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B coBpeMeHHOIT MeauLIMHe OTMeYaeTCsl MOBBILIEHHbIM MHTEPEC K U3YUYEHUIO MaToreHes3a
yepernHo-mMo3roBoit TpaBMbl (UMT). DT0 NpoauKTOBaHO, NMPEXIe BCEro, BHICOKUM YPOB-
HEeM TOCTIMTAIM3alMi MalMeHTOB C JAHHOM IaTojioTueil, OOMbILION JIETAIBHOCTHIO, a
TaKKe HECOBEPLIEHCTBOM CYLLECTBYIOIIMX METOIOB JieueHUsl. st 6osbliero moHuMa-
Hus natoreHe3a YMT Heobxomrma npaBuiIbHasI TOCTAHOBKA SKCIIEPUMEHTA, KOTopasi, B
CBOIO oYepellb, HAUMHAETCS C MPAaBUIBLHOTO NMOAOOPa MOIEIM Ha XUBOTHBIX. Pbiba 3e6-
pananuo (Danio rerio) TioKasaja cebst Kak MepCreKTUBHbIN OpraHU3M ISl UCCIICAOBaHUI
MOJIEKYJISIPHBIX COOBITHIA, Jiexkalliux B ocHoBe maroreHeza YMT. Cpenu npenmyiiecTs
JTAHHOTO MOJIEJILHOTO OpraHr3Ma — BbICOKasl CTETNIeHb FTeHETUYECKO TOMOJIOTUY C YeJI0-
BEKOM, OTHOCHUTEJIbHO HU3Kasi CTOUMOCTb, BBICOKUIA HEUPOPEreHEPATOPHBIN MMOTEHLIM -
an. [Tatorenes UYMT BxJ1ouaeT B ce0s1 psiji MPOLIECCOB: NMEPBUYHOE TPAaBMAaTUYECKOE TM10-
BpeXIeHue, HeiipoBocnajieHue, HelpoaereHepalyio, OTeK Mo3ra, M HeipopereHepa-
uuio. Ha cerogaHsiiHMil NeHb yXe€ YCTAHOBJEHbI MHOTME BaKHEHIIMe COOBITHS
BbILIETIEPEUNCIIEHHBIX MTPOLIECCOB Ha TpbIdyHaX. OHAKO MOJIEKYJ/ISIpHbIE TTPOLIECCHI Na-
ToreHe3a YMT BO MHOIOM OCTAalOTCS 3arajgkoil [UIsl Halllero MoHuMaHus. B JaHHOM 00-
30pe PacCMOTpPeHbI 3KcnepuMeHTalbHble Moneau YMT Ha pbibax 3ebpagaHuo, UX Ipe-
MMYIIECTBA U HEAOCTATKM MO OTHOIIEHUIO K IPYTMM MOJIEIbHBIM OpraHmu3MaM. Takxke B
0030pe MpeacTaBlIeHbl CBOIHbIE TaHHbIE MO MaTOGMU3NOIOTUH, MOJIEKYJISIPHOM GUOJO-
TMU KaXI0TO U3 BbILLIEHa3BaHHBIX MpolieccoB naroreHe3a UYMT. IpuseneH psin npume-
poB akcniepuMeHTanbHON Tepanuu YMT Ha 3e6pamaHuo, oTpaXkaroluX IMepCIIeKTUBY
pa3BUTHS 3TOro HarmpabieHust. CaeslaH BbIBOJ O MEPCIEKTUBAX UCITOIb30BaHUST 3e0pa-
JTAaHUO B Ka4eCTBE MOJIEJIbBHOTO 00BbeKTa AJIs UccieqoBaHuit matoreHe3a YMT.

Knrouesvie cnosa: HeiipoBocnalieHue, HeiipoiaereHepalus, HelpopereHepaius, oTeK
MO3ra, YepernHo-M0o3roBasi TpaBma, 3e0pagaHuo, Teparusi YepernHO-MO3roBOi TpaBMbl
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Taoamuna 1. DxcnepuMeHTanbHble Mofean YMT Ha )KMBOTHBIX

Mopenb [Mpeumymectsa Ccbutku

Mplun V1no6HBII 00BEKT A1 MOJEKYISIPHO-TEHETUYECKMX UCCIeI0BaHUI 106
I'eHeTnyeckasi romosiorusi ¢ yejaoBekom 80%
Cyl1iecTBOBaHWE MHOTUX JIMHUM C pa3IMYHBIMU XapakTepuctukamu [ITHC

Kpbics Bosbi0ii pa3mep rosoBsbl SIBISIETCSI YIOOHBIM 11 MoAeiupoBaHus nane- | 101
HHUEM CBOOOIHOTO Tpy3a

Y 106CTBO 1151 KOTHUTUBHBIX UCCIEN0BAHUMI
I1pouHnslit yeper

[lioTHBIE CTPYKTYpPHI Uepena

PrIOHI Huskast crouMoCTh 0co0eii 10 OTHOILIEHUIO K IPYTUM KMBOTHBIM 10
3e0pamaHuo | Beicokuii HelipopereHepaTopHblii noTeHMan nocjie YMT, yto mo3BoJisier 6
HCCJIEIOBATh €0 MEXaHU3MbL 107
I'eHeTHYecKast roMOJIOTHS ¢ YestoBeKoM 70% 7
Y1no6¢cTBO OTCIeKMBaHMS U fOKyMeHTauu TeueHust YMT B pexume pe- 8

aJIbHOTO BPEMEHU

CXO0ICTBO C MJIEKOMUTAIOIIMMY B OPTAaHU3ALIMY TEHOB, YYaCTBYIOIIUX B
(YHKIIMOHUPOBAHUM UMMYHHOI CUCTEMbI M TOTEHUUAJIBHO BOBJIEYEH -
HBIX B HelipoBocnajeHue mpu YMT

YepenmHo-mo3roBas TpaBma (UMT) mpencraBisieT co60i COBOKYITHOCTh MaTO(MU3NO-
JIOTUYECKUX U MOP(OTOTUYECKNX U3MEHEHUI (DYHKIIMU MO3ra, BI3BAHHBIX BHEIITHUM
BO3IECHCTBHEM, HAIIpUMEDP — yIapoM, IieHeTpanueit uiau corpscenueM [1]. YMT sBuster-
cs1 ocTpeiiiieil mpobaeMoii MUPOBOTO 3APaBOOXPAHEHUS, YMCJIO TOCITUTAIM3ALMNA U IO~
CEILIEHUU OTAeNeHUI HEOTJO0XHON MOMOIIM NallMeHTaMU JaHHOIo Mpoduist cocTa-
Buwio 100 u 247 moceuieHuii, coorBercTBeHHO, Ha 100000 Hacenenus [2]. B CIIA
exerogHo 1.7 miH yenoBek ctpagaioT or UMT, okono 80% 13 HuX KiaccuULIUpPY-
foTcs Kak jgerkass YMT, a cMmepTHOCTB nocturaet 3% [3]. HeobxoauMocTh Kypayu mna-
ueHToB ¢ YMT crtaBuT nepen uccienoBaTelsiMy 3aayy MoMcKa MEXaHM3MOB Pa3BUTHS
KiImHu4eckoit kaptuHbel YMT, a Takke ee IoTeHLMAIbLHOI Tepanuu. s 3Toro BaxkHa
aJieKBaTHasl MTOCTAHOBKA DKCIIEPUMEHTA, KOTOpasi HEBO3MOXHA 0€3 MPaBWILHOTO MO~
6opa 3KcnepuMeHTaabHON Moaeau. [1o aTMYecCKUM NTpUYMHAM BO3MOXHOCTHU UCCIIEIO-
BaHUI1 Ha YeJI0BEKE CUJIbHO OTpaHWUYEHbBI, TTOATOMY OOJIbIllasi YaCTh HAYYHBIX PAOOT BbI-
TOJTHEHA Ha XXUBOTHBIX, B TIEPBYIO OUepeb, Ha TpbI3yHax. Takum oOpa3oM, ToJlydeHHbIe
Ha MOJIEJIbHBIX OpraHM3Max AaHHbIE SBJISIOTCS KJIIOUOM K TTOHMMaHUIO MaTodu3nosio-
run YMT u pa3paboTke HOBBIX MOAXOJOB K ee JeueHuIo [4, 5]. B Tabi. 1 npuBeneHbI xa-
PaKTEpUCTUKU PA3JIMUHBIX 9KCIIEpUMeTaIbHbIX Moaeacit UMT.

Knmunnyeckas kapruana UYMT BxiaogaeT B ce0sT 0OIIEMO3TOBYI0O CUMIOTOMATHUKY (TO-
JIOBHYIO 00JIb, TOLITHOTY, TOJIOBOKPYKEHIME, HAPYIIEHUsI CO3HaAHMUS) U (DOKAJIIbHYIO HEB-
POJIOTUYECKYIO CUMIITOMATHUKY.

MOJIEJIN YMT HA 3EBPAJJAHUNO

3ebpanaHuo SIBJISIETCS YIOOHBIM DKCIEPUMEHTAbHBIM XKUBOTHBIM B HeiipoOuooruu
B CWJIy BBICOKOI T€HETUYECKOI TOMOJIOTUM C TEHOMOM 4esioBeka (ropsinka 70%) u du-
3M0JIOTUYECKOTO CXOICTBA OCHOBHBIX CUCTEM OPraHoB U TKaHeil. boibuioit cnekTp Mo-
JIEKYJISIPHO-TEHETUYECKUX CPEIACTB MAHUMYJSILMU CO3AAET 3TOMY KMBOTHOMY KOHKY-
PEHTHOE PEMMYLIECTBO MO CPABHEHUIO C APYTMMU MOJEIbHBIMU XXMBOTHBIMU B JTAHHOM
cdepe uccienoBaHuii. B yacTHOCTH, MOSIBUJIACH BO3MOXHOCTb OTCJIEKUBAHUSL U TOKY-
MeHTaluuu TedyeHuss YMT B pexxume peajlbHOro BpeMeHM Osiaromapsi MCIIOJIb30BaHUIO
PbIO C KOHKPETHBIMU U JIETKO UAEHTUDULIMPYEMBIMU (DIIyOpPECIIEHTHBIMU PENOPTEPHbBI-
MM TpaHcreHaMu. [ToMMMO CXOACTBa B OpraHU3allMy T€HOB, MOTEHUUATIbHO BOBJIEYEH-
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HBIX B TIPOLIECC HEMpOBOCITaJICHUSsI, 3e0panaHuo 00J1ajaeT BBICOKUM HelipopereHepaTop-
HBIM TIOTEHIIMAJIOM, UTO 3aKOHOMEPHO JIeJIacT ee MPpUBJIeKaTeIbHbIM OOBEKTOM JUISI UC-
cJIeOBaHUIT BOIPOCOB HeWpopereHepaluuu Mpy pasudyHOTO poia HEBPOJIOTMYECKMX
3aboseBaHusx [6—S8], B Tom unciie YMT.

