeaoBbIX METOA0B NEPECEYEHMs, TakuX Kak CyOUHTUMAanbHas pekaHanm3awms 1 noBTOPHbINA BXOL,
OBcyxpatoTcs BaXXHOCTb y4eTa 0CODEHHOCTEN NOPaXeHUs), YCTPOMCTB A1 aTEPIKTOMMUM MPW HENPO-
XOAMMBIX I HEPaCLUMPAEMbIX NOPaXEHUSIX, a Takxke 3hHEKTUBHOCTL HaNMOHOB C NeKapCTBEHHbIM
MOKPLITUEM NS CHUXEHNSI pecTeHo3a. Hosble meToabl, Bkmtoyas PIERCE ¢ npumeHeHnem unrmbl v
BHYTPMCOCYAMUCTYHO NIMTOTPUNCUIO, MPEANAralT HOBblE MOAXOAb! K NIEYEHHO BbIPAXKEHHO KambLMHW-
poBaHHbIX Onsiek. B 0630pe CpaBHMBAOTCS SHAOBACKYNSAPHBIE BMELLATENLCTBA C XMPYPrUYECKUM
WwyHTMpoBaHnem. OTMEYEHO, YTO, XOTS MAHUMANBbHO MHBA3MBHbIE METOAbI NMPEANOYTUTENbHbI ANS
NaLMEHTOB C BbICOKMM PUCKOM, TMOPUAHbIA NOAXOA MOXET ObITb ONTUMAbHBIM B OTAENBHbIX CTyYasiX.
HecmoTpst Ha ycnexu, coxpaHatoTes npobnembl, CBA3aHHbIE C OTAANEHHbIMU pe3ynbTatamu 1 eve-
HWEM CMOXHbIX KamnbLYIHUPOBAHHbIX NOPaXEHWIA, YTO NOAYEPKMBAET HEOOXOAMMOCTb NCCNEA0BaHNI
W IHHOBaLWIA B 3O 0bnacTm.

KntoueBble cnoBa: aHA0BaCKyNspHas Xupyprusi, 6eApeHHO-NOAKONEHHbI CerMeHT, 3aboneBaHune
nepucepuyecknx aptepuin, 6annoHHas aHrMonnacTuka, CTeHTUPOBaHMWe, LYHTUPOBaHWe
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INTRODUCTION

Over the past few decades, endovascular revas-
cularization has become a key treatment method, offe-
ring a minimally invasive alternative to traditional surgical
bypass in patients with peripheral artery disease (PAD).
This approach has gained recognition for its ability to re-
store perfusion while reducing morbidity and hospital stay
duration, especially in high-risk groups such as elderly
patients and those with multiple comorbidities [1, 2].

The treatment of femoropopliteal segment occlusions
includes various advanced techniques tailored to the
characteristics of the lesion, such as drug-coated balloons
(DCBs), atherectomy devices, and innovative crossing
strategies [3-5]. Despite these advances, achieving sta-
ble long-term outcomes remains a significant challenge,
particularly in the presence of complex or calcified lesions
[6]. Moreover, ongoing debates about the comparative ef-
ficacy of DCBs versus stents, as well as the optimal use
of atherectomy devices, underscore the need for further
research and clinical refinements in this field.

Technological innovations have expanded the Scope  Fig.1.  Contralateral access is used to perform interventions on

of endovascular interventions, incorporating strategies the iliac segment, femoropopliteal and tibiofemoral seg-
such as subintimal recanalization, catheter re-entry de- ment of the contralateral limb when antegrade femoral
vices, and hybrid techniques combining antegrade and access is impossible. For example, scars, abdominal
retrograde approaches. These developments aim to im- obesity, lesions of the common femoral artery, ostial le-

sions of the superficial femoral artery (photos by Arshed

prove intervention efficacy, reduce restenosis, and ad- A. Kuchay and Nikita N. Gruzdev)

dress complications associated with complex lesion mor-
phology. The emergence of new tools, including balloons,
intravascular lithotripsy, and atherectomy devices, has
further enhanced treatment options, providing clinicians
with a broader arsenal for managing various types of le-
sions. Recent evidence suggests that combining multiple
endovascular techniques may optimize outcomes. For ex-
ample, drug-coated balloons in conjunction with atherec-
tomy or intravascular lithotripsy have been used to treat
calcified lesions [7-9].

This review provides a comprehensive analysis of
endovascular revascularization strategies for femoro- Fig-2.  The antegrade femoral access is the primary approach
popliteal segment occlusions, detailing procedural as- for interventipns on lower extremit.y arteries.. It is the
pects, comparative outcomes, and emerging innovations. most convenient and common tactic. It provides good

The review al ddr hallen nd controversi support and coaxial instrumentation, improving control
€ review aiso aadresses challenges and controversies compared to other methods. It is performed for lesions of

in this field, such as the management of patients with the femoropopliteal segment (if both can be punctured)
heavily calcified plaques and the role of revasculariza- and the tibial segment of the foot (photos by Arshed A.
tion techniques. By integrating recent data with clinical Kuchay and Nikita N. Gruzdev)
practice, this review aims to support decision-making and
stimulate further advancements in PAD treatment. arteries, as well as comprehensive visualization of total

femoropopliteal artery occlusions and associated colla-
ENDOVASCULAR INTERVENTIONS teral vessels.

Usually, a braided introducer sheath of 6 F (45 or

Vascular access 55 ¢m) is used for these procedures, although a 7 F in-

Most interventions on the femoropopliteal arteries troducer is preferred when using atherectomy systems.
are typically performed via contralateral femoral access After angiography, which visualizes the anatomy of the
(Fig. 1), which provides excellent angiographic visuali- aorto-iliac region, a diagnostic catheter (JR or IM, 5 or
zation of the iliac, superficial femoral, and deep femoral 6 F) is advanced into the contralateral iliac or femoral
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artery as deeply as possible using a 0.035-inch glide wire.  calcified plaques to cross the total occlusion zone. Guide-
The introducer can then be advanced over the diagnostic ~ wires with high tip load, suitable for penetrating heavily
catheter to position it proximally at the target sites. calcified occlusions over distances of several millimeters
In cases of severe iliac tortuosity or calcification, to centimeters, should be advanced cautiously over long
either a stiff supportive guidewire (0.035 inch) or a bal- distances due to the risk of wire exit.
loon anchor technique can be used to facilitate introducer If traditional wire manipulation fails, the wire hinge
passage. In some cases, ipsilateral access (Fig. 2) is technique may be considered, involving the creation of
preferred, as it provides improved guidewire control and a loop with a hydrophilic wire supported by a catheter.
greater flexibility for device advancement. Despite tech-  This technique is particularly useful for subintimal tracking
nical challenges, particularly with proximal segment ste- in total occlusions, with the catheter advancing behind the
nosis or superficial femoral artery occlusion, this method  guidewire loop to maintain its small size. It is crucial to
may not increase vascular complications compared to  monitor re-entry into the distal true lumen to prevent ex-
contralateral access when performed by experienced sur-  cessive advancement of guidewires or catheters.
geons [10, 11]. If re-entry into the distal true lumen fails with the wire
Alternative vascular access sites, such as the radial hinge technique or conventional high-tip-load guidewire
or brachial arteries, may be considered when femoral advancement, antegrade dissection using re-entry devi-
access is not feasible. However, several factors must be  ces such as the Outback catheter (Cordis) may be applied.
evaluated, including the distance from access to target Alternatively, a retrograde approach may be attempted for
(with or without sufficiently long devices), radial artery recanalization, involving puncture of distal arteries such
vessel size, abdominal aortic tortuosity, and the angle be- as the superficial femoral, popliteal, or below-knee arte-

tween the subclavian artery and aortic arch. ries, followed by advancement of a guidewire and micro-

catheter. In cases of severe calcification, a 4 F introducer

Crossing strategy may be retrogradely inserted into distal vessels to im-
In cases of total occlusion, advancing a guidewire prove support and facilitate device exchange.

through the affected area can be challenging. Currently, To connect antegrade or retrograde guidewires, subin-

guidewires with diameters of 0.035 or 0.018 inches (0.035 timal arterial wiring with antegrade-retrograde interven-
or 0.045 mm) are commonly used. To enhance guidewire tion (SAFARI) is performed [14]. After antegrade balloon
maneuverability, it is necessary to facilitate guidewire ex-  angioplasty to create a subintimal space, the retrograde
change, perform fixation with a hinge, or enable catheter guidewire can be successfully advanced into the subinti-
tip insertion for angiography. The use of a support ca- mal space, followed by wire externalization with a retro-
theter (microcatheter or balloon catheter advanced over grade guidewire into an antegrade catheter or introducer

the guidewire) is mandatory. to facilitate subsequent antegrade advancement of bal-
Compared to microcatheters, balloon catheters have loon or stent devices.
the advantage of dilating the occluded vessel, facilitating In other cases, if retrograde guidewire passage fails,

catheter advancement and improving guidewire efficacy. retrograde balloon angioplasty may be performed to cre-
For extensive and long total occlusions, a balloon catheter  ate a subintimal space for antegrade guidewire passage.
is recommended as a support catheter rather than a mi-  In rare cases, the double-balloon technique may be used,
crocatheter. To enhance the balloon catheter’s ability to involving simultaneous inflation of antegrade and retro-
penetrate segments of total occlusion over the guidewire, grade balloons without overlap, allowing connection of
a smaller-diameter balloon catheter (0.018 inch preferred  different subintimal spaces [14].
over 0.035 inch) is recommended. Compared to antegrade dissection with re-entry using

For total occlusion, various crossing strategies may be  re-entry devices, the retrograde approach may be prefe-
applied depending on the situation, such as antegrade or rable in cases where antegrade guidewire passage fails
retrograde dissection with or without re-entry. Subintimal  due to its lower cost, fewer complications, and compara-
recanalization often requires subsequent stenting; ho- ble success rates [15-17]. However, antegrade dissection
wever, current evidence does not favor one approach (in-  techniques with re-entry devices may still be necessary if
traluminal or subintimal recanalization) over another, nor recanalization with SAFARI or other methods fails.
the use of bare metal stents versus drug-coated stents
[12, 13]. In most cases, antegrade advancement is re- TREATMENT STRATEGY
commended as the first step.

In the absence of severe calcification, guidewires with  Balloon angioplasty
a hydrophilic polymer coating and low tip load are recom- For intraluminal recanalization, we recommend bal-
mended for soft tissue trajectories, while guidewires with  loon angioplasty with extended inflation time. This study
medium tip load are preferred for traversing fibrotic or shows that a longer inflation time (180 s vs. 30 s) sig-
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nificantly reduces the likelihood of dissection and reste- endpoints at 12 months. Primary patency was 86.8%
nosis (14 vs. 43%, p=0.009) [18]. The diameter of the (231/266) in the Eluvia group and 81.5% (106/130) in the
balloon catheter for preparation prior to drug-coated bal-  Zilver PTX group, with a difference of 5.3% (one-sided
loon (DCB) or stent placement should be 1 mm smaller lower bound of 95% CI 0.66; p <0.0001) [24].

than the diameter of the target artery [19]. For fibrotic or In cases of total occlusion containing thrombus,
calcified plaques resistant to traditional angioplasty, we various strategies may be considered, including primary
recommend switching to: stenting, thrombolysis, thrombectomy, or a combined ap-
+ ahigh-pressure balloon catheter (0.035 inch); proach.

* acutting or scoring balloon catheter. It is important to note that atherectomy or intravas-

Balloons with a full-length nitinol mesh coating are cular lithotripsy catheters should not be routinely used in
designed to maintain a uniform diameter during inflation.  total occlusions with severe calcification, as there is no
This design feature helps minimize the risk of edge dis- clinical evidence supporting a reduction in restenosis or
section in the proximal or distal arterial segments. Astudy  TLR risk [7-9]. However, in special cases where lesions
demonstrated a significant reduction in the rate of severe  cannot be crossed or dilated, or insufficient stent expan-
dissection: 4.2% in the percutaneous transluminal angio-  sion is anticipated, devices such as directional atherecto-
plasty group (n=48) versus 25% in the traditional angio- my (HawkOne), orbital atherectomy (Diamondback 360),

plasty group (n=63), p=0.003 [20]. rotational and aspiration atherectomy (Jetstream), laser,
or intravascular lithotripsy catheters may be considered
Drug-coated balloons, metallic stents, for lesion preparation.

drug-eluting stents, and atherectomy

A meta-analysis included 51 randomized controlled Specific lesions
trials involving 8430 patients/lesions. It was found that For impassable lesions, a low-profile coronary balloon
DCBs outperform traditional balloon angioplasty in terms  may be used initially to create access through dense oc-
of primary patency and demonstrate lower rates of tar- clusions. Additionally, externalization techniques such as
get lesion revascularization (TLR) with comparable all- the “push-and-pull” method may be applied, where the
cause mortality across short-term (<1 year), mid-term guidewire is carefully advanced through the lesion to fa-
(1-2 years), and long-term (>2 years) follow-up periods.  cilitate access for interventional devices.

DCBs were associated with: Atherectomy devices have proven effective in such
+ higher odds of primary patency (short-term: odds ra- cases, particularly when hard or calcified tissue im-

tio [OR] 3.21; 95% confidence interval [Cl] 2.44-4.24; pedes passage. The percutaneous intravascular needle

long-term: OR 2.47; 95% Cl 1.93-3.16); puncture of calcified plaque (PIERCE) technique, which
* lower TLR rates (short-term: OR 0.33; 95% ClI 0.22- involves needle fracturing, is another innovative method
0.49; long-term: OR 0.42; 95% Cl 0.29-0.60); used to penetrate particularly resistant lesion areas. Ap-
« similar all-cause mortality risk compared to traditional  plying precise needle force allows access through dense
balloon angioplasty [21]. occlusions without causing excessive vessel trauma [25].
Compared to drug-eluting stents (DES), such as the For non-dilatable lesions that do not respond to bal-

paclitaxel-eluting Zilver PTX stent, DCBs demonstrated loon dilation despite adequate balloon size, an atherec-
similar rates of restenosis and clinically driven TLR. tomy device remains necessary, as it can help reduce the
At 12 months, target lesion restenosis was observed in  volume of hard plaque and prepare the vessel for further
22% of DCB-treated patients versus 21% of DES-trea- intervention.

ted patients (p=0.90). Clinically driven TLR was required Coronary non-compliant balloons (CNBs) are also
in 14% of DCB patients versus 17% of DES patients critical in these cases, as their rigidity allows for higher
(p=0.50) [22]. inflation pressures, making them more effective in dilating

Based on these results, we recommend: rigid lesions. When CNBs are insufficient, escalation to

+ DCB angioplasty when no long or flow-limiting dis- larger (0.035 inch) peripheral CNBs provides additional
sections are observed after traditional balloon angio- force to address the lesion, particularly in larger peri-

plasty; pheral arteries.

+ stenting in cases of long or flow-limiting dissections af- In more complex cases involving calcified nodules
ter angioplasty, preferring DES over bare-metal stents  or large calcified plaques, such as those in the common
due to their superior outcomes [23]. femoral artery (CFA), advanced devices such as the Jet-

Regarding DES comparison, the Eluvia stent (Boston  stream or HawkOne atherectomy systems are particularly
Scientific, Marlborough, MA, USA) was evaluated against  useful. The Jetstream device combines resection and as-
the Zilver PTX stent (Cook, Bloomington, IN, USA). Non-  piration for effective removal of severe calcification while
inferiority was demonstrated for both efficacy and safety reducing the risk of distal embolization [26]. The HawkOne
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Un-crossable lesions:

Total occlusion of the Femoropopliteal Artery

— Small profile coronary balloon.
v

— Push and pull technique.

— Atherectomy tools.

Proposed direct intraluminal wiring >

Intraluminal crossing, subintimal crossing
or mixed type

— Needle cracking: PIERCE.
v

Un-dilatable lesions:

Successful guidewire crossing

A

+ Wiring technique: knuckle wiring, controlled stiff
GW wiring.

— Atherectomy tools.

»
>

A

— Coronary NC balloons — 0.035

Y

* Reentry tool: Outback.
* Retrograde puncture: SAFARI

inches peripheral NC balloon.
— Needle cracking: PIERCE.
and ensuring luminal gain.
Calcified nodule or large calcified
plaques (CFA):

stents.

— Atherectomy tools. before DCBs or stenting

Balloon Angioplasty: Use scoring or cutting balloons for resistant lesions.

Drug-Coated Balloons (DCBs): Ideal for cases without significant dissection, reducing restenosis

Stenting: For extensive or flow-limiting dissections, drug eluting stents are preferred over bare metal

Atherectomy: Effective for calcified lesions, enabling plaque removal and improving luminal gain

Fig. 3.
article)

device, designed for directional atherectomy, is similarly
developed to excise large plaques, especially when pre-
cise plaque removal and lumen enlargement are critical
for restoring blood flow and preventing future restenosis
[27]. These devices offer significant advantages in trea-
ting complex, heavily calcified lesions where other me-
thods may be ineffective.

COMPARISON OF ENDOVASCULAR
REVASCULARIZATION AND SURGICAL
BYPASS

Endovascular revascularization and surgical bypass
are the two main approaches to treat total occlusions of
the femoropopliteal artery/segment, each with its own ad-
vantages and limitations.

Endovascular methods have gained popularity due
to their minimal invasiveness, which ensures shorter re-
covery time, reduced hospital stay, and lower initial costs
compared to surgical bypass. These advantages are par-
ticularly important for patients at high surgical risk due to
comorbidities such as advanced age, diabetes, or cardio-
vascular disease [28].

However, surgical bypass remains an acceptable
option, especially for patients with long or complex oc-
clusions, long-segment involvement, or those with previ-
ous failed endovascular interventions. Bypass surgery,
often using autologous venous grafts, has been shown
to provide superior long-term patency rates in certain
patient subgroups. Despite this, the invasiveness of the
procedure, combined with higher risks of morbidity and
mortality associated with major surgery, often makes it

Algorithm of procedural and treatment strategies for total occlusion of the femoropopliteal artery (figure by the authors of this

a less favorable option for frail or elderly patients [1, 2,
28, 29].

The UK Bypass vs Angioplasty in Severe Ischemia of
the Leg (BASIL-1) trial, involving 452 participants, showed
that patients with chronic limb-threatening ischemia
(CLTI) expected to survive two years or more and having
a suitable vein for bypass should be offered venous by-
pass as a first option instead of balloon angioplasty [30].
The Best Endovascular vs Best Surgical Therapy in
Patients with Critical Limb Ischemia (BEST-CLI) trial,
which enrolled 1,830 participants — mostly from the
United States — evaluated patients with optimal (single-
segment) venous grafts. Among the 1,434 such patients,
the rate of the composite primary endpoint (major ad-
verse limb events or death) was significantly lower in the
venous bypass group compared to the best endovascular
therapy group.

Major adverse limb events occurred in 302 of 709 pa-
tients (42.6%) in the surgical group versus 408 of 711 pa-
tients (57.4%) in the endovascular group (hazard ratio
[HR] 0.68; 95% CI 0.59-0.79; p <0.001).

