Bulletin of Rehabilitation Medicine VOL. 20, NO. 5 « 2021 « ISSN 2078-1962

O630pHaa cmames / Review article —@)
YJIK: 616.8 S n

DOI: https://doi.org/10.38025/2078-1962-2021-20-5-37-46

MexaHu3Mbl HeMPONNACTUYHOCTU U NEPCMNEKTUBDI
NepPCOHANMU3UPOBAHHbIX CTPATErnM peaéunuTaumm 60sbHbIX
C ABUrAaTesIbHbIMMU U KOFHUTUBHbBIMU HAPYLLUEHUSIMU

LaraeBa K.A.", LllaraeB A.C.>3

'Mocko8sckuli 2ocy0dpcmeeHHbIl MeduKo-cmomMamosioaudeckuli yHugepcumem umeHu A.Y. Esdokumosa, Mockea, Poccus
2Pocculickuli HaUUOHAbLHeIU Uucciedo8amesnbCkuli MeOUYUHCKUU yHugepcumem umeHu H.U. MNMupozoea, Mockea, Poccus
3MeduyuHckuti yeHmp «JOKTOPB», [MTywuHo, Poccusi.

Peslome
Llenb. BoigennTb BaxHelLMe HanpaBneHna nccnefoBaHnin npobnem peabunmtayum nocne NHCybTa U NepcnekT!Bbl Pa3BUTUA HO-
BbIX peabunnTaLMOHHbIX CTPATErnii C y4eToM MHAMBUAYaNbHbIX 0CO6eHHOCTel. HellponnacTuieckmne NCXoabl NWeMnyecknx nHdap-
KTOB Mpe3eHTUPOBaHbl MyNbTUNATTEPHBIMU MO3UTUBHBIMU NPOLECCaMyi CUHAMNTOreHesa, CNpayTMHra, CMHTe3a HepPONPOTEKTUBHbIX
6eN1KoB, TaK 1 AeCTPYKTMBHbIMU 3bPeKTaMu CTpecc-NNacTUYHOCTI, UHAYLMPYIOWNX AUCTOHUYECKNE HapyLUeHWA, yXy LeHnem ctabu-
JIOMeTPUYECKUX NMapameTPOB 1 TOKOMOTOPHbIX MEXaHU3MOB MOXOAKYM C Aerpagauuert onopbl [1]. Takum o6pa3om, HellpopeabunuTo-
JIOTV [OJIKHbI 3HaTb OCHOBbI GyHAAMeHTasIbHbIX Hepodusmonornyeckux npoueccos B LUHC, mexxnonyLiapHbIx ceTeit Mo3ra, onTUmu-
31pOBaTb peabnNUTaLMOHHbIe MPOrpammbl C y4eTOM UHANBUAYaNV3NPOBaHHbIX Mpodunen BocctaHoBNeHNA [2]. OfHUM 13 GaKTopOoB,
BIVAOLWMNX Ha BOCCTAHOBJIEHME NOC/e UHCYNbTa, ABAETCA HePBHaA peopraHun3aLumsa, NponopLmnoHanbHaa obbeMy nospexaeHus [3].
Mpouecchl HeMPOMMIACTUYHOCTM U3yYaloTCA C NO3MLMK BO3BPaTa K JOUHCYNBTHON MOAeNN BOCCTaHOBNEHUA (Mpu HeGonbLMX no-
BpexaeHunax), Gopmmpys «ONTUMasbHYIO» NNACTUYHOCTb, TaK U KOMMNEHCATOPHbIX CTPATernin «AecTPYKTUBHOM» MNAacTUYHOCTM (Npu
O6LIMPHBIX NONYLIAPHbIX NOBPexaeHnAX). ManounsyyeHHON B HENPOMPOTEKTUBHON peakuun Ha LepebpanbHyto nemumto ABnaeTca
MUKpo-PHK (MMPHK). Jpyrium BaxHeiLLIMM MOAYIATOPOM MCXOAOB MHCYIbTa ABNAETCA MO3roBOI HelpoTpoduueckuin paktop (BDNF).
HanbonbLuimin nHTepec npeacTaBnaeT NPOLEeCCHHN CMHTe3a HenonHoueHHoro BDNF npu 3ameHe aMMHOKMCIOTbI BanvH Ha METUOHWH
(Ban-meT), BO3HMKAOLWWIA NPU annefibHbiX HapyLeHUAX.
3akntouyeHue. [lepcneKTUBHbIMY HanpaBieHUAMN UCCNeNOBaHUIA ANA CTpaTerMyecknx NoaxoAoB K peabnnutaumm nocne UHCynbTa
ABNATCA N3yUYeHre nonyLwapHon nHTpoaykummn, MuPHK 1 kackapos HeponpoTekuuy, BDNF Kak nHayKTopa HelpoHanbHol andde-
peHunpoBKK. AnnenbHble nonumopdursmbl BDNF nHgyumpytot 6o5ee HU3KMIN BOCCTAHOBUTENbHBIN MOTEHLUMaN nocsie nHcynbta. Mpu
onpeneneHHbIX yCNOBUAX Cpefbl ABUraTenbHoe 0byyeHre MOXeT npeofoneBatb AedULNUT HENPOMIACTUYHOCTY NpY nonumopodusme
reHa BDNF. B nccnepnoBaHmnax nokasaHbl obLjme 3aKkOHOMEPHOCTN NONOXKUTENbHbIX 3PHEKTOB a3pO6HbIX CTUMYNOB C YCUIEHHON ce-
Kpeuuern BDNF npu BocctaHOBREHNM 60MbHbBIX C KOTHUTUBHbBIMU 1 ABUraTeSIbHbIMU HAPYLLUEHUAMY, TEM He MeHee npu LepebpanbHom
WHCYNbTe Nepuoa Havyana, MIHTEHCUBHOCTb, ANUTENIbHOCTb, LMKIIMYHOCTb 3aHATWI He yCTaHOBNEHbl. BeposATHee Bcero, nccnenoBaHma
B 6yayLLem onTUMU3MPYIOT peabrnuTaLoHHbIe MPOGUIN C yUETOM reHeTUYeCKMX 0COOeHHOCTEN.
KnioueBble cnoBa: dpr3nyeckas HarpysKa, adpobHble TPEHUHT 1, BOCCTaHOBIEHWE, peabunutaums, MHCYNbT, HEMPONNACTUYHOCTb, Hell-
ponpoTeKuma, nonumopdunsm reHos, BDNF, Mu-PHK
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Abstract

Aim. To highlight the most important areas of research on the problems of rehabilitation after stroke and the prospects for the develop-
ment of new rehabilitation strategies, taking into account individual characteristics. Neuroplastic outcomes of anemic infarctions are
presented by multi-pattern positive processes of synaptogenesis, sprouting, synthesis of neuroprotective proteins, and destructive effects
of stress plasticity inducing dystonic disturbances, deterioration of stabilometric parameters and locomotor gait mechanisms with sup-
port deterioration [1]. Thus, specialists in neurorehabilitation should know the basics of fundamental neurophysiological processes in the
central nervous system, interhemispheric networks of the brain, and optimize rehabilitation programs, taking into account individualized
recovery profiles [2]. One of the factors influencing recovery after a stroke is nervous reorganization, which is proportional to the amount
of damage [3]. The processes of neuroplasticity are studied from the standpoint of returning to the pre-stroke recovery model (with minor
injuries) — forming “optimal” plasticity and compensatory strategies of “destructive” plasticity (with extensive hemispheric injuries). Micro-
RNA (miRNA) are understudied in the neuroprotective reaction to cerebral ischemia. Another important modulator of stroke outcomes
is the brain-derived neurotrophic factor (BDNF). Processing of the defective BDNF synthesis when the amino acid valine is replaced by
methionine (val-met) that occurs during allelic disorders is of outstanding interest.

Conclusion. Promising research areas for strategic approaches to rehabilitation after a stroke are the study of hemispheric introduction,
miRNA and neuroprotection cascades; BDNF as an inducer of neuronal differentiation. Allelic BDNF polymorphisms induce lower recov-
ery potential after stroke. Under certain environmental conditions motor learning can overcome the neuroplasticity deficit in the BDNF
gene polymorphism. The studies have shown general patterns of positive effects of aerobic stimuli with enhanced BDNF secretion in the
recovery of patients with cognitive and motor impairments; nevertheless, the onset period, intensity, duration and exercises rhythmicity
have not been established in cerebral stroke. Future studies are likely to optimize rehabilitation profiles based on genetic characteristics.
Keywords: physical activity, aerobic training, recovery, rehabilitation, stroke, neuroplasticity, neuroprotection, gene polymorphism,
BDNF, Mi-RNA
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I. MnacTUYHOCTb LIEHTPaNbHOW HEPBHOW CUCTEMbl U
peabunutayma
AZleKBaTHbI NOAGOP PeabunTaLVOHHbIX METOLOB AN 3.
BOCCTAaHOBJIEHVA YTpayeHHbIX GYHKUUIA nocne Lepebpanb-
HOTo MHpapPKTa BO MHOrOM 3aBUCUT OT ITy60KOr0 MOHUMAHUSA

UMM AN OCYLUECTBNIEHUA UMEKOLWMXCA MOTpe6Ho-
cTel (B 6bITY);

[leCTpyKTUBHbBIMY, KOMMNEHCAaTOPHBIMM NaTTepPHaMU,
B 6OMbLINHCTBE ClyyaeT npu 6e3B03BpaTHON NnoTe-
pe PyHKUMM (HebnaronpuATHLINA BapuaHT) [5].

NpoLeccoB HENPOMNACTUYHOCTI. [ToA HEMPONNACTUYHOCTBIO
Npwv NLLEMUYECKOM UHCYIIbTE 1 APYrUX NOBPEXKAEHMAX MO3ra
MOHVIMAIOT PEOPraHmN3aLMio KOPbl FOIOBHOMO MO3ra, MPoLecc,
B KOTOPOM (YHKLMM MOBPEXAEHHOTO MO3ra MUFPUPYIOT B
apyrve, HenoBpexaéHHble obnact mo3ra [4] CnepyeT Ha-
NMOMHWTb, YTO CaMbIM MOLLHbIM LiepebpasibHbIM HENpOnIacTh-
yeckM 3 deKToM ABNAETCA SMOPMOreHes HEPBHOWM CUCTEMBI
[4] Mo mHeHwmio M. KamuaTHOBa, reHeTUKo-NaTodr3nonornye-
CKOe 3HaueHVie HeMpPOonIaCcTUYHOCTW NPU NHCYNbTe 06YCNIoB-
NIEHO CTUMYNIMPOBAHMEM BOCCTAHOBUTESNIbHbIX MPOLECCOB W/
UM KoMNeHcaumen umeowmxca edekton (BO3MOXHbI pas-
JINYHbIE BapUaHTbI X KOMOVHaLNIA).
ANropuTMbl CLEHApVEB HelponnacTuiecknx s¢pdekTos
NpW UHCYNbTE MOTYT OblTb NPefCTaBMEHbI:
1. MNonHbIM BOcCCTaHOBNEHMEM GYHKLUN K JOUHCYNbT-
HOMY (ONTMManbHaA cTpaTerus);
2. CTpYKTYpPHbIMU MPUCIOCOOUTENIbHBIMU N3MEHEHU-
AMY HapyLEHHOW MYCKY/IbHO-[IBUraTeJIbHON yHK-

B 6onee paHHMX paboTax yKa3aHbl pa3HOObpa3Hble CcTpa-
TerMy peanusaunMy HeMponnacTUYECKMX  MPOTEKTUBHbIX
MpoLEeCccoB B 3aBUCUMOCTHM OT pa3mepoB (06bemoB) MHdap-
KTa (penumbr) npu peopraHM3aLMOHHbBIX M3MEHEeHUAX B
KopTuKanbHOM Komnnekce [6,7,8]. PemogenupoBaHue npu
He60/bLWNX (Manbix) MHpapKTax (pacnpPoCTPaHEHHOCTb B MO-
nynaumn 5-15%) [5] obycnosneHo MexaH3Mamy BOCCTaHOB-
neHuns GYHKUMM BbKMBLUMX HEMPOHOB, paHee HaXOAALLMXCA
B dase yacTMUHOro NoBpeXaeHNa B 06nacTn «MHbapKTHOM
nonyTeHn» Mpu LepebpanbHOM TMNOKCMYECKO-KLeMmYe-
CKOM MOBPEXAEHNN.

B 3ToM cnyuyae BOCCTAHOBJIEHME YTEPSAHHbBIX CMNOCOOHO-
CTell MAaeT 3a CYET COXPaHHbIX AeTEPMUHUPOBAHHbBIX HEl-
POHOB, HaxoAALMXCA Ha Nepudepry oyara anonTosa u/unm
HeKpo3a. BeposaTHee Bcero, Npu Taknx BapuaHTax pa3BuTuA
NN cneuunduryeckoe BOCCTaHOBNEHNE MOXET NPUOAMKATb-
CA K BOUHCYnbTHOMY [6, 7]. Mpn He6oMbWNX NOAYyLWAPHbIX
NHdapKTax, B GONblUel CTENEeHU MPU COXPAHHOCTU KOp-

TEXHONOIMMU BOCCTAHOBUTEJIbHOM MEOULIUHDI
1M MEAULUNHCKOU PEABUJTUTALIUU
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TUKOCMMHANbHbIX TPAKTOB, ABUraTefibHas aKTUBHOCTb, Ha-
npumep, BEPXHEeN KOHEUYHOCTU WHAYLMPOBaHa, B MepBYIO
oyepefb, BOCCTAHOBIEHMEM aKTUBHOCTW HENPOHOB ABUra-
TeSIbHOW 30Hbl KOPbI, @ 3aTeM HEVNPOHOB B NpeLeHTpanbHOM
MOTOPHOW KOPTUKaNbHOM 06acTn.

