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OnHoit u3 Hambosee ySI3BUMBIX K TUTIOKCUY CTPYKTYpP MO3Ta SIBJIsieTcsl rurninokamil. [TonaepxxaHue myna Kie-
TOK HEMPOTeHHOW HUIIU B cyOTpaHy/sipHOil 30He rurnnokamria (SGZ) obGecrieynBaercsl ananTalliOHHBIMU
MeXaHU3MaMM, Cpel KOTOPbIX — M3MeHeHue (hyHKIIMOHUPOBAHUSI KOMITJIEKCOB BbIXaTeIbHOM 1T MUTO-
XOHIPUi1 U peaklusi aCTpOIIMU, oOecIieurBalolleil MeTaboJIMYecKyo MonaepkKy HeitpoHoB. C 1ie/iblo n3yye-
HUsI AMHAMUKY aJanTallMOHHBIX U3MEHEHU I HEMPOHOB U NIMU B 3y0UaTOit M3BUJIMHE TUIIIIOKAMIIa B YCJIOBU-
SIX THTIOKCUM Ha MOJIEJIN TIeproandecKoi runobapuyeckoit rurtokcuu (5000 M, sksuBaieHtHo 10.5% O,), npu
omHOKpaTHOM (60 MUH) 1 MHOTroKpaTHOM (8 1 20 31K13010B) BO3ACHCTBUM Y HU3KOYCTOMYUBBIX KPBIC UMMY-
HOMOP®OJIOTUYECKMMHU METOIAMM BBISIBJISIIA OCOOEHHOCTH JIOKAIU3alUM U collepKaHust Komruiekca [V nbr-
xarteJibHO 11eru MutoxoHapuit (MTCO1), MapKepHBIX aCTPOLIMTaAPHBIX O€IKOB: yTamMmuHcuHTeTa3bl (GS) u
GFAP, a takke nabnkoptuna (DCX) — mapkepa He3peJibIX HeitpoHOB. [Ipu 0qHOKpaTHOM r'MIMTOKCHUY 3HAYMMO
noBkbIanock conepxkanue MTCO1 B HelipoHax, a TPy BOCbMUKPAaTHOM BO3IEMCTBUN YBEINYMBAIOCH KOJIM -
yecTBO IyraMuHcuHTeTa3bl (GS) B acTpoiMrax 3ydouaroit U3BWIMHBI runokamna. M3MeHeHus: conepxxaHust
GS 6b111 HauboJiee BIpaKeHbl B OTPOCTKAX aCTPOLIUTOB, YTO TOBOPUT O nepepacrpenesieHun GS npu rumno-
kcun. KommuectBo DCX+ HelipoHoB B SGZ 3HAYMMO CHIKAJIOCH ITociie 20 3130108 TUIIOKCUH, IIPY 3TOM B
noauMopdHoM ciioe ooHapyxuBanuch DCX+ kieTku rraabHoi Mmopdoioruu, a okpamuBanue Ha GFAP
MOKa3aJjo yBeJIMYeHUEe KOJIMYEeCTBa aCTPOLIMTOB B OJIMMOP(MHOM CJIOE, UTO MOXKET ObITh CBSI3aHO B TOM YHCJIE
CO CMellleHUeM HanpapyieHUs1 IuddepeHIMPOBKU KJIETOK HEMPOreHHOW HUullii. TakuM oOpa3om, Mpu rumno-
keuu B SGZ rumnrokammna Ha HadaJlbHOM 3Talle MPOMCXOIUT MHTeHCUGUKALIMS pabOThl AbIXaTeIbHON LIeTn
HEHPOHOB 3€PHUCTOTO CJIOS C MOCJenyIolleil akTuBalueil acTpOIIUTOB, MOAYJIUPYIOIINX OOMEH IIyTamara.
Hanuuume B3aMMOCBSI3M MeXIy TMHAMUKON aganTallMOHHbBIX peakluili SHeproooMeHa B HEipOHax U MINU U
U3MEHEeHUsIMU HeliporeHe3a nociie 20 3M13010B TMIOKCUN MO3BOJISIET MPENNOJIOXKUTh, YTO TTPU MHOTOKpAT-
HOI TUTIOKCUU MPOUCXOIUT CABUT A depeHIMPOBKU HellpalbHBIX TpenaiiecTBeHHUKOB SGZ B HarpasJe-
HUM acTPOIIMU, OMHAKO, 3TOT BOMPOC TPeOyeT majbHeilllero udydeHus: 1jsl 6ojee TOUYHOTO OIpeneaeHMs
npupoabl DCX+ KiteTok.
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BBEAEHWE

YyBCTBUTENBHOCTb HEPBHOM TKAHU K TUTIOKCUYECKO-
MY BO3IEUCTBUIO OOYCIOBJIEHA €€ BICOKOM 9HEPro3aBu-
cuMocTbio. [Ipy 5TOM OmHOM M3 Hamboee YSI3BUMBIX K
TUIMOKCUN CTPYKTYp MO3ra sBJISIeTCS TMIIokamm [1].
IMocnenHuit urpaer KIIOYEBYIO POJIb B KOTHUTUBHBIX
npoieccax M MNPOSIBISIET BBICOKYID CHOCOOHOCTh K
aJanTalyy U IMHAMUYECKOM CTPYKTYPHOI peopraHu-
3allMM HEHPOHHBIX CeTeil, B TOM 4Yucje, Oiaromaps
HelporeHesy, IMPOTEKAIOIIEMy B 3yO0uaToii m3BMimHe [2].

HeitporeHHasi Hullla cyOrpaHyJsspHOi 30HbBI TUM-
MMOKaMIla OTIMYAeTCsI OCOOEHHOCTSIMU HEUPOIIMAIIb-
HBIX M HEHPOBACKYJISIPHBIX B3auMonaencTeuii [3, 4],
ONpeAesIoIMMU CNIelIU(PUIHOCTh MUKPOOKPYKEHU S
HelpOHAIbHBIX IIPEAIIeCTBEHHUKOB. In vitro ObLIO I10-
Ka3aHO, YTO MOAAEpKaHNe HEPBHBIX CTBOJOBBIX KJE-
ToK (NSC) B HegudpdepeHIMPOBAHHOM COCTOSIHUU
obOecrneunBaeTCsl CHIDKEHHOI OKcureHamuen [5], aro
JieiaeT U3ydeHre PeryasaTOPHBIX MEXaHM3MOB B HUIIIE
HEWPOHAIbHBIX MPEAIIECTBEHHUKOB aKTyaJlbHbIM KaK
B HOPMaJIbHBIX YCJIOBUSIX, TaK U IIPU CTPECCOBBIX BO3-
IEMCTBUSX M, TIPEXAE BCETO, TIPU TUTTOKCUH. DPdek-
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Thl DK30T€HHOM TMIOKCUM Ha AUPdepeHIIPOBKY U
cospeBaHue NSC pa3zHOoOpa3HbI U 3aBUCST OT TsIKeE-
CTU TUIIOKCUYECKOIOo BO3IeicTBUSI. OCHOBHBLIM ITy-
TEM, PEATUSYIONIAM aJANITAIIMOHHBIN OTBET KJIETOK Ha
TUIIOKCUIO, CIIYXXUT YBEJIMUYEHHUE SKCIIPECCUU TpaH-
ckpunuuoHHbIX (akropoB HIF1-2, perynupytoimx
cunte3 poctoBbix ¢aktopoB (VEGF, TGFb), muro-
XOHIPUATbHBII METa0O0JIM3M U MUTOXOHIPUATBHYIO
JIUHAMUKY [6]. AKTUBHOCTH MUTOXOHAPUIA UMEET pe-
maliee 3HaYeHue IJIsd KOHTPOJSI mpojmdepalun 1
IMGPEPEHIIUPOBKN HEHPOHAJIBHBIX TPEAIIeCTBEHHU-
KoB. B yactHocTu, nponudepais NSC kak B aMOpHro-
HaJIbHOM, TaK ¥ BO B3POCJIOM IIEPUOE CBsI3aHa C BBICO-
KOM aKTUBHOCTBIO INIMKOJIN3a, B TO BpeMsl Kak audde-
peHupoBka NSC compsbkeHa ¢ YCHJICHHEM peaKlMid
okucauTenbHoro gpochopmmponanus [7]. Takoe me-
TabOJMYECKOEe TEPEKIIOUEHE 00ECTIeUuMBaET HE TOJIb-
KO yBeJIMYECHUE IIPOU3BOICTBA SHEPIUM, HO M pacCMar-
pUBaeTCs KaK TPUTTEp, onpenesiontnii cynboy NSC.