However, in a second cohort of 396 participants
without optimal venous grafts, outcomes were similar
between the two treatment groups. Major adverse limb
events occurred in 83 of 194 patients (42.8%) in the
surgical group and in 95 of 199 patients (47.7%) in
the endovascular group (HR 0.79; 95% CI 0.58-1.06;
p=0.12) [31].

The randomized BASIL-2 trial specifically compared
venous bypass with the best endovascular therapy as the
first-line revascularization strategy for patients with criti-
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cal limb ischemia requiring below-knee, proximal infrain- CONCLUSION

guinal revascularization (or without it). Between July 22, Endovascular revascularization has evolved signifi-
2014, and November 30, 2020, a total of 345 participants  cantly, offering a range of effective treatments for femoro-
were enrolled and randomly assigned either to the ve- pliteal occlusions. Drug-coated balloons, atherectomy de-
nous bypass group (n=172) or to the best endovascular vices, and advanced crossing techniques have improved

therapy group (n=173). procedural success; however, challenges persist in ma-
Major amputation or death occurred in 108 of 172 pa-  naging complex calcified lesions.
tients (63%) in the venous bypass group and in 92 of Although drug-coated balloons show promise in re-

173 patients (53%) in the best endovascular therapy ducing restenosis, their role in heavily calcified disease
group (adjusted HR 1.35 [95% CI 1.02-1.80]; p=0.037).  remains debated. The use of hybrid strategies — com-
Mortality occurred in 91 of 172 patients (53%) in the  bining endovascular and surgical methods may provide
venous bypass group and in 77 of 173 patients (45%) in  optimal outcomes in selected patients.
the best endovascular therapy group (adjusted HR 1.37 Further research is needed to refine these techniques
[95% CI 1.00-1.87]) [32]. and improve long-term patency, ultimately leading to bet-
These data suggest that the severity and anatomical ter outcomes for patients with PAD.
distribution of atherosclerosis, as well as the quality of
venous grafts, may influence treatment decisions and out- ADDITIONAL
comes in critical limb ischemia. INFORMATION
Emerging evidence indicates that a hybrid ap- Author contribution. Conceptualization of the work,
proach — combining endovascular and surgical tech- A.A. Kuchay, A.N. Lipin; acquisition, A.A. Kuchay, A.N. Li-
niques [33—-42] — may vyield the best outcomes for selec- pin, K.L. Kozlov and N.N. Gruzdev; analysis, A.A. Ku-
ted patients by maximizing patency rates and minimizing chay, N.N. Gruzdev; interpretation of data for the work,
recovery time [42-54]. Further studies directly comparing  A.A. Kuchay, A.N. Lipin; drafting and revising the work,
these strategies across different patient populations will ~ A.N. Lipin, K.L. Kozlov; final approval of the version to

be critical for guiding clinical decision-making. be published and agree to be accountable for all aspects
of the work, A.A. Kuchay, A.N. Lipin, K.L. Kozlov and

CHALLENGES AND CONTROVERSIES N.N. Gruzdev.

IN ENDOVASCULAR All authors made a substantial contribution to the con-

REVASCULARIZATION ception of the study, acquisition, analysis, interpretation

Despite substantial advances in the field, several of data for the work, drafting and revising the article, final
challenges and controversies remain in the endovascular  approval of the version to be published and agree to be
management of femoropopliteal occlusions. accountable for all aspects of the study.

One major debate centers on the use of DCBs ver- Competing interests. The authors declare that they
sus stents. Although DCBs have shown promising results have no competing interests.
in reducing restenosis, their efficacy in complex or hea-
vily calcified lesions remains under scrutiny. Similarly, AOMNOJIHUTEJ/IbHAA
the choice between DES and bare-metal stents often MH®OPMALWMA

depends on lesion characteristics and individual patient Bknap aBTtopoB. A.A. Kyyan, A.H. JlunmH — pas-
factors, with no clear consensus on the optimal approach  paboTka koHuenuun pabotel; A.A. Kyyair, A.H. Junun,
for all cases. K.J1. Kosnos n H.H. Tpyages — c6op AaHHbIX; AA. Ky-

The role of atherectomy in treating calcified oc- yan, H.H. pysgeB — aHanu3 panHbix; A.A. Kyuyan,
clusions is another ongoing topic of discussion. While A.H. Jlunud — wmHTepnpeTauns AaHHbIX Ans paboTbl;
atherectomy devices can facilitate lesion preparation and ~ A.H. [lunun, K.J1. Ko3noB — noaroToBka U peaakTupo-
improve stent expansion, their routine use is not univer- BaHue pabotsl; A.A. Kyuan, A.H. Jlunun, K.J1. Kosnos u
sally recommended due to concerns about procedural H.H. I'py3ageB — okoHYaTeslbHOE yTBEPXAEHWE Bepcum
complications and a lack of robust evidence supporting ans ny6nukalun u cornacue HeCTM OTBETCTBEHHOCTb 3a
long-term benefits. BCe acnekTbl paboTbl.

Moreover, the management of chronic total occlu- Bce aBTOpbI BHECNN CYLLECTBEHHbIN BKNag B paspa-
sions presents particular challenges, as various tech- 60TKy KOHLENLMM, NPOBEAEHNE WCCIIEA0BAHMS U MOAro-
niques — such as subintimal recanalization and re-entry ~ TOBKy cTaTby, NpoYnu U 0F06PUIN UHAMNBHYIO BEPCUIO
devices — are employed with variable success rates. The nepea nybnukaumen.

choice of the most appropriate strategy often depends on KoHdnukt untepecoB. ABTOPbLI AeKNapupyoT OTCyT-
the surgeon’s expertise and the specific features of the  cTBMe SBHbIX M NOTEHUMANbHbLIX KOHGMKTOB MHTEPECOB,
occlusion. CBSI3aHHbIX C NyOnuKkaLyeit HacTosLen cTaTbi.
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NocTtynuna: 22.10.2025 Opobpena: 19.01.2026 MpwHsTa k nevatu: 27.03.2026
AsTop Pestome. B TpeTbeMm, 3akniountensHom, 063ope, NocBSLLEHHOM ABONHOMY BpeMeHN HeNomHo-
AnNs KOpPPECMOoHAGHUMN:  L1leHHOro NUTaHNUS BO BbeTHame, CUCTEMATU3MPOBaHbI NPEACTaBNEHUs O PacnpOCTPaHEHHOCTH,
Banepuit Onerosuy NpUYMHax 1 MeToAax KoppeKLmn n3bbiTka Macchl Tena 1 OXMPEHNS B CBETE ero HEraTUBHbIX
EIOKW_IOB nocnencTeui 4N 340pPOBbS HaceneHns. AHanu3 NUTepaTypHbIX UCTOYHUKOB HArMAAHO AEMOH-
E-mail: CTPUPYET YBENUYEHNE PaCcnPOCTPAHEHHOCTY M3BbITKA MaCcChl TENa 1 OXNUPEHUS Y AETeN LKONBHOTO

verkudov@gmail.com BO3pacTa 1 NoApocTkoB ¢ 2-5% B 2007-2013 rr. o 20-30% B 2002-2013 rr. n 40-60% B 2024 .
Y mMnagwmx aeTen 1 B3pOCnbIX STOT NOKa3aTenb He pasnnyancs Becb Nnepuoa HabnoaeHnn n
cooTBeTcTBOBanN B cpeaHem 18% (0T 6 go 35%) ans aetckoro n 27% (ot 11 po 70%) ans B3po-
CIIOTO KOHTWUHrEHTOB. YKeHLWHbl BbeTHama noaBepxeHsbl GonbLLeMy pUCKY pasBuTHS M3DbITKa
Macchl Tena, 4acToTa BCTPEYaeMoCTh KOTOPOro Y HUX Ha 2—-10% BblLLe, YeM Y MyX4uH. Y ropog-
CKMX AeTeil 1 B3POCTbIX pacnpoCTPaHEHHOCTb OXMPEHNSI MpeBoCxoauna B 2,5-2,7 pasa aT1oT
nokasaTerb y XuUTenemn cenbCckux pernoHoB. MNpuynHamm pocTa pacnpocTpaHEHHOCTH N30bITKa
Maccbl TENa 1 OXMPEHNs ABNAIOTCA TpaaULMOHHbIE NPUCTPACTUS BbETHAMLIEB K YrNeBoaMCTON
nuLle, HEBEPHbIE NPEACTABEHNS O NOMHOTE KaK NpU3HaKe 340POBbS Y MYXUNH, YBENNYEHME
notpebneHuns dactdyaa, cybnMM1MpoBaHHbIX NPOAYKTOB W CNagocTen, 0COBEHHO Y FOPOACKMX
XUTENEeN B COMeTaHUM C OTKA30M OT 3aHATUI cnopToM. Takum 06pa3om, ABONHOe bpemMst Henon-
HOL|EHHOTO NUTaHMsl, HECMOTPS Ha NPUHUMaeMble NPaBUTENLCTBOM BbeTHama Mepbl N0 3aluTe
00LLEeCTBEHHOrO 340POBbS, BCE ELLE aKTyanbHO ANs XUTeNen cTpaHbl. ITo TpebyeT paspaboTku
NPYOPUTETHBLIX NPOrpaMm OAHOBPEMEHHO 60pbObl ¢ HegOEAAHNEM W OXMPEHNEM.

KntoyeBble cnoBa: BoeTHam, OXunperue, 130bITOK MacChl Tena, ABOMHOE 6peMﬂ HEeNONHOLEHHOro
nuTaHnA

WcTouHmnk dhmHaHcMpoBaHusA. ABTOpbLI 3asBNSIOT 00 OTCYTCTBUM BHELIHETO (MHAHCUPOBAHUS
© Konnektus aBTopos, 2026 MpW NpoBEAEeHUN UccneaoBaHus.
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Corresponding author:  Abstract. The third and final review of the double burden of malnutrition in Vietnam systematizes
Valerii O. Erkudov the concepts of the prevalence, causes and methods of correction of overweight and obesity in light
E-mail: . of its negative consequences for public health. The analysis of literary sources clearly demonstrates
verkudov@gmail.com an increase in the prevalence of overweight and obesity in school-age children and adolescents

from 2-5% in 2007-2013 to 20-30% in 2002-2013 and 40-60% in 2024. In younger children and
adults, this indicator did not differ throughout the observation period and corresponded to an average
of 18% (from 6 to 35%) for children and 27% (from 11 to 70%) for adults. Women in Vietnam are at
higher risk of developing overweight, the prevalence of which is 2-10% higher in them than in men.
The prevalence of obesity in urban children and adults was 2.5-2.7 times higher than that in rural
areas. The reasons for the increase in the prevalence of excess body weight and obesity are the
traditional preferences of the Vietnamese for carbohydrate foods, incorrect ideas about obesity as a
sign of health in men, the spread of fast food, freeze-dried products and sweets, especially among
urban residents, combined with the refusal to exercise. Thus, it is obvious that the double burden
of malnutrition, despite the measures taken by the Vietnamese government to protect public health,
is still relevant for the country’s residents. This requires the development of priority programs to
simultaneously combat malnutrition and obesity.

Keywords: Vietnam, obesity, overweight, double burden of malnutrition

© 2026 by the authors Funding. This study was not supported by any external sources of funding.

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA
RUSSIAN BIOMEDICAL RESEARCH

2026;11(1):104-117



106 OKOJIOTUYECKAA MEANLIMHA
ENVIRONMENTAL MEDICINE

BBEAEHWUE HbI B Tabn. 1, n cootBetcTBOBan B cpeaHem 18% (o1 6
[iBoiiHoe 6pems HenomnHoLeHHOro nuTaHus Bo BeeT- o 35%) ans aetckoro n 27% (ot 11 go 70%) ans B3po-
Hame MNposIBMNSETCS COYeTaHWeM HefoefdaHus M HeJo-  CROro KOHTWHFEHTOB. OTW pe3ynbTaThl, BEpPOsSTHO, 0O-
cTaTka Macchl Tena oo YacTu HaCeNeHUs U OXMPEHUS  YCMOBMEHbI WMPOKUM BPEMEHHEM AWanasoHOM NpUBOAM-
y opyroi [1]. AHann3 BbETHaMCKWX MCCNEAOBaHWA 3a  MbIX B Tabn. 1 AaHHbIX pacnpoCTpaHEHHOCTU HapYLIEHN
2003-2024 rr., NnpUBEAEHHBIN B Npedblaylumx ob63opax!, MeTabonuama, Tak Kak OHW MpOTUBOpeYaT pesynbTaTtam,
nokasasn npUMepHO TPOEKPaTHOE CHIDKEHWE pacnpocTpa-  obcyxaaembiM B nuTepatype. Tak, H.T. Dieu n coasT.
HeHHoCTW geduunTa Maccel Tena [2-4]. OgHako cTpaHa  (2009) coobwmnu, 4to 3aboneBaemMoCcTb W3BbITOYHLIM
BCe elle Aaneka OT NOMHOM NUKBMUAALMM HeJOCTaTKa M- BECOM W OXMpEHUEM Yy deTel B Bo3pacte 4-5 net yBe-
TaHus — B 2024 r. 0o 25% peten umenu gecuumt Mmacebl  nnuunach Ha 52,9% B 2002-2005 rr. [10]. 310 He co-
Tena [5, 6]. lNpu aTom B HacTosiiee BpeMst aenuMToMm  rmacyeTcs ¢ pedynbtatamu B. Norov n coasT. (2023) u
xenesa u aHemmen ctpagatot 20-25% peten wkonbHoro  L.M. Do v coast. (2017), onybnukoBaBwmx gaHHble 06
BO3pacTa 1 XeHLWuH, a Takke 30-35% HOBOPOXOEHHBIX  YBEMWYEHUM pacnpoCTpaHeHUs 3Tux 3abonesaHuii cpeam
[6, 7]. Oo 20% xuTenei BoeTHama uMetoT feduunT BUTa-  ctapwinx u mnagwux geteid 8 2000-2016 rr. Ha 6-8% co-
MWHOB A 1 B,,, 8o 50% — BuTammnHoB D 1 MukpoanemeH-  oTBeTCTBEHHO [11, 12].
TOB (UWHKa, ceneHa, marHus, kanbums) [4—6]. B gaHHom, 1o MHEHMIO pasfMyYHbIX aBTOPOB, PACMPOCTPAHEH-
TpeTbeM, 0030pe NpeacTaBneHbl pe3ynbTaTbl UCCMEA0- HOCTb OXMPEHUS Y B3POCHbIX TaKKe WMEET TEHOEeHLMIo
BaHWi, pacKpbIBaIOLLMX PACNpPOCTPAHEHHOCTb U NpuimnHbl K pocTy. M.D. Nguyen u coasrt. (2007) ony6nukoBanm
n3bbiTKa Maccbl Tena W OXWUPeHus Yy xuTenen BoeTHa-  pesynbTaTbl UCCNEAOBAHNS YPOBHS XW3HW BO BbeTHame
Ma — «BTOPOI CTOPOHE Medann» ABOMHOro bpemenn He-  1992-1993 rr., B KOTOPOM COOOLUMMN O TPOWHOM yBENU-
MOMHOLIEHHOrO NUTaHus. Hactoawmin 0630p — nombiTka  YeHWW nokasatenen n3bbiTka Macchl Tena B 3T0T nNepuog,
cucTemMaTu3auun CyLLecTByOWMX B TedeHne noytn tpug- ¢ 3 go 6% [13]. P.H. Nguyen u coast. (2018) ykasbiBatoT
LaTuneTHero nepuoaa faHHbIX O pacnpoCTPaHEHHOCTW, Ha U3MEHeHMe 3Toro nokasatens ot 2 go 15% B nepuog
NpMUYMHax 1 MeTofax koppekuun 3bbiTka maccehl Tena u ¢ 1993 no 2015 r. [14]. CornacHo gaHHBIM MOLLIArOBOro
OXMpeHusi BO BbeTHame B CBETE WX HEraTUBHbIX NMOCNed- MONepeyHoro uccnefoBaHus, npoeegeHHoro B 2009-

CTBWW ANS 300POBbS HACENEHNS. 2015 rr., pacnpOCTPaAHEHHOCTb OXMPEHUS YBENMYMNACH Y

B3POCHbIX MYX4WH Ha 5%, Y KeHWmuH — Ha 7% [15]. KeH-

AHATN3 PACINTPOCTPAHEHHOCTU WWHbl BoeTHama nopBepxeHbl BonbLIeMy pUCKy pa3Bu-

N NMPUYNH N3BbITKA MACCHI TEJIA TMS 3bbITKA Macchl Tena, pacnpoCTPaHEHHOCTb KOTOPO-
N OXKUPEHNA BO BB ETHAME ro y Hux Ha 2-10% BbliLLe, YeM Y MYyX4uH (cM. Tabn. 1).