[BuraTtenbHble 1 KOOPAMHATOPHbIE NO3UTUBHbIE NaTTep-
Hbl GJIM3KW K AOVIHCYJIbTHBIM NMPU PEMOAENVIPOBAHNMN paHee
NLIEMM3NPOBAHHONM 06nacT B NEpPBUYHON KOPTUKANbHOM
MOTOPHOW (ABUraTeslbHON, NMPaMMAHON) 30He, a NPU KrLe-
MUYECKMX MOBPEXAEHMAX B NPEMOTOPUYME (30Ha CEHCOPHO-
ro KOHTPONA yNpaBieHNeM ABMKEHWNI) BOCCTaHOBUTENbHbIN
noTeHLUMan 3HaYNTENbHO CHWXKeH [5, 9]. PemogennpoBaHue
NPy 3HAYNTESIBHOM 1 OGLIMPHOM MONyLIAapPHOM MOBpeXxae-
HUVW FONIOBHOTO MO3ra B OCHOBHOM GpOpPMUPYETCs 3a CHET 06-
pa3oBaHWA CBA3eN Mexay COXPaHHbIMY aKTUBUPOBaHHbIMU
HellpoHaMM roMmosiaTepanbHbIX OTAENOB, BOBNEYEHNEM B CU-
HanToreHes 1 fjeHapuToreHes GyHKLUMOHaNbHO MAEHTUYHbBIX
obnacTteil HenocTpagaBLIero Nonylwapua roNoBHOMO MO3ra
[3, 6, 7, 8]. Mpu 06WNPHDBIX, 3HAUNTENbHbIX MOBPEXAEHUAX,
B 30HaX CKOMEHNA Y3KO Cneunan3npoBaHHbIX, Hanprumep,
bYHKUMOHANbHO [EeTEPMUHUPOBAHHbBIX MOTOPHbIX HEWpo-
HOB, KOPKOBbIE 30Hbl MO3ra He B COCTOAHMM BOCCTAaHOBUTLCA
[IO «MOPOroBOro» YPoBHA akTWBHOCTM TOW WU MHOW yTpa-
YeHHOW GYHKLMKU, MO3TOMY AOMUHMPYIOLLEE BAUAHUE NpU-
obpeTaloT paHee MeHee 3HaUVMble Ny TW, HanpYMep, FoMona-
TepanbHan (3gopoBas) remucdepa 1 CoXpaHHble NMpPaMma-
Hble TpaKTbl [7].

Il. TocTuHCynbTHbIE Nepuoabl MUrpauuy nony-
LWapHO aKTUBHOCTI Ye/ioBeKa N dKUBOTHbIX

B apyrux nccnepoBaHmAx (MNacTMUHOCTY) akLeHTUMPYeTCA
BHUMaHME Ha YETKUX MOCTUHCYSBTHbIX NMepuogax Murpaumm
(MHTPOAYKLMI) MONYLWaPHOro MNpeBanvpoOBaHNA N MeHblue
BHMMaHMA 06paLLaeTca Ha 3HaUeHMe pa3mepoB oyara uHbap-
KTa npy pemogennpoBaHun. [InA MHOrOBEKTOPHOIO CKpY-
nyne3Horo SIOLMPOBaHNA WUHTPOAYKLUN TPaHCMOYyLIAapHON
HeMNPOaKTMBHOCTM MWCMONb3YKTCA Kak HenpoBusyanusauu-
OHHblE MEeTOAbl AMArHOCTUKM-aNrOPUTMbl GYHKLOHANbHBIX
PEXXMMOB MarHUTHO-pe3oHaHcHoM Tomorpadum (GMPT), Tak
N TpaHCKpaHuanbHaa MarHnTHasa ctumynauma (TKMC, oba me-
TOZa B3aumMoZomnonHaAwT apyr gpyra [10]).

Mo paHHbIM GMPT, Ha Mopensax nabopaToOPHbLIX XKUBOT-
HbIX MOCTUHCYNbTHBIA MPOLECCUHT KOPTMKaNIbHOW peop-
raHM3auumy AaBHO M3y4yaeTcs (OCOBEHHO B OCTPEenWyw U
ocTpyto ¢dasbl UHCYNbTA). Ha cerogHAWHNA AeHb N3BECTHO,
YTO Ha 3KCMepUMeHTaIbHOM MprMepe WHAYLUPOBAHHOIO
WHCYNbTa, Yepes HeKOTOPbI MPOMEXYTOK BpeMeHU (06bly-
HO MHTepBan cocTaBnAeT 24-72 vyaca) CTUMYIMPOBAHKE KO-
HeYHOCTelN, KOHTpanaTepasibHbIX K WHCYNbTY, akTUBMpYyeT
romonatepaJsibHble LepebpanbHble 30Hbl KOpbl, BepoATHee
BCEro yKa3blBaeT Ha peopraHn3aLmio N «CeHCOPHYH TPaHC-
Murpauuio» B 3goposyto remucdepy. Mo gaHHbIM J.Jablonka
n J.Krakauer noctynupyetcs, 4to K KOHLYy BTOPOW Hefenu no-
Crle nwemunyeckon LepebpanbHoii «<kaTacTpodbl» Nupamma-
HbIl KOHTPOJb BO3BpaLLaeTca 0O6paTHO K aHaTOMUYECKU U
bYHKUMOHANbHO AETEPMUHUPOBAHHBIM HENPOHHBIM CETAM
TpaBMUPOBaHHON remucdepbl. Takum 06pa3om, CoXxpaHHbIe
06nacT Kopbl FONIOBHOIO Mo3ra 6epyT Ha ceba KOHTPONb 3a
bYHKUMAMM NOBPEXAEHHbIX YYaCTKOB.

MHorouncneHHble nccnefoBaHua (NPoBefeHHble B pas-
Hoe Bpems) Y. Fujii,, R. Marshall, R. Dijkhuizen n G. Nelles no
pe3ynbtatam nccnegosanuin ¢MPT, M3T n TKMC nokasanu
WAEHTMYHYIO NOC/efoBaTeNbHOCTb TPAHCMOJYLWapPHbIX CO-
ObITUI B FONIOBHOM MO3re y 60JIbHbIX UHCYNLTOM, B 0COBEH-
HOCTW B ABUraTeSibHbIX U PeYeBbIX 30HaX KOPbl Y 60JIbHbIX
mopen. Yepes 12-14 gHen nocne MHCynbTa HepOHanbHas
AaKTMBHOCTb HauYMHAeT JOMUHUPOBAHME B MOCTPajaBluem
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nonywapwun [11]. IHTpOAYKUMA HEMPOHANbHOW aKTUBHOCTU
B MPOTUBOMOJIOXKHOE oYary MHGapKTa nonylapue, Kak y ve-
NnoBeKa, TaK 1 N1abopaTOPHbIX KMBOTHbIX, BEPOATHEE BCETO,
ABNAETCA KOMMNEHCATOPHOW (CriefyeT OTMETUTb, YTO CTOMKaA
romonaTepanbHaA aKTMBHOCTb BCTPEYAETCA C TAXKeNbIMU
ncxodamu 1 rpybbim aBuratenbHbiM edrymMTom, a BO3BpaT
0b6paTHO B NocTpaaasLlyto remucdepy KoppenumpyeT co cTe-
NEeHbI0 «UCTUHHOTO» AOUHCYNBTHOIO (YHKLUOHMPOBAHUS)
[12,13]. Tem He meHee, Nnepuoabl AaKTUBALMN, CMOHTAHHOIO
MOLLHOr0 BOCCTAHOBNEHUSA Y GONbHbIX Ntofel 3HaUUTeNbHO
CNOXHee MO CPaBHEHMIO C TABOPATOPHBIMI MIIEKONUTALO-
WMMK, MaKCUManbHasA OAMTEeNbHOCTb 3PPeKTOB MOCTUH-
CYNbTHOW HENPOMNIACTUYHOCTN Y NI0AEN NPOAOMKaeT uccrne-
poBatbcaA [14].

lll. Mpo6nembl HeliponnacTUYHOCTU (AECTPYKTUB-
HaA NNacTNYHOCTb, NepPCNeKTUBbI N3y4eHUs)

Ha cerogHAWHMA OeHb HeOCnopuMoONn npeacTaBnAeTca
Befylaa poNib aKTUBaLUM MeXaHU3MOB HeMpOomniacTUYHO-
CTW, Kak Hanbonee 3¢pdHeKTMBHOIrO cnocoba BOCCTaHOBNEHMSA
NMOCTUHCYNBTHBIX HapyLeHHbIX GYHKLWA HEPBHOW CUCTEMDI.
Tem He MeHee nNpu onpefeneHHbIX YCIOBUAX Cpefbl MOXeT
pa3BuBaTbCA [ECTPYKTUBHAA HEMpPOMIacTUYHOCTb, KOTopas
CnocobCTByeT pPa3BUTUIO [BUMATENBHOTO U KOTHUTUBHOMO
aucbanaHca y O0nbHbIX MHCYNbTOM. [pouecchl Herponna-
CTUYHOCTY M3YYatoTCA C NO3MLUN BO3BPaTa K JOVNHCYNBTHOM
[BUraTesibHOW MOZENV BOCCTaHOBIIEHMSA (0ObIYHO C XOPOLLUM
pPeabunnTaLMOHHbBIM NOTEHLMANIOM, Yalle BCTPeYaeTcs npu
HeOOMbLUMX N MEHee 3HAYMMBbIX MOBPEXAEHUAX KOPbI), pop-
MUPYs «OMTUMasbHY» MAACTUYHOCTb, TaK U KOMMEHCaTop-
HbIX MOTOPHbIX CTPATErMi «AeCTPYKTUBHOM» MIACTUYHOCTM
(NpY OBLWIMPHBIX MOAYLIAPHBIX MOBPEXAEHUAX W FPYMM CKO-
NAeHWN eTePMUHMPOBAHHbBIX HEMPOHOB), @ TakXe Hannuna
NPOMEeXyTOUHbIX anropmuTmos [12, 15].

B gononHeHve K BbiBOAAM, YKa3biBaOLLMM Ha BaXKHENLUYLO
ponb 3bPeKToB NnacTMUHOCTU Npu GOPMUPOBAHNUM HOBbLIX
JIBUraTefibHbIX Mogenen [16], HeoAHOKPaTHO COOoOBLANoCh U
NOATBEPXKAEHO, UTO HeadeKBaTHble 1 BblICOKOMHTEHCUBHbIE
[BUraTefibHble TPEHMPOBKN B HEOMpPaBAAHHO PaHHME CPOKMU
nocsie NHCyNbTa HapyLwalT HOPManbHOe TeyeHne Herponna-
CTNYECKUX MEXAHV3MOB. 9TO CBONCTBO HEMPOHHON NIAaCTUYHO-
CTW, NO CyTW, ABNAETCA «4eCTPYKTUBHO-Ae3afanTaLOHHbIM,
AKTVBMPYIOLLMM MAaTOreHeTUYeCcKe MeXaHn3mbl, CTUMYNALUA
baHTOMHbIX 6onel, CUHKKe3un, auctoHun n ap. [17, 18]. bonee
TOro, B HEKOTOPbIX UCCNEefOBaHMAX paHee COOOLIanochb, YTo
Je3anTalyMOHHO-AeCTPYKTMBHAA MNNacTUYHOCTb 3HAYUTENbHO
MOBbILAET ABUraTENIbHO-KOOPANHATOPHDBIN AedULIMT, CHXKAA
NOCTUH(APKTHBIN peabunnTaLMoHHbIA NoTeHLMan y 60MbHbIX
npv NOCNeACTBUAX LiepebpanbHOro NHCyNbTa 1 Apyrix 3a60o-
neBaHUI HepBHOW crucTembl [12, 19, 20, 21].

BypHoe npoun3BonbHoe ABuratenbHoe BOCCTaHOBJIEHME
MOKET HapyLUTb reHepaunio HOPManbHOro ABUraTeslbHoOro
CcTepeoTuna B MapeTUYHbIX KOHeYHOCTAX [22, 23]. B HekoTo-
PbIX Cnyyasax NMPOW3BOSIbHOE B3aVMMOAZENCTBUE CMpayTUHra,
JeHApUToreHesa, KonnatepanbHOro CUHaNTOreHesa MOTeH-
LUNPOBANIM MEXaHN3Mbl HEKOHTPONMPYEMOro MOBbILLEHNA
MbILLEYHOTO TOHYCa, CUHKNHE3NW, CTUMYNMPOBANN KOTHUTAB-
HOMOBefeHYeCKne HapyLleHWs, SNUIenTougHble COCTOAHNA,
yxygwanu obuee TeyeHue 3aboneBaHua [24]. Pesynbrathl
pAda nccnefoBaHUN MPOAEMOHCTPUPOBANN NaToNornyeckmne
3¢ deKTbl yBeNnMueHus obnact penubr B paHHUe neproabl
WHCYNbTa B OTBET Ha TAXKeslble MHTEHCUBHbIE 3aHATMA [25].