HecmoTpst Ha 3HAYUTEIBHOE YUCIIO UCCIICTOBAHMIA,
MPOBOAMMBIX Ha MOJEJISIX 3K30T€HHOI rurodbapuye-
CKOM TUITOKCUU, pabOT, MOCBSIIEHHBIX aHAIU3Y Kie-
TOYHBIX peaKlUuii B TMIMIIOKaMIle, HEMHOTO. MHOTO-
YUCJICHHbIE BKCIIEpUMEHTAIbHbIE JaHHbBIE CBUACTEIb-
CTBYIOT O 3HAYMUTEJIbHOM ITOBBLIIIEHNHN YCTOMYMBOCTU
JXKMBOTHBIX 1 YeJIOBEKA K TMIIOKCUM IPpU MpeObIBaHUNI
B YCJIOBUSIX CPEOHErOphbsl, YTO OOYCIOBUJIO Pa3BUTUE
TMITIOKCUTEpAllMi B KauyeCTBE CAMOCTOSITEILHOTO Jie-
yeOHOoro (akropa, IPUMEHSIEMOro0 B MEIUIIMHCKOM
npakTuke. [TokazaHo, 4TO oNTUMAaJIbHBIE YCIOBUS, HE
BBI3BIBAIOIIIME TTOBpEXAAOIINX 3(P(HeKTOB U MaKCH-
MaJIbHO CHOCOOCTBYMIOIIME (GOPMHUPOBAHUIO amaIrTa-
LIUOHHBIX PeaKIIMii y TPBI3YHOB, PEATU3YIOTCS IIPU CO-
JiepXaHWU BO BabIxaeMoM Bosayxe 10—12% kuciaopo-
nma, 9yTo 3kBuBasieHTHO BbicoTe 5000 M [8]. [Ipu aToM
OBLIO yCTaHOBJIEHO [8], UTO cpoYHas amanTaiys K yKa-
3aHHBIM YCJIOBUSIM TUITIOKCHU (yMepeHHasl TMIobapu-
yecKasl TUIIOKCHsI, CoAepKaHMe KICIOpOoIa BO BIbIXa-
emoMm Bosnyxe 10.5% O,) B Kope TOJIOBHOTO MO3Ta
dopmupyeTcs 3a CYET perporpaMMUPOBAHUS PaOOTHI
IIBIXaTeILHOM 1IEIIM C MEepPEKITI0YeHEM Ha CyKIIMHAT-
OKCHUIA3HbI myTh okuciaeHus. [Ipy MHOTOKpaTHBIX
JKe BOBIEHMCTBUSIX MEPEKIIOUCHEe Ha YPOBHE CyOCTpaT-
HOTO 3BeHa HA0JII0NAI0Ch TOJILKO IIPU MEPBBIX 8 SIU30-
JIaX OMHOYACOBOIO IIPUMEHEHMSI TMIIOKCHHU, CO3[daBasi
MNPEANOChUIKM IS TIOCEAYIOIIEr0 BOCCTAHOBJICHUS
HAJI-3aBrCHUMOrO OKUCJICHHUSI, IIPUBOAS K ITOSIBJICHUIO
n3odpopm I MUTOXOHAPUATHEHOTO (PEPMEHTHOTO KOM-
njeKca ¢ HOBBIMU KWHETUUYECKUMM cBoucTBaMu [8].
Takum 00pa3oM, KOMIICHCATOPHO-PETY/ISITOPHAsI CMEHaA
METa0OMMYECKUX IIyTel OKWCICHUS SHEePreTHYeCKMX
CyOCTpaTOB CIIOCOOCTBOBAJIA COXPAaHEHUIO BHICOKOM aK-
TUBHOCTU 3JICKTPOH-TPAHCIOPTHOM (PYHKIIUM 1IMTO-
XPOMHOIO y4JacTKa ObIXaTeJIbHOM IHenu, oOecredmnBast
BBICOKYIO 3(pDEKTUBHOCTh peaKIliii OKUCINUTEIbHOTIO
dochopunupoBaHus.

Lutoxpomokcunaza (MTCO) — TepMUHaIbHBIA
(GepMEHT MUTOXOHAPHUAJILHOM IbIXaTeIbHOM IICIH,
cocTosnii u3 13 cyObeIMHUIIL, B KOTOPOM “KaTaJIuTH-
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gyeckne” cyOpemmHUIILI 1—3 KOmMPYIOTCSI MUTOXOH-
npuanpHoit IHK, a “momomHuTenbHble” CyObeIUHU-
116l 4— 13 KOHTPOJUPYIOTCS s1IepHBIM reHoMoM [9]. Ta-
Kag cJIOXHasI CTpyKTypHas opranmsanuss MTCO
00OyCJIOBIMBAET HAJIMYME B TOM YMCJIE AOIOJTHUTEIIb-
HBIX PETYISITOPHBIX MEXaHU3MOB KOHTPOJISI aKTUBHO-
ctTu (epMeHTa 3a CUET TKaHecIeUn(puIeCKoul 3KC-
npeccuu nzopopm MTCO u nyTeMm ajiocTeprUIeCcKOi
peryiasaiuuu akTuBHOCTU cyobeauHun [9]. MTCOI1 —
OCHOBHOIT KoMmIoHeHT IV MuToxoHmpnaibLHOTO (hep-
MEHTHOTI'0 KOMIUIEKCA, IIPeACTaBIISIONINI co00Ii KaTa-
JIMTUYECKYIO CYOBEOUHUILY IIMTOXPOM-C-OKCUIA3HI,
Komupyemyo mutoxoHmpuaiapHoit JHK. Ilpu stom
cyobenuuauina MTCO1 gBasieTcst KJTF0UE€BOM, TOCKOJIb-
Ky MMEHHO B HEll JTOKaJIM3YIOTCS IeM- U MeIb-COIeP-
XKalllie TOMEHbI — aKTUBHBIE CAaMTHI, 00eCIIeYBaIO-
1II1M€ B3aMMOJICHCTBHUE MEXIY BOCCTAHOBJIEHUEM KIC-
JIOpoJa M MEepPEeHOCOM MHPOTOHOB B MexXMeMOpaHHOE
npocTtpaHcTBo. Ilepeuncnennble xapakrepuctuku 1V
MUTOXOHIAPUAJIBHOTO KOMILJIEKCA OMNpPEeNesioT ero
YHUKAJIBHOCTh X O0BSICHSIIOT BEIOOP JaHHOTO (hepMeH-
Ta B Ka4eCTBE MapKepa MeTa0OINIeCKO aKTUBHOCTHU
HEWPOHOB NMpU (POPMUPOBAHUM aganTalliu K TMIIO-
KCUMN.

NHTepecHO, 4To [JIs1 KJIETOK C BBICOKOI nposiude-
paTMBHON aKTMBHOCTbIO, a UMEHHO ISl PaKOBBbIX U
SMOPUOHAIBHBIX CTBOJIOBBIX KJIETOK, €111€ OMHUM Me-
TaOOJIMYECKUM ITyTeM, ONPEASSIIONINM HarpaBicHe
mnddepeHIMPOBKY, sBIsieTcsd InmyTamuHonu3 [10].
I'myramMmmBaoOMM3 obecrneunBaeT oOpa3oBaHME MeTabO-
JuTtoB nukiaa Kpedbca He3aBUCUMMO OT TIMKoaM3a OJ1a-
rojapsi mpeBpalleHno yTaMyHa B IIyTaMmar C 1ocjie-
IyI0IIIMM 00pa3oBaHUEM O-KeTomtyTapaTa. [TokazaHo
ydacTue IIyTaMUHOJIM3a B MOAAePKaHU M TIpoJiudepa-
nuu NSC B HeokopTekce [11], 9To yKa3pIBaeT Ha BO3-
MOXHOCTb BJIUSIHUSL (DEPMEHTOB, YUAaCTBYIOIIUX B [IIy-
TaMaTHOM MeIUaTOPHOM OOMeHe, Ha MpolLlecC Helpo-
reHesa.