AHanu3 gaHHbIX, NpyBegeHHbIX B Tabn. 1, HarnsagHo B HekoTopbIX nccrnefoBaHusx coobLyanock o pacnpo-

[EMOHCTPUPYET YBENWYEHWEe PaCNpPOCTPAHEHHOCTM W3- CTPaHEHHOCTW abOoMWHANLHOMO OXWUpeHust Bo BbeTHame
ObiTka Macchbl Tena 1 OXUPeHUs y AeTel LUKOMBHOro BO3-  Kak KOMMOHeHTa MeTabonmyeckoro CMHOpoMa, CoCTaBnsB-
pacTa v nogpoctkoB ¢ 2-5% B 2007-2013 rr. go 20-30% B wero ot 8,7 po 30,2% B nepuoa ¢ 2004 no 2019 r. [16-
2002-2013 rr. n 40-60% B 2024 r. 311 faHHble yacTuiHo  18]. H. Yokokawa u coasr. (2010) Ha ocHOBaHMM aHanusa
cornacytotcs ¢ nutepatypHeiMu. T.K. Hong v coasr. (2007)  uctopui GonesHn 652 ambynaTopHbIX B3pOCHbIX NaLyeH-
n N.H. Trang u coast. (2012) coobwmnu, yto ¢ 2002 no  TOB C caxapHbiM AnabeTom ocynapCTBEHHON GONbHULI
2004 r.n ¢ 2004 no 2009 r. yBenuuyeHme n3bbiTouHOro Beca  06ero npoguns r. XoWwnWMMHA BbISBUAM 3HAYUTENBHOE
W OXUPEHUs y NOAPOCTKOB cocTaBuno +8,1 n +7,6% cooT-  NpeBbileHWe  PacrnpoCTPAaHEHHOCTU  MeTabonMyeckoro
BeTcTBEHHO [8, 9]. CornacHo HauuoHanbHoMmy obcrnefo-  cuHapoma (70,5% npotus 39,4%) y XEHLUMH no cpaBHe-
BaHMIO (DAKTOPOB pUCKa HEMHEKLUMOHHBIX 3aboneBaHuin  HWto ¢ MyxumHamu [19]. N.T. Ho u coasr. (2024) npw cpas-
(2015-2016) n HaunoHanbHOMy uccnegoBaHuto nutanus  Helun 30- n 60-neTHUX xuTeneit BoeTHama obHapyxunu,
B0 BbetHama (2019-2020) n36biTok Macchl Tena y geTeil  4To npu obLieM yBENMYEHWM pacnpoCTpaHEHHOCTW Me-
¢ 2002 no 2020 r. BbIpoc Ha 16%, a y B3pocnbix — Ha 8%.  Tabonuyeckoro CUHAPOMa C BO3PaCTOM €ro MposiBNEHNs
Y Mpagwux AeTer 1 B3pOCrblX 3TOT nokasaTerb He  Obinn Goree BbipaxeHbl Y KEHLMH, YeM Y Myx4uH [20].

pasnuyancs Becb nepuon HabmofeHwn, npeacTaBeH- Heckonbko nccrefoBaHnii He NOATBEPXAAIT BbIBO-
— 5 5 Abl O MOBbILEHHOM pUCKe METaboNUYEecKnX HapyLUeHuI

[laHHas cTaTbsl — OKOHYaHue nybnukaumii «[1BoliHoe Bpems He- Y KEHWMH [1, 21-24]. TpaauLUMOHHbIe NPenCTaBREHNs

MONHOLIEHHOTO MUTaHNS B Pa3BMBAIOLLMXCS CTpaHax Kak rmobanbHas B
npobnema. Yactb 1. (JlutepatypHblit 0630p nccneaosaHnin Bo BoeTHa- 0 Kpacoté BO DbETHaMe TOBOPAT O TOM, YTO /€BOUKM

Me)». (Poccuiickvie GUOMEMMLIMHCKYE vccnenosarus. 2025;10(3):44—  AOSKHbI MMETb MUHMATIOPHOE, @ MYX4MHbI rabaputHoe
54. https://doi.org/10.56871/RBR.2025.80.56.005); «3anepxka pocta,  TenocnoxeHue [1]. 310 yBenuumBaeT xeHckyo obecno-
aeduumMT NUTaHns u MI/IKpOSJ'leMeHTHaﬂ He,qOCTaTO‘-i‘HOCTb BO BbeTHa- KOEHHOCTb NMULLUHUM BECOM [25] 1 N30bITOYHbIN poauTenb-
Me. Yactb 2. (NlutepaTypHbii 0630p MccreaoBaHuii BO BbeTHame)». CKUI1 KOHTPOITb M0 HEAONYCTUMOCTI Pa3BUTHS OXMPEHMS

(Poccuiickne  GuomeamumHckue  uccnegosanus.  2025;10(4):18-48.
https://doi.org/10.56871/RBR.2025.22.44.002). y AEBOYEK, HO He Y ManbumkoB [26]. Bo BbeTHame cemby
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00blYHO OTAAKT NpUOpPUTET NOTPEBHOCTAM MarbynKoB
MO CPaBHEHMIO C AeBOYKaMu [26], YTO NPUBOAMT K yBe-
NINYEHNIO Y HWUX NEepuoaoB (DM3MYECKON HEaKTUBHOCTY.
iccnenoBanna B . XangoH nokasarno, Y4To Mamnbuuku
notpebnanm 6onbliue pasHo0Opa3HO KaNopUAHOW NULLK,
yem faeBoykn [21]. Manbunky Yalle, YeM AEBOYKM, MO-
Tpebnstot dactdyg [27], 6onbLle BpeMeHN NPOBOAAT 3a
NPOCMOTPWUM TENeBn3opa 1 UCNonb3ytoT cMapTdoH [28].
lporpammbl, HanpaBneHHbIE HA CHWXEHUE W3BbITOYHO-
ro BeCa ¥ OXWPEHUs CPeam LUKOMbHWKOB BO BbeTHame,
[OMKHBI Y4NTbIBATb NOMOBOE pasHoobpa3ne prUckos pas-
BUTUS M3BLITOYHOrO BECa W OXMpeHus [29].
MpumeyaTensHo, 4To Bo BceM Gonee YeM 30-neTHeM
nepuoge MOHWUTOPWHFA PaCnpPOCTPaHEHHOCTU M30bITka
Macchl Tena u OXuUpeHust Habmoganacs obwas TeHaeH-
Ums K 2,5-2,7-kpaTHOMY NMPEBbILIEHWIO 3TUX NOKa3aTenen
kaK y AeTem, Tak U y B3pOCbiX, NMPOXWBAIOWMX B rOpoa-
CKOW cpefe, N0 CPABHEHWIO C CEMbCKUMM XUTENSAMU (CM.
1abn. 1). T.T. Nguyen u coast. (2018) n N.K. Pham u
coaBT. (2020) coobwmnm 06 yBenunyeHun atoro 3abone-
BaHus B 2010-2015 rr. cpeawn ropofckux geten Ha 6%,
a cpeawn cenbckux — Bcero Ha 4% [30, 31]. CpegHssa
pacnpoCcTpaHEHHOCTb pucka M3OBbITOYHOTO Beca W OXW-
peHus ysennyunack noytu B 9 pas (¢ 0,7% B 1992 r. go
6,2% B 2000 r.) B ropoackux paitoHax v B 3 pasa (¢ 0,4%
B 1992 r. go 1,2% B 2000 r.) B cenbckux painoHax [32].
B uenom ypoBeHb 6n1arococtosiHUs, TPaAULMOHHO BbICO-
KW B TOPOACKMX PErNOHaX, NONOXUTENBHO KOppenupyeTt
C puckom n3bbiTka Maccel Tena [6, 31, 33-37]. OpHa-
KO cyLlectByeT u apyroe MHeHue. K npumepy, X. Tan
coaBT. (2024) He OGHapYXMnW 3HAYMMOMN B3aUMOCBA3N
Mexay u30bITOYHbIM BECOM W WHAEeKCOM BnarococTos-
HWS, STHNYECKON MPUHAANEXHOCTbIO, reorpaduyeckumu
peruoHamu unu panoHamm npoxweanus [5]. Ceasu Mexay
130bITOYHON Maccon Tena M coLuanbHO-3KOHOMUYECKUM
CTaTyCcOM SIBNSATCS CHOXHbIMM, 3aBUCAT OT Mofia U UH-
TEHCMBHOCTY 3KOHOMMYECKOro paseutus [38]. HegasHee
“ccnegoBaHye B r. XOWWMMMHE NOAYEPKHYNO, YTO Y AeTen,
KUBYLLMX B CEMbSIX C HU3KUM LOXOAOM B FOPOACKUX pant-
OHax, bonee BbICOKas BEPOSTHOCTb OXUPEHUS, YeM Y UX
CBEPCTHUKOB, KMBYLLMX B CEMbSIX C BbICOKM AOX0A0M [1].
310 MOXET ObITb 06YCNOBNEHO pa3nuyHbIMK Bapbepamu
ANS 300POBOro NUTaHNA 1 0Bpasa Xu3HW, XapaKTePHbIMM
ANS CenbCKO MECTHOCTM: BO3POCLUAs AOCTYMHOCTb HEAo-
POrVX BbICOKOKAMOPMIHbIX NPOAYKTOB, HEXBATKa MPOAYK-
TOBbIX MarasuHoB, OTCYTCTBME BO3MOXHOCTEN ANS 3aHs-
TUIA CMOPTOM U OTCYTCTBUE 3HAHWIA 0 nuTaHum [39].
MpuunHbl BLICOKOM PacnpOCTPAHEHHOCTN U30bITKA
MacCbl Tena v OXUPeHWs WKNPOKO 06CyxaalTca B NnTe-
paType. Poct noTpebnexns npoayKkToB nutaHWs ¢ fobas-
neHuem caxapa (Hanpumep, xneba ¢ BbICOKOM CTENeHbIo
nepepaboTk1, TOPTOB, MOMOYHBIX MPOAYKTOB C CaxapoMm
W (PPYKTOBBLIX HAMUTKOB, @ TaKkKe rasvpoBaHHbIX HanuT-
KOB) B HacToslLLee BPeEMS SBNSIETCS cepbe3Homn npobne-

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

MOV 0BLLECTBEHHOTO 3apaBOOXpaHeHust Bo BoeTHame [30].
BeicTpas ypbaHusaums u aKOHOMUYECKOE pasBuTUe Cro-
cobCTBOBaNM Nepexofy B NUTaHWM BO BbeTHame OT Tpagu-
LMOHHbIX aveT, GoraTbix CBEXUMK hpyKTamm, OBOLLAMU 1
PUCOM, K AMeTaM C BbICOKUM COAepxaHneM 0bpaboTaHHbIX
MULLEBbIX NPOAYKTOB, OYMLLIEHHbIX 3€PHOBbIX, MSICA, MOMOY-
HbIX MPOAYKTOB, HACbILLEHHbIX XMPOB 1 CaXapoB U HU3KM
coaepkaHveM knetyatku [23]. LieHbl Ha NpoayKTbI MMTaHKUS
BO BbeTHame, 0cOBEHHO C BbICOKWM COAepXaH1eM caxapa
1 06paboTaHHble NPOAYKTbI, CHU3NINCh BO BPEMS SKOHOMMU-
4eCKOro pocTa CTpaHbl, YTO caenano ux bonee 4OCTYNHbI-
mu [23]. Takue nsgenus Ctanu Bce Yalle npeanaratbes ae-
TAM B CynepMapKeTax, MarasuHax «LLaroBoi JOCTYMHOCTU»
y OMa W LWKOMbHBIX cTonoBbIX [1, 40], a Takke B TOProBbIX
LeHTpax [12]. [JocTynHOCTb caxapa 1 CragocTei Ha ayLly
HaceneHus Bo BbeTHame yeennuunacb Ha 176% c 1961
no 2013 r. [41]. B 2018 r. obwee notpebrnexne caxapa BO
BbeTHaMe oueHuBany B 46,5 r Ha YenoBeka B eHb, YTO Mo-
4TV B Ba pasa NpeBbllaeT MakcMMarnbHbIN YPOBEHb (25 T
Ha YenoBeka B [eHb), PekoMeHayeMblii BcemmpHoi opra-
Hu3auuen 3apaBooxpaHeHus [30]. Takue NpoayKTbl 4OCTYN-
Hbl B FOPOACKUX paioHax, rae bonblie cynepMapkeToB Ans
ntoaen ¢ BbicokMmmM goxoaamu [42, 43). [letv ns ropoackmx
PafOHOB TaKkKe Yalle eadT BHe [oMa, W 60mbluas YacTb
noTpebnsiemon B aTUX YCMOBUAX 3HEPTUM MPUXOOUTCS Ha
Xup, caxap, hactdya [44], negeHus! v wokonag [45]. B uc-
CrnefoBaHnK ¢ yyactmeM 11-15-neTHUX geTen BbISBMEHO,
4T0 36% Y4aCTHMKOB ynoTpebnsnm no kpaitHen Mepe OauH
HaNWUTOK exeqHEeBHO [46]. Y WKONbHWUKOB CpeaHsis CyTOYHas!
SHepreTMyeckas foTauus OT CragKux HanuTKoB CocTaBuna
256,4 kkan, uto cootsetcTByeT mpumepHo 10% obLero
CyTOuHOro noTpebneHus aHeprim (~2484 kkan/oeHb) [46].
B uccnenosanuu T.T.P. Pham u coast. (2019) gons neten,
ynoTpebnstoLLmx KoHauTepckue unenus bonee natm pas B
Hedernio, B NpoBuHUMW TxaHbxoa coctasuna 13,81% [47].
V13BbITouHas Macca Tena u OXUpeHue Yy NogpocTKoB Obinn
ropasfo HKe y TeX, KTO YacTo el 0BOLLUM U pYKTbI, BEPO-
ATHOCTb WM30bITOYHOTO BECa M OXMPEHUS Obina HWxe npu
Hanmumm ppyktos goma [33].

Kpome Toro, Bbino nokasaHo, 4T0 BbeTHaMckue [o-
MOX035ICTBA  BOCMPUMMYMBBLI K MApPKETWUHIY BbICOKO-
KanopuiHbIX, HO OefHbIX NUTATEMNbHbIMW BeLiecTBamMu
npoayktos [48]. Peknama npogyKToB NUTaHUS BIMSET Ha
MULEBbIE NMPeanoYTeHNs, NOKynkW, notpebnexve [49] u
BbIOOP NPOAYKTOB NUTaHMS LeTbMu [24]. Takum obpasom,
MapKETUHT BbICOKOKANOPUMHbIX, HO GeAHbIX nuTaTenb-
HbIMM BeLLecTBaMu MPOAYKTOB MOXeT cnoco6CTBOBaTb
JeTckomy oxupeHuo [50]. HU3KMIA nonmTUYecKuin npuo-
puUTeT B peLeHn Npobnembl LETCKOrO OXWUPEHUS NPUBe
K nobbupoBaHMI0 MHTEPECOB KOMMEPYECKMX KOMMaHWNA,
NPOM3BOASALLMX CNadKUe HAMUTKW U NULLEBbIE NPOAYKTHI,
W BKITIOYEHWIO UX NPOLYKUMM B CUCTEMY LUKOMBHOTO MNu-
Tanus [11]. Uccnepoeanne H.T.D. Ngan u coaeT. (2018)
B . XauOoH YCTAHOBMMO, YTO XEHLUMHbI, AOCTUTLLME
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Tabnuua 1
PacnpocTpaHeHHOCTb M30bITKa MacChl Tena U OXUpeHusi Bo BbeTHaMe No AaHHbIM pa3finyHbIX aBTOPOB
Table 1
Prevalence of overweight and obesity in Vietnam according to various authors
AsTop KoHTWUHreHT Bo3spact M:ISS:IITTZL OxunpeHue
Author Contingent Age Overweight Obesity
SonleN.T.etal, CMeluaHHas BbIGopKa B3poCTbIX' 220 net 12%
2005 [70] Mixed sample of adults' 220 years
Cuong T.Q. etal.,, | CmewwaHHas Bbi6opka 1488 B3pocnbix u3 r. XoWwMMIUHA 20-60 net 3 —31,6%
2006 [71] Mixed sample of 1,488 adults from Ho Chi Minh City 20-60 years Q —33,6%
Tang HK. et al., CwmeluaHHas Bbibopka 1504 nogpocTKOB 13 . XOLWMMWHA, CpepHuii Bo3- | 4,9% 0,6%
2007 [72] paBHOE KOMUYECTBO Marb41KoB 1 IeBOYEK pact 13,1 roga
Mixed sample of 1,504 adolescents from Ho Chi Minh City, Average age
equal numbers of boys and girls 13,1 years
Dieu H.T. etal., CmeluanHas Bbibopka 670 aeTen u3 r. XowmmnHa 3-6 net 20,5% 16,3%
2007 [73] Mixed sample of 670 children from Ho Chi Minh City 3-6 years
Khan N.C. et al., CMelLaHHas BbIGOPKa B3POCbIX? 45-54 ropa Fopoackue — 43%
2008 [74] Mixed sample of adults? 45-54 years City — 43%
Cenbckne — 17%
Rural — 17%
van Lierop A. et al., | CmewanHas Bbibopka 2613 aeTeit 13 npoBuHUMM BuHbTXyaH | 6-10 net Fopoackve — 4,6%
2008 [75] A mixed sample of 2,613 children from Binh Thuan Province 6-10 years City — 4.6%
Cenbckue — 1,6%
Rural — 1.6%
Obwas — 2,7%
Total —2.7%
Walls H.L. etal., CwmeLaHHas Bbibopka 4846 B3pocnbix 13 r. XaHos 25-74 net ObLwee 2,1%
2009 [76] Mixed sample of 4,846 adults from Hanoi 25-74 years Total — 28.6%
3 —29,7%
Q —31,5%.
Dieu H.T. et al., [MoBTOPHOE NOMEpeyHoe uccnefoBaxne 1162 geten 4-5 net 21,4% 36,8%
2009 [10] B8 2002-2005 . 4-5 years
A repeat cross-sectional study of 1,162 children in 2002-2005.
Hado T.P.etal., CMelLaHHas BbIGOpKa B3pocbIx® 25-64 ropa B 2000 rogy — 11,7%
2011 [77] Mixed sample of adults® 25-64 years In 2000 — 11.7%
B 2005 rogy — 16,3%
In 2005 — 16.3%
Hong TK. etal., CwmeLluaHHas Bbibopka B3pocnbIx* 13-16 net 4,6%
2012 9] Mixed sample of adults* 13-16 years
Nguyen P.H. etal., | 4983 HebepeMeHHbIX XeHLuH r. Txal HryeH - - 5%
2013 [78] 4,983 non-pregnant women in Thai Nguyen City
Nguyen P.V. etal., | CmewaHHas BbiGopka 1989 aeTeit ua r. XowmmmHa 11-14 net 3 —22% 4 —54%
2013 [79] Mixed sample of 1,989 children from Ho Chi Minh City 11-14 years Q@ —13,3% Q—1,3%
Obwwee — 17,8% | Obwee —3,2%
Total — 17.8% Total —3.2%
Ly KA. etal., CMelLaHHas BbIGOPKa B3poCbIx® 235 net 33,7% -
2013 [80] Mixed sample of adults® 235 years
Binh T.Q. etal., CwmelaHHas BbiGopka B3poCrblx® CpenHui 16,3% -
2014 [16] Mixed sample of adults® BO3pacT
Middle age
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MpodonxeHue mabn. 1/ Continuation of the Table 1

W36bITOK
ABTOp KoHTUHreHT Bospact OxunpeHune
Author Contingent Age maccbl rena Obesity
Overweight
Do L.M. etal., 2677 ropoAcKuX 1 CenbCkux AeTen 3 r. XaHos Cpentui Fopoackon — 21,1%
2015 [49] 2,677 urban and rural children from Hanoi BO3pacT City —21.1%
4,3 ropa Cenbckuit — 7,6%
Average age Rural —7.6%
4.3 years
Carrillo-Larco R.M. | laHHble npogonbHoro uccnegosanus Young Lives 4-8 net 1,5%
et al. 2016 [34] 6000 peten 4-8 years
Data from the Young Lives longitudinal study of 6,000 children 11215 net 0,3%
11-15 years
Nguyen P.V. etal., | CmewaHHas Bbibopka 2024 n3 r. XowmmnHa 11-14 net 21,1%
2016 [35] Mixed sample 2024 from Ho Chi Minh City 11-14 years
Nguyen N.M. et al., | CmewaHHas Bbibopka 2943 neteit CpepHuit Bo3- | 2,4% 0,4%
2017 [37] Mixed sample of 2,943 children pact 5,3 roga
Average age
5.3 years
Cpentuii Bo3- | 5,8% 4,7%
pacT 8 net
Average age
8 years
Nguyen C.L. etal.,, | 2030 6epemeHHbIX Ha 24-28-11 Heaene BepemMeHHOCTU - 12,8%
2017 [81] 2,030 pregnant women at 24-28 weeks of pregnancy
Dat T.Q. etal., CwmewaHHas Bbibopka 6514 13 npoBuHLMN BuHbANHDL 6-10 net 30,1%
2018 [82] Mixed sample 6,514 from Binh Dinh province 6-10 years
Hoang N.T.D. et al., | CmewaHHas Bbibopka 2334 geTeit u3 r. XaidoHa 6-9 net 22,1% 31,0%
2018 [24] Mixed sample of 2,334 children from Hai Phong City 6-9 years
Ngan H.T.D. etal., | CmewwaHHas Boibopka 276 aeten u3 r. XandoHa 6-10 net 1,2% 10,1%
2018 [21] A mixed sample of 276 children in Hai Phong City, 6-10 years
ChucD.V.etal., CmeluaHHas Bblbopka 327 aeTeit u3 r. XolHbeHa B 2017 . 1-3roga 1,2%
2019 [83] Mixed sample of 327 children in Heungyeong City, 2017 1-3 years
Giao H. et al,, CwmeluaHHas Bbibopka 768 feTelt u3 r. XowmnMuHa 1-2 roga 10,7%
2019 [84] Mixed sample of 768 children from Ho Chi Minh City 1-2 years
Pham T.T.P. etal., | CmewwaHHas Bbibopka 821 neTeit u3 r. XaHos 11-12 net 17,1% 19,1%
2019 [47] Mixed sample of 821 children from Hanoi 11-12 years
LeTT. etal, 16 177 peTei U3 ropHbIX PatoHOB, Pa3Hble ATHUYECKKe 2-5 net Ot 0 0 2,3% y pa3HbIX ITHUHECKNX
2019 [85] rpynnbl 2-5 years rpynn
16,177 children from mountainous areas, different ethnic groups From 0 to 2.3% in different ethnic
groups
Phan H.D. et al., CmeluaHHas Bblbopka 2788 peTeit 11-14 net 17,4% 8,6%
2020 [86] Mixed sample of 2,788 children 11-14 years
Mai TM.T. et al., CwmewaHHas Bbibopka 10 949 geteit u3 r. XowmmuHa 6-18 nert 20-30% 20-30%
2020 [1] Mixed sample of 10,949 children from Ho Chi Minh City 6-18 years
Pham N.K. et al., CmeluaHHas Bblbopka 1806 aeTeit 3 r. XownmmHa 7-9 net 3 —247%
2020 [31] Mixed sample of 1,806 children from Ho Chi Minh City 7-9 years Q@ —12,3%
Nguyen T.T. et al., | MonepeyHoe uccneposaHne 367 B3pOCHbIX U3 I. XaHos 18-25 net 16,6%
2020 [51] A cross-sectional study of 367 adults from Hanoi 18-25 years