CnepyeT OTMETUTb, UTO pPeabUMTaLNOHHbIE CTpaTErnm
y feTell paHHero [eTCKOro Bo3pacTta C MOMyLapHbIM Mo-
paxxeHnem LUHC oTtnmuatotca ot 3penon mogenu, npu 3Tom
OMTUMAanNbHbIMN ABNAIOTCA CTAPTOBbIE, MOLLHbIE MaTTepPHbI
JBuraTenbHon peabunutauyum [10, 26]. [pyroi npobnemoi
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y B3POC/IbIX MALMEHTOB MOC/Ee UHCYbTa ABNAETCA pa3BuUTUe
KOMMEeHCaTOPHOW CTpaTerny ABUraTesibHOro NoBeAeHns no-
CpeacTBOM MMNepakTUBHOCTA 340POBbIX Y MPOKCMMASbHbIX
OTAENOB MOCTPAAABLUNX KOHEYHOCTEN B BUAE NPOCTbIX Obl-
TOBbIX ABUraTe/IbHbIX aNropuTMOoB [27, 28].

B HacToALlee Bpema HeT OOLLENPUHATON TOYKWN 3peHNA Ha
npeBaMpPoOBaHNE WHTEHCUBHOCTA HEMpOMnacTUYeckmx ¢-
beKToB NpK Bo3BpaTe K 3[40POBOV MOAENN C OLHOW CTOPOHDI
1 GOPMUPOBAHUN HOBbIX 3aMECTUTESTbHbIX 1 KOMMEHCATOPHbIX
ABUratefibHbIX cTpaternin ¢ gpyrown [20, 27]. BnnaHne BoccTa-
HOBUTEJIbHLIX METOAUK Ha HENpONIacTUYECKUA MPOLIECCUMHT
MOMHOCTbIO He n3yyeHo [9]. B cBomx BbiBogax T. Schallert yka-
3bIBAET BaXKHOCTb AnddepeHUMPOBaHNA HENPONIAaCTUYHOCTY,
chOpMMPOBAHHOW B pe3ysnibTaTe KOMMEHCALMOHHBIX ABUra-
TeNbHbIX CTPATErNIA, OTAINYAOLLNXCA OT JOUHCYNBTHBIX MOTOP-
HbIX Mogene. HeCOMHeHHO, pa3BUTME KOMNEHCATOPHBIX popM
[BUraTeNibHOro NoBefeHUA — 3TO He YTO MHOe KaK cTpaTterva
nprcnocobneHus, faLan BO3MOXKHOCTb NOBCEAHEBHON fen-
TeNIbHOCTY NPV ABUraTesibHbIX HapyweHuax [20, 23].

Mpyi 06LUNPHBIX NOYLLIAPHBIX MOBPEXAEHMSX Y B3POCTbIX
pa3BUTUE KOMMEHCATOPHbIX GOpPM ABUraTeNbHOro noBefe-
HUA [20, 23, 27] Ha CerofHALHWI AeHb HEe NMEeeT anbTepHaTu-
Bbl, 11 6OJIbHbIE MHCYNBTOM ANA NOBCEAHEBHON AeATENbHOCTM
BbIHY>KAEHO NPUCNOCcabnmBaloTca K ABuratenbHomy aeduum-
Ty. iccneoBaHna HEMPOMIACTUYHOCTA Y GOSbHBIX UHCYSb-
TOM HanpaBsfieHbl: C OAHOWN CTOPOHbI, Ha pPa3paboTKy mep,
noBblWaoWmx 3PpGEeKTUBHOCTL peabunuTaymm aBuUraTesib-
HbIX N KOOPAMHATOPHbIX HaPYLUEHWI, C APYro CTOPOHbI, Ha
npefoTBpaLleHne HeraTmBHbIX 3pdekToB [29]. BnusaHue pea-
OUNNTALMOHHDIX CTPaTernin c yuetom anddepeHUnpoBaHHbIX
HelponnacTuyeckmx npodunen o KoHua He nsyyeHo [9], no-
3TOMY HEOOXOAVMbI AanbHeWLIne NcCiefoBaHNA.

IV. dnureHeTnyeckne mepmaTopbl HeliponpoTeKkLumn
npwu yepebpanbHoil nwemMnumn

B nocnepgHee Bpems B Hay4HOW cpefe 3HaUMTeNbHO BO3-
POC 1 aKTyaneH UHTepec uccnegoBaTtenen K ponu snureHe-
TUYECKNX GaKTOPOB B Pa3BUTUN LepebpasbHOM UemMun 1
peabunutaymoHHoro nporHosa [23, 30-33]. Beuagy ocobeH-
HOCTel SHepreTMYeCcKoro cTatyca LepebpasbHbIX HEMPOHOB
(yCKOpeHHbIN MeTabonuam), NpU MNaToNorMyecknx CocTon-
HUAX onpenenaeTcA MOHWMMKeHWe MOPOroB MMNOKCUYECKo-
VLLIEMUYECKON TONEePaHTHOCTY B OpraHn3mMe yenoBeka. Mpu
LuepebpanbHOM Nwemnn cpabaTbiBaloT CJIOXKHbIE anrOPUTMbI
nepenayn curHanos gns anddepeHLpoBaHHbIX CTpaTerui
NnpoTeKUMn HeMpoHoB. HefaBHMe nccrefoBaHUA MOKasbl-
BAlOT, UTO NPOLIECChl BbIXXMBAHWA NPE3eHTUPOBaHbl BHYTPU-
KNETOUYHbIMU MPOTEKTUBHBIMU CUFHANaMM N BHEKNETOYHbIMU
TKaHeBbIMM Kackagamu [23, 32, 33]. Ha npumepe oKknio3nm
CpenHel MO3roBOI apTepUK B SKCNEpPUMeEHTe y nabopaTop-
HbIX »KMBOTHbIX NMPOAEMOHCTPUPOBAHO, YTO NpeaBapUTENb-
Hblll  KPATKOBPEMEHHbIN LiepebpanbHbii  ULLEMUYECKUNA
CTMMYJ reHepupyeT SHAOreHHble HEeNPOMNPOTEKTOPHbIE MaT-
TepHbl, KOTOpble AeMNPUPYIOT NOBPEXAEHNA HENPOHOB NMpPY
NOBTOPHOW ULWIEMUN W HA3bIBAETCA FMMOKCUYECKM-ULLEMUN-
YyecKol NepeHoCMMOCTbIO (TolepaHTHOCTbIO) [32, 33].

MexaHu3Mbl MLWEeMUYECKON YCTOMYMBOCTU 0OycnoBne-
Hbl MONIEKYNIAPHON NepecTPONKo peakummn LepebpasnbHbiX
CTPYKTYp Ha nocnepytolme rmnokcmyecko-miemmyeckme
CTUMYNbl MOCPEACTBOM MAPOKCM3MaIbHOMO CUHTE3a HOBbIX
(NpoTekTMBHbIX) 6enKkoB. Kak npaBuio, B TeueHue Heaenu
aKTMBMPOBAHHbIE TMMOKCUYECKUM CTUMYSIOM TOSIepaHTHble
nenTuabl NepemeLlaloTcs B UWeMUYeCKUin LepebpasbHbli
YyUacToOK, MHAYLUMPYA KacKafbl HerponpoTekuun [32, 33, 34].
HepnaBHne uccnegoBaHuA nokasanu, uto mu-PHK aBndetca
NPUMepoOM NPOLECCUHTa annenbHbIX (FeHOMHbIX) MepeKko-
AVPOBOK peaKkuuii Mo3ra B MOCTPAHCKPUMLMOHHOM Mosie-
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KyJIAPHOM OTBETE Ha LepebpasibHble WLLEMUYECKO-TUMOK-
cnyeckue ctmynbl. Mu-PHK — 310 Hekogupyiowas rpynna
sHporeHHoro PHK, koTopasa npuHMmaeT 3Haummoe yyactue
B TPaHCAALUN, TPAHCKPUNLMN NOCTPAHCIALNOHHOIO n3Me-
HeHus 6enkoB (3kcnpeccum reHos). Konnuectso mu-PHK 06-
pasyroLmX HYKNeoTUAO0B MOXeT BapbupoBaTtbca oT 20 fo 24.

Mu-PHK nocpeactBom HejlaBHO OTKPbITbIX pAfa Knacrte-
poB npepwectBeHHMKOB (MiR-124 , miR-132, miR-134 miR
1n miR-138 n ap.) perynnpyoT NpakTUYeckn BCce N3BeCTHble
Ha CerofHAWHNA AeHb KeTOYHble MeXaHW3Mbl NiacTuy-
Hoctn B LIHC. B nocnegHee Bpemsa B nuTepaTypHbIX NCTOY-
HMKax ocobasA ponb Kak Hambonee nNepcneKTMBHOMY B MO-
TEHLMaNbHO-NPAKTUYECKOM MPYMEHEHUN OTBOAUTCA MU-
PHK-knactepy miR-132 n ero B3ammopencrsuio C fpyrom
mMuweHbto- methyl-CpG binding protein 2 (rge, C-unTo3uH;
p-docdat; G-ryaHuH; binding-cBa3biBatowuii, CoKpaLleHHO
MeCP2). OgHOVMEHHDBIN reH MHAYKTOp 1 npoTenH MeCP2
HapAagy ¢ mn-PHK aBnaoTca perynatopammn TpaHCKpUnumm,
C NpenMyLLeCTBEHHON NTOKann3aumnen B HEMpPOHax, akTnBU-
PYIOT NpoLecchl CO3peBaHNaA, PocTa, NoaaepaHnua CBA3en
1 TPAHCHENPOHANbHbIX KOMMYHMKATUBHbIX 3G hEKTOB HEPB-
HbIX KNneTok [34]. DKkcnpeccnpoBaHmne 1 coxpaHeHne miR132
B KOPKOBbIX HEMPOHaxX MHAYLMPOBaNN PoCcT HenpuToB. Ha-
npoTuB, NHrMbrpoBaHne GyHKLUMM MiR132 ocnabnaeTt pocT
HeNpPOHOB, CMHaNTOreHe3, iIeHAPUTOreHes 1 ap.

B nccneposaHum M. Levin n coaBTOPOB NMOKasaHO, YTO
y (nabopaTopHbIX) MbilLe MOAENb C OTK/OYEeHEM reHa/
6enka MeCP2 3anyckana fecTpyKTUBHblE MeXaHW3Mbl, CTW-
MyNMpyoLMe 3HaYNTeNbHO PacnpPOCTPaHEHHble KOPKOBble
30Hbl MOBPEXAEHNA MO3ra MO CPABHEHMIO C KKNTACCUYECKNM»
BAapPWaHTOM MHAYLMPOBAHHOTO MHCYNbTA. Takum 06pasom,
MOXHO MPeanoNoXnTb, UTO CpabaTbiBalOT MOJIHUEHOCHbIE
CUTHanbHble Kackadbl NpeaynpexaeHnsa O BO3MOXHOM Mo-
BPEXKAEHMN HENpPOHOB, HEMPOMPOTEKLMN NPU MOBpexae-
HuM (online) n 3¢pdeKkToB KNETOUHOI NamATH (OTHOCUTENBHO
6onee pnuTenbHble MeprOAbl) ONA 3alUTbl HENPOHOB OT
NWeMnYeCcKnX NaTTepHoB B byayulem. B Lenom, BaxHewwwe-
My HamnpasJ/ieHV0 B 3TOM 06M1acTi HEOOXOAMMbI JOMOHN-
TeslbHble WCCIefoBaHNA, MOCKOMbKY reHeTuyeckue nosu-
Mopdu3mbl U anddepeHUmanbHaa perynaumsa reHoB MoryT
6bITb paHHMKN BUIOMapKepamu ANA PasHbIX NOAXOA40B, MPO-
bunakTukn, Tepanun 1 peabnnmnTauMoHHbIX METOAMUK MocCse
NLIEeMNYECKOro NHCYNbTa.

V. Ponb uepebpanbHoro HellpoTpodunueckoro pakro-
pa BDNF

QyHOaMeHTaNbHY pofb B reHepauun nnacTuyecko-
HeBpaNibHbIX KNETOYHbIX MeXaHW3MOB, B OCOOEHHOCTU
npu UCNONb30BaHUN ABUraTeIbHbIX METOAUK BOCCTAHOB-
NIeHNA nocsie uHCynbTa n apyrux HapyweHuax UHC Bbi-
nonHAeT uepebpanbHbili HenpoTpoduueckuin dpaktop
«brain derived neurotrophic factor» (BDNF) [35]. Kak mo-
LyNnATOP MCXOA0B UHCYNbTa, BepoATHee BCero, Hanbonee
JeTanbHO W3YYeHHbI oAuHOYHbIM reH/nentng. BDNF -
3TO HEeNpPOaKTUBHbINA, HeoOXoAUMbI AnA GYHKUUOHANb-
Ho-nepapxunveckoro anddepeHUNpoBaHUa U TpaHchop-
Mauuy CTPYKTYpPbl HEVPOHOB MPOTEUH, MOAYNUPYIOLLNIA
npoLeccbl CMHANTUYeCKOo-AEHAPUTHON MAACTUYHOCTH, C
nperMyLIecTBEHHOW JloKanun3auunen B Kope 60Mblumx no-
nywapwuu [36, 37]. BDNF aBnfaeTca cambim npeacTaBuTeNb-
HbIM KnacTepoM cemencTBa NMpoOTenHOB dakTopa pocTa
HepBOB, XapaKTepu3lyeTca MyNbTUBEKTOPHbIMU Pa3HOHa-
npaBneHHbIMK NpoLeccaMu pereHepaumm n GopmmupoBa-
HWA HaBbIKOB Y 340POBbIX, HEBPONOTrMYECKNX 6OJbHBIX, B
TOM YMCIie NOoCe NHCYNbTA.