OnvH U3 mepBbIX, HanboJiee pacClpOCTPAHEHHBIX U TPOCTBIX METOAOB WHIYKIIUU
YMT y 3edbpamanuo — uronpyatas tpasma [9, 10]. CortacHo naHHOiT MeTOAMKE, TTOCIIe
aHecTe3un pbl0y MOMEINIAIoT B pa3pe3 MPOMUTAHHOM PacTBOPOM aHECTETUKAa TpUKaWHa
ryoku. [Toa nMcceKUMOHHBIM MUKPOCKOIIOM MHCYJMHOBBIM LIMPULIEM BEPTUKAIBHO (HE
rJIyoxe 2 MM) MPOHU3BIBAIOT MeAUAIbHBIN OTAE TeJeHledaloHa, a TPABMUPOBAHHYIO
pbIOY TTOMEIIAIOT B OTHEJIbHBIM KOHTEHHEp JUIsSi BOCCTAaHOBJIEHUS. BbIXXKMBaeMOCTb Mpu
nmanHoit Mogen YMT o6braHo cocTaBiisieT 97%. C ee TTOMOIIBIO OBUTH OIIEHEHBI KJIETOY -
HBII OTBET U MOJIEKYJIIPHBIE MEXaHU3MbI, BOBJICUEHHBIE B TIPOLIECC peTiapaliui U pere-
Hepaiuu mo3ra [9].

B npyrom roxoxem rpoTtokoJie KaHtoJis nuametpoM 300 MKM BBOAWTCS Yepe3 HO3APIO
(Ha ryGuMHY 6—8 MM), BIOJIb POCTPOKAYIAJIbHOM OCU TeJla, IIPUHUKAS Yepe3 OOOHSITE Ib-
HYIO JYKOBUILY B KayJaJIbHYIO 9acTh TejJaeHuedanoHa [11]. BepknBaeMocTh B TaHHOI MO-
nenun coctapisieT 6osee 90%, 1 ¢ ee MOMOILBIO ObUTa TPOU3BEACHA OLIEHKA PEaKTUBHOM
npoiaudepalud U MUTPALIMU HEPOTJIMY B OTBET Ha MEXaHUYECKOE TTOBPEXICHUE TKaH!
mosra [11].

Mognens YMT Mo3zxkeuka y 3eOpagaHUO CXOMHA C MPEIbIIYIIMMU, a OPUSHTUPOM LIS
BBEICHUSI MHCYJIMHOBOM UIJIbI B TAHHOM CJIyYae CJY>XKUT MUTMEHTalusl Koxu. Mrna mo-
rpyaeTcsl B INIACTUKOBYIO TPYOKY (Kpaii KOTOPOii CIIYy>KUT OrpaHUYUTESIeM TITyOUHBI TT0-
rpyxeHust). Mirna ycraHaBiMBaeTCsl B IMIOJIHOCThIO BEPTUKAJIbHOE TTOJIOKEHUE U BBOAUTCS
Ha r1youny 1.5 mm. [1pu oMot manHoi Metonuku ¢opmupoBanuss YMT mu3ydeHsr Moite-
KYJISIpHBIE CETH 0eJT0K-0eTKOBbIX CUTHAJIBHBIX B3aMMOIEHCTBUI, BOBJIEUEHHBIX B MPOLIECCHI
aKCOHAJILHOTO pOCTa, perapaliuu, aHrMoreHe3a, HeliporeHesa u HelipoBocrajieHus [12].

BbicOKOMHTEHCUBHBIN CHOKYCUPOBAHHBIN YIbTPA3BYK [JI1 MHAYKIIMA MEXaHUYECKO-
ro MOBPEXASHUS MO3ra phIObI OKa3bIBAET TEPMHUYECKUE U MeXaHM4YecKre 3(P@dEeKTh Ha
TKaHU. AMNIepTypa yJbTPa3ByKOBOIo TpaHCAbIOCEpa COCTaBJIsIeT 125 MM B nuameTpe U
100 MM B muHY. BeTpoenHsblit B cucteMy ckaHep Sonix RP Scanner (BK Ultrasound,
Richmond, KaHana) mo3BossieT OTClIeXUBaTh B pealbHOM BPEMEHU KPUTUYECKUE IS
TKaHU NapaMmeTphl Bo3neiicTBus. [1Jisi BBIpaBHMBaHMSI TOJIOBBI U TPaHCIbIOCCEPA UCTIOJb-
3YIOT YJIBTPAa3BYKOBOM BMU3yaJIM3alIMOHHBIN MOIyib. DOKaIBHBIA MUK aKyCTUYECKOTO
MaBJICHUSI IIPU MaKCHUMAJIbHOM CHJIe MCITyCKaHUS MOXeT cocTaBiisaTh 20 Mma. B manHoit
MOJIEJIU BbI3bIBAIOTCS 3HAUUTEJIbHbBIE HAPYILIEHUS] TOBEAEHUS PbIO, B TOM YMCJIE TUII0JIO-
KoMolus (CHUXXKEHWE IUCTAaHIIUY TIJIaBaHWSI I CKOPOCTH ), a TAaK>Ke U3MEHEHUS B TTaTTep-
He 3KCIIPEeCCUM psiia TeHOB Moara. Tak, HalpuMep, yCTAaHOBJIEHO PeaKTUBHOE YCUJICHUE
9KCTIPECCHHU Kacmasbl-3 u B-APP, a Takxe M3MeHEHMEe DKCIPECCHH TEHOB MUKPOTPYOO-
yek (B-111 tubulin) n Heitpodmmamentos (NF200), 4To IPUBOINT K HAPYIIIEHUIO aKCO-
HaJIbHOTO TPAHCIIOPTa X aKCOHAJILHOMY OTeKy [13].

Eme onun s dextuBHbIN MeTon ToctaHoBKY YMT Ha 3e0pamaHmo ObLT afaiTUPOBaH
C MOJIeJIM Ha KpbICaX U OCHOBBIBAETCS Ha MaJeHUU CBOOOIHOTO Ipy3a (B KauecTBe Mexa-
HUYECKOI0 BO3IEeHCTBYSI) Ha rOJIOBY PhIOKI [14]. JlaHHAst MoaeJIb MO3BOJIMJIA PeAI30BaTh
nuddy3Hy0, HE IEHETPUPYIOLILYIO (T.€., 6€3 1eCTPYKIMU KOCTU U TOYEUYHOr0, ITy0O0KOTO
paspylieHus1 TKaHu Mo3ra) Moneab UYMT. s aToro ObLT CKOHCTPYMPOBAH ammapar,
MpeACTaBISIIONINi COO0I TIJIACTUKOBYIO TPYOKY (C Hapy>XHBIM aAuamMeTpoM 12.7 MM u
BHYTPEHHUM 4.7 MM), YAEPXKMBAIOIIYIOCS C TIOMOIIbIO 3aknMa Ha mratuBe. Ha ocHoBa-
HUE IITaTUBa CTAaBUTCS aKBapUyM, 3allOJTHEHHBIN BOAOM, Ha KOTOPBIM MOMeIIaeTcs Tyo-
Ka, B KoTopoii ¢pukcupyercsa poeioa. [locie aHecTe3nu, rojioBa peIObI ITOMEIIAETCS MO,
TpyOKY 1 BhIpaBHUBAaeETC, a 4.5-MUIIMMETPOBBIi cTanbHOI rpy3 Becom 0.33 1, BbIna-
nast U3 TpyoOKHU M pa3BUBasi CKOpPOCTh 1.5 M/c, foCTUTaET Yyepena pbiObl ¢ yiapHOI Cu-
soit 35 mJIk. TToce naHHO# TIpolieAypbl phida cpasy BHIITYCKaeTCsI B aKBapuUyM IO/, Iy0-
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Koii. Ha maHHOii Moae/iv mpoaHaIM3UPOBaHbI MOJIEKYJISIDHBIC MEXaHU3MbI, BOBJIEKaeMbIe B
OTBET Ha MOBPEXIeHUE, U YCTAHOBJICHO, YTO Ha 3-ii 1eHb nocie YMT npuxoauTcst MUK BOC-
MHaJMTEILHOTO OTBETA, a Ha 21-if IeHb 3aImycKaeTcs Ipolece HelipopereHepauu [ 14].

TToMuMoO B3poOCIBIX pEIO, onucaHbl Takke Monenu YMT y imunHok 3e6paganno. Tax,
BTOPUYHOE MOBPEXAEHNE TKAHU MO3Ta MPOJAEMOHCTPUPOBAHO HA TPEXITHEBHBIX JTUUYUH-
Kax 3e0pajaHuo, KOTOPhIE BBIIEPXKUBAIUCH B PACTBOPAX C KOHUEHTPALIMSIMU TJIyTaMmaTa
5, 10 u 20 MxM, a TakXe B pacTBOpax aHTaroHucra pelenTtopoB riayramata MK-801 B
koHueHTpauusx 100, 200 u 400 HM. Bbuin olieHEeHBI XapaKTepUCTUKY BbIKMBAEMOCTH,
MOBeeHUSI U HEMPOATIONTO3a B Pa3HbIX IPYINAx, 1 OTMEUEeH 3HAUYMTEIbHBINA 3D deKT B
OTHOIIIEHWU BBIXKMBAEMOCTH HEMIPOHOB U MOBeAeHUS PhIO Npu KoHLieHTpauusax MK-801
paBHbIX 200 1 400 HM [4].