POCCUMCKUE BUOMEANLIMHCKUE UCCNEAOBAHMUA

RUSSIAN BIOMEDICAL RESEARCH

2026;11(1):104-117



OKOJNOTMYECKAA MEANLIUHA

ENVIRONMENTAL MEDICINE

OkoHyaHue mabn. 1/ Ending of the Table 1

AsTop KoHTWUHreHT Bospact M:'gs:?;a OxupeHue
Author Contingent Age . Obesity
Overweight
Ha etal., 2021 [69] | 280 B3pocnbIx NALMEHTOB C caxapHbiM Anabetom 2-ro una | — 35,4%
280 adult patients with type 2 diabetes mellitus
KimT.V. et al., CmeluaHHas Bblbopka 103 peteit 3-4 ropa 22,3%
2022 [65] Mixed sample of 103 children 34 years
Le G.B., Dinh D.X., | CmeluaHHas Bbibopka 782 aetelt 3 r.TxaHbxoa 6-11 net 21,61% 14,32%
2022 [28] Mixed sample of 782 children from Thanh Hoa city 6-11 years
Truong D.T.T. CmeluaHHas Bblbopka 1556 peTeit CpepHuii Bo3- | 9,4%
etal., 2022 [87] Mixed sample of 1,556 children pact 12 net
Average age
12 years
DangAK.etal., CmelLaHHas BbIGOpKa B3poCbIx® - 16,1%
2022 [18] Mixed sample of adults®
Thuyen T.Q. etal., | [laHHble pacnpocTpaHeHHoCTH MeTabonnyeckoro cunapoma | 40-64 net 23,4%
2022 [88] y 1150 B3pocnbIx 40-64 years
Prevalence data of metabolic syndrome in 1,150 adults
VuK.etal, CmelLaHHas BbiGopka B3poChbix 25-64 ropa 20,57%
2022 [89] Mixed sample of adults 25-64 years
Tan P.Y,, Chan C.L. | CMewaHHas BbiGOpka feTei® <5 net 9,7%
etal., 2024 [6] Mixed sample of children® <5 years
5-18 net 41,3%
5-18 years
Pham T.T.P. etal., | CmewaHHas Bbibopka 733 peTei r. XaHos 11-12 net 25% 1%
2024 [90] Mixed sample of 733 children from Hanoi 11-12 years
Tan PY. etal., CmeluaHHas Bbibopka 2039 feTeit 6 mecaues — | & —2,3% 3—=0,7%
2024 [5] Mixed sample of 2,039 children 2 ropa Q@ —2,6% Q—0,5%
6 months — Obuwee — 2,5% Obwee — 0,6%
2 years Total — 2.5% Total — 0.6%
Mai TM.T. et al. CwmewaHHas Bbibopka 221 pebeHka B BospacTe 18 net 13 9-11 net 59,3%
2024 [91] r. XownmMnHa 9-11 years
Mixed sample of 221 children aged 18 years in Ho Chi Minh City
Ho N.T. et al. CMeluaHHas BbiGopka B3pocbix® <40 net 16%
2024 [92] Mixed sample of adults® <40 years

Npumeyanus. ' — VccneposaHue pacnpocTpaHeHHOCTU MeTaBoMMYECKOro CUHAPOMA Y B3POCHbIX XuTenen r. XownmmHa; 2— c6opHas cratucTvka HaumoHans-
HOro MccrefoBaHust M3GLITOYHOMO BECa M OXUPeHNs; * — AaHHble uccnegosanns 31 665 Bapocrbix B 2000 1 2005 rr. HawyoHanbHoro onpoca no nutaxuio 2000 r.
(14 452 cy6bekTa) 1 HaumoHanbHoro onpoca no oxmpeHuto y Bapocrbix 2005 r.(17 213 cy6bekToB); * — pacnpocTpaHeHHOCTb MeTabonMYeckoro CMHAPOMa Y
aeteit B 1. XowmnmmuHe; S — 1713 B3pocnbix xutenert u3 r. Janaxr n3 900 4oMOX03siCTB B 6 13 56 ropoaCKIX, CENbCKNX 1 CMeLUaHHbIX FOPOACKNX 1 CeMbCKUX 06-
WyH B [laHaHre; 8 — pacnpocTpaHeHHOCTb MeTabonmyeckoro cuHapoma y 2443 B3pocnblx; 7 — MeTaaHanma pacnpocTPaHEHHOCTU MeTabonMyeckoro cMHApoMa y
35 421 B3poCnbIX UCTbITYyeMbIX; & — aaHHble 06 06LLel PacnPOCTPAHEHHOCTH 11 PACTIPOCTPAHEHHOCTH, CTPATUNLIMPOBAHHON MO MOSTY 1 PErVIOHY, BbINK NoMyYeHb
13 6a3 aaHHbIx BO3/KOHVCE®/Mpynnbl BeemmpHoro 6aHka 1 HalmoHanbHbix 06cnenosaHuit nutaHns (2018-2020); ° — pacnpocTpaHeHHOCTb MeTabonmyeckoro
cuHgpoma y 57 997 B3pochbix Ha 0CHOBE 0CMOTpa coTpyaHUkoB 300 BbeTHamMckux komnaHui u3 Vinmec Healthcare System.

Notes. ' — Study on the prevalence of metabolic syndrome in adults in Ho Chi Minh City; 2— National Overweight and Obesity Survey Summary Statistics; ® — data
from a study of 31,665 adults in 2000 and 2005 from the 2000 National Nutrition Examination Survey (14,452 subjects) and the 2005 National Adult Obesity Survey
(17,213 subjects); * — prevalence of Metabolic Syndrome in Children in Ho Chi Minh City; > — 1,713 adult residents from Da Nang City from 900 households in
6 of 56 urban, rural and mixed urban-rural communities in Da Nang; 8 — prevalence of metabolic syndrome in 2,443 adults; 7 — meta-analysis of the prevalence
of metabolic syndrome in 35,421 adult subjects;  — data on overall prevalence and prevalence stratified by sex and region were obtained from WHO/UNICEF/
World Bank Group databases and national nutrition surveys (2018-2020); °— prevalence of metabolic syndrome in 57,997 adults examined from 300 Vietnamese
companies from Vinmec Healthcare System.

Tabnuya asmopog daHHol cmambu
Table by the authors of this article
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fonee BbICOKOTO YpPOBHS 00pa3oBaHUs, MOIMM HaUTK
nyywwyio paboTy C BbICOKOM 3aHATOCTbI, YTO NMPUBENO K
YMEHbLUEHWIO BPEMEHM, 3aTpaynBaeMoMy Ha NpUroToB-
NeHve NUWK Ang aeTei, U yBENMYEHUIO NX 3aBUCUMOCTH
oT thactpyaa [21].

TpaanUMOHHas XM3Hb BbETHAMLEB, MPOXMBAIOLMX B
[EPEBHSAX, XapaKTepu3yeTcs BbICOKUM pacxogoM Kamno-
pui' n3-3a HEOOXOAMMOCTY CENbCKOXO3ANCTBEHHON AEes-
TenbHocTn [51]. Fopoackum BbeTHamuam Heobxogumo
COCPeoTOUMTLCA Ha YBEINYEHUN PU3NYECKON aKTUBHO-
cTv B cBobopHoe Bpemst. [aHHble onpoca MuHuctepcT-
Ba 3ApaBOOXpaHeHUst nokasblBatoT, Yto 70% B3pOCMbIX
BbETHAMLIEB He 3aHUMAtOTCS akTUBHOW hu3nyeckon ae-
ATENbHOCTbI0, @ OUCHbIE PabOTHWMKW BEAYT MCKM0YM-
TENbHO CUAAYMI 00pa3 Xn3HW, B CpegHEeM OHU NPOXOAsT
Bcero 600 waros B AeHb BMeCTO pekomeHgyembix 10 000,
1 Tonbko 18% YYeHWKOB MATLIX KIAcCoB B I. XOWMUMUHE
cobnoaanT pekoMeHaaUun no pU3nNYeckoit akTMBHOCTH
[52]. HepaBHee MexayHapogHOe uccnefoBaHue nome-
CTUNo BbeTHam B 4nCro CTpaH Mupa C CaMbIM HU3KUM
CpegH!M KOMMYECTBOM LUAroB, NPOMAEHHbIX B AeHb [51].
Co06LLaeTCs 0 HU3KOM YPOBHE (PU3NYECKON aKTUBHOCTM
Kak cpeu ropoAckoro, Tak U CenbCKoro HaceneHns [53]
YyacTue BbeTHaMLEB B pekpeaLMOHHbIX (U3NYeCcKnX Me-
pONpUATUSX BCTpeYaeTcs peako [54]. PacnpocTpaHeHHbl-
M Gapbepamm ans uanM4eckon akTUBHOCTM B KOXKHOM 1
tOro-BocTouHomn A3umn 9BNAOTCA ABOMCTBEHHOE OTHOLLIE-
HUE K (DU3MYECKUM YNPaXHEHWUAM, OrpaHUYEHHOE BpeMs
13-3a NPOJOIIKUTENBHOMO paboyero AHA W KynbTYPHbIX
06s3aTenbCTB Neped CeMber, OTCYTCTBUE COOTBETCTBY-
oWmux yaobcTB M MHGPaACTPYKTYpbl, OrPaHNYEHHOE KO-
nNnyecTBO 6e30MacHbIX 30H, HEONaroNpPUATHbIA KNMMaT U
3arpsisHeHve okpyxatowen cpebl [53]. XKeHLWuHbI MoryT
CTankmBaTbCs C AOMOMHUTENBHBIMW KyNbTYpHbIMU 6apb-
epamut, CBA3aHHbIMA CO CKPOMHOCTbIO Uu u3beraHuem
CMeLLaHHbIX BUAOB AesTenbHocTH [53].

Puck u30bITOYHOrO Beca WK OxupeHns Obin B
1,39 pasa Bblle y (DU3NYECKN HEaKTUBHBLIX AeTell U B
2,5 pa3a Bbllle y TeX, KTO XKMBET B FOPOACKUX paloHax
[55]. Opyrumn geTepmuHaHTamm M3bLITOYHOrO Beca sB-
nseTcs NnpoxueaHue B 6oraton cembe [8], 0TCYTCTBME He-
obxoanMMocTK newmx noxodos B wkony [1, 22, 28], cHu-
XEHWE aKTUBHOCTMW Ha NepeMeHax 13-3a MeHbLLEro Konm-
YecTBa OTKPbITbIX NPOCTPAHCTB M UrPOBLIX MIOLaAoK [9,
28], a Takke Hannume pogutenen ¢ U3ObITOUHBIM BECOM
[23], HexBaTKa npogoBONbCTBUA foma [23]. PesynbTarhl
UCCNEeAoBaHMn MOKa3bIBAlOT 3HAYUTENBHOE CHUXEHUE
pacnpoCTPaHEHHOCTU MeLlero nepeMeLleHns Ha pa-
6oty cpeam nogpocTkoB ¢ 27,8% B 2004 r. go 19,6% B
2009 1. [9]. PoxgaeHue oT maTtepen ¢ M3BbITOYHLIM BECOM

! World Health Organisation Guideline: Sugars Intake for Adults and
Children. URL: https://www.who.int/publications/i/item/978924 1549028
(accessed: 14.01.2026).
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W OXWPEHMEM, NX MamnonOABWKHbLIN 06pa3 KU3HU U He-
npaBunbHOe NuTaHue [6, 56], paHHU 0TKa3 OT rpyaHOro
BCkapMnnBaHus [36], NoBbILEHHOE BpeMs, NpOBEAEHHOe
3a 9KpaHOM cMapThoHa, HU3Kas huanyeckas akTUBHOCTb
pebeHka, 4pe3mepHoe nOTpebneHne SHepreTUYECcKUX
pecypcos, caxapa, macna u conu, gactdyga [1, 6, 21,
28, 30, 31, 36, 49], a TaKkkKe BbICOKMIA BEC NPY POXOEHUMN,
kecapeBo ceveHue [57, 58], npoaonKUTENBHOCTb HOYHO-
ro cHa MeHee 8 yacoB B AeHb [57], AHEBHOW COH [16],
BbICOKWIA ypOBEHb 00pa3oBaHMs mMaTepen u oTuoB [21,
47, 58], HeOooLEHKa POANTENAMI OMAcHOCTW AETCKOro
oxupenus [1], HeBpoTusauus Hacenenns [59], peakune
3aBTpaku [31], a Takke nonMMopdU3M reHa HerpoTpo-
(hudeckoro aktopa mosra [57] u Bs-agpeHopelenTopa
[60], yBenuyeHne B kuiieyHoM Mukpodriope BGakTepui
TMna Firmicutes, MeHbluee KonmyecTBo OakTepwit Tvna
Bacteroidetes [61] Obinu cBsidaHbl C MOBbILLEHHLIMM
LwaHcamu nepeefaHus n oxupeHus. Onpoc, npoBeeH-
Hbi L.M. Do u coasT. (2016), nokasan, YTO HEKOTOPbIM
maTtepsM M3 BbeTHama HpaBMTCA BHELWHWA BUL «NyX-
noro» pebeHka, OHW Takke CYMTanu, YTo NINLWHWA BEC Y
pebeHka SBMSAeTCa Npu3Hakom ero 30oposbs [12]. B To xe
BPEMS OMPOLLEHHBIE XEHLLWHBI HeCnoKoMnucb No MoBoay
nepeefaHns, CHWKEHHON ABUraTenbHOM aKTUBHOCTW WX
[EeTeN C NULLHIM BECOM, BbICOKMX BEPOSTHOCTW pa3BUTUS
caxapHoro auabeta n KapamonorMyeckmx puckoB B byay-
wem [12]. Cpeay NPUUUH OKUPEHMS KEHLLMHBI BbIAENSIHOT
HacrneaCcTBeHHbIE (DAKTOPbI, IKOHOMUYECKIE YCMOBUS XM3-
HW, Hannume B Msce Hebe3omnacHbIX ropMoHOB [12]. MaTtepu
NPU3HANUCh, YTO UM TSHKENO KOHTPONMPOBATbL AWETY, Orpa-
HW4mMBaTh NoTpebneHve dactdyaa, MPOCMOTP Tenesnsopa
W Ta[KeTOB, a Takke CyliecTByeT npobnema ybexaeHus
CTapLUero MokoneHus poACTBEHHMKOB (6abylwek n pedy-
LeK) 0 HeobXOaMMOCTM KOHTPONMPOBATbL NUTaHNE 1 n3u-
YECKyH aKTMBHOCTb [12]. [puMepHO Te xe JaHHble NpuBo-
vt Y.T.H. Nguyen v coasr. (2022), onucbiBas pesynbTatbl
WHTEPBbLIO C BO3PACTHbIMU XuUTensamu BoetHama [62].

AkcenepomeTpuyeckne wusmepenus T.H. Nguyen
n coasT. (2010) dm3nyeckon aKTUBHOCTM Y LUKONbHU-
KOB Mokasanu, 4To puck MeTabonuyeckux HapyLieHui
BO3pacTaeT Npu 3aTpaTax Ha YMEPEHHY Unn Nerkyto
(PU3NYECKYID aKTUBHOCTb MeHee 43 MUHYT B AeHb [63].
N.T. Nguyen u coaBTt. (2024) BbisBunun, 4to 6Gonee
70% y4eHUKOB CpefHel WKonbl TpaTuin MeHee 60 MUHYT
Ha uanyeckylo aeatenbHocTb M 6onee 120 MuHYT B
AeHb Ha cnasunin 0bpas xu3Hu [64].

B xome counogemorpadmyeckoro UccrneaoBaHms
Q.G. To n coaBT. (2020) ycTaHOBWAK, YTO 3HAYUMBIMY
npeaukTopamm K3BbITOYHOM Macchl Tena U OXMPEHUs
cpeay BbETHAMCKMX LUKOMbHUKOB ObIfno BbICOKOe 6naro-
COCTOSIHME, KOTOPOE MO3BONWUIO AETAM UMETb ABa 3nek-
TPOHHbIX YCTpOiCTBa 1 6onee (cMapTOHbI, NNaHLLETbI)
1 BO3MOXHOCTb Mocelath penetutopa [46]. Cpean aTux
aeteil Habnogancs HaMMeHbLUM YPOBEHb (HM3NYECKON
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aKTWBHOCTH, MOCKOMbKY AeTU Bbinn 3aHsATbl y4ebomn nnu
TpaTUNM BpeMst Ha CMapTgOH UNK nnaHweT [46]. YyeHu-
K cpefHei Wkonbl B Bo3pacte 11-14 net u3 r. Xoww-
MWHa TpaTunu Bonee 2 4acoB Ha NPOCMOTP Tenesu3opa
[35]. KonnuyecTBO 4acoB mpocmoTpa Tenesuopa Obino
NONOXMTENBHO CBA3AHO C OXWUPeHWeM, 1 Habmoganach
O4YeBMaHas 3aBUCUMOCTb «go3a—peakuus» [33]. T.V. Kim
1 coasT. (2022) yctaHosunu, 4to Bonee 50% peten go-
LUKONBHOrO BO3pacTa r. XOLMMUHA He Npuaepxusanuch
pekoMeHZaLnin no BpeMeHn (U3NMYECKON aKTUBHOCTH,
NPOAOMKUTENBHOCTH CHA M BPEMEHU Y 3KpaHa [65].