M3BecTHO, YTO HEMPOHBI U IS XapaKTEePU3YIOTCS
pa3HOM YyBCTBUTEIbHOCTHIO K TTOBpEXIaoIIeMy neii-
cTBUlO runokcuu. Ilpu 3ToM acTpolMTHI MEHEE YyB-
CTBUTEJIbHBI K HEIOCTATKYy KHCJIOpOJa, TaK KaK OCy-
MIeCTBISTIOT cruHTe3 AT® mpenMyIecTBEHHO 3a CYeT
peakuuii IMKoau3a, B TO BpeMs Kak JJis HEpOHOB
XapaKTepHa BbICOKasi aKTUBHOCTD ITPOLIECCOB OKUCJIM -
TelbHOTO (pochopmmpoBanus. [12]. CyiuecTBeH-
HbIMU KOMIIOHEHTaMM B peaklluy HEPBHOW TKaHU Ha
TUTTOKCUIO SIBJISIIOTCSI PETYJISIIMS 3aXBaTa U yTUIU3A-
UM TJIyTamMaTa acTpolMTaMu. ACTPOLIMTHI, SIBJISISICh
MOJIHOMPABHBIMU YYACTHUKAMU TJIyTaMaTepruiecKoi
HellpoMenualnum, aKTUBHO KOHTPOJIMPYIOT YPOBEHb
mIyTamaTta B CHHAaNTU4YecKol 1enu. B actpouurax rny-
TaMmar Ju0o aMUAUpyeTCs A0 MIyTaMUHa Yepe3 miyTa-
MUHCUHTETa3y, a 3aTeM BO3BpalllaeTcsi 00paTHO B Heii-
POHBI (LIMKJI ITyTaMaT-mIyTaMyH), JTMOO0 MeTaboIu3M
rlyraMaTa CTaHOBUTCSl PHEPrOMpPOAyLIUPYIOIIUM U U3
miyTamaTa oOpasyeTcs OOWH M3 MeTabOoJIMTOB LUKJIA
Kpebca — o-kerormyrapat (uuki Pobeprca, TAMK
uryHT) [13]. Ilpu aTOM, 3aXBaThiBask YMEPEHHYIO KOH-
Ne 4
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neHTpauuio mryramara (0.01—-0.1 mM), acTpouuThl
METabOoIM3UPYIOT €T0 A0 ITyTaMUHA, TOrIa KaK BhICO-
ke KoHueHtpauuu (0.2—0.5 MM) yTuIusupyroTcs: B
nnkiie Kpeoca [14].

I'myramuncunrerasza (GS) mpencraBiseTr coOoOit
OUTOTIa3MaTUIECKNii (PepMEHT, KOTOPBIIA 3KCITpec-
CUpYETCS MPEUMYIIIECTBEHHO aCTPOLIMTaMM U KaTaJIu -
supyeT AT@-3aBUCUMBI CHHTE3 ITyTaMWHA U3 TITyTa-
MaTa v aMMHraka, y9acTBysI, TaKM 00pa3oM, B MeTa0o-
JIu3Me HellpoMennuaTopoB U B JETOKCUKAILIMM MOHOB
amMoHus. Hapymienust aktuBHoctu GS BOBJIeUEHbBI B
naToreHe3 IMEeYeHOUYHOU 3HuedanonaTuu, UIIEMUMU,
SMNUJIETICUU, YEPETTHO-MO3IrOBOM TpaBMbl U HEMpOIE-
reHepaTUBHBIX 3a0ojeBaHuii [15]. IIpomeMoHCcTpUpO-
BaHa poiab GS B QYHKUIMOHMPOBAHUU THUIIIIOKAMIIA.
Tak, oTMe4eHOo, 4YTo nHruorupoBanue GS NpUBOAUT K
HapyIIeHUSIM HaMsITH Y OMHOTHEBHBIX ILITUIAT [16], a
cuCTeMHOe BBeneHue mHrnontopa GS — METHMOHMWH-
cynbokcumuHa (MSQO) HOBOPOXIEHHBIM MbIIIAM
BhI3bIBaeT cHIkKeHMe akcrpeccun GS u GFAP B CA3
o0J1acTy TUIINOKaMIIa, IPUBO/IS K HApYIIEHUSIM TpPO-
CTpPaHCTBEHHOI MaMsITU BO B3pocjioM Bo3pacte [17].
CHmxeHne akTUBHOCTU G'S TIpY TUIIOKCUM MOXKET BbI-
3bIBaTh MOBpPEXAEHNE HEWPOHOB pa3IUUYHbBIMUA MeXa-
HU3MaMU: KakK MyTeM pa3BUTUS DIIyTaMAaTHOM 3Kcail-
TOTOKCUYHOCTH, OOYCIIOBJIEHHOUN TUIIEPCTUMYJISILIUEN
mIyTaMaTHBIX PELENTOPOB C MOCIEAYIOIIUM HaKOTIIe-
HUEM BHYTPUKJIETOYHOIO KaJIbLIUs U pa3BUTHUEM MU-
TOXOHJAPUATBbHOI IUCGYHKIIUU, TaK U 3a CUeT UHTOK-
CUKaIUU a30TUCTBIMU COETMHEHUSIMU.

Taxum obpa3om, IJIsT HEMPOHOB TUIIIOKaMITa BaX-
HBI MEXaHW3MBbI agarTalii, CPeau KOTOPbIX — U3Me-
HeHWe (QYHKIIMOHATBHOTO COCTOSTHUSI KOMILIEKCOB
IBIXaTeIbHOM 1IEIM MUTOXOHIPUM 1 pPeaKiInsl acTpo-
UM, oOecreunBalolIeit MeTaboINYEeCKYIO MOAIePXK-
Ky HEHpPOHOB, B TOM YHCJI€, C TTOMOIIbIO TIYTaMUH-
JIyTaMaTHOTO MYTH, CBSI3aHHOIO KaK ¢ OOMEHOM Me-
IMaTOPOB, TaK U C SHEPreTUUYECKUM METaO0OJIM3MOM.
Mopdonornueckuii Toaxoa K U3y4eHUIO0 U3MEHEHU N
KJIETOYHBIX ITOITYJISILINM B HEApOT€HHBIX HUIIIAaX Ha XO-
poOILIO OXapaKTepU30BaHHOI MOOeaU MepUuoandeCcKOn
runobapuyeckoil runokcuu [8] mosBonsieT audde-
PEHIIMPOBAaHHO OLICHUTH aallTallMOHHbIE U3MEHEHU S
IIyTaMaTHOTO oOMeHa M (PYHKIIMOHUPOBAHUS JIbIXa-
TEJIbHOM LIETIM MUTOXOHIAPUI B CUCTEME HEMPOH-ACT-
pOLIUT, pacIIMpUTh IIPEACTaBIeHNE 00 aJbTepHaTUB-
HBIX MYTSX MOJIyYeHUST SHEPTUY IPU TUTIOKCUN U BT -
SHUU TUIIOKCUM Ha IIpoliecc HelporeHesa. OlleHKa
HelporeHe3a pH aJalTallMOHHBIX U3MEHEHUSIX S9HEP-
roooMeHa 0cOOEHHO aKTyaJibHa, IMTOCKOJIBKY JJIsI KJIe-
TOK HEMPOTreHHBIX HUII M3HAYaJIbHO XapaKTEepHO Ha-
XOXIEHWE B YCIIOBUSIX CHUXKEHHOM OKCHUIeHaluu [35],
YTO OIIpeaesisieT TUITOKCUIO KaK BaXKHBINA peryiasTop-
HbIil (akTop [7], McchaenoBaHWE KOTOPOTO MOXKET
MMEThb 3HaYeHNEe, B TOM 4HCJIe, IpU pa3paboTKe METO-
JIOB KJIETOYHOM TEpanuu C UCITOJIb30BAHUEM HEMpaib-
HBIX CTBOJIOBBIX KJIETOK. TakmMm oOpa3oMm, McClieoBa-
HHUE aganTalMOHHBIX U3MEHEHU IIPY TUIIOKCUI MOXKET
OTKPBIBAaTh HOBBIC IIYTU IJISI pa3paboTKU 3PPeKTUB-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

HBIX CTpaTEeruii HEMPONPOTEKILIMNU U HEUpopereHepa-
LN,

Llenp uccaenqoBaHus: OLIEHUTh TMHAMUKY adanTa-
LUOHHBIX U3MEHEHUI HEMPOHOB M INIUH 3y0YaToi 13-
BUJIMHBI TUIIIIOKAaMIIa KPbIC IPU OCTPOM YU MHOTOKpaT -
HOM TMIIOKCUYE€CKOM BO3[IEeACTBUMN.