Eme onxa xumimmaecku obyciosiaeHHas Moaeab YMT Ha nmymHKax 3e6pagaHro OCHOBaHA
Ha IIpUMeHeHunM aTopBactaTiHa (1 MKM) B ombITax Ha SMOPMOHAX, YTO MPUBOIMIIO K pa3-
PYILLIEHUIO MO3IOBBIX COCYIOB U (POPMUPOBAHUIO Y JIMUMHOK BHYTPMMO3TOBOI IreéMaTOMbl,
HanoMuHasi KiimHudeckyro UMT, ocitos)kHeHHYI0 BHYTPUMO3roBOM reMopparueii [ 15].

HaxkoHel, elie oguH MoaxoJ K MOACIAUPOBAHUIO OCIOXHEHHOI rematomMoiit UMT Ha
JIMYMHKAX 3e0palaHMO OCHOBAaH Ha TEHETUUYECKUX MaHUITYJISLUSIX TeHa arhgef7, KOTO-
psrit KomupyeT 6enok Rac GEF Bpix, BOBIeUeHHBIN B PETYIISALIMIO aHTHOTEHE3a U CTPYK-
TYPHOI LIEJIOCTHOCTU COCYIUCTOM cTeHKU [16]. B 3T0it Momenn ucnonb3yoTcst IMHUM C
MyTallMeil B JAaHHOM T€He, YTO MPUBOJIUT K Pa3pyllIeHUIO CTEHOK MO3TOBBIX COCYIOB U
pa3BUTUIO TeMaToMbl. Ha naHHO# Monesin u3ydyeHa pojib MOCTTPABMAaTUYECKOTO KPOBO-
WUBJIMSTHUSL B TIpolieccax arorTo3a, HeHpOBOCIAJIEHUSs, TOBPEXICHUsS TKaHW MO3Tra, a
TakKKe B U3MEHEHUH JIOKOMOTOPHOI (pyHKIMHM [15].

IMATOTEHE3 YMT

ITaTorene3z UYMT Bkitodaet B ce0s1 psm HecTIeIM(PUISCKIX KOMIIOHEHTOB, TAKMX KaK
HelpoBOCIIaJIEeHUE, OTEK, HelpoaereHepalus, HeilipopereHepalys, KOTopble XapaKTep-
HbI U 1151 apyrux natojoruii IIHC, B yactHOCTH, ullleMuyeckoro nmoBpexneHus. Hecre-
urpuyeckrue KoOMIoHeHThl natoreHe3a YMT onpenensiioT oTcpoyeHHOe TeueHue 3a00-
JIEBaHUS I COCTABJISIIOT BTOPUYHOE MOBpeXaeHe TKaHU. OTHAKO CYIIIeCTBYET U PsIJI CIie-
MpUIeCKNX KOMIIOHEHTOB, ommyalonx naroreie3 YMT ot apyrux matosnoruii Jiro6oro
pona, oHM OyHdyT pacCMOTPEHEBI B KOHIIE pa3eia Ha IpUMepe CpaBHEHUS C UIIIEMUCH.

1. Heiiposocnanenue

HeiipoBocniasieHue sIBIsSIeTCS OMHMM U3 BEOyIIMX KOMIIOHEHTOB maroreHe3za UMT.
3HauuTeNbHYI0 pojb B YUMT-uHaAyLIMpOBaHHOM HEMpPOBOCIHAJEHUN UTpaeT MPOMyKIIMSs
MPOBOCHAJIUTENILHBIX IMTOKWMHOB. Harnpumep, y Kpbic MoKa3aHa poJib MHTEpJCHKHUHA
(WUJT) WJI-1P kak OqHOTO M3 KIOYEBBIX y4acTHUKOB UM T-UHIYIIMPOBAHHOTO HEHpO-
BOCITQJICHUSI, TIOCKOJILKY BHIOPOC JAHHOTO LIMTOKWHA CTUMYJIMPOBAJI CUHTE3 U YCUJICHUE
aKTMBHOCTU MaTPUKCHBIX MeTajuionpoTeas 2-ro v 9-ro tunnos (MMP-2 u -9) B 30He 110~
BpexaeHwus [17], u mpoaeMoHCcTpupoBaHa BaxkHast poiab WUJI-1 B ycueHnu npoHUIIaeMo-
cTu remMaTosHIuedanuyeckoro 6aprepa (I'Db) u Heiipoanonro3a npu UYUMT [18].

Muxkpornus, SIBIsISICh MO3TOBBIM PE3UIEHTHBIM Makpodarom, objamaeT CIIoCOOHO-
CThIO K (harouurosy, MpoayKIMK LIMTOKWMHOB U TIpe3eHTalMK aHTUTEeHOB [19]. B KoHTeKcTe
BOCHaJICHUsI MUKPOIJIMS CyIIeCTBYeT B 2-x hopmax (peHotumnax) — M1 u M2. M1-mukpo-
WS TIPOAYLIMPYET MPOBOCHAIUTENIbHbIE LIUTOKUHbBI, HAanpumep, GakTop HEKpo3a Omny-
xom (PHO-a), NJI-1, UJI-6 n mHaynmbensHyo cuHTa3y okcuaa azota (iNOS), Torma Kak
M2-MUKpOIIMS BBIICISET MPOTUBOBOCTIAIUTENbHbIE (hakTophl (MJI-6, NJI-4 u NJI-13, a
Takxke TpaHchopmupyomuit dakrop pocra (TDOPP). JaHHoe siBIeHUEe Ha3bIBaeTCs
(YHKIIMOHAJIBHOM TOJIIpU3allieidi MUKPOTJIMU W SIBJISIETCSI KJIIOUEBBIM KOMITOHEHTOM
HelipoBocHaJieHUsI, OTeKa U B HEKOTOpoil Mepe HelipomereHepanuu [20]. M1-Muxkpo-
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TJIMSI CIOCOOHA K TIPOAYKIIMM OKCHIA a30Ta M peakTUBHBIX (hopM Kuciaopoaa (PPK), 06-
Jlanasi IMTOTOKCUYEeCKUMU cBolicTBamu [21]. @yHKIIMOHAIBHAS TTOJISIpU3a1Usl B CTOPOHY
MI1-noaTuma MUKpOIJIMKM obecriedynBaeTCsl AeCTBUEM BHEIIHUX (Jinnocaxapui, ¢dak-
Tophl TpaHckpuruuu IRF 7, 8) [22, 23] 1 BHYTpeHHUX CUTHAIBHBIX MOJIeKylT (LSN2,
miRNA-155) [28]. B to ke BpeMs ¢dakrTop TpaHckpunuuu IRF 3 [24], miRNA-124
[25] 1 Rho-kuHa3a obecrieunBaOT (QOYHKIIMOHAIBHYIO TOJISIPU3AII0 B CTOPOHY M2-MMK-
poriu [26]. TIpy YMT B OKpyXalollyio TKaHb BbIOPACKIBAETCST OOJIBIIIOE KOJIUYECTBO
¢parMeHTOB KJIETOUYHBIX Y BHEKJIETOUHBIX CTPYKTYP, UTO SIBJISIETCSI MOJIEKYJISIPHBIM TIPO-
dunem Ononormyeckoi ormacHoctu (danger-associated molecular patterns, DAMP).
Muxkpornust obiamaeT ompenelieHHbIM Habopom penieritopoB (TLR), pacmosnarommx
MOJIEKYJIbI, K KOTOPBIM OTHOcsATcs Jmnocaxapun, ockonku PHK, JIHK, mramepoHsr,
HMGBI1 u CpG-MoTuBBl (OOBIYHO aCCOLIMMPOBAHHBIE ¢ MUKPOOHBIM I'€HOMOM), UTO
aKTUBUPYET MMKPOIJIMIO, HApAaOOTKY MPOBOCIIAIIMTEIbHBIX [IUTOKUHOB U, B UTOTE, 3a-
nyckaet Kackan HeiipoBocniasieHus [27, 28]. Ctumynsiuusg TLR npuBoauT K akTuBa-
U MUKPOTJIUU W BBICBOOOXIECHMIO TPOBOCTIAIUTENBHBIX HUTOKMHOB (DPHO-0,
NJI-6, CXCL1), a 6aokupoBka TLR — K CHMXEHHUIO UM MOJHOMY IpPeKpalleHUI0 UX
BbICBOOOXIEeHMS [29]. AKTUBMPOBaHHAsi MUKPOTJIUS 32 CUET BHIOpOCa MPOBOCIATIUTEb-
HbIX HuToKUHOB (MJI-1 1 ®HO-0) Bo3aeiicTByeT Ha aCTPOLIMTHI, MPUBOAS K UX aKTUBa-
uuu, ycuieHuto akcnpeccur TLR u BeIOpocy nmpoBocnaiuTebHbIX IIMTOKKMHOB [30]. Ha
MaHHBI MOMEHT M3BeCTHO, uTo ctumysaiuuss TLR3 Benet k mpoaykuuu WJI-6, 10, 12,
CXCL-10, unarepdepona (MH®D)B u PHO«w, TLR4 — mponykiuu UJI-10, CXCL10, a
TLR2 — nponykuuu UJI-6 u NJI-10 [31]. [ToMmumMo 3TOro, akTMBMPOBAaHHASI MUKPOTJIUS
BeicBOOOXImaeT M-CSF, mo3rosoit HeiiporpoduH BDNF, HeiiporpoduH-3, 4TO C11oco6-
CTBYET TPaHCMUIPALIMU JIEMKOILIMTOB U3 CUCTEMHOTO KpoBOTOKa [32—34].