WccnepoBaHma nocnegHuix feT cocpefoToueHbl Ha CBA3M
BDNF ¢ nattepHamu HelporeHesa, KnetouHol anddepeHum-
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POBKM, MOCTULLEMUYECKON HEWPOHANIbHOW BbIXKMBAEMOCTU
(TonepaHTHOCTW), NHIMGKPOBaHMKM anonTo3a [38, 39]. Mo ma-
Tepuanam nccnegosanuii (J. Kleim n coaBtopbl), coobulaeTcs,
uyto BDNF vHTerprpoBaHa npakTiyeckn co Bcemu QyHKLM-
OHanbHbIMK CYCTEMaMM MO3ra, B MepBYI0 ouyepefb, Henpo-
NnacTMYeCcKnX NPOLeCCcoB, Nexallrx B OCHOBE NPOCTON fen-
TeNbHO-QYHKLUMOHaNbHOM aKTUBHOCTU U KOTHUTUBHBIX HOBbIX
HaBblkoB. HewnpoTpoduuecknin daktop (BDNF) okasbiBaeT
CBOE BNIVSIHUE HA HENPOMMACTUYHOCTb NyTeM 3dpdeKTa nep-
MaHeHTHOrO NMOTEHLMPOBAHUA, XapaKTepu3ytoLerocs ycTom-
YMBbIM MOBbILIEHVEM MPOYHOCTM KOHTaKTOB MexZy [BYMA
MPONOHIMPOBAHO AKTUBUPOBAHHbLIMK HEVPOHaMK, MyTem
OeHapVToreHesa 1 BapuaHToB pemogenunposaHus [30, 31].

B otnuume ot gpyrux ¢aktopos pocta, BDNF Bbigens-
etca B LUHC B OTBET Ha MbIlWEUHYIO CTUMYNALMIO N MOXET
00603HauaTbCA KakK WHULMATUBHO-CBA3AHHbIN TpakT (UCT).
NCT-TpaHcdep BbigeneHna BDNF BbinonHAeT OMUHMpPYLO-
LLYIO POJib B NpoLeccax HeMmponnacTMYHOCTH, akTUBMPYETCA
B OTBET Ha NpaKTnyeckoe GpopmMmMpOBaHME aKTyanbHOro Ha-
Bblka [31]. HacylwHaa 3HaYMMOCTb M NPaKTUYECKUA MOTEH-
uman BDNF (B 6yaywem) B peabunuraumm aBuratenbHbIX 1
KOTHUTVBHbIX HAapYLUEHUA [N HEBPONOrMYEeCKNX 60SbHbIX
HeOAHOKPaTHO MPOAEMOHCTPUPOBaHbI Ha MpuMepax Le-
pebpanbHOro MHcynbTa y N1abopaTopHbIX MIEKOMUTAOLNX
(MIHOYUMPOBAHHOIO OKKJIIO3VIOHHOW MOZeNblo B GacceiHe
CpepnHen mo3roBoli aptepun B pabotax P. Vandenberg n R.
Bruneau) Korga mefvKaMeHTO3HOE MHIMOMpPOBaHME aKTUB-
HocTv BDNF BbI3bIBano yrHeTeHne paHee akTUBUPOBAHHbIX
KOPKOBBIX 30H MAACTUYHOCTM MPY MbILLIEYHOW aKTUBHOCTH.

HanpoTtus, npun nHAyuMpoBaHHON LepebpanbHOn nLe-
MUK (NaGoOPATOPHbIX KMBOTHbIX) PErMCTPUPOBANNCH Kak
[ebloTHan HelipoHaNnbHaA akTUBaUUA LiepebpanbHOM Kopbl
Cpasy nocne napeHTepanbHoro seefgeHnA BDNF; Tak n mouy-
Hoe, 6bICTPOe BOCCTAaHOB/EHME YTPAYEHHbIX HaBbIKOB Nocie
TpaHcKpaHuanbHoro BeefeHna BDNF B o6nacTb nocTpasas-
e NepBUYHOW ABUraTeNIbHOM KOpbl. . K aHaNnormyHbImM Bbl-
BOAaM MO pe3ynbTaTam UCCefoBaHUN NPULLAN ApYyrie nUc-
cnegosatenu (W. Schabitz n Y. Jiang; J. Kleim n coasTtopbl).

M3BectHo, uto BDNF npowmussogutca «no ykasaHuio»,
aKTVMBMPYACb Ha HeNpOHaNbHyl0 CTUMYnALMIO K3 Genka
npepwecteeHHnKa-npe-npoBDNF, ganee B cTpykType [0nb-
IKn oH mopuduumpyetca o npoBDNF. B mosre npoBDNF
NpeacTouT  HECKOSIbKO BO3MOXHbIX CLieHapueB: MogBep-
rHYTbCA PefaKTMPOBaHWIO B CTPYKTYpe fonbaKu 1 BblAeNnTb-
cA cpasy B BuAe nonHoueHHoro 6enka BDNF; obpasoBatbcsa
B KauecTBe npepwecTBeHHKa npoBDNF un TpaHcdopmupo-
BaTbCA (pepakTnpoBaTbca) o BDNF B cMHanThuyeckom «enm»
[40]; cnHTe3MpoBaTbCcA U paboTaTb B BUAE NpeaLecTBEHHU-
Ka, HerosnHoLeHHoro 6enka NpoBDNF. B HekoTopbIx ciyyasx
npv 3mbpuoHanbHom passutn LIHC uyenoBeka aktmBmpy-
t0TCA TpaHCOMLUMPOBaHHbIE KacKaabl, GopMupya aTUnmyHble
knactepbl BDNF noHuKeHHo paboTocnocobHOCTH, Bbi3biBas
yuiepbHoe pa3BuTtue rosioBHOro mosra [41, 42]. MNpumepom
TpaHcOULMPOBaHNA ABNAETCA 3aMeHa aMUHOKMCIOTbI Basn-
Ha Ha METVOHVH B KOfiOHe 66, cncTtembl pro BDNF, B runokam-
NasibHbIX 1 NOAYLIAPHbIX HEMPOHaX rOIOBHOrO MO3ra OTMeYa-
eTcA HenosHoueHHaa yknagka BDNF B TpaHCcnopTHO-CUMHan-
TUYECKME Ny3bIpbKM (BE3MKYIbI) MO CPABHEHMIO C OObIYHBIM
Ban-tunom BDNF HapyLluaeTca npouecc o6pa3oBaHuA NOHO-
ueHHoro BDNF, ctumynupyetca cuHTe3 ywep6Horo BDNF
[4, 43]. DeduunT ctangaptHoro BDNF HapywaeT npouecchl
HopMaJsibHOro AnddpepeHLMpPOBaHNA HENPOHOB, CHIKAA KX
obLee KONMYecTBo, HEMPOHbI UMEIOT YMEHbLLEHHbIE pa3me-
pbl Tena, a AeHAPUTHbIE OTPOCTKN YKOPOUEHbI 1 feCTPYKTYpU-
poBaHbl [36].

Pe3ynbTaTbl HECKONbKUX He3aBUCMMbIX WUCCIefoBaHUM
nokasanu 6onee HW3KME BOCCTAaHOBUTENbHblE CMOCOOHO-
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CTU B KPaTKOCPOYHOW nepcrnektuse npu myTtauyum BDNF no
CpaBHEHMIO ¢ 0bblYHON BanuH-dopmori BDNF, Hanpumep,
y 60MbHbIX C LepebpanbHbIM NHCYSIBTOM B OCTPOM 1 Nofo-
CTpo cTapusx [22, 44, 45]. B gpyrux nccnegosaHuax sdodek-
Tbl BapraHTa 3aMeHbl Ban-meT B cucteme BDNF B ponrocpou-
HOW nepcnekTnBe Oblv HEBbIPAXKEHHBIMU U COXPAHANNCH
B BMAE TEHAEHLMU, Hanpumep, Y 60JIbHbIX UHCYNIBTOM Mpu
npoBefeHnn peabunmuTaunn B paHHWUIA BOCCTAHOBUTESbHbIN
nepuog [44, 45]. MNMpepcTtaBuTensCTBO Ylwep6Horo-BDNF B
LepebpanbHON Kope MOXeT Crnocob6CTBOBaTb Pa3fiNYHbIM
AeCTPYKTUBHbIM BapuaHTaM COYeTaHWA ABUraTebHbIX Ha-
pyLIEeHWI C PacCTPOMCTBaMM KOFHUTUBHO-MOBEAEHYECKOro
cneKkTpa npu uepebpanbHO nwemmun.

YacTo KOrHUTMBHO-NOBEAEHYECKME HapyLIEeHMA Npu no-
numopdunsme BDNF npefcTtaBneHbl: runonnasvein nobHom
1N BUCOYHOW AONN B MEHbLUEeN CTeneHn B APYrux OTAenax
rofIOBHOro Mo3ra [46-48] B COMPOBOXAEHUN C QYHKLMO-
HaNbHbIMU HapyweHuAMK runnokamna [41, 49, 50] (Habnio-
JaloTCs NPU NCKX03ax, Wr3odpeHnn), a TakKe MOXKeT BCTpe-
YaTbCA MPU HapyLeHMAX T[UMnoKammn-acCoLUnnMpPOBaHHON
namatn [27, 51]. Bepudukauma reHeTMYeckoro BapuaHTta
BDNF npepnctaBnAaeTca nepcneKkTMBHbIM HanpaBieHnem and
anddepeHUnpoBaHHON CTpaTernn ABUraTefibHOM U KOrHuW-
TUBHOW peabunutaumm 60NbHbIX MHCYNbTOM U Ap. HapyLle-
Huamn UHC [22, 51, 52].

VI. ®usunyeckmue Harpysku n peakuyuv BDNF

HakonneHHbI ONbIT MOKa3blBaeT, YTO MbllleYyHaA Ha-
rpy3ka Bbl3blBaeT MOBblIEHNE YPOBHA Henponentuaa
BDNF, nHgyumpyeT ¢yHKUMOHaNbHY aktusHoctb LHC,
HOPManu3yeT MbllleYHO-ANHAMUYeCKIe, CTaTUKO-TOKOMO-
TOPHbIE, KOTHUTVBHblE QyHKUMK [51, 53, 54], NO3UTUBHO
BAUAET Ha NoBefeHYecKre HapylleHna. Ony6nrKoBaHHble
maTtepuanbl nccnegosaHuii (W. Pan n coaBTopoB) yKa3blBa-
10T, UTO 0cobeHHOCTbio NpoTenHa BDNF asnseTtcsa sHepruy-
Hoe nepepacnpefesnieHme yepes remMatosHuedannyeckun
6apbep B OTBET Ha aKTVBHYIO MbILLEYHYIO Harpysky (nep-
BbIl MYTb) 1 UHTPOAYKLUMA 06paTHO, uepes rpaHumupbl LIHC, B
nokoe (BTopoit nyTb) [55]. Hanbonee adpdeKkTBHLIM Cpea-
CTBOM AN1A CTUMYNIMPOBaHWA HeMPOnIacTUYeCcKnx, pereHe-
paToOpPHbIX peakumii n perynaunm HenpotpodrHa BDNF as-
NATCA MbllUEYHble YyNpaXHeHMA B a3pO6HOM anropuTtme,
Korga 3anycKaloTcA Kackafbl aKTMBUPOBAaHWA U HaKomnne-
HuA reHa BDNF B LHC [46, 56,57]. [ToaTOMY CyliecTBeHHan
ponb B peabunuTtauumn ABUraTenbHbIX, KOOPAUHATOPHbIX,
KOTHUTUBHbIX HapyLIEHUNIA Yy GONIbHbIX MHCYNLTOM, C Ye-
penHo-Mo3roBou TpaBMoOW 1 Ap., CTPATernyeck MOXeT OT-
BOAWTBHCA MbILIEYHbBIM YNPaXXHEHUAM B a3POOHOM pexume.
MN3BecTHO, uTo camu no cebe aapobHble Harpy3Ku He NHAY-
LMPYIOT aKTUBALMIO HEMPOMIACTUYHOCTY, @ CMOCOOCTBYIOT
pa3BuTUIO «bnaronpuATHOro GoHa» Ana 3anycka MexaHus-
MOB MnacTnyHocTu [58].

Bonbwaa yactb paboT ykasbiBaeT Ha ynyulleHne Mmy-
CKYNbHO-KOOPANHATOPHbBIX Y KOFHUTUBHbBIX CMOCOBHOCTEN
nocsie afjanTVPOBaHHbBIX a3POOHbIX 3aHATWI, 3HaYMMoe
yBenuyeHne yposHA BDNF B LIHC, kak HeBponornyeckmx
605bHbIX (YUMT, MHCYNbT 1 Ap.), TaK U 300POBbLIX Ntogen [27,
51, 53, 58]. UMKNMYHOCTb, ANNTENBHOCTb M ONTUMM3aLNA
WHTEHCUBHOCTU a3POO6HbIX TPEHUHIOB ABNAIOTCA KNOYEBDI-
MU pakTopammn peabunmtaymoHHoro GoHa gna CTUmMynu-
poBaHuA Kackaga BbipaboTky BDNF y 60/bHbIX MHCYIBTOM
1 340POBbIX NOAEN. DTO NPeanosioXKeHe NoaATBePKAaoT
pe3synbtatbl nccnegosaHuin (M. Roig m K. Skriver) Ha «3p0-
poBoli» MoAenu, CBUAETENbCTBYIOLWME O TOM, YTO MHTEH-
CVBHble a3POo6Hble 3aHATMA, BbINONHAEMbIe nepes 1 nocse
HOBbIX CJIOKHbIX MbILLIEYHbIX [ABWraTeSIbHO-KOOPAMHATOP-
HbIX MOZEeSIe, yNyuLlatoT GbICTPOTY, CJIOKHOCTb M TOYHOCTb
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MX BbINONIHEHUA. HeCOMHEHHO, MHANBMAYaNnU3MpPOBaHHbIe
a3pO6Hble TPEHVHIV MapanefibHO CTUMYNVPYIOT BOCCTa-
HOBNEHMe ABUraTesIbHO-KOOPANHATOPHbIX Y KOTHUTUBHbIX
cnocobHocTel y 60MbHbIX C NOCNeACTBUAMU LiepebpanbHo-
ro nHcynota [46, 51, 53,59, 60]. Mo3uTnBHbIe 3PdeKTbI B UC-
cnepoBaHuAx (S. Colcombe 1 A. Kramer) Takxe 6b1in npo-
LEMOHCTPUPOBaHbI MPY COYETAaHUM a3POOHBIX PEXUMOB
Harpy3oK 1 CM0BbIX TPEHMHIOB. B Apyrom nccnegosaHum
B 6OMbLUEN CTEeNEHW KPAaTKOBPEMEHHO YNyyLlanncb KOrHu-
TUBHble GYHKLUMY NOCAe OQHOKPATHOrO, HO «MMMNYJIbCHOrO»
a3pobHoro TpeHuHra [54].