METOJbI NCCIIEJOBAHWA

DKcnepruMeHTHI TPOBOOMIN Ha OEJIbIX OecITopom-
HbIX KpbIcax (camiibl # = 20, maccoii Teaa 200—250 r),
BBIpAIlIEHHBIX B CTAaHOAPTHBIX YCIOBUSIX BUBapUs
OI'BHY “HUMU oOuieil maToaorum U naTopusmosio-
r'Mu” TIpU CBOOOIHOM JOCTYIIE K BOJAE U MUILE, eCTe-
CTBEHHOM YepEeOOBAaHUU CYTOYHOM OCBEIEHHOCTU.

Modeauposanue eunoxkcuu. [nsi MomeaIrpoBaHUS
9K30TeHHOI TMIOKCHUM MCMOJb30Bajach Dapokamepa
nportouHoro tTuna. Kpeic npenBapurenbHo (3a 4 Hen 10
9KCIEPUMEHTOB) TECTUPOBAJIU MO UX YYBCTBUTEJIBHO-
CTH K OCTPOI1 THIIOOapUIECKOil TUITOKCUM (ITOAbEM Ha
BbICOTY 11.5 ThIC. M; aTM. gaBiaeHHUe 180 MM PT. CT.; cO-
nepxanue kuciaopona 3% O,), u paHXUPOBaIN Ha BbI-
COKO- M HHU3KOycTOM4YMBBHIX [8]. B Hamem skcriepu-
MEHTEe ObLIM MCIIOJIb30BaHBI HU3KOYCTOMUMBEIC KPhI-
Chl, MMEIOIINE HHICKC PE3UCTCHTHOCTU HEe OoJiee
2 MUH. DpPEKT OTHOKPATHOTO U MOBTOPHOTIO THIIO-
KCUYECKOIO BO3IEICTBUS OLIEHMBAJICS IPU JaBJICHUU
380 MM PT. CT. (3KBUBAJICHTHOM IIOIBEMY HA BBICOTY
5000 Mm; comepkaHUe KUCIIOPOa BO BABIXaEMOM BO3/Y-
xe — 10.5%; runokcus cpenHeil Tsskectu). Jmurtens-
HOCTh OMHOKPATHOTO BO3IEHMCTBUS COCTaBJsIa
60 MyuH. MHOTOKpaTHOE BO3IEMCTBUE BKIIIOYAJIO B CE-
651 8 u 20 srm3000B runmokcuu mo 60 MyUH, OOUH pa3 B
cyTku. I'pyria MHTAKTHBIX XKUBOTHBIX COAEPKAIach B
TeX K€ YCJIIOBMSIX, YTO U BKIIIOUEHHbBIE B 9KCIIEPUMEHT
KUBOTHBIE. Takum obpazoM, ObLIM CHOPMUPOBAHBI
4 sKCIIepUMEHTaJIbHbIE TPYIIbL: OTHOKPAaTHOE BO3-
neiictBue 60 MuH, 8 Bo3aelicTBuii mo 60 MmuH, 20 BO3-
JeiicTBuit 1o 60 MUH U TPyIINa MHTAKTHOTO KOHTPOJIS.

HUmmynomopgponoeuueckoe uccaedosarnue. Cpasy no-
cJie U3BJIeYeHUs U3 6apoKaMephl KPbIC IeKaNUTUPOBa-
JIU, UX MO3T (pukcupoBanu 24 4 B 4%-HOM HeUTpaib-
HoMm ¢opmanuHe (HistoLine, Poccust), 3akmodyanu B
nmapacuHOBbBIE 0JI0KU U TOTOBUJIN (PPOHTAIBHBIE CPE3bI
TomHoM 7 MKkM Ha MuKporoMe Thermo Fisher (CILA).
Jlist ccnienoBaHysI ObLIa B3SiTa pOCTPAIbHAS YaCTh THTI-
nokamiia (ypoBeHb OT OperMul oT —3 10 — 4.5 MM), ypo-
BEHb CPE30B OIPEeIeIISIN IO aTyIacy MO3Ta KphIChl Pax-
inos. JIasg meMacKMpOBKM aHTUTEHOB NPU MMMYHO-
¢dayopeclieHIMM cpe3bl HarpeBajii B IlapoBapkKe,
15 muH B BJITA-0ydepe (EnVision Flex pH=9, Dako,
Hanus), nanee ux npombeiBaii B PBS ¢ 0.1% Triton
X-100 (Acros-Organics, benabrusi) 1 MHKyOMpOBaIU
18 4 mpu KOMHATHO TeMIIepaType ¢ MepBUYHBIMU aH-
tUTeaaMu. Mcnoib30Baiv KPOJIUYbHM WJIM MBIIITUHBIE
aHTUTeJIa K 0ejlkaM acTPOLMTOB — TIHOGUOPUILISP-
Homy 6enky (GFAP, 1:200, ab279290, Abcam, Benu-
KoOputaHusi) u nayramuHcuHTeTtaze (GS, 1:400,
Ne 4
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G2781, Merck-Sigma, I'epmanust), a Takke K MapKepy
He3pesblX HelipoHoB — mpabakoptuHy (DCX, 1:100,
ab18723, Abcam, BenukobputaHusi) u cyobenuHuie |
MUTOXOHApHAIBFHOTO KoMItIekca IV (muToxpoMoKkcu-
maza, MTCOI, 1:100, 106E1AS8, Invitrogen, CILA).
J11s1 BEISIBJICHUSI CBSI3BIBAHUSI AHTUTEJT CPE3bl MHKYOM -
poBanu 4 4yaca ¢ COOTBETCTBYIOIIMMM BTOPUYHBIMU
aHTuTenaMu npoTuB IgG MBI UK Kpoauka (Sigma,
T'epmaHus), KOHBIOTUPOBAHHBIMU C (hITyOPOXpPOMaMU
CF488 mwiu CF555. dapa nokpaiuubaiu 4,6-1uaMuam -
Ho-2-penunuugonoMm (DAPI, Merck-Sigma, I'epma-
HUS) U 3akiovanu cpesbl B cpeny FluoroShield (Mer-
ck-Sigma, I'epmanust).

MNMMYyHOTUCTOXMMUYECKHM MNEPOKCUIA3HbIM Me-
TOJOM, CJIeAysl MPOTOKOIY MPOU3BOAUTEISI aHTUTEI,
BoisIBIsUIM MTCO1. JleMacKMpOBKY aHTUTE€HOB IIPO-
W3BOJWJIM TIPU HarpeBaHuU B mapoBapke, 20 MUH B
uurpatHoM 6ydepe (EnVision Flex pH = 6, Dako, Jla-
Hust). Cpesbl ¢ aHTUTeIaMU MHKyoupoBanu 1pu 4°C
18 u, a5t BU3yanu3aluu UCTOJIb30BAIU TTOJUMEPHYIO
nepokcuaasHyto cucreMy aerekuuu (Novolink, Leica,
I'epmanus) ¢ 3,3’-nuaMMHOOEH3MIMHOM B KadecTBe
XpoMoreHa. fAnpa gokpainvBaji reMaTOKCUJIMHOM U
3aKJII0Yaid cpe3bl B BOAOpPAacTBOpUMYIO cpeay Immu-
Mount (Thermo Scientific, CIIIA).