ACTpOLIUTHI SIBJISIFOTCS yYaCTHUKAMU HEWPOBOCHAIUTENIBHOTO KacKala W COoJepxKar
RIG-nono6nubIe perierrtopsl (RLR), akTuBammst KoTopbeIx BeaeT K ochOopuInpoOBaHUIO
TpaHcKpunimoHHoro ¢akropa IRF3 um BricBoOOXIeHuo uHTepdepoHa 1-ro Tuma
(MH®-1). I[ToMuMoO 3TOro, YCHJIMBAETCS 3KCHPECCUS MApKEPOB aKTUBUPOBAHHBIX aCT-
pouutoB GFAP (rnmuvanbHblil hUOpWILISIpHBII KUCIIBIN 0e/TOK) M BUMeHTUHA [35]. AKTH-
BUPOBAHHbBIE ACTPOLIMTHI CTAHOBSITCS UICTOUHUKAMM TTPOBOCTAIUTEbHBIX [IUTOKUHOB, B
toMm uncie UJI-1, NJI-6, MIP-2, MCP-1, ®HO-o, UH®y, CCL 2, 3, 5, a Takxe Ig-mo-
no6HBIX anre3nBHBIX MoJeKyn (ICAM-1, VCAM-1) u r1aBHOTO KOMILIEKCAa THCTOCOBME-
crumoctu MHCII Ha cBoeit moBepxHOCTH B 0TBeT Ha akTuBaluio TLR [36—38]. ITepena-
ya CMTHajla OT PEeLEeNTOPOB BHYTPh acTPOLIMTOB ocyiiecTBisercs yepe3 JAKI—-STATI,
MyD88, NF-kB, MAPK-onocpenoBaHHbIE CUTHAJIbHBIC TTyTH, KOTOPbIE aKTUBUPYIOTCS
B oTBeT Ha ctumyJjisiimio TLR4. AKTuBalysi JTaHHBIX CUTHAJIBHBIX TTyTeil BElET K ycusie-
HUIO TPAHCKPUITLIUU MTPOBOCIAIUTEIbHBIX HUTOKUHOB, MMP-9, VCAM-1 [39]. I1apan-
JIEIbHO, aKTUBUPOBAHHBIE aCTPOLIUTHI MOPGOIOTMYECKU U3MEHSIOTCS, PO epupyor
U 3aMoJIHSIOT OO0 30HY nmopaxkeHus. JJaHHBII mpoliecc Ha3bIBaeTCsl aCTPOTJIMO30M, a
chopMupoBaHHAas TAKUM 00pa3oM CTPyKTypa — riauajibHbIM pyoiiom [40]. ITokasaHo,
YTO PEaKTUBHBIN TJIMO3 B 30HE MOpPaXKeHUsI CITMHHOTO MO3ra MBI CIIOCOOCTBOBAJT pe-
napaTUBHBIM TpoleccaM U yHKIIMOHATbHOMY BOCCTaHOBJIEHUIO [41].

AKTUBUPOBaHHBI MTPOBOCIAIUTEIbHBIMU LIUTOKWMHAMU (TpeumyinectBeHHO WUJI-1 n
®HO-0, MH®DY) sHnoTenuit ycuauBaeT 3Kcnpeccuo Ig-nonqoOHbIX anre3uBHbBIX OE1KOB
(VCAM-1, ICAM-1, PECAM-1) Ha cBOeil MOBEPXHOCTU, UYTO CIYKUT BO3MOXKHOCTHIO
TSI IEMKOLIMTOB NTPOHUKHYTH yepe3 Db B 30Hy nectpykuuu [42—44]. [TpoHukarommii
KJIETOYHBIN cocTaB npeacraniieH mumdountamu (T u B), MoHoLIMTAMKU 1 HeliTpoduia-
MU [44—46]. CaMbIMU paHHUMHU KJIETKAMMU SIBJISIIOTCS HEMTPOMUIIbI, KOTOPHIE TOSIBIISI-
I0TCS B MO3TOBOIi MapeHXuMe Ha 3-U—5-e CyTKM, OIHAKO B BUJIE MEPUBACKYJISIPHOTO UH-
dunbTpaTa OHM BUAHBI yKe yepes 24 u [45]. KonmnyectBo CD14+ kiteTtok (MOHOLIMTAp-
Hble Makpodarv) B MO3rOBOi IMapeHXMME TOCTUTAeT TNMUKa Ha 4-e—8-e CyTKu mocie
TPaBMBI U YIepKUBAETCSI TAKOBBIM Henenu [46]. T1pu aToM HeWTpOodDUIbl HTHGUIBETPUPY-
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10T B IIEPBYIO OYepelb BOPCUHYATBIC CILUICTCHMS XKETyI0UKOB. BopcuHYaThIe CIIJIETeHUS
JKEJIYIOYKOB aKTMBHO MPOAYLMPYIOT OOJIBIIOE KOJIMYECTBO XEMOKHUHOB I1OCJIE TPABMBbI
(CINC-1, CXCLI1, CINC-20 miu CXCL3, u CINC-3 unu CXCL2), koTopbie, B CBOIO
odepelb, CIIYKaT XeMoaTTpaKTaHTaMu Ut HeTpodwioB. [IpearnonoXuTeTbHO, U3 3TOM
30HBI HEUTPOPIIBI MUTPUPYIOT K odary ropaxkeHus [47]. CaseiBanue ICAM-1 c 6en-
kKoM LFA-1 Ha moBepXHOCTH JeMKOIUTa MIPUBOAUT K aKTUBALIMM IIpOTeMHKMHAa3bl C, KO-
Topast pochopuupyeT OJIKM LIUTOCKeIeTa, 00ecreunBasi UX peopraHus3aluio, YTo He-
00XOIVIMO IS TpaHCMUTpaluy KiieTku yepes 'Db [48].

CucremMa KOMITJIEMEHTa, KOMITOHEHTBI KOTOPOil MPOHMKAIOT Yepe3 MOBPEXKICHHbBIN
I'Db B 30HY HelipoBOCIIaJIcHHUsI, OKAa3bIBaeT IIMTOTOKCUYECKUIA 1 IeCTPYKTUBHLIN 3 deKT Ha
KJIETKM 1 TKaHb. B 1iepeOpocnHaIbHOM KUIKOCTH TOBBIIIEHB ypoBHU C3-KOMIIOHEHTA,
komruiekca C5b-C9 u dakropa B [49, 50]. Monekyna CD59 sBnsieTcst KIIOYEBBIM pery-
asitopoM ¢opmupoBaHusi MAK (MemMOpaHoatakylomiero KoMriekca), 3aiuiiaroniim
TKaHb OT U3JIUIITHETO TMoBpexaeHus. BoikimoueHue Mosekysisl CD59 npuBeneT K yxyi-
meHuio coctossHus TKaHnu nociie YMT [51]. Takum o6pa3oM, KOMIUIEMEHT SIBJISICTCSI
BaKHBIM KOMITOHEHTOM HepOBOCITaJICHUS.

Poas MMP B LIHC cBoauTCS K peryisiiiuu HeiipoHaJIbHOM MUTpallii B 30HY TTOBpe-
KIAEHUSI, Terpagallii MHIMOUPYIOIIMX aKCOHAJbHBIM POCT MPOTEOTJIMKAHOB U PETYJIsi-
UM TIOCTPOEHUSI OJIMTOICHAPOTIMOLMTAPHBIX OTPOCTKOB BIOJIb PACTYLIMX aKCOHOB B
nepuon MuenoreHesa [52, 53]. B koHTekcTe HEHPOBOCTAIMTEILHOTO Mpollecca YCTaHOB-
sieHa poiib MMP-2 1 -9 kak ¢akTopoB, CITOCOOCTBYIOLIMX TMTOBBIIIIEHUIO TPOHUIIAEMOCTH
I'Db u TpancMurpanuu JIeHKOLMTOB B 30HY BocnajieHus. [Ipomykumst MMP ocymiecTs-
JISIETCSI COCYAUCTHIM 3HIOTEJIMEM U PE3UNCHTHBIMU IIHMAJIbHBIMU KJIeTKaMUu. MexaHu3M
neiictBust MMP Ha 'DB ocHOBaH Ha CHUKEHUM 3KCIIPECCUU aATe3UBHBIX OCTKOB MEXITY
SHAOoTEINOUTaMU, B yacTHocTU ZO-1 [55, 56]. OqHako Ha JaHHBII MOMEHT CBEIEHMUS O
posu MMP B HelipoBocTiajieHUU Ha MOJIEJISIX 3¢0pafaHUO OTCYTCTBYIOT.