Pe3synbrathl pAga npoBefeHHbIX uccnefoBaHuin  (B.
Quaney, L. Boyd, J. McDowd n gp.), nokasanu ny4iume BoC-
CTAHOBUTESIbHbIE MPOGUIN MBILIEYHON aKTUBHOCTW, KOr-
HUTUBHBIX HapyleHnn n ctabunmsauum (He rpybbix) pac-
CTPOWCTB NOBeAeHNA B TeUeHe KOPOTKOro BpemMeHu nocne
a3pobHbIX HArpy3oK W OTCYTCTBME CTAaTUCTUYECKU 3Hauu-
MOTO ynyyLleHVA CMOCOBHOCTEN Nocsne 3aBepLueHna Kypca
peabunutauun. K HegoctaTkam aspoO6HbIX METOANK MOXHO
OTHOCTU HECTOMKOCTb MO3UTUBHBIX 3GPEeKTOB, TakK KaKk Mo
OKOHYaHWUM Kypca a3pOO6HbIX TPEHUHIOB MOMOXUTENbHblE
CUMMTOMbI MOTYT perpeccupoBatb. 1o gusaliHy mnccnego-
BaHUI oLeHKa ypoBHel aktuBHocT BNDF B 6onbluei cTe-
neHW mccnefoBanacb MpPW KOTHUTUBHBIX HapyLleHWAX, a
3aTeM npu pBuratenbHbix. [pu onpeneneHHbIX YCNoOBUAX
a3po6HbIe TPEHUHTM MOTYT ObiTb MCMOJIb30BaHbl NpPY BOC-
CTaHOBMEHNY 6OMbHbIX LiepebpanbHbIM MHCYNBTOM C ABUra-
TeNIbHbIMU U KOTHUTMBHBIMU HapylleHUAMU. TeM He MeHee,
ONTUManbHbIN GanaHC Mexay npoueccamu «no3UTUBHON»
aktmBaumnm BDNF n ctumynnpoBaHuMeM MexaHU3MOB [Je-
CTPYKTVMBHOW MNACTUYHOCTX B OTBET Ha yAapHble HarpysKku
OKOHYaTesIbHO He YCTaHOBJEH.

VIl. ABuratenbHas n KOrHUTMBHasA peaéunutayua B
aspo6HOM pexxkume y 60nbHbIX c nonumopdrsmom BDNF
1 cOYeTaHNEeM MHCYJbTa

Ocoboro BHMMaHUA 3acyXMBaloT 3PPeKTbl a3POOHbIX
CTUMYNOB MPW NPOBEAEHUN MbILWEYHON W KOTHUTUBHOM
peabunutauun npu geduunte ctaHgaptHoro BDNF y 60osb-
HbIX UHCYynbToM (YMT, KOrHUTUBHBIMU HapylleHuAmK). Ha
CErOAHALIHUIA AeHb OLHO3HAYHOIO OTBETA, KaKM 0bpa3om
a3po6Hble CTUMYbl BAAIOT HA MblLUEYHOE N KOTHUTUBHOE
BOCCTAHOBJNEHME NPU peabunutaumn y GONbHBIX Mpu Co-
yeTaHuM UHcynbTa (nocnepcteuin UMT n gp.) 1 cekpeuun
aHomanbHoro BDNF, n kak nHaykuna BDNF npu aspo6HbIx
yNpa)KHeHNAX BAUAET Ha akTMBHOCTb FOJIOBHOrO Mo3ra [46,
48]. MNMpepnonaraeTca, YTO MapKepbl MbIEYHO-ABUraTeNb-
HOW peabunutaumnm Npu HEBPOJSIOrMYeCKMX 3aboneBaHnAX y
vy ¢ pedekTHbiM BDNF Takxe 6yayT CHUXeHbl. 9TO npeano-
NOXeHue ObII0 MNOATBEPKAEHO APYIMMU UCCEROBAHUAMY,
no pesynbraTaM KOTOPbIX OTMevanacb Aenpeccus akTUB-
Hoct UCT TpaHcdepa, cekpeumnn BDNF [43, 49]. B opyrux
nccnegoBanusax (S. McHughen v coaBt.), y nuy ¢ aTunmMyHbIM
reHom BDNF Habntoganack genpeccus Bo3byanmoctu oBu-
raTefibHbIX 30H KOPbl FOIOBHOrO MO3ra y NOXWbIX Ntofeln B
OTBET Ha a3POO6HYI0 CTUMYNALMIO U NpaKTUYeCcKne HaBblKY,
aBTOPbI CBA3A/IN 3TO C BO3PACTHLIM BapUaHTOM ANCOYHKLNN
BDNF reHoTMN accoummpoBaHHbIX 3G deKTOoB.

Mpun 6onee pnuTenbHbIX a3pobHbIX CTMMYyNax ydaBa-
JIOCb MOKa3blBaTb TaKuMe e pe3ynbTaTbl aKTUBHOCTW ABU-
raTesibHONM KapTbl KOPbl FOJIOBHOIrO MO3ra, Kak 1y nuy 6e3
TpaHcouumpoBaHua BDNF nocne 1-2 HefenbHbIX LUKNOB
peabunutauumn (aHanornyHble pesynbTaTbl OTMEYalTCa Y
nuy ¢ nocnegctenamm OHMK). Boilweyka3aHHble pe3synbTra-
Tbl NOKa3blBalOT, UTO ABUraTeNibHoe 0byyeHrie MOXKeT npe-
oponesatb AedpUUUT HENPOMNIACTUUYHOCTM NPU NOAUMOpP-
¢dur3me reHa. Takum o6pa3om, BbIGOP pPeabrnnTaunoHHbIX
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cTpateruii c yuetom sepektHon mogenm BDNF moxeT ynyu-
WNTb GYHKUMOHANbHbIE NCXOAbl MOCTVHCYNBTHBIX HapyLue-
Hun [29].

3aknoyeHune

Mpy O6WMPHBIX UWEMUYECKUX MHCYNbTaxX y MieKkonu-
TaloWmMx (Ha 3KCneprMeHTanbHOM Moaenu nabopaTopHbIX
KUBOTHbIX) 1 Y ntogent (Mo gaHHbIM MPT n M3T) pe3ynbraTthl
nccnefoBaHni Nokasanu o6LLyto NocsiefoBaTeNbHOCTb CO-
6bITUI, UHTPOAYKLUMIO reMucepHO akTUBHOCTM B 06nacTb
romonaTtepasibHON KOpbl, BMOCNEACTBAM aKTUBHOCTb CMe-
waetca obpaTHO B 0b6nacTb TPaBMUPOBAHHOIO MoOnyLa-
pua. CTonkasa romonartepanbHas akTMBHOCTb Koppenupyet
C TAKENbIMY UCXOAAMU UHCYNbTa U Fpy6biM ABUraTENbHbBIM
aeduuutom. NMeproabl «nonyLWapHON NHTPOAYKUMK» Y 605b-
HbIX Nlofel AnuTesibHee NO CPaBHEHMIO C NabopaTopHbIMU
YKMBOTHBIMM 1 OKOHYATENbHO He yCTaHOBMEeHbI. [lanbHellwee
n3yyeHrie NepronoB MOMYWAPHON aKTUBHOCTU C y4yeTom
anddepeHunpoBaHHbIX npodunen BOCCTaHOBAEHWA MO-
3BOJIUT ONTUMK3UPOBATb PEAGUIMTALMOHHBIE NMPOrPaMMbl.
BaxkHylo ponb B MOneKynApHOM OTBETe Ha LepebpasbHyo
nwemuto nrpaet MuPHK, npu yrpose knetke akTuB/pytoTca
BHYTPEHHME KacKafbl nepegayn CUrHanoB, YCWAMBasA TO-
NepaHTHOCTb MPW TMMNOKCKM, NMOCPEACTBOM CHHTE3a HOBbIX
6esIKoB CMOCOOCTBYA HEMPOMPOTEKLMN.

B uenom, n3yyeHme npoLeccoB akTMBaLun «HeNponpo-
TEKTVBHbIX 6efIkoB» MOXeT ObITb Ba)XHbIM Hamnpas/ieH/eM
ONA cTpaTernyeckmx noaxofdoB Ansa peabunutauun. Opy-
MM MOAYNATOPOM WCXOAOB WHCY/bTa ABMAAETCA MO3roBOW
HelpoTpodunyecknin paktop BDNF, MbiweyHaa Harpyska
BbI3blBaeT MOBbllLeHMEe YpoBHA HelpoTpodurHa BDNF, ctu-
mynupyet akTnsHocTb LIHC, ynyuluaeT ctato-IOKOMOTOPHbIe
N KOTHWUTMBHble GYHKLMU. B HEKOTOPBIX Ciiyyasx y niopen
(npu TpaHcduuymposaHum BDNF) cuHTesmpytotca pedekt-
Hble 6enkn BDNF, uto cywecTBeHHO 3ameansaeT nNpouecchl
BOCCTaHOBNEHUA NPW NHCYNbTe 1 peabunutauuio. B page nc-
CfleloBaHMI MOKas3aHo, YTo 6onee ANIMTENbHOE MbllEYHOE
06yueHue (a3pobHble CTMMYNbl B 6OMbLUEN CTeNeHN) MOXeT
npeofoneBatb AePpULUMT HENPONIACTUYHOCTU MPU aTUNKY-
Hom BapuaHTe BDNF.

B HecKonbKMx HEe3aBUCUMBbIX NCCNEA0BaHNAX NOKa3aHbl
0o6LMe 3aKOHOMEPHOCTU NONOXKMTENbHbIX 3PPeKTOB as3pob-
HbIX CTVIMYJIOB NMPW BOCCTAHOBSIEHN OOMbHBIX C ABUraTesNb-
HBIMW 1N KOTHUTVBHbBIMU HapyLLUEHUAMMN:

1. Ona pocTmxeHUa NONoXuTenbHbix 3bdeKToB peabunu-

TaLUMy Harpy3Ku MoryT 6blTb KPaTKOBPEMEHHbIMU.

2. KpaTtkoBpeMeHHble Harpy3Ku JOMKHbl 6biTb 06A3aTenb-
HO «UHTEHCVBHbIMU».

3. 3aHATUA [OO/MKHblI ObITb HEMpepbiBHbIMYK, B MPOTUB-

HOM CJlyyae MonoXutesbHble 3GPeKTbl KOTHUTUBHOWM
N CTaTUKO-AMHaMUYecKolr peabunutaymm ObicTpo pe-
rpeccupytotr. Tem He MeHee, HECMOTPA Ha OFPOMHbINA
noTeHuman npu uepebpanbHOM NUHCYNbTE, MEPUOS Ha-
Yyasna, MUHTEHCUBHOCTb, ANUTENbHOCTb, LUKINYHOCTb 3a-
HATUI NOJIHOCTbIO He onpefeneHbl. VIHansmnayanbHbin
noaxog B meauumHe (B 4aCTHOCTW, anropuTMOB pea-
6MNUTaLMN) MOXeT CTaTb bonee afpecHbIM, BOCCTaHO-
BUTENIbHble METOAUKM MOTYT ObiTb ONTUMU3UPOBAHbI
nyTeM MHTErpaunm NUYHON reHeTnyeckon MHbopma-
umn. MiccnepoBaHua B GyayLiem JOSIXKHbI ONpeaennTb
ONTVMAasbHble BAPUAHTbI a3POOHbIX TPEHUHIOB 1 Ap., C
YUETOM reHeTUYECKUX 0CODBEHHOCTEN (M BapMaHTOB KX
KoppeKunm), MHULMNPOBATb pPa3BUTeE HOBbIX peabu-
NNTALMOHHBIX CTPaTernin, NprU3BaHHbIX COAENCTBOBATL
ONTVMManbHOM HeMPONNacTUYHOCTKX, ANA YRy4lleHuA
BOCCTAHOBNEHMWA ABUTATENIbHbBIX Y1 KOTHUTUBHbIX GYHK-
LU Nocne NHCynbTa.

TEXHONOIMMU BOCCTAHOBUTEJIbHOM MEOULIUHDI
1M MEAULUNHCKOU PEABUJTUTALIUU



Bulletin of Rehabilitation Medicine VOL. 20, NO. 5 « 2021 « ISSN 2078-1962

10.

11.

12.

13.

14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

26.
27.

28.
29.
30.

31.
32.

33.

34.

35.
36.

37.