Mopdomempus u cmamucmuueckas ob6pabomia.
Nzyuyenne n MopdoMeTpusi Cpe30B NMPOBOIUINCH C
nomoipio Mukpockonos Leica DMLB (CIIIA) wiu
Nikon Eclipse NiU (fmmoHust), ocHameHHbIX IU(po-
BbIMM KaMepaMHM M CHUCTEMaMM aHajiu3a u3o0paxe-
Huii. /115 3axBaTa Bceil 3youaToii u3BUIMHBI TpeOOBa-
JIOCh HECKOJIBKO u3o0paxeHuii. MopdomeTprueckuit
aHaJIM3 BBITIOIHSIN Ha 4—6 cpe3ax, B3SIThIX OT KaXkIo-
ro XKUBOTHOTO, B 00JIaCTU 3y04aTO U3BMUJIMHBI TUITIIO-
KaMiia (B €ro poCTpajbHOI 4acT) B 000UX IMOIyIIapy-
ax. UccaenoBanmu He MmeHee 10—15 moseit 3peHust mpu
yBeanueHun oobekTuBa X20 u xX40. Cnoii 3epHUCTBIX
KJIETOK BU3YAJIMU3UPOBAJIIM MO SapaM HeilpoHoB. Cy0-
rpanyJsipHyIo 30HY (SGZ) onpenesuid 1o MeTOauKe,
onucaHHOI paHee [18] kak 061aCTh TOJIIUHOM OO0 TpeX
KJIETOK, PACIIOJIOKEHHYIO MEXY 36pPHUCTBIM U TIOJIU-
mMopdHBIM ciossMu. C moMolnsio mporpamMMm Leica
QWin u ImageJ olleHUBaIM TUIOTHOCTD KJIETOK U UH-
TEHCUBHOCTb OKpalliBaHus. Bce nusmepeHus npous-
BOIMJIU Ha M300paXeHUsX, TOJyYeHHBbIX C OJMHAKO-
BBIMM HACTpOMKaM1 MUKPOCKOIIA.

KomnuectBo DCX+ KjeTOK ompeneiasuid Ha eau-
HULY JJIMHBI 3y04aToii m3BMIAMHEL sk olleHKu pac-
npeneneHuss MTCO1, Ha MukpodoTorpadusx rpera-
paToB OKpallleHHBbIX MMMYHOIIEPOKCUIA3HBIM METO-
JIOM, COMY HEMpPOHOB BBIIE/ISUIM B mporpamme Leica
Qwin BpyYHYIO U OLICHWBaJIU MHTEHCHUBHOCTH OKpa-
muBaHuA (8 6UT, 256 Tpamanuii ceporo) ¢ KoppeKiueit
Ha ¢oHOBOe 3HaueHHe. VIHTEeHCMBHOCTh OKpallluBa-
HUS IJIsI UMMYHOIIEpOKCHUAA3HBIX MpernapaToB OIlpe-
NS KaK pa3HOCTb MaKCHUMAaJILHOTO 3HAYCHUS SIp-
KocTH (255) U cpegHeli SpKOCTU IUKCeJIeil B BhIICICH-
HOIT 00JacTH, TaKUM OOpa3oM, MEHbIIee 3HaueHHE

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

WHTEHCUBHOCTH COOTBETCTBOBAJIO 00Jiee CBETIOMY
OKpalllMBaHUIO Ha mpenapartax. [Jist olleHKH JoKaau-
3anuu GS B OTPOCTKaX M TeJlaX IIMAJbHBIX KJIETOK, B
nporpamMe Imagel] Onlma peanm3oBaHa cienyiolIas
npoleaypa: 1) aBToMaTU4eCcKr CErMEHTUPOBAJIM Siapa
KJIETOK, oKpameHHble DAPI; 2) mojiydeHHYI0 MackKy
paclIvpsiIv 10 TPaHUI TeJla KJIETKW, BBIYUTaI 00J1aCTh
snpa U OLIEHUBAJIU CPEAHIOI SIPKOCTh B 3TOM 30HE;
3) Ipy MOMOIIM aJITOPUTMa CErMEHTAllUU C aJarnTUB-
HbIM Toporom o Otsu [ 19] BeIIEIISIIN TOJIBKO OTPOCTKHI
KJIETOK, pe3yJbTaTbl BBIACICHUSI KOPPEKTUPOBAIU
BPYYHYIO U TaK e OLEHUBAIU CPEIHIO SIPKOCTD.
YunteiBasg TaHHBIE, IEMOHCTpUpYIOIIe (popMHUpoOBa-
HUE acTPOLIMTAMU TUMNITOKaMIIa MHAWNBUAYAJIbHBIX 00-
nacrteii (momeHoB) [20], 3TOT MeTOH, ITO3BOJISIET OMpe-
JeJIMTh UHTEHCUBHOCTb OKpalllMBaHUS B OTPOCTKAaX
OTHENBHBIX KJIETOK acTPOITINU, 32 UCKIIOUCHUEM UX
HanboJee TOHKUX, TUCTaJbHBIX OTAENO0B. Takxke olle-
HUBAJIN CPENHIOI WHTEHCUBHOCTb (DJIyOpECHEHIIMU
npu okpainBaHuu Ha GS Ha 110Jie 3peHUsT B COOTBET-
CTBYIOIIUX CJIOSIX 3yO0UaTOl U3BUJIMHBI.

CratucTyecKylo o0paboTKy IIPOBOIMIIM B IPO-
rpamMe GraphPad Prism. JlaHHbIe, ITOJydeHHBIE OT
KaXXJ0ro XKMBOTHOTO, YCpenHsIn. JlaHHbIe TIpencTaB-
JneHbl B BUne M £ SD, rne M — cpennee, SD — cpenHe-
KBagpaTUYHOE OTKJIOHeHMe. JIsi cpaBHEHUsS TpyIIl
WUCIIONb30BaIM AucCIiepcuoHHBI aHanu3 ANOVA c¢
aroCTEPMOPHBIM TeCTOM ThIOKM, pasiuyusl CUYUTAIN
CTaTUCTUYECKM 3HaUMMbIMU T1pu p < 0.05.

PE3YJIBTATBI MCCIIEAOBAHUSA

Jlokaauzayus uccaedyemoix 6eakoe
6 2UNNOKAMNEe UHMAKMHbIX KPbiC

HUcnonb3oBanue antutren K MTCO1 BBISIBUIIO
OKpalllMBaHMe KJIETOK IToIMMopdHOro (xuiryca), 3ep-
HucToro cioeB u SGZ 3yduaToil M3BUJIMHBI THIIIIO-
KaMmIia ¢ MpeuMyIlleCTBEHHOM JIoKain3alueil Mapkepa
B coMe HeilipoHOB (puc. la, 1b, puc. 2d). OxpamuBa-
Hue Ha MTCO1 B Buae myHKTaTa (rpaHyJl pa3HbIX pa3-
MEPOB) BBISIBJISLIM KaK B TeJlaX HEMPOHOB U INIUU, TaK U
B OKpyXKarolieM ux Helipormie (puc. 1a). Kierok, roe
OKpalllMBaHH1E TTOJIHOCThIO OTCYTCTBOBAJIO, Mbl HE Ha-
O01alIv, YTO MOATBEPKIAeT OOJIMIaTHBIN XapakTep
skcpeccun MTCOIL. Xapakrep pacrpeneieHus H
pa3Mepbl TpaHyJ B KJIeTKaxX pa3jnyarorcs, 4TOo, BO3-
MOXHO, CBSI3aHO C U3MEHEHUSIMU Pa3MepPOB MUTOXOH -
IPUii U3-3a MEePECTPONKN AUHAMUYECKHUX IIPOLIECCOB
CIIUSIHUS U JeJICHUS, U TpeOyeT najabHeiIlero aHaau3a
Ha yJIbTpacTpyKTypHOM ypoBHe. Cpenu Kiietok SGZ u
oInMOpP(HOTo CI10eB 00HAPYKMBaJIU KaK MHTEHCHUB-
HO, TaK U cJ1ab0 OKpallleHHbIe HEMPOHBI, TOrIa KakK B
3€pHUCTOM CJIO€ paclipelelieHUe OKpalluBaHUs B
KJIeTKax ObLIO 00jee paBHOMEPHBIM (puc. 1a, puc. 2d).
Haubosnbliiee KOJIMYECTBO MHTEHCUBHO OKPAalIEHHBIX
KJeToK Habmonanu B SGZ, KJIeTKM NoAuMOp(hHOro
CJIOSI BapbHUPOBAJIM 110 pa3Mepy U CTEIIEHU OKpalllnBa-
HUSL.
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DEJOPOBA u mp.