2. Heiipopecenepauyus

3eOpanaHuo 00JamarT BHICOKMM ITOTEHIIMAJIOM K HelipopereHepaluu (Mo cpaBHe-
HUIO C MJICKOIUTAIOIIMMMU), YTO ACIAeT UX MOAXOASIIMMU OOBEKTaAMU JUIsSI UCCIIeIOBa-
HUIi HelipopereHepaTopHbIX npolieccoB pu YMT u HelipoaereHepaTUBHBIX 3a00ICBAHMSIX.
DTO 00YCIIOBIEHO 1 OOJIBIIIMM KOJMYECTBOM 30H HEliporeHe3a B MO3re 3e0panaHuo, B TOM
4yucjie OOOHSITENbHBIE JIYKOBUIIBI, TOP3abHbIN TeieH1ehanToH (PernoH, rOMOJIOTUYHBIN
TUMTIOKAMITy MJIEKOIUTAIONINX), TIpeonTuyeckas 06JIacTb, Mop3ajbHasl 30HA TIEpUBEH-
TPUKYJSIPHOTO TUIMOTajlaMyca, ONTUYECKUN TEeKTyM, TMPOINOJbHBINA BalWK, BarajbHas
J0JIbKa, MapeHX1Ma BOKPYT pOMOsHIE(hATUISCKOro XeJIyadouykKa U B 00J1aCTU MPOJ0JITO-
BaTOro MO3ra, pacIiojIoXKEeHHO JIaTepajbHO OT I0P3aJIbHOTO MOTOPHOTO siipa OJIyKaato-
1IeTO HepBa, a Takxke B Mo3xXeuke. HanmpoTuB, y MJIEKOMUTAIOMIMX CYIIECTBYIOT JIUIIb
IIBE OCHOBHbBIE 30HbI HEHPOTEHEe3a BO B3POCJIOM COCTOSIHUM — CYOBEHTPUKYJsIpHasi (B
OOKOBBIX JXKeJyIouKax) U cyorpaHyisipHas (B 3youaroil n3smimHe) [56—59]. B otnmuune
OT MJIEKOTIUTAIOIIUX, Y KOTOPBIX MPOJM(EpaTUBHBIN MPOLIECC HOCUT MIMAJIbHBINA Xapak-
TEp U MpeBaJUPyEeT B 30HE MOpaxXeHUs, y 3e0pagaHuo mnpeodagaeT npoaudepanus B
HEWPOTEeHHBIX 30HaX, OTKYy/la HeiipOHaIbHBIC TTPEIIIECTBEHHUKHN BITOCIECICTBUM MUTPHU-
PYIOT B 30HY TTopaxkeHus1. [1mo3 (ycuieHHas ripoiaudepalivs IJIMu B 30He MOpaXkeHusl) y
pbIO He BBIPAXXKEH M HE HECET TMaTOJIOTUUYECKOTO XapakTepa, B OTJIMYME OT MJIEKOTIUTAIO-
mux [58, 60]. PagnanbHble TIMOLUTHI 3¢0pagaHUO HECYT Ha cebe MapKepHbI GeIoK
her4.1, a HelipoHaJbHBIE KIIETKU-TIPEIIISCTBEHHUKMN 3KCIIPECCUPYIOT APYroii Habop
MapKepHBIX OEJIKOB, IO KOTOPBIM MX BO3MOXHO pacrno3HaTh (asc 1la, delta D, u T-box
brain protein/Tbrl). ¥ B3pocibix pbi6 her 4.1-MMO3UTHBHBIC pagUalbHbIC TIMOLIUTHI 00J1a-
aloT MoTeHLMaioM 1uddepeHIMPOBKY B HelipooacTel [10, 61, 62].
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B uenom, BocrnajieHue MUMeeT CJI0XKHBIE B3aUMOOTHOILLIEHUS ¢ HelipopereHepanueit. C
OIHOI1 CTOPOHBI, HelipoBOCHaJIeHVEe TIPENSITCTBYET HellpopereHepaluuu, ycyryosis mo-
BpEXIEeHUE TKAHU, HO C IPYTOi1, MOXET CIIYKUTh CTUMYJISITOPOM IJIsI TIpoliecca Helpore-
He3a. YCTaHOBJIEHBI CJI0XHbIE B3aUMOACHCTBUSI MEXY CUTHAJTbHBIMMU TTyTSIMU HEpore-
He3a, aHTMOoreHe3a, BOCIMaJIeHUsI U aKCOHallbHOro pocTta. Kak ykaspiBasioch paHee, BOC-
najeHue CIYXUT CTUMYJIATOpPOM HeliporeHe3a. CpenM 3TUX CUTHAJIbHBIX NyTei
Haub6osblee KonudectBo onocpenoBaHo PI3K, PAK2 u PLXNA3 [12]. BDNF — naBHo
M3BECTHBIN HEMpPOTPOdUH, MUllIeHSIMU KoToporo siJisitoTcst TrkB- u p75SNTR-penenro-
PbI, Yepe3 KOTopble JaHHbBIN (haKTop peaiu3yeT CBOE y4acTUe B MPOlieccax aKCOHAIbHO-
ro pocTa, HellporeHe3a, HEMPOHAILHOTO BbIXKUBAaHUSI, HEMPOHAJILHON MUTpAIlU, MUE-
JMHU3auu, nuddepeHLMPOBKM U CUHANTUYECKOM mnactuyHocTu [63]. OTmeuaercs
noBbleHHas akcnpeccrss BDNF B pereHepaTBHBIX 30HaX Mo3ra 3edpagaHuo, a ero MPHK
OOHapyXeHa B paIiaIbHBIX ITIMOLIUTAX U NPOoaMdePUPYIOLIMX HelipooacTax [64].

AHanu3 sKcnpeccuu OOJbIIOTO KOJMYECTBA MO3TOBBIX N'€HOB BbISIBUJ U3MEHEHUS
9KCIpPEeCCUr Ha pa3Hble CpokKM (Ha 3-u u 21-e nHu) nocie YMT, B TOM 4uciie TEHOB CUT-
HanbHbIX yTeit MAPK, Notch, TAM® u npyrux. [IpakTuyecku Bce 3TU reHbl OTHOCSIT-
csl K peryJisiTopaM BbIXKMBAaeMOCTH HEMPOHOB, aKCOHAJIbHOTO POCTa, alloInTo3a U pernapa-
1IUY TKaHU. TpeTuit 1eHb Mocjie TOBPEXACHUS SIBISIETCS TTMKOBBIM JJIsl SKCIIPECCUU
TeHOB, CBSI3aHHBIX CO CTpecc-peaknmeil Ha moBpexaenue (MAPK, p53, Notchl), a
Ha 21-it neHb oTMeYaeTcs IpeodiamaHue 3KCIIPECCUM TeHOB, CBSI3aHHBIX ¢ HElpope-
TeHEepaTUBHBIMU TPOLIECCAMU, K KOTOPbIM OTHOCSITCSI T€Hbl KOMITOHEHTOB MPOMEXY-
TouHbIX unameHToB, Notchl u Junb [14]. Hakoneu, MMP-2 u -9 TakKe BaxKHBI IJIsI
pa3BUTUSI HelipoBOCTIaAJIeHUsT (CM. BbIIIE) U Y B3POCIbIX 3e0pagaHUO yCUJINBAIOT aKCO-
HaJIbHBIN pocT [65].

3. Heiipodecenepayus

B ximHUMKe 1oka3zaHO Haquuue KoppessiuMoHHoM cBsa3u Mmexny UYMT u passutuem
6ose3nu Anbireiivepa (bA) [66—68]. Ha Mmomensax y Kpbic TokazaHo, uto YMT 1poBo-
LUPYeT CHUKEHHE KOJIMYECTBA HEPOHOB B TMITIIOKAMIIE, YTO MOXKET OOBSICHUTh PETPO-
rpagHyio amHesuo nociae YMT [69]. HeitpoarionTos ciiaraercst U3 psiia COObITUIA, B TOM
quclie IpoTeoan3a 0eKoB murockeseTa [70] 1 OKCUIAaTUBHOIO CTpecca, KOTOPHI BO3-
HUKaeT B TeyeHUe IepBoro yaca nocyie YMT kak ciencTBue MUTOXOHIPUATBHOM IUC-
(GYHKIIMM 1 HApYyIIEHNST BHYTPUKJIETOUYHOTIO KaJableBoro 6agaHca. CBOOOMTHbBIE paTuKa-
JIBI TIOBPEXKAAIOT TEHETUYECKUIT MaTepurall, 0EJIKOBbIE MOJICKYJIbI, JIMITUAHBIC MOJICKYJIbI
meMOpaH [71—74]. OCHOBOW MUTOXOHIPUAIBHON IUCHYHKIIMU CIIyXaT HapyIIeHUs
TpaHCTIOPTa 3JIEKTPOHOB 3JIEKTPOHOTPAHCIIOPTHOI 1IeTIM, CHUKEHUE YTUIU3aIUM TIII0-
KO3bI M CHIDKEHHE SKCIIpeccru 6eJIKOB KoMIuiekca nmuToxpom C-okcupnassl 1, 11, 111 [75].
JpyruM cOGBITHEM CTAHOBUTCSI OTIIOXEHHUE GeTkoB (B-amuonaa, HeipohruIaMeHTHBIX
OEKOB M Ol-CUHYKJIEMHA) BIOJb BCETo OEJI0TO BEIIECTBA 1 B IPYTMX KOMITAPTMEHTAX I10-
PaxkeHHOro MO3Ta, 4To ellie pa3 noarsepxkaaeT poiab YMT Kak ¢pakTopa prcka B pa3Bu-
t™in BA v mapkuHcoHusMa [76].

XpoHuyeckasl TpaBMaTuuecKkasl aHuedanonatusi, COnpoBoxaaemas TaynaTueit, atpo-
(bUYECKUMU U3MEHEHUSIMU B JIOOHOI Y BUCOYHOM TOJISIX U aKCOHOMATUEM, Oblia 3aperu-
CTpYpOBaHa y cOlAaT U CHOPTCMEHOB, Yeil COPT ObLT CBSI3aH C TpaBMaTU3aleid TOJTOBBI
[77]. Taynatuu u akkymyssinust 6eika TDP-43, Hapsiny ¢ akkymyssinueil B-amutona,
SIBJISTFOTCSI BAXKHEUIIIMMU COOBITUSIMU B ITAaTOTeHEe3¢e HelipoJereHepaTUBHBIX PACCTPOMCTB
BA. 3e6pamaHmno, 3KCIIpeccUpylollie MyTaHTHYIO (opMy tau-0eiKa, IeMOHCTPUPYIOT
BCE TaTOJIOTUYECKHE OCOOEHHOCTU TaylaTUuX Ha TMOBEAEHUYECKOM, TKAHEBOM U KJIETOU-
HOoM ypoBHsX [78]. Mcmonb3ys yabTpa3ByKOBYIO YCTAaHOBKY (CM. BBIIIE) IJisI BbI3OBa
YMT y 3ebpanaHuo, MokKazaHo, UTO B MO3Te PhIO MOBBIIIAIOTCS COIEepKaHUE Kacnas3bl-3,
NF160 (HeiipoduiameHTa, 00eCNEYMBAIONIETO CTPYKTYPHYIO TOMIEPXKKY aKCOHOB),
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MUKPOTPY6oukoBoro B-111 TyGynunHa (IMTOCKENETHOTO OeNKa, 3a1eiCTBOBAHHOTO B aK-
COHAJIbHOM POCTE M TPAHCHOPTe) B 30HE aKCOHAJIbHOTO OTeKa W JASCTPYKIUU, a TaKXkKe
HakoruieHue B-amuiouna [13].