Cnucok nutepartypbl
MNonosa H.®., Waraes A.C. icnonb3oBaHne MHOroKaHabHOW NPOrpamMMHO S1eKTPOCTUMYNALMMN ANA peabunutauum 601bHbIX PacCceaHHbIM CKepo-
3om. KypHan Hesponorum n ncuxmatpum um C.C. Kopcakosa. 2009; 109(7-2): 142-147.
MeaHosa IE., BenknH A.A., Benaes A.Q., Bogposa PA., Byiinosa T.B., MenbHukoBa E.B., Muwuna W.E., MpokoneHnko C.B., CapaHa A.M.,Ctaxosckas J1.B.,
Cysopos A.l0., lamanos H.A., lUmoHnH A.A., XacaHoBa [1.P, LibikyHoB M.b. O nogrotoBke KagpoB B 0651acTi MeuLMHCKON peabunutauumn. Bpay no
dur3nyeckon n peabnnuTaLMoHHON MeguumHe. BeCTHUK BOCCTaHOBUTENbHON MeanumnHbl. 2017; 2(78): 4-5.
Benosa A.H., lpuropbesa B.H., CywuH B.O., benosa E.M., VicpaensaH 10.A., lewko IE. AHaTOMO-dyHKLMOHaNbHble 0COBGEHHOCTU KOPTUKOCTMHANBHbBIX
TPAKTOB U UX POSb B BOCCTAHOBEHUY ABUraTeNbHbIX QYHKLMIA MOCe NOBPEXAEHMNI FTONOBHOrO Mo3ra. BeCcTHMK BOCCTaHOBUTENIbHON MeanLMHbI. 2020;
(1):9-18.
Coleman E.R., Moudgal R, Lang K., Hyacinth H.l., Awosika O.0., Kissela B.M., Feng W. Early Rehabilitation After Stroke: a Narrative Review. Journal Current
Atherosclerosis Reports. 2017; 19(12): 59 p. https://doi.org/10.1007/511883-017-0686-6
NamynuH U.B, EkywweBa E.B. IHcynbT u HeliponnacTuyHocTb. XypHan Hesponorum n ncuxuatpumnm. C.C. Kopcakosa. 2014; 114(8): 105-110. https://doi.
org/10.17116/jnevro2014114121136-142
Dancause N., Nudo R.J. Shaping plasticity to enhance recovery after injury. Progress in Brain Research. 2011; (192): 273-295. https://doi.org/10.1016/
B978-0-444-53355-5.00015-4
Dancause N. Vicarious function of remote cortex following stroke: recent evidence from human and animal studies. The Neuroscientist. 2006; 12(6):
489-499. https://doi.org/10.1177/1073858406292782
Murphy T.H., Corbett D. Plasticity during stroke recovery: from synapse to behaviour. Nature Reviews Neuroscience. 2009; 10(12): 861-872. https://doi.
org/10.1038/nrn2735
BopopynuHa W.B., baganos H.I., MyxuHa A.A., Tywa A.O. OueHKa 3pdeKTUBHOCTY KOMMNEKCHOTO fleYeHrs ¢ NPUMEHEHVEM PUTMUYECKON TPaHCKPaHN-
anbHOW MarHUTHON CTUMYNALIMN 1 OOLMX FMAPOranbBaHNYeCKNX BaHH Y MaLeHTOB C MOACHUYHO-KPECTLOBOIN pajuKynonaTtnen. BecTHUK BoccTaHo-
BUTENbHON MeanunHbl. 2019; 1(89): 33-41.
Benosa A.H., Leiko I'E., LLlaknyHoBa H.B., icpaenaH [0.A. MeanumnHcKaa peabunutayua npu AeTCKOM LiepebpanbHOM Napanvye: npumeHeHne Mexpay-
HapoLHON KnaccndurKkaumm GyHKLNOHNPOBAHWA, OFPaHNYEHWNI XKU3HEAEATENbHOCTI 1 3A0POBbA feTell U NOAPOCTKOB. BECTHMK BOCCTaHOBUTENbHONM
MeauumHbl. 2019; 1(89): 2-9.
Dijkhuizen R.M., Ren J., Mandeville J.B.,, Wu O., Ozdag F.M., Moskowitz M.A., Rosen B.R., Finklestein S.P. Functional magnetic resonance imaging of
reorganization in rat brain after stroke. Highlights newsletter Procedining of the National Academy of Sciences USA. 2001; 98(22): 12766-71. https://
doi.org/10.1073/pnas.231235598
Cramer S.C. Repairing the human brain after stroke: I. Mechanisms of spontaneous recovery. Annals of Neurology. 2008; 63(3): 272-287. https://doi.
org/10.1002/ana.21393
Schwerin S., Dewald J.P, Haztl M., Jovanovich S., Nickeas M., MacKinnon C. Ipsilateral versus contralateral cortical motor projections to a shoulder
adductor in chronic hemiparetic stroke: implications for the expression of arm synergies. Experimental Brain Research. 2008; 185(3): 509-519. https://
doi.org/10.1007/500221-007-1169-8
Jorgensen H.S., Nakayama H., Raaschou H.O., Vive-Larsen J., Stoier M., Olsen T.S. Outcome and time course of recovery in stroke. Part II: time course
of recovery. The Copenhagen stroke study. Archives of Physical Medicine and Rehabilitation. 1995; 76(5): 406-412 https://doi.org/10.1016/S0003-
9993(95)80568-0
Johnston M.V. Plasticity in the developing brain: implications for rehabilitation. Developmental Disabilities Research Reviews. Special Issue: Acquired
Central Nervous System Injuries. Wiley online library. 2009; 15(2): 94-101. https://doi.org/10.1002/ddrr.64
Hosp J.A., Luft A.R. Cortical plasticity during motor learning and recovery after ischemic stroke. Neural Plasticity. 2011; (2011): 871296. https://doi.
org/10.1155/2011/871296
Flor H. Maladaptive plasticity, memory for pain and phantom limb pain: review and suggestions for new therapies. Expert Review of Neurotherapeutics.
2008; 8(5): 809-818. https://doi.org/10.1586/14737175.8.5.809
Quartarone A, Siebner H.R., Rothwell J.C. Task-specific hand dystonia: can too much plasticity be bad for you? Journal Trends in Neurosciences. 2006;
29(4): 192-199. https://doi.org/10.1016/j.tins.2006.02.007
Kerr A.L, Cheng S.Y., Jones T.A. Experience-dependent neural plasticity in the adult damaged brain. Journal of Communication Disorders. 2011; 44(5):
538-548. https://doi.org/10.1016/j.jcomdis.2011.04.011
Rijntjes M. Mechanisms of recovery in stroke patients with hemiparesis or aphasia: new insights, old questions and the meaning of therapies. Journal
Current Opinion in Neurology. 2006; 19(1): 76-83. https://doi.org/10.1097/01.wc0.0000203886.28068.38
TakeuchiN., Tada T, ChumaT,, Matsuo Y., Ikoma K. Disinhibition of the premotor cortex contributes to a maladaptive change in the affected hand after
stroke. Stroke. 2007; 38(5): 1551-1556. https://doi.org/10.1161/STROKEAHA.106.470187
Kim J.M., Stewart R., Park M.S., Kang H.J., Kim S.W., Shin LS. et al. Associations of BDNF genotype and promoter methylation with acute and long-term
stroke outcomes in an East Asian cohort. Plos One. 2012; 7(12): e51280. https://doi.org/10.1371/journal.pone.0051280
Levin M.F,, Kleim J.A., Wolf S.L. What do motor “recovery” and “compensation” mean in patients following stroke? Neurorehabilitation and Neural Repair.
2009; 23(4): 313-319. https://doi.org/10.1177/1545968308328727
lyces EN., Text A.B., boronenosa A.H., Andeposa B.B. MpuHumnbl peabunutauuu n dapmakotepanin 601bHbIX 11 MHCYIBTOM B BOCCTaHOBUTENIbHOM
nepuoge. Bcepoccumnckuin cbesg HeBponoros., 8-1: Matepuansbl. KasaHb 2001: 220 c.
BaTbiwesa T.T. CicTeMa MeAVLIMHCKO peabunuTaumy ABUraTenbHbIX HapYLLEHUI Y HEBPOIOrMYeCKNX 60/bHbIX B aMOYNaTOPHbIX YCIOBUAX: ANCC... 1. M.H.
Mocksa. 2005: 32-33.
[LeTcknin uepebpanbHbiii napanuy (OLM). KnuHnyeckne pekomeHaaumn. BecTHNK BoccTaHoBUTENbHOWM MeanumHbL. 2017; 3(79): 91-114.
Laurin, D., Verreault R., Lindsay J., MacPherson K., Rockwood K. Physical activity and risk of cognitive impairment and dementia in elderly persons.
JAMA. 2001; 58(3): 498-504. https://doi.org/10.1001/archneur.58.3.498
Roby-Brami A., Feydy A., Combeaud M., Biryukova E.V., Bussel B., Levin M.F. Motor compensation and recovery for reaching in stroke patients. Acta
Neurologica Scandinavica. 2003; 107(5): 369-381. https://doi.org/10.1034/j.1600-0404.2003.00021.x
Warraich Z., Kleim J.A. Neural plasticity: the biological substrate for neurorehabilitation. PM&R: The Journal of Injury, Function and Rehabilitation. 2010;
(2): 208-219. https://doi.org/10.1016/j.pmrj.2010.10.016
Black I.B. Trophic regulation of synaptic plasticity. Journal of Neurobiology. 1999; 41(1): 108-118. https://doi.org/10.1002/(sici)1097-
4695(199910)41:1<108::aid-neu14>3.0.co;2-u
Poo M.M. Neurotrophins as synaptic modulators. Nature Reviews Neuroscience. 2001; 2(1): 24-32. https://doi.org/10.1038/35049004
Simon R.P, Meller R., Zhou A., Henshall D. Can genes modify stroke outcome and by what mechanisms? Stroke. 2012; 43(1): 286-91. https://doi.
org/10.1161/STROKEAHA.111.622225
Stapels M., Piper C,, Yang T, Li M., Stowell C,, Xiong Z.G., Saugstad J., Simon R.P,, Geromanos S., Langridge J., Lan J.Q., Zhou A. Polycomb group proteins
as epigenetic mediators of neuroprotection in ischemic tolerance. Science Signaling. 2010; 3(111): 15 p. https://doi.org/10.1126/scisignal.2000502
Yasui D.H., Peddada S., Bieda M.C,, Vallero R.O., Hogart A., Nagarajan R.P, Thatcher K.N., Farnham P.J., Lasalle J.M. Integrated epigenomic analyses of
neuronal MeCP2 reveal a role for long-range interaction with active genes. Proceedings of the National Academy of Sciences. 2007; 104(49): 19416-
19421. https://doi.org/10.1073/pnas.0707442104
Mang C.S., Campbell K.L., Ross C.J., Boyd L.A. Promoting neuroplasticity for motor rehabilitation after stroke: considering the effects of aerobic exercise
and genetic variation on brain-derived neurotrophic factor. Physical Therapy. 2013; 93(12): 1707-1716. https://doi.org/10.2522/ptj.20130053
Gorski J.A., Zeiler S.R., Tamowski S., Jones K.R. Brain-derived neurotrophic factor is required for the maintenance of cortical dendrites. The Journal of
Neuroscience. 2003; 23(17): 6856-6865. https://doi.org/10.1523/JNEUROSCI.23-17-06856.2003
Lu B. BDNF and activity-dependent synaptic modulation. Learning&Memory. 2003; 10(2): 86-98. https://doi.org/10.1101/Im.54603

Rehabilitation Medicine
and Medical Rehabilitation Technologies

F10ILYY TYNIDIFO | 'SV AIVOVHS "V VAIVOVHS

43



L4

LUATAEBA K.A., LUATAEB A.C.| OPUTUHATIbHAA CTATbS

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

BECTHUK BOCCTAHOBUTEJIbHOM MEAULIMHbI TOM 20, N25 « 2021 « ISSN 2078-1962

Ernfors P, Ibafiez C.F, Ebendal T, Olson L., Persson H. Molecular cloning and neurotrophic activities of a protein with structural similarities to nerve
growth factor: developmental and topographical expression in the brain. Proceedings of the National Academy of Sciences. 1990; 87(14): 5454-5458.
https://doi.org/10.1073/pnas.87.14.5454

Hohn A., Leibrock J., Bailey K., Barde Y.A. Identification and characterization of a novel member of the nerve growth factor/brain-derived neurotrophic
factor family. Nature. 1990; 344(6264): 339-341. https://doi.org/10.1038/344339a0

Lu B., Pang P.T., Woo N.H. The yin and yang of neurotrophin action. Nature Reviews Neuroscience. 2005; 6(8): 603-614. https://doi.org/10.1038/nrn1726
Hariri A.R., Goldberg T.E., Mattay V.S., Kolachana B.S., Callicott J.H., Egan M.F, Weinberger D.R. Brain-derived neurotrophic factor val66met polymorphism
affects human memory-related hippocampal activity and predicts memory performance. The Journal of Neuroscience. 2003; (23): 6690-6694. https://
doi.org/10.1523/JNEUROSCI.23-17-06690.2003

Xu B., Zang K., Ruff N.L., Zhang Y.A., McConnell S.K,, Stryker M.P, Reichardt L.F. Cortical degeneration in the absence of neurotrophin signaling: dendritic
retraction and neuronal loss after removal of the receptor TrkB. Neuron. 2000; 26(1): 233-245. https://doi.org/10.1016/50896-6273(00)81153-8

Chen Z..,, Patel PD., Sant G., Meng C.X,, Teng KK., Hempstead B.L., Lee F.S. Variant brain-derived neurotrophic factor (BDNF) (Met66) alters the
intracellular trafficking and activity-dependent secretion of wild-type BDNF in neurosecretory cells and cortical neurons. The Journal of Neuroscience.
2004; 24(18): 4401-4411. https://doi.org/10.1523/JNEUROSCI.0348-04.2004