Puc. 1. Pacnipenenenue cyobenuHuiibl I mutoxpomokcunassl (MTCOI), nabnkoptuHa (DCX) u mmyramuHcuHTeTasbl (GS) B Kie-
TOYHBIX 2JIEMEHTaX 3y0UaTOil M3BWJIMHBI TUIIIIOKAMITIA WHTAKTHBIX KPBIC.
(a) — BeisiBnenue MTCO1 nummyHonepokcunasHbiM MetonoM. (b) — Beisiienne DCX (3esnenblit kanan) u MTCOI (KpacHblit Ka-

HaJl) B KJIeTKaX 3€pHUCTOrO CJI0sI U CyOrpaHyJIsipHOM 30HbI. 3HAKOM

e

— noMedeHbl DCX-1103UTUBHBIEC HE3peIble HEUPOHBI, C

Hu3KUM conepxxannem MTCOL. fdnopa okpamensl DAPI (cunmit). M3o6pakernne noaydeHo u3 10 (poKaIbHBIX IJIAaHOB METOIOM
MPOEKLNY MaKCUMaJIbHOI MHTEHCUBHOCTH (maximum intensity projection) npu yBeianueHuu oobvekTusa X 100. (¢) — Jlokanusza-
LIMSI IIyTAaMUHCUHTETa3bl (3eJIeHbII KaHaI) B aCTPOLIMTAX MOJICKYJISIPHOTO CJIOS.

Jlokanuzauuss DCX — mapkepa He3peabIX Helpo-
HOB, BBISIBJISUIACh OOJIBIIEH YAacThIO B HEMPOHAJIbHBIX
npenmectBeHHUKaxX B SGZ (puc. 1b, puc. 4c, e), a Tak-
K€ B OTAEIBHBIX KJIETKaX MOTUMOPGHOTO CI0sT, UMeI0-
IYX IHajbHylo Mopdosoruio. He3penble HelipOHEI
OBUIM pacIiipencieHbl HEpaBHOMEPHO — UX IUIOTHOCTD
B IIEpeIHEN U CpeaHel TpeTH 3y0UYaToil U3BUIUHEI ObI-
Jla BbIIIE, YeM B 3amHell TpeTH. JIBoiiHOe OKpallliBa-
ane Ha MTCO1 1 DCX nokasano, uro DCX+ knetkn
SGZ xapakTepu3ylTcsl HU3KUM COIAEepKaHUEM LIUTO-
XpoMoKcuaassl (puc. 1b), B oTiimune OT 3pesibIX Heli-
POHOB 3€pPHUCTOIO CJIOSI.

ACTpOLIMTHI BBISIBJISIIM KaK C IIOMOIIbIO aHTUTEN K
GFAP, tak u k GS. B 3y0uaroii u3aBUIMHE OOHAPYKU -
BaJI1 IpenuMyIliecTBeHHO G S-IO3UTUBHBIE aCTPOLIUTHI
(puc. 1c), mpu 3ToM G S-NO3UTUBHBIX NIMATBHBIX KJIE-
TOK, JIMIIEHHBIX OTPOCTKOB M XapaKTEPHBIX IUISI ApY-
TUX CTPYKTYP MO3Tra, B OCOOCHHOCTU — O€JI0ro Belle-
cTtBa [21] He ObITO OOHapyxeHo. Hamnbompirasg mior-
HOCTb acCTPONIMM OTMedajach B TIOJUMOP(MHOM U
MOJICKYJIIPHOM CJIOSIX 3y0UaTOi N3BUJIMHBI.

Hzmenenus uccaedyemuix 6eaK08 npu 2UNOKCUU

BoisiBUJIM 3HAUYMMble pas3inyusi WHTEHCUBHOCTU
okpamuBanusi MTCO1 B ucciaemyeMbIXx CTpyKTypax B
3aBUCHMOCTM OT KOJMYECTBA 3MU30J0B TUITOKCUU
(nByxdakTOpHBIi nucnepcuoHHbIil aHaiu3d ANOVA,
Fe. 45y = 10.7, p < 0.001). Ouenka pacnpeneaeHus
MTCO1 B 3ybuaToit M3BMIIMHE TTOKa3ajia, YTO CPEIHSS
WHTEHCUBHOCTb OKpalllUBaHUsI TPU OJHOKPATHOM
BO3JIEMICTBUM 3HAYMMO MOBLIIIAJACh B IIMTOILIa3Me
HEeMpOoHOB noJauMopdHOro (KOHTpoiab: 12.83 + 2.069,
octpast runokcust: 43.65 £+ 6.397, rect Trioku, p < 0.001),
(puc. 2a, €) U 3epHUCTOrO CjoeB (KOHTpOb: 16.7
+ 3.03, ocTtpas rumnoxkcust: 43.7 £ 7.68, tect TrioKku,

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

p <0.001), (puc. 2b, e). [Ipu aToM usmeHenust 8 SGZ
OBLIM HanOoJIee BEIpasKeHHBIMU U XapaKTEepU30BaJINCh
noBeiieHneM MTCOI1 kak nipu ogfHOKpaTHOM (KOH-
Tposb: 26.7 £ 2.951, octpas rurnokcust: 65.47 + 15.84,
tecT Thioku, p < 0.001), (puc. 2c, €), TaK ¥ IIpU BOCh-
MUKpPATHOM BO3IeMCTBUM (KOHTpOJb: 26.7 * 2.951,
8 anuzonoB runokcuu: 58.49 + 7.13, tect Thioku, p <
<0.001), (puc. 2c, f), 4TO TOBOPUT 00 AKTUBALIUHU DJICK-
TPOH-TPAHCIIOPTHOM (DYHKIIMU IIMTOXPOMOKCHUIA3HI.
AHaJioruyHbIe JaHHBIE paHee ObUIU MOJYyYSeHBI B KOpe
roJIoBHOTO Mo3ra [8]. X0Ts B MOJIMMOpP(PHOM U 3epHU-
CTOM CJIOSIX IIPU IJIMTEIBHOM BO3ASMCTBUU CPEIHUE
3HAYEHUSI MTHTEHCUBHOCTHY OKpalllMBaHUsI CHUXKAIUCh,
OIHAKO 3TU M3MEHEHMs He ObUIM CTaTUCTUYECKH 3Ha-
YUMBIMHU, U TOJBKO B SGZ OBLIIO OTMEUYEHO 3HAUYMMOE
(octpas rurnokcus: 65.47 + 15.84, 20 srM3010B rUI0-
kenu: 16.46 = 5.05, p < 0.001) cHIKeHYE MHTEHCUBHO-
ctu MTCOI1 B rpymmre mociie 20 3MM3010B TUITOKCUN
(puc. 2c, g), TI0 CPaBHEHMUIO C TPYMIION MOCJIE OCTPOTO
BO3ACUCTBUS, O0YCIOBICHHOE, BEPOSITHO, HEOOXOIM -
MOCTBIO DKOHOMM3AlIMM YHEPreTUYECKOro OOMeHa B
paMKax ¢OpMUPOBaAHUSI JOJTOCPOYHON ajanTaluu K
rurrokcuu. TakuM oOpa3oM, Hanboiee BhIpaKeHHBIMU
oputn Kosebanmus conmepxkannsg MTCO1 B cybrpany-
JIIPHOI 30HE, YTO MOXET yKa3bIBaTb Ha BLICOKYIO UyB-
CTBUTEJIBHOCTh 3TOM CTPYKTYPHI K TUIIOKCUU. BBISB-
JIECHHO€ Ha pPaHHMX CPOKax YBEJIIMYCHUE COAEPKaHUS
MTCO1 oTpaxaeT KpaTKOCPOYHYIO KOMIIEHCATOPHYIO
aKTUBALIMIO MeTaboIM3Ma B 3y0UaTO U3BUIMHE B 1ic-
JIOM, U B CyOTpaHyJIsIpHOI 30He, HEOOXOIMMYIO, B TOM
yucie, s noaaepxanus nudepeHIMpOBKU HEUPO-
HaJIbHBIX IIPEAIIIECTBEHHUKOB B YCIOBUSIX CHUKEHHOM
OKCHUTEHAIIUN.