Haxkomnenue BHexiieTouHoro riayramara mpu YMT Bo3HMKaeT Kak CIIeICTBUE CHUKE-
Hus akcapeccun ero tpaHcrmoptepoB (GLT-1, GLAST) B acTpornuTax, HapylIeHUST MX
paboTsl (Ha oHe cHIKeHus rpagueHTa noHoB Nat/K™), a Taxke ycimeHHOTo BBICBO-
OOXIeHUsI TJlyTaMaTa M3 aKCOHAJIbHBIX TepMHMHAaJIeil BO BHEKJIETOYHOE ITPOCTPAHCTBO.
Tunepcrumynsiuss noHorponHblx NMDA-pelienTopoB IiiyraMaTta NpUBOAMIA K YCHU-
JIEHHOMY (WUJTH JaXe GeCKOHTPOIbHOMY) MOCTYIUIeHMIO noHOB Ca?t BHYTpb KJIETKH U
9KCAUTOTOKCUUHOCTU. Takke HEPOTOKCUYHOCTb MOKET OCYILECTBIISITbCSI U Yepe3 Me-
TaboTponHkle peuentopbl rimyTamata (mGIluR 1-8), B utore dopMupyst oTek, alumgo3
KJIETKHA, OKCUIATUBHEIN CcTpecc W Ba3ocmnasM. JIaHHBIM KacKag MMEET MOJOKUTEIbHYIO
00paTHYIO CBSI3b, a CJIEIOBATEIbHO, CKIIOHEH K (DOPMUPOBAHUIO ITIOPOYHOTO KPYyra 1 BO-
BJICUEHMIO BCe 0OJIbllIero oobeMa nopaxeHus Tkanu [79, 80]. Ha nnuuHkax 3e6pagaHuo
nokaszaHo, yTo MK-801 u nHruéburop KanprnanHa MDL-28170 ynay4iiamoT JIOKOMOTOP-
HYI0 YHKIMIO PbIO, CBUACTEIBCTBYSI 00 3KCAWTOTOKCMYHOCTH KaK O 3HAYUMOM COOBI-
TUM B TIATOTeHEe3¢ BTOPUIHOTO MOBpeXAecHU TKaHu Mo3ra npu UMT [81].

4. Omek mo3zea

I'maBHBIE KOHIIENITyaJlbHbIE MPEACTaBIEHUSI O poJiu oTeka Mo3ra npu UYMT Havanu
pa3BuBaThc elle B cepenrHe 20 BeKa, Korjaa OTeK MO3Ta ObLI MoJeJeH Ha IMTOTOKCUYe-
CKMIi ¥ Ba3oreHHbIi roatunsl [82]. B knuHuveckoit kaptuHe YMT 3a 30HOI TpaBMaTH-
YECKOTO MOPaXEeHUs cpasy clelyeT 30Ha NepudoKaIbHOro 0TeKa Mo3ra, KOTopasi MOXeT
pacuIMpsATHCS Ha BCe MOyILIapue U KOMIIPUMHUPOBATh BECh MO3T, UTO MOXET CTaTh MPU-
YMHOM KOMEIL. Pa3BuBaeTcst orek Mo3ra B niepBhie 24 4 mociie YMT. B 30He TpaBMaTnye-
CKOTO MOpakeHus1 HaOII0AaeTCsl paHEBOM KaHall MU o4Yar KOHTY3UM (HEKPO3 U 1eCTPYK-
LIMsI TKAHW) C TeMopparnyeckou TpaHchopMalmeit B aToli 30He. Jlajgee cieayioT opraHu-
3al1si COAEPKUMOTO 30HBI MOPaXXeHUsI 1 0Opa3oBaHUe MMajibHOro pyoua. Yepes 48 u B
30HE OTeKa MOSIBJISIOTCS Makpodaru. B 6eoM BeliecTBe MOSIBISIIOTCS y4acTKU OTeKa B
BUIE BaKyoJiell, a B 00J1aCTU HEMPOTIWIISI HAOIIONAIOTCSI peaKTUBHbIE acTpoUThI. Jlonro-
CPOYHBIi OTEK (HECKOJIBKO MECSIIEB) BEIET K MEPUBACKYISIPHOMY MOSIBIECHUIO KPYITHBIX,
pa30yX1InX peaKTUBHBIX aCTPOLIMTOB — reMuctoliMToB. HelipoHodarusi pazsruBaercs Ha
12-i1—24-i1 yac mocine YMT, Ha 24-11—48-i1 yac pa3BUBaeTCs OTEK U pa3dyxaHue aKCOHOB
BOKPYT' MOpaXkeHUsl M JaXe Ha OTAaJieHUU (aHaJIOTUYHO ITUddY3HOMY aKCOHATbHOMY
moBpexneHnio). Ha 5-ii—6-if Mecsiibl pa3BuBaeTcsl oTeK (pa3dyxaHue) U JdeTeHepariust
HelipoHoB [83].

OTek Mo3ra CIoCcOOCTBYET AeMUETMHU3AINM, TEM CaMBIM yCYTyOJIsis HelipoaereHepa-
nuio [84]. IloBpexnenue ['Db sBisieTcss 0OCHOBHOI MPUYMHOI HAKOIUIEHUSI KMIKOCTU B
MEXKJIETOYHOM TKaHU U KaK CJISICTBUE — YBeJIUYeHUsT o0beMa Mo3ra [85].

B 2000-x rogax B CTpYKTYpy KOHIICIIIMI MaToreHe3a OTeKa BXOMAT IIPEACTABICHUS O
KOJIMYECTBEHHBIX U (hYHKIIMOHAJIBHBIX M3MEHEHUSIX CO CTOPOHBI MOHHBIX KaHajaax W
0€JIKOB TUIOTHBIX MEXKJIETOUHBIX coeanHeHuil I'DbB. Tak, moBBIIEHHAsT 3KCHPECCUS
Oesika akBarioprHa 4 (AQP4) B acTpounTax nepuuIneMU3MpOBaHHOMN 30HbI, STIEHIANMO-
LIUTaX SIBJISIETCS MMAaTOreHETUYECKUM (PAaKTOPOM Ba3oreHHoro oreka [86]. Boma, cBobo-
HbIE MOHBI U OEJIKY TIJIa3Mbl MO/ AEMCTBUEM TMIPABINYECKOTO MaBJICHUs] BHYTPU Karui-
JISIDOB, @ TAKXK€ OCMOTUUYECKOTO U OHKOTUYECKOTO IPaJIMeHTOB JaBJICHUI MOIBEPraloTCs
TpaHCCYAALIMK U3 MIPOCBETA COCYAAa B MEXKJIETOUHOE ITPOCTPaHCTBO [86—88].

OtMmeuvaeTtcs Takke 3HauMMOocTh SUR1-perienTopoB B maroreHe3e MUTOTOKCUYECKOTO
oreka npu YMT, Tak Kak akKTUBallMU 3TUX KaHAJOB CIIOCOOCTBYET MCTOIIEHUE 3aI1acoB
AT® BHYTpHU KJIETKHU, a pe3yJIbTaTOM UX aKTUBALIMU CTAHOBUTCSI HEKOHTPOJUPYEMOE O~
CTyILJIEHWEe UOHOB U BOJbI BHYTPb KJIeTKHU. DKcrpeccupytorcsi SUR1-petienTopsl B act-



MOJIEJIN YEPETTHO-MO3T'OBOW TPABMBbI V 3EBPAIIAHUO 1067

pouunTax, HeiipoHax U kanuuispax [89]. Dunorennanbubiit Ca’-kanan TRPV4 takxke
3a7eiiCTBOBAH B KacKale OoTeKa 1M dKCCyIallMu Maa3Mbl B MHTepcTulMii. Ero aktupa-
LUSI MPUBOAUT K CHMXKEHHUIO 3KCIIPECCUU MOJIEKYJ MEXKJIETOUYHBIX COEIUHEHUM
(claudin-1, -3, -4, -5, -7 u -8) Ha 3HOOTEJIUAILHBIX KJIETKaX, YTO CIYXKUT ellle OTHUM
dakTOopoM pa3BuTHUS Ba3oreHHOro oreka [90]. YcraHoBneHa noBelllIeHHAs] SKCIPeCCUst
AQP4 B acTporurax Kak MpUYMHA IIMTOTOKCUYECKOTO OTEKa: Yepe3 BOAHbII KaHall, KO-
TOpBIK 0Opa3yeT NaHHBII OeJIOK B MeMOpaHe, BHYTPb aCTPOLIMTOB YCTPEMJISIIOTCSI KOM-
MOHEHTHI TJ1a3Mbl (Boda, MOHBI U Oenku) [91]. Ha mpumepe mMoaenu runeprivkeMuun
KpBIC YCTAHOBJIEHO, YTO YCUJIEHUE eTpataliiu Oejlka OKKJIIOAMHA BEAET K HapacTaHUIO
oreka [92]. OmnpeneneHa 3HAYMMOCTb TTPOBOCTIAJIMTEIbHBIX [IUTOKMHOB B 30HE MOBpe-
xnenust (MJI-1, -6, ®HO-o) mist ycwneHnust akcnpeccnu 6enka AQP4. Kak ykazaHHO
BBILIE, ycuJIeHHas skcnpeccuss AQP4 sBisieTcs MONEKYIIpHBIM MapKepoM OTeKa, Mo~
YepKMBas B3aMMOCBSI3b HelipoBocTiasieHUs1 U oTeka Moara [93]. Ha monenu YMT y kprbic
TakKe MpoBeAcHa OlieHKa IpoHuaeMoctu 'DbB, ero cTpyKTypHOIt 1IEJIOCTHOCTU M 3KC-
npeccun OeIKOB MEXKJIETOYHBIX COeAMHEHMI (OKKIOAWH, KiaaynuH-5, Z0-1). Dkc-
npeccusi 0eJIKOB MEXKJIETOUHbIX coenuHeHuii nociie YMT Obuia 3aMEeTHO HUXE, YEM B
KOHTPOJILHOM rpyIine, a npoHuiiaeMocTh I' Db 1 otek mo3ra — Beimie [94].