Mirowska-Guzel D., Gromadzka G., Czlonkowski A., Czlonkowska A. BDNF -270 C>T polymorphisms might be associated with stroke type and BDNF
-196 G>A corresponds to early neurological deficit in hemorrhagic stroke. Journal of Neuroimmunology. 2012; (249): 71-75. https://doi.org/10.1016/j.
jneuroim.2012.04.011

Siironen J., Juvela S., Kanarek K., Vilkki J., Hernesniemi J., Lappalainen J. The Met allele of the BDNF Val66Met polymorphism predicts poor outcome
among survivors of aneurysmal subarachnoid hemorrhage. Stroke. 2007; (38): 2858-2860. https://doi.org/10.1161/STROKEAHA.107.485441

Knaepen K., Goekint M., Heyman E. M., Meeusen R. Neuroplasticity — exercise-induced response of peripheral brain-derived neurotrophic factor: a
systematic review of experimental studies in human subjects. Sports Medicine. 2010; 40(9): 765-801. https://doi.org/10.2165/11534530-000000000-
00000

Pezawas L., Verchinski B.A., Mattay V.S., Callicott J.H., Kolachana B.S., Straub R.E., Egan M.F.,, Meyer-Lindenberg A., Weinberger D.R. The brain-derived
neurotrophic factor val66met polymorphism and variation in human cortical morphology. JNeurosci. 2004; 24(45): 10099-10102. https://doi.
org/10.1523/JNEUROSCI.2680-04.2004

Vaynman S., Ying Z., Gomez-Pinilla F. Hippocampal BDNF mediates the efficacy of exercise on synaptic plasticity and cognition. European Journal of
Neuroscience. 2004; (20): 2580-2590. https://doi.org/10.1111/j.1460-9568.2004.03720.x

Egan M.F, Kojima M., Callicott J.H., Goldberg T.E., Kolachana B.S., Bertolino A., Zaitsev E., Gold B., Goldman D., Dean M., Lu B., Weinberger D.R. The BDNF
val66met polymorphism affects activity-dependent secretion of BDNF and human memory and hippocampal function. Cell. 2003; 112(2): 257-269.
https://doi.org/10.1016/50092-8674(03)00035-7

Ho B., Milev P, O’Leary D.S,, Librant A., Andreasen N.C., Wassink T.H. Cognitive and magnetic resonance imaging brain morphometric correlates of brain-
derived neurotrophic factor Val66Met gene polymorphism in patients with schizophrenia and healthy volunteers. JAMA. 2006; (63): 731-740. https://
doi.org/10.1001/archpsyc.63.7.731

Erickson K.I, Miller D.L., Roecklein K.A. The aging hippocampus: Interactions between exercise, depression, and BDNF. The Neuroscientist. 2012; 18(1):
82-97. https://doi.org/10.1177/1073858410397054

Nagel I.E., Chicherio C., Li S.C., von Oertzen T, SanderT,, Villringer A., Heekeren H.R., Backman L., Lindenberger U. Human aging magnifies genetic effects
on executive functioning and working memory. Frontiers in Human Neuroscience. 2008; (2): 1 p. https://doi.org/10.3389/neuro.09.001.2008

Kluding PM., Tseng B.Y., Billinger S.A. Exercise and executive function in individuals with chronic stroke: a pilot study. Journal of Neurologic Physical
Therapy. 2011; 35(1): 11-17. https://doi.org/10.1097/NPT.0b013e318208ee6c

Lambourne K., Tomporowski P. The effect of exercise-induced arousal on cognitive task performance: a meta-regression analysis. Brain Research. 2010;
(1341): 12-24. https://doi.org/10.1016/j.brainres.2010.03.091

Rasmussen P, Brassard P, Adser H., Pedersen MV., Leick L., Hart E., Secher N.H., Pedersen B.K., Pilegaard H. Evidence for a release of brain-derived
neurotrophic factor from the brain during exercise. Experimental Physiology. 2009; 94(10): 1062-1069. https://doi.org/10.1113/expphysiol.2009.048512
Cotman C.W., Berchtold N.C. Exercise: a behavioral intervention to enhance brain health and plasticity. Cell. 2002; (25): 295-301. https://doi.org/10.1016/
S0166-2236(02)02143-4

Cotman C.W., Berchtold N.C., Christie L.A. Exercise builds brain health: key roles of growth factor cascades and inflammation. Cell. 2007; (30): 464-472.
https://doi.org/10.1016/j.tins.2007.06.011

Kleim J.A., Cooper N.R., VandenBerg P.M. Exercise induces angiogenesis but does not alter movement representations within rat motor cortex. Brain
Research. 2002; (934): 1-6. https://doi.org/10.1016/50006-8993(02)02239-4

Ivey FM., Hafer-Macko C.E., Macko R.F. Exercise rehabilitation after stroke. Neurotherapeutics. 2006; 3(4): 439-450. https://doi.org/10.1016/j.
nurx.2006.07.011

Studenski S., Duncan PW.,, Perera S., Reker D., Lai S.M., Richards L. Daily functioning and quality of life in a randomized controlled trial of exercise therapy
in subacute stroke survivors. Stroke. 2005; 36(8): 1764-1770. https://doi.org/10.1161/01.STR.0000174192.87887.70

References
Popova N.F, Shagayev A.S. Ispol’zovanie mnogokanal’noj programmnoj elektrostimulyacii dlya reabilitacii bol'nyh rasseyannym sklerozom [Use of
multichannel programmed electrostimulation for the rehabilitation of patients with multiple sclerosis]. S.S. Korsakov Journal of Neurology and Psychiatry.
2009; 109(7-2): 142-147 (In Russ.).
Ivanova G.E., Belkin A.A., Belyaev A.F, Bodrova R.A., Bujlova T.V., Mel'nikova E.V., Mishina L.E., Prokopenko S.V., Sarana A.M., Stahovskaya L.V., Suvorov
A.Yu., SHamalov N.A., Shmonin A.A., Hasanova D.R., Cykunov M.B. O podgotovke kadrov v oblasti medicinskoj reabilitacii. Vrach po fizicheskoj i
reabilitacionnoj medicine [About Preparation of Staff in the Field of Medical Rehabilitation. Doctor on Physical and Rehabilitation Medicine]. Bulletin of
Rehabilitation Medicine. 2017; 2(78): 4-5 (In Russ.).
Belova A.N., Grigor'yeva V.N., Sushin V.O., Belova Ye.M,, Israyelyan Yu.A., Sheyko G.Ye. Anatomo-funktsional’nyye osobennosti kortikospinal'nykh traktov
i ikh rol’v vosstanovlenii dvigatel'nykh funktsiy posle povrezhdeniy golovnogo mozga [Anatomical and Functional Features of Corticospinal Tracts and
Their Role in Restoration of Motor Functions after Brain Injury]. Bulletin of Rehabilitation Medicine. 2020; (1): 9-18 (In Russ.).
Coleman E.R., Moudgal R., Lang K., Hyacinth H.I, Awosika O.0., Kissela B.M., Feng W. Early Rehabilitation After Stroke: a Narrative Review. Journal Current
Atherosclerosis Reports. 2017; 19(12): 59 p. https://doi.org/10.1007/s11883-017-0686-6
Damulin L.V, Yekusheva Ye.V. Insul't i neyroplastichnost’ [Stroke and Neuroplasticity]. S.S. Korsakov Journal of Neurology and Psychiatry. 2014; 114(8): 105-
110. https://doi.org/10.17116/jnevro2014114121136-142 (In Russ.).
Dancause N., Nudo R.J. Shaping plasticity to enhance recovery after injury. Progress in Brain Research. 2011; (192): 273-295. https://doi.org/10.1016/
B978-0-444-53355-5.00015-4
Dancause N. Vicarious function of remote cortex following stroke: recent evidence from human and animal studies. The Neuroscientist. 2006; 12(6): 489-
499. https://doi.org/10.1177/1073858406292782
Murphy T.H., Corbett D. Plasticity during stroke recovery: from synapse to behaviour. Nature Reviews Neuroscience. 2009; 10(12): 861-872. https://doi.
org/10.1038/nrn2735
Borodulina V., Badalov N.G., Muhina A.A., Gushcha A.O. Ocenka effektivnosti kompleksnogo lecheniya s primeneniem ritmicheskoj transkranial’noj
magnitnoj stimulyacii i obshchih gidro-gal’'vanicheskih vann u pacientov s poyasnichno-krestcovoj radikulopatiej [Assessment of the Efficiency of

TEXHONOIMMU BOCCTAHOBUTEJIbHOM MEOULIUHDI

U MEAULMUHCKOW PEABUJTUTALIUU



Bulletin of Rehabilitation Medicine VOL. 20, NO. 5 « 2021 « ISSN 2078-1962

10.

11.

12.

13.

14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

24,

25.

26.
27.

28.
29.
30.

31.
32

33.

34,

35.
36.
37.
38.
39.
40.
41.
42.

43.

44,

Complex Treatment with the Application of Rhythmic Transcranial Magnetic Stimulation and General Hydrohalvanical Bathtubs in Patients with
Lumbar and Cross-Radiculopathy]. Bulletin of Rehabilitation Medicine. 2019; 1(89): 33-41 (In Russ.).

Belova A.N., Shejko G. E., Shaklunova N.V., Israelyan Yu.A. Medicinskaya reabilitaciya pri detskom cerebral’nom paraliche: primenenie Mezhdunarodnoj
klassifikacii funkcionirovaniya, ogranichenij zhiznedeyatel'nosti i zdorov'ya detej i podrostkov [Medical Rehabilitation of Children with Cerebral Palsy:
Application of the International Classification of Functioning, Disability and Health (Children and Youth Version)]. Bulletin of Rehabilitation Medicine.
2019; 1(89): 2-9 (In Russ.).

Dijkhuizen R.M., Ren J., Mandeville J.B.,, Wu O., Ozdag F.M., Moskowitz M.A., Rosen B.R., Finklestein S.P. Functional magnetic resonance imaging of
reorganization in rat brain after stroke. Highlights newsletter Procedining of the National Academy of Sciences USA. 2001; 98(22): 12766-71. https://doi.
org/10.1073/pnas.231235598

Cramer S.C. Repairing the human brain after stroke: I. Mechanisms of spontaneous recovery. Annals of Neurology. 2008; 63(3): 272-287. https://doi.
org/10.1002/ana.21393

Schwerin S., Dewald J.P, Haztl M., Jovanovich S., Nickeas M., MacKinnon C. Ipsilateral versus contralateral cortical motor projections to a shoulder
adductor in chronic hemiparetic stroke: implications for the expression of arm synergies. Experimental Brain Research. 2008; 185(3): 509-519. https://
doi.org/10.1007/500221-007-1169-8

Jorgensen H.S., Nakayama H., Raaschou H.O., Vive-Larsen J., Stoier M., Olsen T.S. Outcome and time course of recovery in stroke. Part II: time course
of recovery. The Copenhagen stroke study. Archives of Physical Medicine and Rehabilitation. 1995; 76(5): 406-412 https://doi.org/10.1016/S0003-
9993(95)80568-0

Johnston M.V. Plasticity in the developing brain: implications for rehabilitation. Developmental Disabilities Research Reviews. Special Issue: Acquired
Central Nervous System Injuries. Wiley online library. 2009; 15(2): 94-101. https://doi.org/10.1002/ddrr.64

Hosp J.A., Luft A.R. Cortical plasticity during motor learning and recovery after ischemic stroke. Neural Plasticity. 2011; (2011): 871296. https://doi.
org/10.1155/2011/871296

Flor H. Maladaptive plasticity, memory for pain and phantom limb pain: review and suggestions for new therapies. Expert Review of Neurotherapeutics.
2008; 8(5): 809-818. https://doi.org/10.1586/14737175.8.5.809

Quartarone A., Siebner H.R., Rothwell J.C. Task-specific hand dystonia: can too much plasticity be bad for you? Journal Trends in Neurosciences. 2006;
29(4): 192-199. https://doi.org/10.1016/j.tins.2006.02.007

Kerr A.L., Cheng S.Y., Jones T.A. Experience-dependent neural plasticity in the adult damaged brain. Journal of Communication Disorders. 2011; 44(5):
538-548. https://doi.org/10.1016/j.jcomdis.2011.04.011

Rijntjes M. Mechanisms of recovery in stroke patients with hemiparesis or aphasia: new insights, old questions and the meaning of therapies. Journal
Current Opinion in Neurology. 2006; 19(1): 76-83. https://doi.org/10.1097/01.wc0.0000203886.28068.38

TakeuchiN., Tada T, ChumaT., Matsuo Y., Ikoma K. Disinhibition of the premotor cortex contributes to a maladaptive change in the affected hand after
stroke. Stroke. 2007; 38(5): 1551-1556. https://doi.org/10.1161/STROKEAHA.106.470187

Kim J.M,, Stewart R., Park M.S., Kang H.J., Kim S.W., Shin LS. et al. Associations of BDNF genotype and promoter methylation with acute and long-term
stroke outcomes in an East Asian cohort. Plos One. 2012; 7(12): e51280. https://doi.org/10.1371/journal.pone.0051280

Levin M.F,, Kleim J.A., Wolf S.L. What do motor “recovery” and “compensation” mean in patients following stroke? Neurorehabilitation and Neural Repaitr.
2009; 23(4): 313-319. https://doi.org/10.1177/1545968308328727

Gusev Ye.l, Gekht A.B., Bogolepova A.N., Alferova V.V. The principles of rehabilitation and pharmacotherapy of patients with stroke in the recovery period.
All-Russian Congress of Neurologists, 8th [Printsipy reabilitatsii i farmakoterapii bol'nykh i insul'tom v vosstanovitel'nom periode. Vserossiyskiy s"yezd
nevrologov, 8-y: Materialy]. 2001: 220 p. (In Russ.).