3HaumMoe cHIkeHue rmioTHocT DCX+ HelipoHOB
B SGZ otMeuasoch nociie 20 31130108 TUIIOKCHUH (Ha
70% mo cpaBHeHu1o ¢ KoHTposneM, ANOVA F; 5 =
Ne 4
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Puc. 2. CpenHsisi MHTEHCUBHOCTb OKpalllMBaHus Ha cyobenuHuily I mmroxpomokcunasel (MTCO1), B HelipoHax clioeB 3youaToit
M3BWIMHBI TUITIIOKaMIa nmpu octpoM (60 MuH, 5000 M) 1 MHOTOKPATHOM TMIIOKCMYECKOM BO3IEMCTBHUM (ITOBTOPHBIC SITU30/bI,
OJIVH pa3 B CYTKHU): (a) — HEUPOHBI TToTUMOpdHOTro cios; (b) — HeMPOHBI 36PHUCTOTO CJIOsT; (C) — HEMPOHBI CyOTrpaHyJISIPHOM 30-
Hbl. K — KoHTpoJbHas rpymnia, 1T — omHoKpaTHOe TUITIOKCHYeckoe Bo3nelicTBue; 8T — BOCBMHUKpPATHOE TMIIOKCUYECKOE BO3Ieii-
crBue; 20T — nBaaaTMKpaTHOE eXeTHEBHOE TMTIOKCUYecKoe BosaeiicTtue; * — p < 0.05 o cpaBHeHUIO ¢ KoHTposiem; # — p < 0.05
Mo cpaBHEHMIO ¢ Tipenbinyieii rpymnmoiti; ANOVA, aroctrepuopHblii TecT Thioku. JlaHHbBIC peacTaBieHbl B Buge M + SD.

Boisisnienne MTCO1 nmMmMmyHoONepoKcuaa3HbIM MeToioM: (d) — KOHTpOoJIbHAs TPYIIa, (€) — ONHOKPAaTHOE THIOKCUUYECKOe BO3Ieii-
ctBue; (f) — BOCbMUKpaTHOE TMITOKCUYECKOe BO3eiicTBHE; (g) — ABAAIaATUKPATHOE €XeTHEBHOE TUITOKCUYECKOE BO3IEUCTBUE;
CTPEJIKM YKa3bIBAIOT HA HEMPOHBI CyOTpaHyJISIPHOM 30HbBI U TTOJIMMOP(HHOTO CJI0SI ¢ UTHTEHCUBHBIM OKpPAIlIMBAaHUEM Ha [IUTOXPOM-
OKCHIa3y; TOKpalllMBaHME FeMaTOKCWIMHOM. Mol — MOJIEKYJISIPHBIN CIIOM, gr — 3epHUCTHIH ciioit, SGZ — cyGrpaHysipHast 30Ha

TUTITIOKaMTIIa, pol — mommMopHBIH CI0it.

15
g
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Puc. 3. IlnorHocte DCX-IO3UTUBHBIX HEWPOHATBHBIX
MPeAIIeCTBEHHUKOB B CyOTpaHyJISIpHOI 30HE (UMCIIO KJle-
TOK Ha JUIMHY 3yO04aToil m3BWiIMHBI). K — KOHTposbHast
rpynia, 1T — omHOKpaTHOe TMIIOKCUYECKOe BO3ACHCTBUE;
8T — BocbMUKpaTHOE TUTIOKCUUYecKoe Bo3aeiicteue; 20T —
NBAALIATUKPATHOE €XEeIHEBHOE TMITOKCUYECKOe BO3Ieii-
ctBue; * — p < 0.05 mo cpaBHEHMIO ¢ KOHTposieM; # — p <
< 0.05 mo cpaBHeHwUIO ¢ mpenbinymieit rpymnmoit; ANOVA,
arnoctepuopHblil TecT Thloku. [laHHBIE TMPEACTABICHBI B
Buae M = SD.

= 12.65, Tect Trioku, p < 0.001), omHAKO, KOJINIECTBO
DCX+ Hespenbix HelipoHOB (puc. 3a) B SGZ 3youaToii
W3BWIVMHBI TUIIIIOKAMIIA HE OTJIMYAJIOCh OT KOHTPOJIS
MpU OCTPOM U BOCBMUKPATHOM TMITOKCMYECKOM BO3-
JIICCTBUM.

TMonyyeHHbIEe TaHHBIE TEMOHCTPUPYIOT U3MECHEHMS
mpollecca Co3peBaHUs KIETOK U TP EpeHITNPOBKU
HEHPOHATBHBIX TIPEAIIECTBEHHUKOB IIPU MHOTOKpPAT-
HOM I'MMIOKCHUYeCKOM Bo3aeiicTBru. Kpome Toro, B mo-
JUMOp(pHOM cj10oe 3y04yaToil M3BWJIMHBI THITIIOKaMIa
TaK:Ke BBISIBWIIM yBeandeHue koandectsa DCX+ kie-
TOK TJIMQIbHOI MOPGOJIOTUH, YTO, MOXET OBITh, 00Y-
CJIOBJICHO CIBUTOM HU(pDEpEHINPOBKU HEUPOHAIb-
HBIX TPENNIeCTBEHHUKOB B HaNpaBJIeHUHW acTPOTINU
(puc. 4c—f). IlocnenHee KOCBEHHO COTIJIAcyeTCs C Bbl-
SIBJICHHBIM TIpu okpamuBanuu Ha GFAP (puc. 4a, b)
YBEJIMYEHUEM KOJIMYECTBA aCTPOLIUTOB B MOJIUMOP(PHOM
cioe. OnHAKO 3TH U3MEHEHUSI MOTYT OBITh CBSI3aHbI KaK
¢ nudbhepeHUNPOBKO HEeMPOHATbHBIX ITPEeNIIeCTBeH-
HUKOB B aCTPOIIMTHI, TaK U ¢ UX Iposidepanueil i
yBesmaeHneM skcrnpeccnn GFAP, mockoiibKy He Bce
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ACTPOLIUTHI
3TOro OenKa.