HecomHeHnHo, matoreHe3sl YMT u nepedpanbHOii MILIEMUU BO MHOro cxogHbl. Ho B
OTJIMYME OT ULIeMUUYeCcKOTo roBpexacHust npu YMT npoucxoauT oMTHOMOMEHTHOE BO3-
neiicTBe MeXaHWUYeCcKOoTo (hakTopa WM CUJIbl YCKOpeHUs. B pe3ysibraTte BO3HUKAET Ol -
HOMOMEHTHOE MEeXaHWYeCKOoe pa3pyllieHue TKaH! WU TIepBUYHOE TPaBMaTU4YECKOe T0-
BpexneHue. B 30He mopaxkeHust pa3pyiialoTcss MeMOpaHbl KJIETOK M CTEHKU COCYOB, a
TakXe BO3HUKAIOT pa3pbiBbl aKCOHOB. [locienHee 0cOOGEHHO XapaKTepHO [JIsi BO3IEii-
CTBUSI CUJIbI YCKOPEeHMSsI. Bech 3TOT KOMIUIEKC U3MEHEHMI TIPU TpaBMaTUUECKOM TOpa-
KeHUU HabsrogaeTcsl 32 MrHoBeHue. [1pu nieMusanu HapacTaeT 1eULIUT SHEePTreTH -
YeCcKOro cyocTpara, MECTHbBIIT METabOIMYeCcKUii allua03 1 MOHHbIe HapyleHusl. Hekpos
B 30HE pa3BUBAETCS JIUIIb HECKOJIbKO MUHYT citycTsa. OgHaKO YyCTAaHOBJIEHO, YTO uepes
HEKOTOpO€E BpEMSI B TIEpUTPABMATUYECKOI 30HE (MMeHyMOpe) pa3BUBaeTCs UIIEMUSI, 3TO
MO3BOJISIET HAM TOBOPHUTH O MOCJeAHe Kak 00 OHOM U3 MEXaHU3MOB BTOPMYHOTO TO-
BpEXKIeHUSI TKaHM [95].

TEPAIIWA YMT ¥V BEBPAJTIAHUO

Bo03MOXHOCTb pEKOHCTPYKLIMU CTPYKTYPbI OBPEXIEHHON TKAHU U3yYeHa Ha MOEJIU
urnoBoit YMT y 3e6panaHuo, B KOTOpoii ppidaM B MECTO MOBPEXICHUS B BUIIE TUAPOTe-
JIEBOI CMeCH BBOJWJICSI HAHOTIENTUIHBIN KapKac 1J1s1 00JierYeHrsl aHTUOTeHe3a U Heitpo-
renesa. Hanonentun RADA16-SVVYGLR niperepnieBan caMocOOpKy, 00pa3yst CETU Ha-
HOG(UOPWILI, KOTOPbIE KOHTPOJIMPOBAIN (PU3UKO-XUMUYECKHE (haKTOPbl MUKPOCPEbl B
30He nopaxeHus (pH, MOHHEBII cocTaB), M TaKOM KapKac ITOAAePXKNUBAJI SHIOTEIMOLIM -
Thl, 00pa3ysl TpyO4yaTyo CTPYKTYpYy M OOJeryasi aHrMoreHe3 U MUIpalluio HelpaabHbIX
CTBOJIOBBIX KJIETOK [96]. pyrast mogo6Hast METOAMKA OCHOBBIBAJIACh HAa TPEXMEPHOIA I1e-
YyaTu, TIpU KOTOPOM HelipOHaJIbHbIE KJIETKU-TIPEIIIECTBEHHUKHN TTOrPYXKalTCs B TUAPO-
rejib, KOTOPBIM pacrevyaThiBaeTCs U BCTPAaUBaeTCsl B TOJIOBHOM MO3T PbIO, CIIOCOOCTBYS
HelipoHanibHOMY pocTy U pereHepauuu LIHC nmocie UMT [97].

Hcnonbzyemoe B njedyeHUn BA n mapkuHcoHu3ma BeilectBo Cytidine 5'-Diphospho-
choline (CDP-choline) npoaeMOHCTpUPOBaIO IIMPOKUIA CIIEKTP TepaneBTUYECKOI aKk-
TUBHOCTU Ha Moaenu UYMT, unnyunpyemoil y TMIMHOK 3e0palaHO METOIOM BBEIECHUS
WUTJIBl B JOP3JIBHYIO YaCTh MPaBOM CTOPOHBI 3a1HEr0 Mo3ra. JlaHHbBIl Tipenapat UHIy11-
POBaJl YMEPEHHYIO 9KCIIPECCUIO TIPOBOCATIUTEIbHBIX U TIPOTUBOBOCITAIMTEIbHBIX LIMTO-
KMHOB B 30HE MOPaXEHUs, YTO CTUMYJIMPOBATIO MUTPALIMIO MUKPOIIUAJIbHBIX KJIETOK B
9Ty 30HY W aKKyMVJISILIMIO B Heil. AKTMBUPOBAaHHbIE MMKPOIJIMAJIbHBIE KIIETKU OCY-
LLIECTBJISUTM KJIIMPEHC B 30HE IMOPa)KeHUs, a MPOTUBOBOCTIAJIUTEIbHBIE IIMTOKUHBI CITO-
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COOCTBOBaJIM CHUXXEHUIO BOCITAJICHUSI U TIpolieccaM HeilpopereHepaluy B MOpaxkKeHHOi
00J1aCcTH, TaKKe MOoJaBIsIs HelipoanonTos [96].

HakoHer11, onpenefieHHbIEe HAASXKIbl BO3JIaraloTCs Ha CTBOJIOBBIE KJIIETOYHBIE TEXHOJIO-
MU B chepe pereHepaTuBHOM MeauIIMHBL. OMHUM 13 BO3MOXHBIX HaIpaBIeHU paboThI
B OTOI cpene — 3TO MepUBaCKY/ISIpHbIC KJIETKM ImynoyHoro Tsoka. Ha mogenn UMT, uH-
NYLUMPOBAHHOI yJIBTPa3BYKOM Yy 3e0pagaHuO, MOKa3aHO, UYTO IMOACanKa JaHHBIX KJIETOK
yJIy4lIaeT rnokasaTer JOKOMOTOPHOM aKTUBHOCTU M CHUKAeT TPEBOXHOE MOBEICHUE,
acTporiano3 u anornro3s [97].

COITOCTABIJIIEHME 3EBPAJAHNO 1 I'PBI3SYHOB
KAK MOAEJBbHbBIX OPTAHN3MOB

Ha ceropasamamii neHb MOAEIb JIaTepaJIbHOTO TuApoauHaMmdeckoro yaapa (LFP) Ha
TPBI3yHAaX SIBJISIETCS KJlacCUUecKol. [JaHHBIII MeTOo MO3BOJSIET CMOJEINPOBATh CTPYK-
TypHO-(YHKIIMOHAJIbHBIE, MMOBEIEHUYECKUE U HEBPOJIOTUUECKME U3MEHEHMSI, aHAJIOTUY -
Hble HaOJIIOAAaEMBbIM B KJIMHUYECKOW MpakTuke. JlaHHBII MeToJ MO3BOJSIET BHIOUPATh
yroJj, CUJIy M TOUYKY MpuiaoxeHus BozaeiictBust [98, 99]. B pabore Shalini Das Gupta u
COAaBT. TMPOJEMOHCTPUPOBaHA BO3MOXHOCTb HCIOJb30BaHUsT MUKpOoPHK (miR-9-3p,
miR-136-3p) kak mapkepoB UMT, npu 3TOM KOHIEHTpAIMs JaHHBIX MapKEePOB B IJIa3-
Me MOBBIIAIACH KaK CPeaU MAlMEeHTOB, TaK U CPEIU TPYIIbl TPABMUPOBAHHBIX XKMBOT-
HBIX [100]. C mmomMompio 3TOro MeToma 3KCIIEPMMEHTAIbHO Oblla BBI3BAaHA SIIMJICHTH-
dopmHas DOI-aKTUBHOCTD Y JKMBOTHBIX, KOTOPasi COOTBETCTBOBajIa TAKOBOU y MalleH-
ToB nocie YMT no maHHBIM MeToaa 3jekTpokoptukorpacduu [101]. Dro mokasbiBaeT
BasiuaHOCTb Moaeau LFP st ipsimoii nByHanpaBieHHO TPaHCISIIUU B KIUHUKY.

Mopnens uHnyunpyemoii yaprpazsykoM UYMT y 3a0pagaHro TakKe MO3BOJISIET MEHSITh
YTOJI, TOUYKY TIPMJIOKEHUS U cuity BosneiicTBus [13]. Ha Momenu yibpTpa3ByK-MHIYLIIPYe-
moit UMT y 3e6pamaHno ObuIa yCIeTHO BhI3BaHa anwienTudopmHasg DD -akKTUBHOCTD,
3anycaHHas ¢ MOBEpPXHOCTH Mo3ra peiObl [102]. Cnenndudyeckrie MoBeIeHYECKME TECThI
MO3BOJISIIOT OLIEHUTh (hYHKIIMOHAJIbHbIE U3MEHEHMSI B pabOTEe rOJIOBHOTO MO3ra KMBOT-
HOTO MyTeM CKPMHMHTA TaKWX MapaMeTpoB KaK JBUTraTe/bHasi aKTUBHOCTb, TIPOCTPaH-
CTBEHHAsI MaMsTh, TPEBOXHOCTE [14]. Takum ob6pa3om, 3eOpamaHNIO TaKXKe MOXET IIpe-
TeHI0BaTh Ha 3BaHUE BaMaHOU Moaenu YMT mist mpsiMoit nByHanpaBieHHOM TpaHCIsI-
1LIMU B KJIMHUKY.

OTJINYUTESIBHOM OCOOEHHOCThIO, OTPAHUUMBAIOIIIEH MPSIMbIE TPAHCISIIMOHHBIE BO3-
MOXHOCTH 3e0pafgaHuo, SIBJISIETCS MeHee yeTKasl nuddepeHIMpoBKa Mo3ra Ha OTIEJIbI
MO CpaBHEHMUIO ¢ MiekonuTaronMu. OMHAKO BCe K€ CYIIeCTBYET JOCTaTOYHAas sl MO-
JIEKYJISIPHO-KJIETOYHBIX MCCJIEIOBAHUI TOMOJIOTUSI MEXIY UMEIOIIMMUCS CTPYKTypaMu
TOJIOBHOTO MO3Ta 3e0pagaHuo U MJeKoIuMTaomux. Tak, cyonaaeyMm sIBIsIeTCs TOMO-
JIOTOM CTpMAapHBIX 00pa30BaHM Y MJIICKOMUTAIOINX, a JOP3aJIbHBIN TajeyM — TMII-
nokamma [103]. TToMmuMmo TOro, B CUJy BHICOKOM pEereHepaTOpHOIl CIOCOOHOCTU HE
BO3HUKAET YETKO KapTUHBI OTIAJICHHBIX MOCJIEACTBUIA BTOPUUYHOTIO TPaBMAaTUYECKOTO
TMOBPEXIEHNS MO3ra, TAKMX KaK TJIMaJIbHbINA py0ell, rubenb HelipoHOoB. [1pu aToM nMeH-
HO BTOPMYHOE TPaBMaTUUYECKOE MOBPEXIEHNE COCTABISIET OCHOBY CTOMKOTO HEBPOJIOTH -
yecKoro neduliuTa y nmaiuueHTOB.