BbiCTpas ckopocTb eAbl Bbina 3Ha4NTENBHO CBSI3aHa C
MoBbILUEHHBbIM YnoTpebneHnemM ankorons u caxapa u 6o-
nee BbICOKOW PacnpoCTPaHEHHOCTbID abaoMWUHaNBHOrO
oxupeHusi [34]. Kpome Toro, cyllectsoBana 3Ha4yuTeNb-
Has CBA3b MeXZy B3POCMbIMM, y4acTBOBABLUMMM B CNOP-
TMBHbIX UrPax CO CBOMMM LETbMU: BEPOSTHOCTb TOrO, YTO
noapocTku ByayT uMeTb M3BbITOYHbIN Bec, Obina B ABa
pasa Bbllle y Tex AeTel, Ybi POAUTENN HUKOTAA He 3aHU-
Manucb ¢ HAMK cnopToMm [33].

[eTu, XuBYyLLYME TOMBKO C OTLIOM, UMENN MOBbILLEHHbIN
PUCK M3OLITOYHOTO BECA U OXMPEHWUS MO CPABHEHWIO C WX
CBEPCTHUKAMM, XMBYLLMMI B NOSHON cembe [66], 4To, BO3-
MOXHO, 0ByCMOBNEHO TEM, YTO OTLbl C MEHbLLEN BEPOSTHO-
CTbI OTPaHNYMBAIOT JOCTYN K e4e W KOHTPONMpYtoT NoTped-
neHve nuwm getbmu [67]. Paseog poautenei 6bin accouy-
POBaH C N30bITOYHON MacCon Tena v oxupeHnem [68].

Mooaepxka CeMbM M KOHCYNbTUPOBAHWE CO CTOPOHbI
MeaMLMHCKX PabOTHMKOB MrpaloT peLuatllyto pofib B
(hOpMUPOBaHMM 1 NOJLEPXKaHUN 300POBbIX NPUBbLIYEK M-
TaHUs 1 NPaBUBbHBIX (U3NYECKNX YNPaXKHEHUIA Y BOMbHBIX
caxapHbIM A1abeToMm 1 300poBbIX CyGBEKTOB, CNOCOBCTBYA
CHUXEHWNIO pUCKa M3BLITOYHOMO Beca U oxupeHns [1, 69].
lMayneHTbl, KOTOPbIE HE NOMyYanu NOAAEPKKY OT CBOMX
CEMEW UMW KOHCYNbTUPOBANUCh Y MeAULMHCKNX paboTHU-
KOB MO MOBOAY MUTaHWS U PU3NYECKON aKTUBHOCTH, Obinin
Bonee ys3BUMbI K N36bITOYHOMY BECY M OXMPEHNIO [69)].

Takum 06pa3om, aHanu3 AaHHbIX NiUTepaTypbl CBU-
[eTenbCTByeT O MfaBHOM MOBbIWEHUM pacnpocTpa-
HEHHOCTW M30bITKa Macchbl Tena W OXWUPeHus Yy LeTeit
pas3nnyHoro Bo3pacTa M B3pocnbix. Cpean akTopos,
CnocobCTBYOWMX pasBUTMI0 MeTabonmyecknx Hapylie-
HWN Y BbETHAMLEB, rMaBHbIMW CYMTAIOT MYXXCKOW Nof,
NpOXu1BaHWe B ropoge, 0Tka3d OT MPaBWUNBHOTO NMUTAHUS
B monb3y actdyna v NpoaykToB ¢ 6OnbLUMM cogepka-
HWeM Xupa 1 caxapa, HU3KYH U3NYECKYI0 aKTUBHOCTb U
3aBUCUMOCTb OT TENEBM30pa U CMapTOHa.

OCHOBHbIE NTOA4XOAbI
K NMPO®PUNAKTUKE N NEYEHNIO
MN3BbITKA MACCbI TEJIA N OXXUPEHUA
BO BbETHAME

C uenbto npounakTuk 1 neveHnst M3bbITOYHON Mac-
Cbl TeNa n OXMUpeHUs NpaBnUTenbCTBO BoeTHama paspabo-
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Tano HauuoHanbHyto ctpaterio NPoUIaKTUKA N KOHTP-
0Nl HEMH(EKLMOHHBIX 3aboneBaHuin Ha 2015-2025 rr.,
NoCTaBMB Lienblo yaepxaHue pacnpocTpaHEeHHOCTU 3TUX
MeTabonnyecknx HapyleHun Ha yposHe meHee 10% y
peten n 15% y Bapocnbix [30]. Kntouesas nouuus atomn
cTpaTernm — KoMnnekcHas nporpamma Koppekuum obpa-
32 XKU3HU, BKMKOYaKLLas W3MEeHeHUe paLuoHa NUTaHus,
noBefeHns, yBenuyeHne (HU3NYecKol akTUBHOCTK, KO-
TOPOe MMeeT OCHOBOMonarawliee 3HadveHne B Bopbbe
C OXupeHueMm. [Ins nepBOHA4anbHOrO CHKEHWS Beca
W NOAJEpXKaHUs ero y B3pOCMNbIX PEKOMEHAYeTCH WHAW-
BUOyanbHas QMeTUYEecKkas KOPPEeKUMs, KoTopas CHKaEeT
obuiee noTpebneHune kanopuit He meHee Yem Ha 500 kkan
B [i€Hb C AOCTATOYHbIM coaepkaHnem 6enka, BUTaMUMHOB
n MvHepanos. [Npu Bbibope AneTYeckoro BMeLlaTesb-
CTBa creumanuctam 34paBoOXpaHeHust cregyeT YuuTbl-
BaTb MOTMBALMIO YENOBeKa, €ro NMUYHbIE U KYNbTYPHbIE
NPeanoyTeHns, a Takke COMYTCTBYHOLLME OCMOXHEHMS.
MenuumuHckne paboTHWUKW AOMKHBI PEKOMEHAO0BATH B3PO-
CMbIM C W3BbITOYHBIM BECOM WU OXMPEHUEM YAENsTb
30-60 MuHYT B AeHb aspobHbIM YNpaXHEHUSIM CpPeaHen
WHTEHCMBHOCTM MO KpailHei Mepe NATb AHEN B Hedento
(2150 munyT). MopnepxaHne CHKEHHOrO Beca MOXeT
TpeboBaTb Bonee ANUTENbHBIX UM MHTEHCUBHBIX YNpaX-
HeHwit (200-300 MUHYT B HEAEM0 YMEPEHHOMN aKTUBHOCTU
uin 2150 MUHYT B HEAENt0 WHTEHCUMBHOM aKTUBHOCTM).
[ns yKkpenneHus MbILLEYHON CUMbl W YNy4LeHns (usm-
Yeckux (PyHKLMA crnefyeT pekOMeHAoBaTb YnpaxHeHWs
C oTAroweHuaMr 2-3 pasa B Heaen. Bmellatenscrea
B aKTMBHOCTb [OSTKHbl MOCTENEHHO YBENUYMBATLCA C
TEYEHMEM BPEMEHW, YTODbI 4OCTUYb LIENEBOr0 YPOBHS W
COOTBETCTBOBATb BO3PACTY YeNoBeKa, TEKYLLEMY YPOBHIO
(DYHKLMOHUPOBAHUS U (DU3NYECKON NOLATOTOBKM, a Takxe
OCMOXHEHUAM W (pakTopam pucka.

Ons npounakTukn U nevyeHnss LETCKOro OXMUPEeHUs
BpayaM HeobX0oaMMOo KOHCYNbTUPOBATh poauTenen wunm
OnekyHoB Ans opmupoBaHns y pebeHka 340poBbiX
NPUBbLIYEK B MUTAHWN U PU3NYECKNX YNPAXKHEHUSIX, BKITHO-
Yas perynspHoe nuTaHue, orpaHnyeHHoe noTpebreHve
BbICOKOKAMOPUMHBIX 3aKyCOK, HE3LOPOBOW MWLM U Ha-
nuTkoB ¢ JobaBneHMeM caxapa, a TakKe eXeOHEBHbIX
BO3MOXXHOCTEN ANs aKTUBHbIX UrP UK Apyrux opm ¢u-
3M4ECKOM aKTMBHOCTW. HauWoHanbHbIA NnaH AeincTBui
No NMUTaHWMIO TaKkKe PeKOMEHAOBan ynydlleHne nuTaHus
MaTepu Ans NPOLOIIKMTENbHOMO rpyaHOr0 BCKapMIvBa-
HWs, orpaHuyeHne notpebneHus conu (MeHee 300 r) u
caxapa, XMpOoB W yBenuyeHne notpebnexns Genka [93].
[Mpu OTCYTCTBUM CHWXKEHWS Beca B TEYEHWE TPeX Mecs-
UeB MoryT OblTb PaccMOTPeHbl MHTEHCWBHAs Tepanus
obpasa *u3Hu, hapmakoTepanns unu HanpaeneHue Ha
XWpypruyeckoe BMeLIaTenbCTBO. [laHHble nuTepatypbl
CBUAETENLCTBYKT 006 9deKkTMBHOCTH NOLOBHBIX Npo-
rpaMM BMelLaTeNbCcTBa Y B3pocnbix [94] u geTen B BO3-
pacte 11-12 net [90].
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Bo BbeTHame HeT npaswn, KOHTPONMMPYHLMX Mpo-
Aaxy W MapkeTUHr ynbTpaobpaboTaHHbIX MPOAYKTOB
[91], yTO menaeT mx peknamy nonynspHou [48]. Takum
obpasom, yTobbl CMArYUTL BO3pocluee noTpebrneHue
He3[opOoBbIX MPOAYKTOB, 0OLECTBEHHOE 34paBOOXpa-
HEeHWe JOMMKHO BbITb COCPEOOTOYEHO HEe TOMbKO Ha W3-
MEHEHUN NMOBELEHNS AeTEN U UX POAWUTENEN, HO U Ha
HeobxoanMOoCTM pa3paboTku rocyaapCTBEHHOM MOMM-
TUKM B 06nacTu KOHTPONS NPOLOBONbCTBEHHON Cpefbl.
OTOro MOXHO JOCTWYb 3a cyeT 6onee BbICOKMX HANoroB
Ha HekoTopble ynbTpaobpaboTaHHble MPOAYKTLI U MoA-
CnalleHHble HanuTKW, pPerynnpoBaHNs MapKeTUHra He-
3A0POBbIX NPOLYKTOB C BbICOKUM COLEPKAHUEM XMUPOB,
caxapa, conu n pas3paboTky MapKMpOBKW Ha NULEBOI
cTopoHe ynakosku [91, 95, 96]. B HepaBHeM uccneno-
BaHum L.T.T. Nguyen u coaBT. (2023) noBbllleHne LEH
Ha «BpefHble» NpofykTbl nuTanua go 20% npuseno K
CHWXEHW0 pacnpoCTpaHeHHOCTW M3bbiTka MaccChl Tena
n oxupeHus Ha 12,7 n 12,4% COOTBETCTBEHHO, CIKOHO-
MuB 27 munnuoHoB gonnapos CLUA Ha npsamble megu-
LIMHCKne pacxogbl [97].

OT 3aHATWA cnopToM. Takum oBpa3om, OYEBMOHO, UTO
[BOVHOe 6pemMsi HEMmoMHOLEHHOro MUTaHUs, HeCMoTps
Ha NpoBOAVMblE NPaBWUTENbCTBOM BbeTHama Mepbl Mo
3awmTe 0bLIECTBEHHOrO 340POBbS, BCE €LUe aKTyanbHO
ANs xuTenen ctpatbl. 310 Tpebyet paspaboTku npuopm-
TETHbIX NpOrpaMm OLHOBPEMEHHOM GopbObI ¢ Hegoena-
HWEM 1 OXMUPEHMEM.

AONONHUTENbHAA MHPOPMALINA

Bknag aBtopoB. B.O. EpkynoB — pa3spaboTka KOH-
yenuun ob3opa, NOMUCK NUTepaTypbl, HaNMCaHWe TeKCTa,
(buHanbHoe yTBepxneHue; B.B. MainBopoHckas — nouck
nnuTepaTypbl, peaakTupoBaHue, (UHanbHOE YTBEpXKae-
Hue; H.B. CkpebuoBa — pepakTupoBaHue, (uHanbHoe
ytBepxaeHue; C.C. PorosuH — nouck nutepatypbl, du-
HanbHOE yTBEPXKOEHME.

Bce aBTopbI Npounit 1 0gobpunn mHansHyo BEPCULO
nepea nybnukauuen.

KoHdnukT uHTepecoB. ABTOPbLI AeKNapupyoT OTCyT-
CTBME SBHbIX U NOTEHLMANbHbIX KOH(DMKTOB UHTEPECOB,
CBSI3aHHbIX C NyOnuKaLyein HacTosLWen cTaTbi.

3AK/IOHEHUE

WccnenoBaHns coobLwaoT 0 3Ha4YMTENbHOM POCTE
4acTOTbl OXMPEHUs 1 N3bbITKa Macchl Tena, KOTopoe Co-
CTaBfIsieT, N0 HEKOTOPLIM OLEeHKaM, oT 6 4o 15% 3a 1990-
2024 rr. MpuynHamm 3TOro MOBLILEHNUS SBNSAKOTCSA Tpa-
OMLMOHHbIE MPUCTPACTUS BbETHAMLEB K YrneBO4UCTOM
nuLye, HeBepHble NPEeCTaBIEHNS O NOMNHOTE Kak NpU3Hake
300pOBbA Y MYXYMH, pacnpocTpaHeHne notpebneHms
thacTyna, cy6nMmMMpoBaHHbIX NPOAYKTOB W CRAgoCTeN,
0COBEHHO Y FTOPOACKUX XUTENEN, B COMETaHWUM C OTKA30M
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pasnuyaThCsa B 3aBUCUMOCTY OT BIUSHWS LWENHbIX pebep Ha pacnonoxXeHHble pagoM CTPYKTYpbI:
nneyeBoe CNneTeHne, NOAKMIUNYHYI0 apTepuio U/Mnn NOAKMIOYNYHYI0 BeHy. [InarHos cTaBsT Ha
OCHOBaHUK u3nkanbHoro ob6cnefoBaHus, a Takxe 6narogaps MHCTPYMEHTaNbHbIM MeToAam
“ccneaoBaHus n onpeseneHHbIM NPOBOKaLMOHHbIM Npobam. JledeHne MoxeT BbiTh Kak KOHCep-
BaTMBHbIM, TaK U XUPYPrU4ECKUM Npu HE3MHEKTUBHOCTU MEANKAMEHTO3HON U DU3NOTEPaNIN.
OnepaTnBHOe BMELLATENbCTBO MOXKET BKIIHOYATh pesekuuto | pebpa 1 ckaneHoTomuto. B aaHHoi
cTaTbe NpefcTaBneH NuTepaTypHbIil 0630p Hay4HbIX TPYAOB C UCMONb30BaHNEM TakuX Pecypcos,
kak nonckoBble cuctembl PubMed u elLibrary, a Takxe Hay4HbIX XXypHanoB 3a nocneaHue 5 ner.
Llenbto pabotbl ABnsietcs 0606LLeHMe AaHHbIX 0 pacnpoCTPaHEHHOCTH, NpUYUHAX (POPMUPOBAHUS
W KNMHWYECKMX CUMNTOMAX, Bbi3blBaeMbIX 06aBOYHBIMM LEHBIMK pebpamu.

KntoueBbie cnoBa: fob6aBoyHble LWelHble pebpa, CUHAPOM rPYAHOrO BbIXOLA, MEXMNECTHUYHOE
NPOCTPaAHCTBO

UcTouHuk CbVIHaHCVIpOBaHVIﬂ. ABTOpr 3asBnaT 00 OTCYTCTBMM BHELUHEro CbVIHaHCMpOBaHVIﬂ
© KonnexTus aBTopos, 2026  NPW NPOBEEHNN UCCreoBaHus.
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Corresponding author:  Abstract. The additional ribs of the cervical spine, or cervical ribs, are a fairly rare developmental

Daniil N. Strelkov. anomaly that occurs as a result of a mutation of the HOX genes responsible for the formation of

E-mail: the bone system. This developmental feature is most often localized in the C7 region, however,

cataliz123@yandex.ru there are also possible formation variants in which it can be found in the C4-C6 projection. Cervical
ribs are classified according to their size and the presence of a fibrous junction with the first rib.
Different authors disagree on which variant of formation prevails, one-sided or two-sided. It is
also believed that the cervical ribs mainly develop on the left. This feature is more common in the
female population. For the most part, the anomaly is asymptomatic. However, sometimes, in the
presence of certain developmental features of the body, as well as a number of provoking factors, a
condition called thoracic outlet syndrome may occur. This syndrome may differ clinically depending
on the effect of the cervical ribs on nearby structures: the brachial plexus, subclavian artery and/
or subclavian vein. The diagnosis is made on the basis of a physical examination, instrumental
diagnostic data methods and certain provocative tests. Treatment can be both conservative and
surgical if medication and physiotherapy are ineffective. Surgical treatment may include resection
of the first rib and scalenotomy. This article presents a literary review of scientific papers using
PubMed and eLibrary resources and scientific journals over the past 5 years. The aim of the work
is to summarize the available data on the prevalence, causes of formation and clinical symptoms
caused by additional cervical ribs.
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NCTOPUA

[obaBouHble pebpa LWenHoro oTAaena no3BOHOYHOMO
ctonba — 370 JONMONMHUTENbHBIE pebpa, npeacTaBnsio-
e coboil yanNuMHeHWe, BO3HWKAIOLEe Ha ypOBHE none-
PEYHOro OTPOCTKA, Kak npaswuno, VIl WenHoro no3BoHka
[1, 2]. OaHHas aHomanust u3BecTHa kak «pebpo EBbIy,
OHa ynoMuHaeTcs B Tpyaax [aneHa, AatupoBaHHbIX Il B.
H.3., @ Takxe B Tpygax Besanns B XVI B. H.9. [3, 4].

OMBPUOTEHE3

CkeneT pa3BuBaetcs 13 mesogepmbl. Mesoaepmans-
Hble KNeTKM AalT Hayano comutam no 06emm CTopoHam
HepBHOW TpyOKM W Aanee nogpasfensioTcs Ha BeHT-
panbHbIil CKNEPOTOM W JopcanbHbii gepmaTtom. Knetku
cknepoToma npeobpasytoTcs B Me3eHXMMarbHbIe KNeTKy,
13 KOTOpbIX pa3BuBatoTcs Oyaywwme pebpa Ha yeTBEp-
TOW Hepene ambpuoreHesa. ITW KNETKU HanpaBnsoTcs
HOX-renamun u haktopom auddepeHunposkn pocta 11
(growth differentiation factor 11, GDF11). BHauane w3
Me3eHXUMbl hopmupyroTes 29 nap 3avaTouHbIx pebep,
B nocnegywowem 12 nap pebep, koTopble OTXOAAT OT
[-XII' rpyAHbIX MO3BOHKOB, MPOAOJSIKAT Pa3BMBATLCA.
OcranbHble 17 nap pebep 0ObI4HO NpeTepneBatoT obpar-
HOe pasBWTWe, HO, ecn Mo KakWM-TO MPUYNHAM 3TOrO
He NPOWCXOAWT, OHU MOTYT OCCUULMPOBATLCS U Mpesd-
CTaBNsATb C060N YANMHEHHbIE NONepPeYHble OTPOCTKN UMK
nonHoueHHble aobaBoyHble pebpa [5-8]. Tak kak 3avat-
KW pesyumpyloTCst CBEpXY BHU3, Yalle BCEro B NpakTuke
HabnwpaKTcs AoNonHUTENbHbIe pebpa, oTxoaswme oOT
VII, pexe — ot VI n V weitHbix no3soHkoB [1]. Cambiil
pekuii BapuaHT — (hOPMMpOBAHME LaHHOW aHOManuu
Ha yposHe C, [9, 10]. Ha paHHem aTane passuTus Lwei-
Hble pebpa 0bpasyloTcs, kak nonaratoT, 13-3a MyTaLum B
akcnpeccumn reHos HOX [11, 12].