Batysheva T.T. Sistema meditsinskoy reabilitatsii dvigatel'nykh narusheniy u nevrologicheskikh bol'nykh v ambulatornykh usloviyakh. Dokt, Diss. [System of
medical rehabilitation of movement disorders in neurological patients on an outpatient basis. Doct. Diss.]. Moscow. 2005: 32-33 (In Russ.).

Detskij cerebral’nyj paralich (DCP). Klinicheskie rekomendacii [Cerebral palsy. Clinical guidelines]. Bulletin of Rehabilitation Medicine. 2017; 3(79): 91-114 (In Russ.).
Laurin, D., Verreault R., Lindsay J., MacPherson K., Rockwood K. Physical activity and risk of cognitive impairment and dementia in elderly persons. JAMA.
2001; 58(3): 498-504. https://doi.org/10.1001/archneur.58.3.498

Roby-Brami A., Feydy A., Combeaud M., Biryukova E.V., Bussel B., Levin M.F. Motor compensation and recovery for reaching in stroke patients. Acta
Neurologica Scandinavica. 2003; 107(5): 369-381. https://doi.org/10.1034/j.1600-0404.2003.00021.x

Warraich Z., Kleim J.A. Neural plasticity: the biological substrate for neurorehabilitation. PM&R: The Journal of Injury, Function and Rehabilitation. 2010;
(2): 208-219. https://doi.org/10.1016/j.pmrj.2010.10.016

Black 1.B. Trophic regulation of synaptic plasticity. Journal of Neurobiology. 1999; 41(1): 108-118. https://doi.org/10.1002/(sici)1097-
4695(199910)41:1<108::aid-neu14>3.0.co;2-u

Poo M.M. Neurotrophins as synaptic modulators. Nature Reviews Neuroscience. 2001; 2(1): 24-32. https://doi.org/10.1038/35049004

Simon R.P, Meller R.,, Zhou A., Henshall D. Can genes modify stroke outcome and by what mechanisms? Stroke. 2012; 43(1): 286-91. https://doi.
org/10.1161/STROKEAHA.111.622225

Stapels M., Piper C., Yang T., Li M., Stowell C., Xiong Z.G., Saugstad J., Simon R.P, Geromanos S., Langridge J., Lan J.Q., Zhou A. Polycomb group
proteins as epigenetic mediators of neuroprotection in ischemic tolerance. Science Signaling. 2010; 3(111): 15 p. https://doi.org/10.1126/
scisignal.2000502

Yasui D.H., Peddada S., Bieda M.C., Vallero R.O., Hogart A., Nagarajan R.P, Thatcher K.N., Farnham P.J., Lasalle J.M. Integrated epigenomic analyses of
neuronal MeCP2 reveal a role for long-range interaction with active genes. Proceedings of the National Academy of Sciences. 2007; 104(49): 19416-19421.
https://doi.org/10.1073/pnas.0707442104

Mang C.S., Campbell K.L., Ross C.J., Boyd L.A. Promoting neuroplasticity for motor rehabilitation after stroke: considering the effects of aerobic exercise
and genetic variation on brain-derived neurotrophic factor. Physical Therapy. 2013; 93(12): 1707-1716. https://doi.org/10.2522/ptj.20130053

Gorski J.A., Zeiler S.R., Tamowski S., Jones K.R. Brain-derived neurotrophic factor is required for the maintenance of cortical dendrites. The Journal of
Neuroscience. 2003; 23(17): 6856-6865. https://doi.org/10.1523/JNEUROSCI.23-17-06856.2003

Lu B. BDNF and activity-dependent synaptic modulation. Learning&Memory. 2003; 10(2): 86-98. https://doi.org/10.1101/Im.54603

Ernfors P, Ibafiez C.F, Ebendal T, Olson L., Persson H. Molecular cloning and neurotrophic activities of a protein with structural similarities to nerve
growth factor: developmental and topographical expression in the brain. Proceedings of the National Academy of Sciences. 1990; 87(14): 5454-5458.
https://doi.org/10.1073/pnas.87.14.5454

Hohn A,, Leibrock J., Bailey K., Barde Y.A. Identification and characterization of a novel member of the nerve growth factor/brain-derived neurotrophic
factor family. Nature. 1990; 344(6264): 339-341. https://doi.org/10.1038/344339a0

Lu B., Pang PT., Woo N.H. The yin and yang of neurotrophin action. Nature Reviews Neuroscience. 2005; 6(8): 603-614. https://doi.org/10.1038/nrn1726
Hariri A.R., Goldberg T.E., Mattay V.S., Kolachana B.S., Callicott J.H., Egan M.F.,, Weinberger D.R. Brain-derived neurotrophic factor valé6met polymorphism
affects human memory-related hippocampal activity and predicts memory performance. The Journal of Neuroscience. 2003; (23): 6690-6694. https://
doi.org/10.1523/JNEUROSCI.23-17-06690.2003

Xu B., Zang K., Ruff N.L., Zhang Y.A., McConnell S.K., Stryker M.P, Reichardt L.F. Cortical degeneration in the absence of neurotrophin signaling: dendritic
retraction and neuronal loss after removal of the receptor TrkB. Neuron. 2000; 26(1): 233-245. https://doi.org/10.1016/50896-6273(00)81153-8

Chen Z.., Patel PD., Sant G., Meng C.X., Teng K.K., Hempstead B.L., Lee F.S. Variant brain-derived neurotrophic factor (BDNF) (Met66) alters the
intracellular trafficking and activity-dependent secretion of wild-type BDNF in neurosecretory cells and cortical neurons. The Journal of Neuroscience.
2004; 24(18): 4401-4411. https://doi.org/10.1523/JINEUROSCI.0348-04.2004

Mirowska-Guzel D., Gromadzka G., Czlonkowski A., Czlonkowska A. BDNF -270 C>T polymorphisms might be associated with stroke type and BDNF -
196 G>A corresponds to early neurological deficit in hemorrhagic stroke. Journal of Neuroimmunology. 2012; (249): 71-75. https://doi.org/10.1016/j.
jneuroim.2012.04.011

Rehabilitation Medicine
and Medical Rehabilitation Technologies

F10ILYY TYNIDIFO | 'SV AIVOVHS "V VAIVOVHS

45



46

LUATAEBA K.A., LUATAEB A.C.| OPUTUHATIbHAA CTATbS

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

BECTHUK BOCCTAHOBUTEJIbHOM MEAULIMHbI TOM 20, N25 « 2021 « ISSN 2078-1962

Siironen J,, Juvela S., Kanarek K., Vilkki J., Hernesniemi J., Lappalainen J. The Met allele of the BDNF Val66Met polymorphism predicts poor outcome
among survivors of aneurysmal subarachnoid hemorrhage. Stroke. 2007; (38): 2858-2860. https://doi.org/10.1161/STROKEAHA.107.485441

Knaepen K., Goekint M., Heyman E. M., Meeusen R. Neuroplasticity — exercise-induced response of peripheral brain-derived neurotrophic factor: a
systematic review of experimental studies in human subjects. Sports Medicine. 2010; 40(9): 765-801. https://doi.org/10.2165/11534530-000000000-
00000

Pezawas L., Verchinski B.A., Mattay V.S., Callicott J.H., Kolachana B.S., Straub R.E., Egan M.F, Meyer-Lindenberg A., Weinberger D.R. The brain-derived
neurotrophic factor valéémet polymorphism and variation in human cortical morphology. JNeurosci. 2004; 24(45): 10099-10102. https://doi.
org/10.1523/JNEUROSCI.2680-04.2004

Vaynman S., Ying Z., Gomez-Pinilla F. Hippocampal BDNF mediates the efficacy of exercise on synaptic plasticity and cognition. European Journal of
Neuroscience. 2004; (20): 2580-2590. https://doi.org/10.1111/j.1460-9568.2004.03720.x

Egan M.F, Kojima M., Callicott J.H., Goldberg T.E., Kolachana B.S., Bertolino A., Zaitsev E., Gold B., Goldman D., Dean M., Lu B., Weinberger D.R. The BDNF
val66met polymorphism affects activity-dependent secretion of BDNF and human memory and hippocampal function. Cell. 2003; 112(2): 257-269.
https://doi.org/10.1016/50092-8674(03)00035-7

Ho B., Milev P, O’Leary D.S., Librant A., Andreasen N.C., Wassink T.H. Cognitive and magnetic resonance imaging brain morphometric correlates of brain-
derived neurotrophic factor Val66Met gene polymorphism in patients with schizophrenia and healthy volunteers. JAMA. 2006; (63): 731-740. https://
doi.org/10.1001/archpsyc.63.7.731

Erickson K.I., Miller D.L., Roecklein K.A. The aging hippocampus: Interactions between exercise, depression, and BDNF. The Neuroscientist. 2012; 18(1):
82-97. https://doi.org/10.1177/1073858410397054

Nagel L.E., Chicherio C,, Li S.C,, von Oertzen T, SanderT,, Villringer A., Heekeren H.R., Bickman L., Lindenberger U. Human aging magnifies genetic effects
on executive functioning and working memory. Frontiers in Human Neuroscience. 2008; (2): 1 p. https://doi.org/10.3389/neuro.09.001.2008

Kluding PM,, Tseng B.Y., Billinger S.A. Exercise and executive function in individuals with chronic stroke: a pilot study. Journal of Neurologic Physical
Therapy.2011;35(1): 11-17. https://doi.org/10.1097/NPT.0b013e318208ee6¢

Lambourne K., Tomporowski P. The effect of exercise-induced arousal on cognitive task performance: a meta-regression analysis. Brain Research. 2010;
(1341): 12-24. https://doi.org/10.1016/j.brainres.2010.03.091

Rasmussen P, Brassard P, Adser H., Pedersen MV,, Leick L., Hart E., Secher N.H., Pedersen B.K., Pilegaard H. Evidence for a release of brain-derived
neurotrophic factor from the brain during exercise. Experimental Physiology. 2009; 94(10): 1062-1069. https://doi.org/10.1113/expphysiol.2009.048512
Cotman C.W., Berchtold N.C. Exercise: a behavioral intervention to enhance brain health and plasticity. Cell. 2002; (25): 295-301. https://doi.org/10.1016/
S0166-2236(02)02143-4

Cotman C.W., Berchtold N.C., Christie L.A. Exercise builds brain health: key roles of growth factor cascades and inflammation. Cell. 2007; (30): 464-472.
https://doi.org/10.1016/j.tins.2007.06.011

Kleim J.A., Cooper N.R., VandenBerg P.M. Exercise induces angiogenesis but does not alter movement representations within rat motor cortex. Brain
Research. 2002; (934): 1-6. https://doi.org/10.1016/S0006-8993(02)02239-4

Ivey FM., Hafer-Macko C.E., Macko R.F. Exercise rehabilitation after stroke. Neurotherapeutics. 2006; 3(4): 439-450. https://doi.org/10.1016/j.
nurx.2006.07.011

Studenski S., Duncan PW., Perera S., Reker D., Lai S.M., Richards L. Daily functioning and quality of life in a randomized controlled trial of exercise therapy
in subacute stroke survivors. Stroke. 2005; 36(8): 1764-1770. https://doi.org/10.1161/01.STR.0000174192.87887.70

Nudopmauumsa 06 aBTopax:

LlLaraeBa KpnctnHa ApTypoBHa, Bpay-OpAMHATOP, KINHNYECKUI MeOULUNHCKUI LeHTP, MOCKOBCKMI roCyAapCTBeH-
HbIl Me4MKO-CTOMATONIOrnyecKknin yHmsepcmteT nmern A./. EBgoknmoBa.

E-mail: Shagaevakristina@mail.ru, ORCID ID: http://orcid.org/0000-0002-0100-1932

LLaraeB Aptyp CyntaHOBWY, KAHANAAT MeQULMHCKUX HayK, Kapeapa HEBPOMOrMU 1 HEMPOXMPYPrun, POCCUIACKII Ha-
LMOHaNbHbIN NCCNe[0BaTENbCKUN MEeAVLMHCKNN yHuBepcuTeT nmeHn H.W. Tnporosa; pykoBoautenb MeQuUUHCKON
KNUHUKN, reHepanbHbin gnpektop OO0 «[JokTopb».

E-mail: Shagart@bk.ru, ORCID ID: http://orcid.org/0000-0002-4577-9551

Bxnap aBTOpOB:
Lllaraesa K.A. — cbop maTepuana, BbINOSIHEHNE TEKCTOBOWN YacTu paboTbl; Waraes A.C. — KOHUeNUUs 1 gu3anH nccnepo-
BaHUA.

Information about the authors:

Kristina A. Shagaeva, Physician-resident, Clinical Medical Center, A.l. Yevdokimov Moscow State University of Medicine
and Dentistry.

E-mail: Shagaevakristina@mail.ru, ORCID ID: http://orcid.org/0000-0002-0100-1932

Artur S. Shagaev, Cand. Sci. (Med.), Department of Neurology and Neurosurgery, Pirogov Russian National Research
Medical University; Chief of the Medical Clinic kDOCTOR».

E-mail: Shagart@bk.ru, ORCID ID: http://orcid.org/0000-0002-4577-9551

Contribution:
Shagaeva K.A. — implementation of the text part of the work; Shagaev A.S. — concept and design of the study.

TEXHONOIMMU BOCCTAHOBUTEJIbHOM MEOULIUHDI

U MEAULMUHCKOW PEABUJTUTALIUU