3AKJIIOYEHHME

CoBpeMeHHbIE TPEeHIbI B TPAHCIISILIMOHHON OMOMEIUIIMHE CTaBAT B IPUOPUTET 33124y
KOPPEKTHOTO Moa00opa MOAEIbHOTO opraHusma. [Ipu 3ToM HE0O6XOAMMO TIPUHUMATh BO
BHUMaHUeE pacxo] (DMHAHCOBBIX CPEACTB Ha MPUOOPETEHUE U COMIeP>KaHUE XXUBOTHOTO,
€ro aHaToMO-(U3UOJOTMYECKE OCOOEHHOCTU, KOPPEKTHOCTb TPAHC/SILIMM ITOJyYeH-
HBIX PE3YJbTATOB C MOJIECJIBHOTO XXMBOTHOIO Ha YEJIOBEKA, MOJIEKYJISIPHO-TEHETUUECKUE
OCOOEHHOCTU BHUJIA, a TAKXKE OMOATUUYECKUE ACIMEKThl paboThI in vivo. Kak MoaenabHbINi
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Ta6auua 2. OToenbHbIC OTKPBITHIE BOMPOChl MoaeaupoBaHust UMT y peio

Kak pemmrs mpo6iieMy HeTOCTaATOYHON KOPPEIISIUS MEXIY 30HOM TTOpaXkKeHUsT M BUAMMOM KITH-
HUYECKOM KapTUHOM?

KakuM metomom Jrydiiie Bcero moaeanupoBatb YMT y peio?

Kaxk npoBecTH cBsI3b MEXIY IMOBEACHYECKMMHU TECTAMU U KJIMHUYECKO# KapTuHoit YUMT?

B kakoii o6J1acTi Mo3ra JIydiiie co3aaBaTh 001aCTh MOPaXKeHUsI?

Biusier v Ha pasButue YMT Bun aHecre3uun?

KakoBo onrumaibHOe BpPEMA SKCIIO3ULIMU B paCTBOPEC aHecTeTHKa?

KakoBbl TpUYMHBI UHAMBUAYAIbHBIX pa3andyuii y pei6o npu BeizoBe YMT? KakoBa JieTaabHOCTD
pasHbIx Moneseit YMT u ee mpuumHbI?

KakoBa BpeMeHHasl IMHaM1Ka TeUeHMs TPOLECCOB HEMPOBOCIIaIeHUSs, HeiipoaereHepaluu, oTe-
Ka 1 HeiipopereHepauuu?

KaxkoBbl reHOMHBIe 0TBeThI Ipu YMT? UrparoT in poJib sNureHeTHYecKue (hakTophl B MaTOreHe3¢e
UMmT?

KakoBbl onTUMaIbHbIC MOOXOBI K Tepanuu npu pasHbix Mmoaensix YMT y 3e6panaHno?

KaxkoBa poJib mpoliieccoB HeiipoBocTajeHUsI, OTeKa, HelipoaereHepaluu, HeiipopereHepaluu B
M3MEHEHMSIX TTOBEACHUSI U KOTHUTUBHBIX GYHKIUI y pbIO?

KakoBa poib aktuBaumy M1- 1 M2-MUKpOIJIMK B HEHpOBOCTIAJICHUH HAa MOJIEJISIX 3e0pamaHuo?
KaxkoBa posib Al- 1 A2-MOATUITOB aCTPOLIMTOB B TaHHBIX ITpolieccax?

HackosibKo KOppeKTHa TpaHC/ISILUsI pe3yJIbTaTOB UCCIIeNOBaHUI HEMPOBOCIIaJIeHUSsI, Heiipoere-
Hepaluu, oreka ¢ Moaeieit UMT 3e6pagaHuo Ha yesloBeKa?

Kak noBiusieT moBbIlIeHHBIN MOTeHLIMA K HeiipopereHepaluu y 3e6paTaHno Ha KOPPEKTHOCTh
TPaHCJSLUMM PE3YJIbTaTOB UCCIEIOBAHUIA TaHHOTO Mpoliecca Ha yesoBeKa?

KakoBbl 0COGEHHOCTH LIMTOKMHOBOTO CIIEKTPa HEMPOBOCITAJIEHUST Y PbIO?

Kakoit meton nnaykuuu YMT Ha Moaenu 3e6pagaHuo HauboJjiee ONTUMAaICH IS U3yYeHUsT TPpo-
1IeCCOB HelipoBOCIIaJIeHUsI, OTeKa, HeiipoaereHepaluu, HeiipopereHepauu?

Cyl1eCTBYIOT JIU INHEIHbIE, IIOJIOBbIE I BO3pACTHBIC 0COOeHHOCTH pa3BuThs UMT y 3e6pagaHuno?

Kak crpecc BiuseT Ha TMHaMUKY naToreHe3a (1 BocctaHoBneHus) ipu YMT y 3e6pamanno?

Kakue ¢pusnonornyeckue (3HIOKpHUHHbBIC) ¥ GroxuMmmdeckre ornomapkepbl YMT y 3ebpanaHuo?

OpraHm3M 3e0pagaHuo o0JamaeT PSMOM HEOCIIOPUMBIX MPEeUMYIIeCTB. bonbinoe Kojm-
4YeCTBO pa3pabOTaHHBIX MOBEAEHUYECKUX TECTOB U METOIUK PAOOThI C TEHOMOM, XOpolLlast
BO3MOXHOCTb TPAHCJISILIMU PE3YJIbTATOB MOJIEKYJISIPHO-TEHETUYECKUX U AaXKe MOBENeH-
YECKMX UCCIIENOBAHUI Ha YEJI0BEKa, BBICOKASI PEreHEpaTOpHas ClTOCOOHOCTh, OM03TUYE-
cKasl TO3BOJICHHOCTh B COYETAHUM C OTHOCUTEILHO HEOOJIBITUMU 3aTpaTaMu Ha Colep-
JKaHUWE NIeJIAlOT JaHHBIM MOJAEIbHBIN OpraHu3M KpaliHe aKTyaJbHBIM IJISI OOJIbITMHCTBA
TMEPCINEKTUBHBIX HAMpaBJIeHUl B COBPEMEHHBIX McchenoBaHusx. Kak Oblio mokazaHo
BhILIE, MoaearpoBaHnue YMT He cTano MCKIIOYEeHHEM M3 3TOro TpeHaa. 3ed0pagaHuo siB-
JISIETCSl ONTUMAJIbHBIM OPTaHU3MOM [UISl MCCIIENOBAHUIN TOHKUX MOJIEKYJISIPHO-TEHEeTUYe-
CKHUX Y KJIETOYHBIX MEXaHU3MOB natoreHe3a YMT, B yacTHOCTH, MEXaHM3MOB HelipopereHe-
pailuy, MoMCcKa MOJIEKYISIDHBIX MUIeHeN Wi Tepanuu. [1aBHasi 1ieib, KOTOpasi MOXeT
OBITh IOCTUTHYTA C TIOMOIIIBIO 3e0pagaHrO — 3TO pa3paboTKa TepareBTUYECKUX MOIXOI0B,
HarpaBJIeHHbIX Ha YCUJIEHE BOCCTAHOBUTEIbHBIX BO3MOXHOCTE MO3ra y MaliueHTOB.
CylecTBYyeT MHOTO OTKPBITBIX BOMIPOCOB (TabJl. 2), KOTOPbIE TOJbKO MPEACTOUT pe-
T ¢ ucnojab3oBaHueM Moneneir YMT Ha 3eOpamanro. Hanmpumep, BaxXHbIM HOBBIM
HamnpasjieHueM B Monesmposann UYMT y 3e6pagaHno MOXET CTaTh BBISIBJIEHUE KOppe-
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JIILMOHHOM CBSI3U MEXIY JoKajau3auuen TpaBMbI 1 MAaTTCPHAMU MOJICKYJISAPHBIX U ITOBC-
JCHYCCKUX I/ISMCHCHI/Iﬁ, YTO ITO3BOJIUT YCTAHOBUTH B3aUMOCBA3b KJIWHUYECKOM KapTUHBI
C KOHKPETHBIMU MOJICKYJIAPHBIMN (l)aKTopaMI/I, KOTOpBI€, B CBOIO O4YE€PEAb, MOI'YT CTaTb
MMUILEHBIO IS IaTOT€HETUYECKOMN TCpalinu.
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In modern medicine, there is an increased interest in the study of the pathogenesis of
traumatic brain injury (TBI). This is dictated primarily by the high level of hospitaliza-
tions of patients with this pathology, high mortality, as well as imperfect methods of su-
pervision. To achieve a more in-depth understanding of the pathogenesis of TBI, it is
necessary to correctly design the experiment, which in turn begins with the correct selec-
tion of an animal model. The zebrafish is considered as a promising organism for studies
of molecular events underlying the pathogenesis of TBI. Its advantages as a model or-
ganism include a high degree of genetic homology with humans, a relatively low cost,
and a high neuroregenerative potential. The pathogenesis of TBI includes a number of
processes: primary traumatic injury, neuroinflammation, neurodegeneration, cerebral
edema, and neuroregeneration. To date, many of the most important events of the
above-mentioned processes have already been established in rodent models. However,
the molecular processes of TBI pathogenesis largely remain a mystery to our under-
standing. This review discusses the experimental models of TBI in zebrafish, their ad-
vantages and disadvantages in relation to other model organisms. The review also pro-
vides summary data on the pathophysiology and molecular biology of each of the patho-
genetic processes of TBI. A number of examples of experimental therapy of TBI in
zebrafish are given, reflecting the progress in this area. A conclusion is made about the
prospects of using zebrafish as a model object for studies of the pathogenesis of TBI.

Keywords: neuroinflammation, neurodegeneration, neuroregeneration, cerebral edema,
traumatic brain injury, zebrafish, traumatic brain injury therapy
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