AHATOMUA

LLlenHoe pebpo COCTOMT U3 rONOBKM, LUEKN 1 Byrop-
ka. KoHupbl pebep moryT cBoBOAHO 3aKaH4MBaTLCS B MAr-
KWX TKaHSX UMW NpUcoeamnHATLECS K | pebpy B6MN3M TOUKN
NPUKPEnneHns nepegHein NecTHNYHoM Mblwubl [1, 13]
(puc. 1). PasHble nuTepaTypHble WUCTOYHWKW JaAlOT pas-
NIMYHYI0 MHEOPMALMIO O PacnpOCTPAHEHHOCTU U YacToTe
BCTPEYAEMOCTU TEX UMM UHbBIX BApUaHTOB (hOPMUPOBAHNS
[aHHOM aHoMammu. Tak, OAHWM WCTOYHMKW YTBEPXAAtoT,
4TO OJHOCTOPOHHME LUENHbIe pebpa BCTpevanTcs valle,
4eM ABYCTOPOHHME, NPUYEM Yalle pacnonaralTcs crneea
[1, 13, 14] (puc. 2, 3). [pyrue xe NCTOYHMKM, HAOBOPOT,
yTBepxaatot, 4to B 50-80 % cnyyaes LweHble pebpa bbl-
BalOT ABYCTOPOHHMMM [5] (puc. 4, 5). BeposiTHo, 3To CBSI-
3aHO C BblOOPKO MauneHTOB. Takke ecTb AaHHble, YTO
YacToTa BCTPEYAEMOCTM [JAHHOM aHOManuu passBuTus y
KEHLWWMH B 2 pasa BbllE, YeM Yy Myx4uH [5, 15]. Cambim
W3BECTHBIM MCCrefOBaHNEM B C(HEPE M3YUYEHUS LLIEMHbIX
pebep £BNAETCS MOHOTpadMs POCCUICKOTO aHaToma

Puc. 2.

Fig. 2.
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JleCTHNYHble MbILULbI
Scalene muscles

LLleiHoe pebpo
Cervical rib
Knioumnua
Clavicle

lneyeBoe cnneTeHne
Brachial plexus

MoakntounyHas BeHa
Subclavian vein

MopkntounyHas
apTepus
Subclavian artery

B3aumHoe pacnonoxeHue CTPYKTyp BepXHeii anepTypbl
TPyAHON KNEeTKV npu [o06aBOYHOM LieiiHOM pebpe (aB-
Top unnioctpaumm A.B. Koran)

Relative position of the structures of the upper chest aperture

in the presence of an accessory cervical rib (the author of
the illustration is A.V. Kogan)

PeHtreHorpadms nauveHta @. OnpegensioTcs NOMHOLEH-
Hoe J00aBOYHOe LeiiHoe pebpo cnpaBa, runepTpodms
nonepeyHoro otpoctka C, cnesa. CTpenka yka3biBaeT Ha
NpPaBOCTOPOHHEE MOSIHOCTLI CHOPMUPOBAHHOE LelHOoe
pe6po (13 nuuHoro cotoapxmea .M. CtpenkoBoin)

X-ray of patient F. A full-fledged accessory cervical rib is
detected on the right, and hypertrophy of the transverse process
of C; on the left. The arrow points to the right-hand fully formed
cervical rib (from personal photo archive of L.M. Strelkova)

B.J1. Tpybepa. Mo ero knaccudukalmm, COCTaBNEHHOMN C
YYETOM CTEMEHMN PA3BUTUS KOCTHBIX CTPYKTYP, @ TaKkke Ha-
nnmyus coeguHeHns ¢ | pebpom, BbIZENsT YeTbipe Tna
LWwenHbIx pebep (tabn. 1) [5, 16, 17].

KIMHUYECKUME NPOABJ/IEHUA

HecMoTps Ha pasnuuHble Bapuauun passuTus, LUei-
Hble pebpa He BbLIMOMHSIOT HUKAKON W3BECTHON (hK3NO-
norn4eckon ¢yHkumumn B opraHuame [18]. Hanbonee yacto
welHble pebpa 0OHapYXMBAKOT CMy4alHO MPU OMMUCAHMM
PYTUHHbBIX PEHTTEHOrpaMM TpyAHON KNMETKA WM LIENHOro
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Puc. 3. PentreHorpacma naumentkn M. OnpepensieTca nomnHo-
LeHHoe J06aBOYHOE LelHOoe pedpo cnpaBa, a Takke
¢parmeHT pebpa cnesa. CTpenka ykasbiBaeT Ha Hepo-
pa3BuToe WenHoe pebpo ¢ NpaBoi CTOPOHBI (M3 NUYHO-

ro potoapxusa J1.M. CtpenkoBoii)

X-ray of patient M. A full-fledged accessory cervical rib is
detected on the right, as well as a fragment of a rib on the
left. The arrow points to the right-sided underdeveloped
cervical rib) (from personal photo archive of L.M. Strelkova)

Fig. 3.

Puc. 4. PeHtreHorpacma nauueHta . Onpepensitotca pABy-
CTOPOHHME crnabopa3BuTble LWeWHble pedpa. CTpenku
YKa3blBalOT Ha He[lOpPa3BUTbIE ABYCTOPOHHMUE LeNHbIe

pebpa (u3 nuyHoro chotoapxusa J1.M. CtpenkoBoi)

X-ray of patient G. Bilateral underdeveloped cervical ribs are
detected. The arrows point to the underdeveloped bilateral
cervical ribs (from personal photo archive of L.M. Strelkova)

Fig. 4.

OTAena no3BoHOYHOro ctonba. Yalle BCEro AaHHas aHo-
Manus KnuHudeckn He nposiensetca [13, 14, 19, 20].
OpHako B HEKOTOPbIX Cry4asix MOXeT (POpMMpOBaTHCS
CMHAPOM TPYAHOTO BbIX0Aa (B HEKOTOPbIX IUTEPATYPHbIX
UCTOYHMKAX — CUHAPOM BEPXHEN anepTypbl TPYAHON

POCCUMCKUE BUOMEANLIMHCKUE UCCNEAOBAHMUA

Puc. 5. PeHTreHorpacdmsa naumeHtku T. Onpepensiotcs ABycTO-
POHHMe WeliHble pedpa ¢ 6onee BbipaXeHHbIM NEBbIM
peGpoM. CTpenku yKasbiBalOT Ha Hefopas3BUTble ABY-
CTOpPOHHMe LeliHble pebpa (M3 nuyHoro ¢oToapxmea

N.M. CtpenkoBo#)

X-ray of patient T. Bilateral cervical ribs are detected
with a more pronounced left rib. The arrows point to the
underdeveloped bilateral cervical ribs (from personal photo
archive of L.M. Strelkova)

Fig. 5.

Tabnuua 1

Tabnuua knaccudukauum WemnHbIX pebep B 3aBUCUMOCTH
oT ux AnuHbl no B.J1. Fpy6Gepy [5, 16]

Table 1

Classification table of cervical ribs based on their length
according to W.L. Gruber [5, 16]

Tunb! wWeriHbIX
pebep CTeneHb pa3BUTMSA KOCTHBLIX CTPYKTYP
Cervical ribs Degree of bone structures development
types
| Tvn Pebpo yyTb bonbLue nonepeyHoro otpoctka C,
Type | [NVHON MeHee 2,5 cm
Rib less than 2.5 cm
[l Tvn Pebpo anuHoit 6onee 2,5 cm
Type ll Slightly over 2.5 cm
[l Tvn [MonHoe weitHoe pebpo, KOTOPOE COEAMHSETCS
Type Ill c | pebpom ¢nbpo3Hoil CBA3KOM
A complete cervical rib connected to rib 1
by a fibrose ligament
IV cTeneHb lMonHoe weitHoe pebpo, KOTOPOE COEAUHAETCS!
4" degree c | pebpom nocpencTeom xpsiia
A complete cervical rib connected to rib 1
by a cartilage

KNneTkn), 0coBGEHHO Npu OnpeaeneHHbIX AONOSNHUTESb-
HbIX BapuaHTax pa3BUTUS U U3MEHEHWSIX CO CTOPOHbI
CTPYKTYP, Haxogswmxca psgom [14]. BpoxaeHHoe Lwen-
Hoe pebpo — OAMH W3 npeapacnonaratLLmx akTopos,
obycnosnuBaetr [0 5% crnyyaeB AaHHOTO COCTOSIHMS
[21]. CuHapom BepxHeit anepTypbl rPYAHONM KNeTKu Kak
camocTosTenbHoe 3aboneeanne onucaH B 1958 r. [22].
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BepxHsist anepTypa rpyaHoi KNeTkn — 3T0 NPOCTPaHCT-
BO Mex[y rpyAHON KNeTKOW 1 NOAMBbILLEYHON BNagnHON,
yepe3 KOTOpoe NPOXOANT MOAKMYMYHAS BEHA, NOAKMHO-
YnYHas apTepus 1 nneveBoe cnneTeHne [23]. MpocTpaH-
CTBO OFPaHMYeHO NECTHUYHbIMM Mblwamu, | pebpom,
KImoumued M vHorAa LenHbiM pebpom [24]. CuHapom
TPYAHOTO BbIxoda — pegkoe coctosHue (1-3 cnyyas
Ha 100 000 yenoBek), pa3suBatoLLeecs BCIIEACTBUE KOM-
Npeccum CoCyaNCTO-HEPBHOMO nyyka B 06nacTu BepxHeil
anepTypbl rpyaHON KNeTku. B HEKOTOPbIX Cryyasx cocTo-
SHWe OTArOWEHO rMnepTpoduen nepeaHnx NeCTHUYHbIX
MbILLL,, KOTOPbIE MOTYT CAABNMBATL NIEYEBOE CMIETEHNE
wnn nogkntoumnyHble cocydbl [19, 25, 26]. CuHapom
FPYLHOTO BbIXOA4A KNaccUMUUMPYIOT Kak HEeMpOreHHbIN,
apTepuarnbHblA UM BEHO3HbIN B 3aBUCUMOCTH OT NOBpe-
XOAEHHON CTPYKTYpbl [27, 28]. CuuTtaetcs, YTO KOpOTKME
1 HenonHble pebpa MOryT Bbi3blBaTb HEBPOTEHHYI KOM-
npeccuio, B TO BPEMS KaK ASIMHHbIE WNW NONHble peb-
pa Gonblue BMUSKOT Ha COCyAMCTble nposiBneHus [29].
HemnporeHHas dopma Hanbonee pacnpocTpaHeHa Kak y
KEHLUMH, TaK U Y MYXYWH, Ha ee JOMo NpuxoanuTcs Ao
95% Bcex BbIsiBNEHHbIX cnyyaes [30]. B neguaTpuyeckon
npakTUKe caMbIM pacnpoCTpaHeHHbIM BapuaHTOM CUH-
JpomMa rpyaHOro Bbixofa ABNSeTcs BeHO3HbIn Tvn [1, 31].
XoTs npegnonaraioT, YTO aHaTOMUYECKE U MexaHnye-
Ckue (PakTopbl, @ Takke pasnuuusg B BOCMpUATAKM Bonu
UrparT CBOK POSib, AOCTOBEPHBIE MPUYMHBI Pa3nnyuii
B 4acTOTe BO3HUKHOBEHUS CPEAN MYXYWUH U XKEHLLUMH [0
KOHLa He BbisiCHEHbI [32]. Komnpeccust cocyamcTo-HepB-
HOro MyyYka yalle BCero NPOUCXOANT B Credylowmux aHa-
TOMUYECKUX NPOCTpaHCTBax: 1) BEpXHEM nneBpanbHOM
CUHYCe; 2) NECTHUYHOM TPEYronbHUKe (Mexay nepeaHen
W cpeaHeln NeCTHUYHbIMKU Mblwyamu), 3) pebepHo-Kmto-
YNYHOM MPOCTPAHCTBE (MEXAY Kntoumnuen u | pebpom) un
4) Manom rpyaHOM MpOCTpaHCTBE (Mexay Manon rpya-
HOW MbILLen 1 nognonatoyHon molwuein) [33]. WenHoe
pebpo cunTaloT BTOPOM MO PaCMNpPOCTPAHEHHOCTU aHo-
Manvei, BbI3blBalOLEN CAABIEHNE COCYANCTO-HEPBHOMO
nyyka [34, 35].

lMaToreHes cMHApOMa BEPXHEro rpyAHOrO BbiXxoaa 3a-
BUCKUT OT chopMbl. [Mpu HeliporeHHoW opme npeobnaga-
eT rMnepakTMBHOCTb Manol rpyaHON MbILLbl, YTO Mpu-
BOAWT K W3MEHEHWIO MONOXEHUS NOMATKN U yMEHbLUe-
HWKO PETPOMNEKTOpPanbHOro NpocTpaHcTea. M3-3a aToro
npy NOABEME PYKU MPOWUCXOAMT COABIEHME NSIEYEBOrO
cnnetenus. lpu cocygucton gopme (kak apTepuans-
HOi1, TaK W BEHO3HOW) NECTHWUYHbIE MbILLLbI, COKpaLla-
ACb, nMogHuMaroT | pebpo, ymeHblias pebepHO-KIHYny-
HOe NPOCTPaHCTBO. B nepByto o4epeab KOMNPUMUPYETCS
NOLKMKYMYHAS BEHA, B MEHbLUEN CTENEHU NMOBPEXaaeT-
cs nogknoumyHas aptepus. LeiHble pebpa ycyrybnsiot
W3MEHEHNS, BbI3bIBAS YMEHbLUEHUE MEXNECTHUYHOTO
npocTpaHcTea. [ocTosHHas nynbcaums NoAKMHYNYHON
apTepuy NPUBOAMT K TPEHWKO CTEHKM 06 OKpyxatoLue

PEAKUE BOMPOCHI BUOMEAUNLIUHDI
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KOCTHble CTPYKTYpbl, 4TO MOXET OblTb NPUYMHON (-
Opo3npoBaHNs CTEHKW COCyAa, a Takke CTeHO3a Wnu
aHeBpU3MbI, KOTOPbIE MOrYT COMPOBOXAATLCA (HOPMM-
poBaHneM TPom60B [36-39]. DTO MOXET OCMOXHATHLCS
TPOMO030M NMOAKIIOUMYHON apTEPUM, @ TakKe, B peaknx
CNyyYasx — MHCYNbTOM, BO3HMKAIOLMM BCReacTBUE pe-
TporpagHon Tpomboamboniuu [40].

B 6onblmHCTBE CryyYaeB NauueHTbl XanylTcs Ha
HEeBPONOrMYecKue NPOSIBNEHNS: OHEMEHME U NOKanbIBa-
HWe B MM3nHUe W Be3bIMSHHOM nanblie B 30HE MHHEpP-
BaLK NOKTEBOrO Hepea (HepBHble kopelwkn Cg w1 Thy).
Mpn coaBneHUM NOAKITHYUYHON BEHbI MOPAXEHHas Ko-
HEYHOCTb OMyxaeT M NpuobpeTaeT CUHIOLIHBIA OTTEHOK,
MOCKOMNbKY KPOBb HE MOXET BepHyTbCsA K cepauy [13].
Mpn 6nuskom pacnonoxeHun pobaBoyHoro pebpa K
apTepuanbHoMy cocydy (MOAKMYMYHON apTepuin) Mo-
KET BO3HMKATb KOMMPECcUst BMMOTb A0 KPUTUYECKOro
HapyLeHns KpoBOCHabXeHus. Takoe cocTosHue Oblno
Ha3BaHO CMHOPOMOM CUKCTMHCKOM Kanensbl, KOTOPbIiA
pa3sBMBAETCA MpWU PE3KOM YMEHbLUEHWW KPOBOTOKA MO
NO3BOHOYHLIM apTEPUsM U ULWEMAU CTBONA FONIOBHOMO
moara [16]. B HekoTOpbIX CryYasix BbISBASIOT BTOPUYHBINA
CUHAPOM PeiHO — pacCTpoMCTBO Nepudepruyeckoro Kpo-
BoobpalleHus Ha hoHe Basocnasma [6].

ANATHOCTUKA

CnHOpoM BepxHel anepTypbl MOXET BblTb AnarHo-
CTUPOBaH NpW HaNU4UM CUMNTOMOB U PE3ynbTaToB Pu-
3uKanbHOro 06cneaoBaHns, OLHAKO [aHHbIA AWarHo3
BOMKeH ObiTb NOATBEPKAEH pesynbTaTaMit UHCTPYMEH-
TanbHbIX MeToAoB [27]. [Ans AWarHOCTUKA UCMOSMb3YHT
PEHTreHorpacmio, MarHUTHO-PE30HaHCHY0  ToMorpa-
(U0, MynbTUCIIMPANbHYK KOMNbIOTEPHYD TOMOrpaduio
C aHruorpadment, anekTpoHenpomuorpaduio, ynbTpas-
BykoBoe uccneposanue (Y3W) [5, 42, 43]. Y3W obna-
[aeT JyBCTBUTENbHOCTHI Bcero 60-70%, koTopas
3aBUCUT OT KBanudukauyuu cneumanucta. OCHOBHble
HeJoCTaTKM METOoAa CBA3aHbl CO CMOXHOCTbIO BU3yanu-
3aLUun CTPYKTYp, HEBO3MOXHOCTbIO afieKBaTHO OLEHUTb
KOCTHbIE aHOManun. KpoMe TOro, BO3HWUKAOT CIOXHOCTH
npu NpoBeaeHU NPOBOKALMOHHBLIX Npob6: nNpu oTBeae-
HWAW PYKM YNbTPa3ByKOBOE OKHO MEPEKPbIBAETCS KIHOUN-
uen [44]. TNpUMeHSIT Takke pasnuyHble KNUHUYECKMe
TECTbl NS BbISBEHUS KOMMPECCUMW, Hanpumep: TecT
ApncoHa, npoby ¢ abaykumeit, npoby ¢ runepabaykunen,
MOSIOXXEHNE «BOEHHOW OCaHKW», TPEXMUHYTHBIA CTpec-
COBbIN TecT [5, 45].

CuvHOPOM rpyAHOro BbIXoAa MOXET ObITb BbI3BaH pas-
MIMYHBIMKA BULAMU TPaBM, MOBTOPSIOWMMUCS ABWKEHUS-
MW, aHATOMUYECKUMM aHOManUSMK B NPOCTPAHCTBE MEX-
Ay | rpyaHbIM NO3BOHKOM, | peBpoM 1 pyKOSTKON rpyAMHBI,
a Takke W3MEHEHWAMU OCaHKU U Ype3MepHO PasBUTOM
rpyabto [33, 46] (puc. 6). MocTosiHHbIE paboune Harpys-
Kn MOryT Bbl3BaTb MOPO3MPOBAHME NECTHUYHBIX MbILLIL
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Puc. 6. 0O6bemHas 3D-peKkOHCTPYKUUS, NONyYeHHass mpu npo-
BeAEHUN KOMMbLIOTEPHOW ToMorpacmum LWeWHoro OT-
Aena no3BOHOYHOro cton6a. Busyanusupytotca nBy-
CTOpOHHME f06aBo4Hble peGpa Ha yposHe C, (https://

radiopaedia.org/cases/cervical-rib-12?lang=us)

3D volumetric reconstruction obtained by performing a
CT scan of the cervical spine. Bilateral accessory ribs are
visualized at the C; level (https://radiopaedia.org/cases/
cervical-rib-12?lang=us)

Fig. 6.

WM CMelleHne LeitHoro pebpa, 4To B CBOW OYepedb
MOXET MPUBOAUTL K CAABNEHWIO NNEYeBOro ChieTeHus
[27, 47, 48],

TEPANNA

BOMbLIMHCTBO @BTOPOB CYMTAKOT, YTO NEYEHWE CUH-
ApOMa rpyAHOr0 BbIXOAA HYXHO HauMHaTb C KOHCepBa-
TUBHbIX METOLOB: MeAWKaMEHTO3HOW Tepanuu, huau-
OTepaneBTUYECKUX Npoueayp, NevebHON TMMHACTUKN,
maccaxa [5]. CneunanncTbl peKOMeHIYHT Takke XUpyp-
rMYeckoe neyeHne nocne HeaPEKTUBHON KOHCepBaTHB-
HOW Tepanuu oBLMM CPOKOM OT 6 MecaueB o 2 NeT, a
Takke NPy BO3HWKHOBEHWW apTepuanbHbIX OCNOXHEHWI
[49, 50]. OCHOBHbIM OnepaTUBHLIM METOLOM SBMSIETCA
nonHas pesekuws pebpa. [octyn npu onepauuy mMoxet
BapbupoBaTb — Hanbonee pacnpocTpaHeHbl AeKOMMpec-
CUSl MNIEYEBOr0 CNNETEHWS U CKaneHOTOMUS (McceyeHmne
NECTHWYHbIX MbILLL, C pe3ekumeir | pebpa unu 6es Hee) [13,
27, 51]. Wctopust Xmpyprun cuHapomMa rpyaHoro Bbixoda
HaunHaeTcs B 1927 1., korga Bnepsble Obina npoBeaeHa
onepauusi N0 UCCEYEHMIO NMECTHUYHbIX Mblwy,. B 1962 r.
nepBbIn pa3 Nnposenu pesekuuto | pebpa ¢ cnonb3oBaHK-
€M 3aaHero goctyna, B 1966 r. 6bin1 npumeHeH bonee wa-
JAWMA — NOAMbILLEYHbIA focTyn. B HacTosiee Bpemst
HeT eanHoro noaxoda k Bbibopy cnocoba Xxupypruyecko-
o0 NneyeHns, Ho BONMbLUMHCTBO XMPYProB MPEeAnouMTaloT
HaAKMOYNYHBIA JOCTYN, KOTOPbIA NO3BONSIET BbIMOMHUTDL
CKarneHoTOMWI0, PEBU3NI0 BETBEW NNEYEBOr0 CMETEHNS,
pesekumo | pebpa n gekoMnpeccuto NOAKMKYNYHON ap-
Tepuu [9, 52].

3AK/IOHEHUE

Takum 0b6pas3om, [oOaBOYHbIE LeiHble pebpa — OT-
HOCMTESTbHO PeaKo BCTPeYalowascs B nonynsuum aHo-
Manus pa3BUTUS KOCTHbIX CTPYKTYp (>1% Hacenexus),
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3ayacTylo npoTekatowas GeccumntoMHo. B ocHOBHOM
OHa CTaHOBMUTCA CRyYalHOM HaXOL4KOW Npu BbINOSHe-
HUM PYTUHHBIX PEHTTEHOMOrMYECKNX MCCnegoBaHun.
Camn no cebe pobaBoyHble pebpa He HyxpatTcs B
neyYeHnn Unum anHaMmMyeckoMm HabnogeHuun, Tepanmio
Ha3HayalT Npu BO3HWKHOBEHUW OCIOXHEHWUN, TaKux
Kak CMHAPOM BepxHero rpygHoro Bbixoga. CuHAPOM
BEPXHEro rpyaHOro BbIXOAA, B 3aBMCMMOCTM OT nopa-
XEHHOW CTPYKTYpbl, MOXeT ObITb HEMPOreHHbIM, apTe-
pUanbHbIM UM BEHO3HbIM W COMPOBOXAATbCSA PSAOM
HEBPONOrMYECKUX W/MAN  COCYANUCTBIX PaCCTPOMCTB.
Bbi6op kOHCEpBaTUBHOW Tepanuu UK Xupypruyeckoro
BMELLATeNbCTBA 3aBUCUT OT TSKECTU W BbIPAXKEHHOCTU
CUMMNTOMOB.

AONOJHUTE/IbBHAA NH®OPMALLUNA

Bknap aBsTopos. [1.H. Ctpenkos — paspaboTka KoH-
yenuuu, cbop maTepuana, HanucaHwe, ogopmreHue
cratby; E.HO. KanuHuHa — paspaboTka KoHuenuuu, yT-
BepXaeHne uToroBoi Bepcum pabotel; E.B. Lep6ako-
Ba — MOArOTOBKa W peaakTupoBaHue paboTbl; A.M. de-
Ak — cbop maTepwana, pepakTupoBaHue paboTbl;
A.A. CeBpyk — pa3paboTka koHuenumu; A.M. KpamapeH-
ko — pepakTupoBanue pabotbl; K.M. JlasapeBa — cbop
matepuana; A.B. Koran, J1.M. Ctpenkoea — odpopmne-
HWe 1 NpefoCTaBneHne MaTepuanos U3 IMYHOMO apxumea.

Bce aBTOpbI BHECNM CYLLECTBEHHLIN BKNaj B paspa-
BOTKY KOHLenuuu, NpoBeAeHne uccnegoBaHns U noaro-
TOBKY CTaTbil, NpoYnu 1 0ao6punm uHanbHy0 BEPCUIO
nepeg ny6nvkaumnen.

KoHdnukT uHTepecoB. ABTOPbI AeKNapupytoT OTCyT-
CTBWE SIBHbIX U NOTEHLMaNbHbIX KOH(MKTOB MHTEPECOB,
CBSA3aHHbIX C Nybnukauyein HacTosLen cTaTbMm.
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Corresponding author:  Abstract. The article is dedicated to the life and creative path of an outstanding Soviet scientist-

Alexander N. Zubritsky ~ pathologist, organizer and educator, one of the founders and classics of Soviet neuromorphology,

E-mail: Doctor of Medical Sciences, Professor, corresponding member of the USSR Academy of Medical

zubr.alex2012@yandex.ru Sciences Leonid losifovich Smirnov (03/08/1889 — 01/08/1955), who was born in the district Soligalich
of the Kostroma province in a large family of a priest, archpriest and rector of the Soligalich Cathedral
of the Nativity of the Blessed Virgin Mary and his mother Smirnova (nee Krutikova) Alexandra
Evgenievna. In 1918, his father was repressed and shot as a “perpetrator of a counter-revolutionary
uprising”. Leonid received his primary education at a parochial school and a theological college.
In 1906, he passed the external matriculation exam at the Kostroma Gymnasium and entered the
Physics and Mathematics Faculty of the Imperial Saint Petersburg University. After graduating, in
1910 he became a student at the Medical Faculty of the University of Warsaw, and in 1914, due to
the events of the First World War, he transferred to the Faculty of Medicine of the Imperial Moscow
University and successfully graduated, receiving a doctor’s diploma in 1916. From 1916 to 1938,
L.I. Smirnov worked in hospitals and medical institutes in various positions. From 1938 to 1955, at
the invitation of N.N. Burdenko and under his patronage, L.I. Smirnov headed the Morphological
Department of the Central Neurosurgical Institute. In 1940, the Higher Attestation Commission
awarded Leonid losifovich a doctorate degree without defending his dissertation. In 1940, L.I. Smirnov
was a voluntary participant in the war with Finland and from 1941 to 1944 in the Great Patriotic War
with Nazi Germany. The scientist’s scientific interests throughout his creative career were the study
of issues of central nervous system pathology. L.I. Smirnov is the author of more than 80 scientific
publications, including a number of monographs that laid the foundation for neurophysiology and
contributed greatly to the study of the pathomorphology of mental, traumatic, and tumor diseases
of the brain and spinal cord. The remarkable modesty and extraordinary work ethic of this unique
scientist, who made significant contributions to medicine, will serve as an example for the younger
generation of scientists. L.I. Smirnov died on January 8, 1955, at the age of 66, and was buried at
the Donskoy Cemetery in Moscow.

Keywords: Leonid losifovich Smirnov, an outstanding Russian scientist-pathologist, founder of
Soviet neuromorphology, organizer, educator
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Nleonupg Nocndposuny CMupHos —
BblalOLMUNCA COBETCKMM Y4eHbli-HeupoMopdonor
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Ansa yumupoeanus: 3y6puukuit AH. leonna Vocudosny CMUPHOB — BbIAAIOLLWIACS COBETCKNI y4eHbIn-Herpomopdonor. Poccutickue
6uomeduyuHckue uccnedosarus. 2026;11(1):128-136. https://doi.org/10.56871/RBR.2026.60.24.012.
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Pe3tome. CTaTbs NOCBSALLEHA XM3HEHHOMY 1 TBOPYECKOMY MY TH BbIAALLEr0CH 0TEYECTBEHHOMO
y4YeHoro-narorora, opraHu3atopa u negarora, OAHOr0 U3 OCHOBOMOMOXHUKOB W KNACCHKOB COBET-
CKOil Herpomopdonoruy, JOKTopa MeAULMHCKMX HayK, Npodeccopa, YneHa-koppecnoHaeHta AMH
CCCP Jleonnga Nocngosuua CmupHosa (08.03.1889 — 08.01.1955), poansLuerocs B ye3gHom
Conuranuye Koctpomckol rybepHun B MHOTOAETHON CeMbe CBALLEHHMKa. OTeL, — npoTonepen
1 HacTosiTenb Conuranuyckoro cobopa Poxaectea lNpecssToit boropoaubl, MaTb — CMUPHOBA
(ypoxpeHHast KpyTukoea) AnekcaHapa EereHbeBHa. B 1918 rogy ero otel Obin penpeccupoBaH 1
paccTpensH Kak «BUHOBHUK KOHTPPEBOMIOLMOHHOMO BOCCTaHusy. HavanbHoe o6pasoBaHie JleoHns,
MONy4un B LLepKOBHO-NPUXOACKON LLKOMe 1 AyXoBHOM yuunuile. B 1906 rogy oH caan skcTepHOM
3K3aMeH Ha aTTecTar 3pefiocTh B ruMHa3un KocTpoMbl 1 NOCTYNUA Ha YU3NKO-MaTeMaTUieCKuii
takyneteT Mmnepatopckoro CaHkT-leTepbyprekoro yHnepcuteta. OkoHumB ero, B 1910 rogy cTan
CTYLEHTOM MeJNLMHCKOro thakynbTeTa BapluaBckoro yHnBepcuTeTa, a B 1914 rogy ns-3a cobbITuii
[NepBoI MMPOBOW BOWHbI NepeBencs Ha MeanLMHCKUIA hakynbTeT mnepaTtopckoro MockoBCKoro
YHWBEpCUTETA M YCMELLHO OKOHYMA ero, nony4uns aunnom nexkaps B 1916 rogy. C 1916 no 1938 rog
J1.. CmupHoB paboTan B 60MbHALAX U MEAULMHCKUX MHCTUTYTaX Ha pasfuyHbIX OIKHOCTSX.
C 1938 no 1955 roa no npurnatweHuio H.H. BypaeHko n nog ero npotekuuen J1.A. CMupHOB Bo3rna-
BUN Mopdoniornyeckoe otaeneHune LieHTpanbHOro Helpoxupyprudeckoro uHctutyTa. B 1940 rogy
Bbicluas aTTecTaunoHHas komuccus npucyauna Jleonmay Mlocudosuyy LOKTOPCKYIO CTENEHb
0e3 sawutbl ancceptayuun. B 1940 rogy J1.. CMupHOB — 10OGPOBOMBHbIA YYaCTHUK BOWHbI C
OuunsHguen, ¢ 1941 no 1944 rog — Benukon OTe4eCTBEHHOM BOMHBI C halLncTckor fepmaHuen.
Hayu4Hble MHTepechl Y4eHOro Ha NPOTSKEHWUN BCEN ero TBOPYECKOM AeATeNbHOCTY BKYanu
BOMPOCHI NATONOrMM LIEHTPansHOM HepBHOW cuctemsl. J1.M. CmupHoB — aBTop 6onee 80 Hayuy-
HbIX My6nuKaLWi, B TOM Y1Che psfa MOHOrpaduia, 3anoxmeLUMX yHAAMEHT Helpoghuanonoruu.
Neonna Wocudosny MHOro caenan B U3yYeHun naToMophonorum NCUXMYECKUX, TpaBMaTUYECKUX
1 OMyxoneBbix 3aboneBaHui roNOBHOIO U CMIMHHOIO MO3ra. YAMBUTENbHAs CKPOMHOCTb M Ypes-
BblyaiHas paboTocnoCoBHOCTL 3TOTO HEMOBTOPUMOTO YYEHOTO, BHECLLErO 3HAUYUTENbHbIN BKNag
B MeauLMHy, ByayT npuMepoM Ans MOnoAoro nokonexus yyeHoix. J1.. CMupHos ymep 8 sHBaps
1955 roga Ha 66-m rogy Xu3Hu 1 NOXopoHeH Ha [JoHckoM knaabuile r. MockBbl.

KnioueBble cnoBa: Jleonug Vlocudosuy CMUPHOB, BbILAKOLLNIACS OTEYECTBEHHbINA YYEHbIN-
naToror, 0CHOBOMOMOXHUK COBETCKOM HENPOMOPONoriy, opraHusaTop, negaror

© 3ybpuykmin A.H., 2026
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On January 8, 2025 we have celebrated the 70" an-
niversary of the death of the outstanding Russian patholo-
gist, scientist, educator and organizer, one of the founders
and classics of Soviet neuromorphology, Corresponding
Member of the USSR Academy of Medical Sciences,
Doctor of Medical Sciences, Professor Leonid losifovich
Smirnov (Fig. 1) [1].

Leonid losifovich Smirnov was born on March 8 (ac-
cording to the Julian calendar) in 1889 in the district of
Soligalich in the Kostroma province (now the Kostroma
region) of the Soligalichsky district was born into a large
family of a priest, archpriest and rector of the Soligalichsky

Fig.1. Leonid losifovich Smirnov (03/08/1889-01/08/1955).
Photo of the 1950s of theXX century. URL: https://bibl-
kostroma.ru/cdotorpaduu/ranepen-17-19/nggallery/
page/5 (accessed: 11/05/2025).

Fig. 2.  Leonid losifovich Smirnov’s father — losif Sergeevich

Smirnov. Photo from the Soldovskikh family archive
(Soligalich)
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Leonid losifovich Smirnov’s mother is Alexandra
Evgenievna Smirnova. Photo of the Soldovskikh family
archive (Soligalich) of the 10s of the XX century

Fig. 3.

Cathedral of the Nativity of the Blessed Virgin Mary and
his mother, Smirnova (née Krutikova) Alexandra Evge-
nievna, the daughter of an official, who belonged to the
clergy by birth (Fig. 2, 3)".

Father, Smirnov losif Sergeevich (03/03/1864 —
03/07/1918), was born in the village of Zharki, Kostroma
district, Kostroma province in the family of fr. Sergiy
Smirnov is a priest of the Church of the Assumption of
the Same Faith. In 1871, fr. Sergiy and his mother died
almost simultaneously. Six of their orphans were taken
in by the unmarried 30-year-old sister of the deceased
mother, Evdokia Osipovna Florenskaya, who lived in her
own house in the village of Teterinsky in the Nerekhtsky
district.

In 1874, losif entered the Soligalich Theological Col-
lege, after graduating in 1879, he was enrolled in the Ko-
stroma Theological Seminary for state support (Fig. 4).
Throughout his seminary years, studying was not easy for
losif Smirnov, which can apparently be explained by the
difficult situation of the orphan [2].

After graduating from the seminary, losif Sergeevich
was appointed to the position of assistant teacher at
the parish school in Soligalich, and on June 2, 1886, he
married Alexandra Krutikova. The wedding of the young
couple took place in the Cathedral of the Nativity of the
Blessed Virgin Mary. The Smirnov family settled in the
house that belonged to the wife of fr. losif. Subsequently,
the Smirnov couple had eight children, namely: Sergiy
(04/23/1887), Leonid (03/08/1889 — 01/08/1955; Fig. 5),
Anna (01/01/1891, died in 1913), Elizaveta (10/06/1892),

* Dudin V.A. Our countrymen. L.I. Smirnov. URL: https://soligalich.
prihod.ru/2015/03/08/v-a-dudin-nashi-zemlyaki-I-i-smirnov/ (accessed:

11/05/2025).
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Fig. 4. losif Smirnov is a graduate of the Kostroma Theological
Seminary. Photo from 1883. URL: https://bibl-kostroma.
ru/doTtorpacdun/ranepen-17-19/nggallery/page/5

(accessed: 11/05/2025)

Fig.5. Leonid Smirnov, son of Archpriest losif. Photo of the
10s of the XX century. URL: https://bibl-kostroma.ru/co-
Torpadumiranepen-17-19/nggallery/page/5 (accessed:

05.11.2025)

Maria (03/28/1894), Nikolay (01/11/1899),
(03/09/1902) and Serafim (11/14/1904)".

On June 22, 1886, fr. losif was ordained a deacon
by Bishop Alexander (Kulchitsky) of Kostroma and Ga-
lich, and on June 24 of the same year, a priest by the
same bishop and assigned to the clergy of the Cathe-
dral of the Nativity of the Blessed Virgin Mary in Soli-
galich.

Since 1888, fr. losif began to provide free spiritual
care to prisoners held in the Soligalich prison castle. In

Natalia

' Smirnov losif Sergeevich. Drevo. URL: https://drevo-info.ru/
articles/13674237.html?ysclid=miOnv9r489108666594 (accessed:
11/15/2025).
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1897, the Nikolsky prison church was built, which was
consecrated in January 1898 and became attached to the
Cathedral of the Nativity of the Blessed Virgin Mary.

In 1895, a parish school was opened at the cathedral,
where fr. losif became a religious teacher, and in 1904 he
was appointed director of the school.

From 1896 to 1907, fr. losif served as an observer of
parish schools in the Soligalich district.

On September 27, 1905, he was appointed rector of
the Cathedral of the Nativity of the Blessed Virgin Mary in
Soligalich, and on July 22, 1907, he was elevated to the
rank of archpriest.

From 1906 to 1907 — a deputy of the City Duma, since
August 1907 — a member of the district sanitary-execu-
tive commission of the Soligalich district, since 1909 —
a deputy of the Soligalich district assembly, a member of
the district committee of guardianship for public sobriety
and a member of the board of the Soligalich theological
college, since 1911 — a law teacher of the city college
and real college, and on June 25, 1914 he was appointed
dean of the Bogoroditse-Feodorovsky Monastery. Arch-
priest losif Smirnov performed many other church and
public duties, deservedly enjoyed the respect and love of
parishioners and was marked various awards.

At the end of February 1918, an attempt by the So-
viet authorities to plunder and effectively liquidate the
Bogoroditse-Feodorovsky Monastery led to an uprising in
the city, as a result of which power in the city passed to a
temporary council, but its activities lasted only a few days.
Upon the arrival of the punitive detachment in the city,
began arresting of “counter-revolutionaries”, including the
local clergy, followed by a massacre.

In March, archpriest losif Smirnov was sentenced to
execution by the military tribunal of the Soligalich Mili-
tary District as “a culprit of a counterrevolutionary upris-
ing”. Shot on March 7, 1918 in Soligalich. The execution
took place late at night on the territoty of the Nikolsky
prison church, the construction of which fr. losif had done
so much. The report of the managing bishop Evdokim
(Meshchersky) states that those shot were “so mutilated
that, according to eyewitnesses, not a single corpse could
be recognized. The executed martyrs were buried almost
naked in one pit without a funeral service, and there was
no one to perform the funeral service: the clergy of the
city of Soligalich are in hiding and are being sought”.
Those executed were buried in a mass grave in the city
cemetery, near the walls of the Peter and Paul Church,
early in the morning on March 8. A cross and a fence were
erected at the site of the mass grave, which were demo-
lished by atheists in the thirties. The cross on the grave
was restored in 1996 (Fig. 6).

On July 4, 1996, losif Sergeevich Smirnov was reha-
bilitated by the Prosecutor’s Office of the Kostroma Re-
gion for the 1918 repressions and canonized as a new
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who was also from Soligalich and died in 1967. They had
an only son, losif (Fig. 7) [3].

Leonid received his primary education at a parochial
school and a theological college, which he graduated in
1902. Then he studied at the Kostroma Theological Semi-
nary, but was expelled from it in 1905. In 1906, Leonid
passed the external matriculation exam at the Kostroma
gymnasium and entered the Physics and Mathematics Fa-
culty of the Imperial Saint Petersburg University. After gra-
duating, in 1910 he became a student at the Medical Faculty
of the Warsaw University, and in 1914, due to the events of
the First World War, he transferred to the Medical Faculty
of the Imperial Moscow University (IMU) and successfully
graduated it, receiving a doctor’s diploma in 1916.

From 1916 to 1920, he was a resident at the Mos-
cow Nerve Clinic, which were headed by IMU Professors
V.A. Muratov and G.I. Rossolimo. In 1920, Leonid losi-
fovich moved to Kursk, where he headed the Nervous
Department of the Psychiatric Hospital and was also a
Fig.6. The cross on the mass grave of the victims of the Prosector there. In 1925 — an Associate Professor at the

shooting. Photo from 2003. URL: https:/idrevo-info.ru/  Kiev Medical Institute and simultaneously the head of the

articles/13674237.html?ysclid=mnqno9pmk1661378100 histopathological laboratory of the Institute for Advanced

(accessed: 11/05/2025) Medical Training and a prosector at the Kiev Psychiatric
Hospital. From 1932 to 1938 — the head of the Patho-
logy Department at the Psychoneurological Faculty of
the 2" Kharkov Medical Institute and a prosector of the
Psychoneurological Academy.

In 1938, at the suggestion of N.N. Burdenko,
L.l. Smirnov was transferred to Moscow and from 1938 to
1955 headed the Morphological Department of the Cen-
tral Neurosurgical Institute (CNHI) — now the “National
Medical Research Center of Neurosurgery named after
Academician N.N. Burdenko” of the Ministry of Health of
the Russian Federation [4]. In early 1940, Nikolai Nilovich
appealed to the Higher Attestation Commission (HAC)
with a request to award L.I. Smirnov the title of Doctor of
Medical Sciences without defending his dissertation, as
Fig. 7. Leonid losifovich Smirnov with his wife and son. a leading scientist in the .ﬁeld .Of patholpgiqql anatomy qf

Photographer 1l Nedeshev, Petrograd, 1915-1917. the nervous sysftem, haymg diverse scientific, pedagogi-
URL: https:/ivk.com/wall-908221643_387132 (accessed: Cal, and production achievements.
09/20/2025) In December 1940, the HAC awarded Leonid losifo-
vich Smirnov a doctorate degree, and two months later in
martyr and confessor of Russia in August 2000 at the 1941, approved him with the academic title of “Professor”
Bishops’ Council of the Russian Orthodox Church!. in the specialty “Morphology”.

Mother — Alexandra Evgenievna Smirnova (née Kru- In 1940, L.I. Smirnov — a voluntary participant in
tikova), widow of fr. losif, lived with her children for some  the war with Finland and from 1941 to 1944 in the Great
time in Soligalich and died of a stroke in Kyivin November  Patriotic War (GPW) with Nazi Germany on the South-
1943. western and Stalingrad fronts in evacuation hospital No.

Their son, Leonid losifovich Smirnov, was married to 2386 with the rank of lieutenant colonel of the medical
Ekaterina Konstantinovna Smirnova (née Kalaganova), service (Fig. 8)2. It should be noted that during the GPW,

2 Leonid losifovich Smirnov: Memory of the People. URL: https:/
! Smirnov Leonid losifovich. Wikipedia. URL: https://ru.wikipedia. ~ pamyat-naroda.ru/heroes/person-hero91472389/?ysclid=miasyfsr
org/wiki/CmupHos,_Jleonun_Vocudosuy (accessed: 06/10/2025). mg432420181 (accessed: 11/23/2025).
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Fig. 8. Smirnov Leonid losifovich — voluntary participant

of the Great Patriotic War (1941-1945). URL: https://
pamyat-naroda.ru/heroes/person-hero91472389/
(accessed: 11/05/2025)

L.I. Smirnov initiated a series of fundamental studies on
the problem of brain injury. These studies, based on the
combined principles of etiology, pathological anatomy,
pathophysiological mechanisms of development, out-
comes, and complications of traumatic brain injury, later
led to the development of the doctrine of traumatic brain
disease, which significantly influenced the treatment of
head wounds. After demobilization, the scientist returned
to his position at the Institute of Neurosurgery.

Leonid losifovich’s scientific interests throughout his
creative career were the study of issues of central ner-
vous system pathology.

L.I. Smirnov was distinguished by his selfless love
for his profession and science, talent, goodwill, nobility,
and had a broad erudition in morphology and related sci-
ences, which was facilitated by his knowledge of Ger-
man, French and English, and to a lesser extent Italian
and Spanish; he was completely devoid of any squeam-
ishness (he carried a saucepan of porridge and brains
preserved in formalin, wrapped in a rag and newspaper,
in a single string bag), indifferent to his appearance,
hairstyle, beard, and extremely careless in his clothes.
A man of science, he did not confine himself to his pro-
fession and remained a lifelong admirer of the Maly The-
atre, especially the plays of A.N. Ostrovsky, he read clas-
sics at home, preferred Leskov. He enjoyed singing folk
songs with his colleagues and was a keen fisherman. His
dedication and passion for his work were contagious and
uniting to all his staff [5, 6].

" Uranova N.A. Smimov Leonid losifovich (1889-1955). URL:
https://m.ncpz.ru/sotr/57.php (accessed: 10/07/2025).
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In 1940, Leonid losifovich was a member of the All-Un-
ion Communist Party (Bolsheviks), and in 1944-1947 —
a member of the party bureau, secretary of the party or-
ganization of the CNHI, and then a member of the plenum
of the Sverdlovsk District Party Committee in Moscow [7].

In 1944, as part of a delegation of prominent scien-
tists, he carried out the exhumation of victims of the oc-
cupation of Nazi Germany.

In 1945, Nikolai Nilovich appointed L.I. Smirnov as
his deputy for scientific and theoretical work of the CNHI.
Soon, the USSR Academy of Medical Sciences (AMS)
and the USSR People’s Commissariat of Health approved
Leonid losifovich as the first deputy director of the CNHI.
After the death of N.N. Burdenko in 1946, L.I. Smirnov
served as acting director of the institute for several
months. As early as May 1946, N.N. Burdenko, seeing
the outstanding scientific achievements of L.I. Smirnov,
nominated him for full membership in the USSR AMS, es-
tablished in 1944, emphasizing: “We have no equal to him
specialist in pathological anatomy in the Union, no equal
to him researcher of the pathological process abroad,”
and in the same year, Professor L.I. Smirnov was elected
a corresponding member of the USSR AMS? 3,

L.I. Smirnov’s main scientific and pedagogical activi-
ties were related to issues in the field of neurophysiology,
the morphology of mental ilinesses, including schizophre-
nia, studied issues in the field of topography, histogen-
esis, and histology of the meninges, as well as tumors
of the brain and spinal cord. Under the leadership of
L.I. Smirnov, fundamental research into the problems of
brain injury was developed, where the natural sequence
of development of pathological processes in the brain af-
ter traumatic brain injury was demonstrated for the first
time.

The Morphology Department, in which L.I. Smirnov
worked passionately, was a unique institute center, where
young and old staff, morphologists sent from all over the
country, and even guests from abroad, were constantly
clarifying things. Leonid losifovich never refused to help
anyone and traditionally served as the head of the mor-
phological sections of all dissertations. Incidentally, Nikolai
Nilovich, as well as the institute’s leading neurosurgeons
and neurologists, eagerly analyzed all the sectional cases
with Leonid losifovich, concentrating on analyzing errors
and observational features. This was an extremely useful
discussion, in which everyone together enriched neuro-
morphology with first-class researches. At the same time,
for the first time, regularly alternating periods during trau-
matic brain disease were identified [8, 9].

2 Kursk Encyclopedia. Compiled by Sh.R. Goizman. 2025. URL:
https://www.mke.su/wide.html (accessed: 11/05/2025).

3 Baibakov Yu.l. Smirnov Leonid losifovich. URL: https:/iwww.mke.
su/doc/SMIRNOV%20LI.html (accessed: 11/05/2025).
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The main thing that characterizes the pathomorpho- loped the theory of diffuse tumors of the central nervous
logical picture after craniocerebral trauma at any period of  system and identified previously unknown and clinically
the disease development and in each individual case, ac-  important forms of purulent complications.
cording to the conclusion of L.I. Smirnoy, is: a) the state of L.l. Smirnov made many new contributions to the study
the foci of traumatic crushing, in other words, the stage of ~ of the pathomorphology of schizophrenia, developing the
healing of the primary damage to the brain tissue caused concept of organic and functional unity and interaction of
by the direct impact of mechanical energy; b) the state of  processes in neurons, glia, and blood vessels, and em-
circulatory mechanisms (hemodynamics and cerebrospi- phasizing the importance of identifying histopathological
nal fluiddynamics and the presence of consequences of  syndromes in schizophrenia.
their disorders); c) the absence or presence of complica- L.I. Smirnov has written more than 80 scientific publi-
tions and their nature. Based on this, Leonid losifovich cations, including 6 monographs that laid the foundation
identified the following five periods in the development of  for neurophysiology and in which, in particular, epidemic
pathological processes. diseases of the nervous system, the basics of morpho-

1. Initial — the period of direct pathogenic action of logy of the nervous system in normal and pathological
mechanical energy with the phenomena directly caused conditions, the pathological anatomy and pathogenesis of
by it, with passivity of tissue elements or, more precisely, traumatic diseases of the nervous system, as well as the
the rudimentary expression of tissue and cellular reactions  topography, histology and histogenesis of brain tumors
at the site of direct application of the traumatic agent, with  are highlighted. and the spinal cord and meninges, which
maximum expression of functional disorders, circulatory have gained worldwide fame.
mechanisms and in the absence of complications. L.I. Smirnov was noted the following awards: He

2. Early — the period of tissue reactions, characte- was awarded the Order of the Red Star, the Medal “For
rized by the processes of cleansing the tissue defect from  the Defense of Stalingrad” and a number of other high
the decay products of brain tissue and blood, the develop-  awards [11].
ment of reactive, non-purulent inflammation at a distance, Professor Smirnov’s research results are classic and
lability of circulatory mechanisms and early complications. have not yet lost their exceptional relevance and signifi-

3. Intermediate — the period of developing scar for-  cance, while Leonid losifovich’'s monographs and printed
mation and later complications. works have not lost their significance to this day and are

4. Late — the period of ending scar formation and the reference books for neuromorphologists and patholo-
complete elimination of complications of the early and in-  gists in our country.
termediate (intermediate) periods. The remarkable modesty and extraordinary work ethic

5. Residual state — the period of the formed scar. The  of this unique scientist, who made significant contribu-
duration of each of these periods varies in different cases tions to medicine, will serve as an example for the youn-
and is determined by many factors. Of these, the vast- ger generation of scientists.
ness of tissue damage, depending on the intensity of the
traumatic agent, and the nature of complications that oc-
cur during the course of the disease (bacteriological fac-
tor) are in the first place. Of no small importance in this
regard are the individual characteristics of the organism,
the mechanism of action of the traumatic agent, the type

P I CECTAM Y NS
1888 1968

. . . . " Nneosgccor.
and kinetic energy of the wounding projectile at the mo- CMUPHOB
ment of its application, the topography of the lesion, the AEOHMA MOCHPOBNY
nature of the damage to the bones of the skull and their g ""’_Si
condition [10]. CMNPHOB
L.l. Smirnov’s research in the field of the central nervous BAAEHTHH ERrENRESTT |

jos8 — 1958

system tumors was distinguished by its focus on general
pathological processes, the depth of its generalizations,
combined with the brilliance of its morphological analysis.

He developed an original classification of neuroecto-
dermal and meningeal tumors, taking into account their
clinical and surgical significance. The scientist deeply and
convincingly studied such tumor factors as topic, interac- - .
tion of parenchyma and stroma, differentiation, cataplasia, Fig.9.  The tombstone monument to Leonid losifovich Smirnov
metastasis, etc. L.I. Smirnov confirmed his histogenetic at the ancestral site of the Donskoy cemetery in Moscow.
conclusions using the tissue culture method. He deve- Photo by Evgeny Danilov
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L.I. Smirnov died on January 8, 1955 in Moscow at 2. CbinHomn Tdy 1 HepBHasi cuctema. Kypek: Visganne
the age of 66. He was buried at the ancestral site of the  Kypckoro ry63gpasotaena; 1923. 4. 1. 222 c.
Donskoy cemetery in Moscow (Fig. 9) [12]. 3. OcHoBbI MOPONOTM HEPBHOW CUCTEMbI B HOP-

ManbLHOM W naTorornyeckom coctosHmsax. T. 1. Obuwas
LIST OF L.I. SMIRNOV’S MAIN SCIENTIFIC HopMarbHas W naTonoruyeckas rucTomnorus: rmus u me-
WORKS IN CHRONOLOGICAL SEQUENCE  3ogepma. 1935. 360 c. Xapbkos: Mocmepuspatr YCCP;
1. Epidemic diseases of the nervous system in 1919-  1935.
1921. Kursk: Kursk Gubzdrav; 1923. (In Russ.). 4. MaTonornyeckas aHaToMust U natoreHes TpaBma-
2. Typhus and the nervous system. Kursk: |zdanie Tuyeckux 3aboneBanuit HepeHoit cuctembl. Y. 1. Obuwas
Kurskogo gubzdravotdela; 1923. Part 1. 222 p. (In Russ.).  matonoruyeckas aHaTomusi TpaBMaTyeckoit 60nesHm ro-
3. Fundamentals of the morphology of the nervous noeHoro mosra, cotpsicenne mosra. 1947. 135 c.; Y. 2.
system in normal and pathological states. Vol. 1. General YacTHas natonornyeckas aHaTOMUS HE OCMOXHEHHOW
normal and pathological histology: glia and mesoderm.  uH®ekUen TpaBmMaTieckoin 6one3Hn ronoBHOro0 Mosra:
Kharkov: Gosmedizdat of the Ukrainian SSR; 1935. K kHure npunoxeH atnac — 63 tabnuupl, 1949. 266 c. M.:

360 p. (In Russ.). /3p-Bo Akag. men. Hayk CCCP, LleHTp. Tn. M. Bopowwm-
4. Pathological Anatomy and Pathogenesis of Trau- noBa; 1947-1949.
matic Diseases of the Nervous System. Part 1. General 5.K Bonpocy 0 MynbTUDOPMHbIX CROHMMobna-

Pathological Anatomy of Traumatic Disease of the Brain, ctomax. XypHan Heeponamonoauu u ncuxuampuu.
Concussion. 1947. 135 p.; Part 2. Specific Pathological 1956;56(3):201-210.

Anatomy of Traumatic Disease of the Brain Uncompli- 6. I'ncToreHes, rucTonorus 1 Tonorpadus onyxonei
cated by Infection: an atlas of 63 tables is included with  mo3ra: 8 2 4. M.: MEQI'3; 1951-1959. Y. 2. 1959. 618 c.
the book. 1949. 266 p. Moscow: Publishing House of the 7.0nyxonu rofioBHOrO W CAWHHOrO Mo3sra. M.:

USSR Academy of Medical Sciences, Voroshilov Central  MEAIM3; 1962. 188 c.
Printing House; 1947-1949. (In Russ.).
5.0n the question of multiforme spongioblas- ADDITIONAL INFORMATION

tomas. Journal of Neuropathology and Psychiatry. The author read and approved the final version be-
1956;56(3):201-210 (In Russ.). fore publication.

6. Histogenesis, histology and topography of brain Competing interests. The author declares the ab-
tumors: in 2 parts. Moscow: MEDGIZ Publishing House;  sence of obvious and potential conflicts of interest related
1951-1959. Part 2. 1959. 618 p. (In Russ.). to the publication of this article.

7. Tumors of the brain and spinal cord. Moscow:

MEDGIZ Publishing House; 1962. 188 p. (In Russ.). AONONHUTENbHAA MHPOPMALINA

ABToOp npouuTan u 0Ao6pun drHarmbHYK BEPCHto Ne-
MEPEYEHb OCHOBHbIX HAYYHbIX PABOT  peg nybnukaupei.

.. CMUPHOBA B XPOHO/IOTMYECKOWM KoHdnukT uHTepecoB. ABTOp AeknapupyeTt OT-
NMOCJNEAOBATE/IbHOCTU CYTCTBME SBHbIX U MNOTEHUManNbHbIX KOHMIUKTOB

1. Onupemnyeckne 3aboneBaHUs HEPBHOM CUCTEMbl WHTEPECOB, CBA3aHHbIX C nybnukauuen HacTosLed
1919-1921 rogos. Kypck: Kypck. ry63apas, 1923. cTaTbMm.
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