coacpxKar OIpeacIsiCeMbIC KOJIMYCCTBA

Kpome TOro, acTpouuThl peardpoBajii Ha TUIIO-
KCHIO U3MEHEHUSIMU JIoKaau3anuu u akcupeccun GS.
CpenHsisi MHTEHCUBHOCTb MMMYHOOKpallMBaHUsI Ha
GS 3HaYMMO M3MEHSJIaCh B 3aBUCMMOCTH OT KOJIMYE-
CTBa BIM30I0B TUITOKCUM (BiIMsiHUE haKkTopa “rpym-
nma”, ANOVA F 3, = 8.012, p <0.001). 910oT nmokasza-
TeJIb YBEJIMYMBAJICS ITOCJIE 8 3MU30J0B KaK B ITOJIM-
moppHOoM (p < 0.05, Ha 30% 1m0 CpaBHEHUIO C
KOHTPOJIEM), TaK U B MojieKyJisipHOM (p < 0.05, Ha 37%
0 CPAaBHEHMIO C KOHTPOJIEM) CJIOSIX, a Ipu 20 31u30-
Iax CHIDKAJCS, NOCTUras KOHTPOJIbHBIX 3HAYCHWI.
ITosbimenne GS nocie 8 aMM3040B T'MMOKCHUM MOXET
MPUBECTU K YBEJIMYSHUIO TIPOAYKIIMH INIyTAMHUHA, KO-
TOPBKIIA 3aTeM OyAeT 3aXBaueH HEMipOHAMU U UCITOIb30-
BaH Ui MOJydeHusT MeTabonuToB nukia Kpebdca, B
YAaCTHOCTHU CyKLIMHATa, KOpPEIUpysl, TaKUM 00pa3oM,
C IMHAMUYECKUM IIEPEeKII0OYECHUEM MUTOXOHIPUATIb-
HBIX (PEPMEHTHBIX KOMIUIEKCOB CYOCTpaTHOIO 3BEHA
IBIXaTeIbHOM Leny, HEOOXOIMMBIM JJISl ITOAAEPKaHUS
IOTOKa DBJIEKTPOHOB 4Yepe3 ILIMTOXpomokcumasy |[8].
OnHoHarpaBJIeHHbIe U3MEHEHUsS] WHTEHCUBHOCTU
okpamuBanusg GS u MTCO1 npu 8 u 20 snu3onax ru-
MOKCUYECKOTO BO3IECTBUS B BUIE MOBBIIIEHUS C I1O-
CJIEAYIOIIMM CHMXXEHHMEM JIO YPOBHSI KOHTPOJIbHBIX
3HAYEeHUI1 MOTYT YKa3hIBaTh Ha BO3MOXHOE COIIPSIKe-
HUE TJIyTaMaTHOro oOMeHa B acTpOLMTax M ITOTOKa
2JIEKTPOHOB Yepe3 LIUTOXPOMHBII Y4aCTOK JbIXaTelb-
HO LIeTIM B HeiipoHaX MpU aganTaluy K TUIIOKCHUU.

bonee Toro, rurokcus IpuBOAMIA K 3HAYMMBIM
(ANOVA Fi5 796y = 26.93, p < 0.001) usmeHeHUAM CO-
oTHollIeHUs coaepxkaHusi GS B coMe (MepuHyKJieap-
HOM KOMITAPTMEHTE) U OTPOCTKAX aCTPOLIUTOB MOJe-
KynsipHoro cios (puc. 5a, b). XoTs B oTpocTKax oKpa-
muBaHue Ha GS ObLJIO HUXKE MO CPAaBHEHUIO C TeJIaMU
KJIETOK, B TO K€ BpeMsI U3MEHEHMS B COJIEpXKaHUM OelT-
Ka ObUT HanboJiee BIpaskeHBI B OTPOCTKaX. 3HAUYNMOe
MOBBLIIICHUE MHTCHCUBHOCTHN OKpallIMBaHUA B OTPOCT -
KaX BBISIBJIISUIM YK€ IpH OTHOKPATHOM BO3IeCTBUU
runokcuu (p < 0.001, Ha 22% 110 cCpaBHEHMIO C KOHTPO-
JieM), a Tp¥ MHOTOKPAaTHOM BO3IEeHCTBUY OHA OCTaBa-
J1ach IOBBIIICHHON. DTU JaHHBIE CBUICTEILCTBYIOT O
nepepacmnpeaesieHnu ¢epMeHTa B aCTpOLIUTax B 3aBU-
CUMOCTHU OT UX (I)yHKLI,I/lOHa.HbHOFO COCTOSIHUA.

OBCYXIEHWE PE3YJIBTATOB

ILluToxpoMokcugaza — YHUBEPCAIbHBIM MapKep
MeTabO0INM4YeCKOM aKTUBHOCTH HEMPOHOB, U3MEHECHUS
9KCIPECCUU KOTOPOIo IIPOAEMOHCTPUPOBAHEI Ha pa3-
HBIX MOJEJISIX TUnokcur. Hampumep, mpu XxpoHUYe-
CKOM BHYTPUYTPOOHOI TMIIOKCHUM HAOII00AIOCh CHU-
xeHue aktuBHoctu MTCO B miepegHeM MO3re IUIOIO0B
MOPCKMX cBUHOK. HecMoTpst Ha BapnabeabHOCTh pe-
aKIIMM OCTAJIbHBIX KOMILIEKCOB JbIXaTeJIbHOM I1IEIH,
aktuBHOCTh MTCO 3HauMMoO cHMKanach Kak IIpu
paHHell (HauuHas ¢ 28-TO OHS), TaK 1 IIPU ITO3THEK
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Puc. 4. YBenmuuenue conepxanuss GFAP (a, b) u usmene-
Hus Jokanmusanuu DCX (c, d, e, ) B mmanbHBIX KJIeTKax
3y04aToi U3BWJIMHBI rUllnokamIia nocje 20-KpaTHOro ru-
TTOKCUYECKOTO BO3ACUCTBUS (KOHTPOJIb — CJIeBa, TUTTOKCUS —
crnpaBa). mol — MOJIEKYJISIpHBIM CJIOM, gr — 3epHUCTBIMN
cnoit, SGZ — cybOrpaHyaspHasi 30Ha TUIIIIoKammna, pol —
MOJMMOP(HBII CIOIA.

(HaumHasg ¢ 50-To OHSI) MHTpaHATAJIbHOM TUIIOKCUU
[22], uTO MOmUEepKMBAET YHUBEPCATBHOCTh 3TOTO MO-
KaszareJis.

B Haiueit paboTe olieHKa coaepKaHUSI LIUTOXPOM-
OKCHJIa3hl B KJIETKAaX TUIIIIOKAaMIIa ObLIa UCciiemoBaHa
Npyu BO3OEHUCTBUM OOHOKPATHOM W MHOTOKpaTHOM
TUIIOKCUM. BBII0 BBISIBIEHO 3HAYMMOE MOBHIILIECHUE
MTCOI1 B Tenax Kak 3peblX, TaK U He3peabIx Heiipo-
HOB IIpU OOHOKPATHOM THUIIOKCUM C ITOCJIEAYIOIIUM
CHMXKEHMEM MPU MHOTOKpPATHbIX Bo3AaeicTBUsIX. Ha-
III1 pe3yJIbTAThl COTJIACYIOTCS C 9KCIIEpUMEHTOM [23],
B KOTOpOM rumodapuyeckasi TUIIOKCUS (BbICOTA
5000 m) BHavaJie moBbIIana (2-i U 5-ii THU BO3IENi-
cTBU), a 3areM cHumxkana (15-if u 30-if meHb) BKcC-
npeccuio MPHK MTCOI1 B xope rojoBHoro mo3sra. B
JIpyToii paboTe MokKa3zaHo, YTO MPU OCTPOI TUTTOKCUU
MOBBIIIACTCS aKTUBHOCTh LIUTOXPOMOKCHIA3HI B AECH/I -
puTax HelipOHOB KoMILJIeKca berimHrepa (B mpomosn-
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Puc. 5. CpenHue 3HaueHUsI MTHTEHCUBHOCTU OKPAIIMBAHUWSI HA NyTAMUHCUHTETA3y B COME M OTPOCTKAX aCTPOLIUTOB MOJIEKYJISIP-
Horo cJios (a) u ux cootHoueHue (b). K — konrpoabHas rpynmna, 1T — omHOKpaTHOe rTuIloKcruueckoe Bo3aeiicteue; 8T — BocbMu-
KpaTHoe runokcuyeckoe Bosaeiictaue; 20T — qBagaTMKpaTHOE eXXeTHEBHOE TMIokcuyeckoe Bosaericraue; * — p < 0.05 o cpas-
HeHUIo ¢ KoOHTpoJieM; # — p < 0.05 o cpaBHeHMIO ¢ npeabiayiueii rpymnmnoii; ANOVA, anoctepuopHblit TecT Thloku. JlaHHbIE Npen-

craBjieHbl B Buae M + SD.

roBaTOM MO3Ie) U YBEJIUYMBACTCS KOJIMYSCTBO TEMHO-
PEaKTUBHBIX MUTOXOHIPUIA TIPU SJIEKTPOHHO-MUKPO-
cKonmmyeckoM wucciiegoBanuu [24]. M wHaobopor,
XpOHUYECKasl epruoandeckasi TMIOKCHUS IIPUBOINIIA K
CHIDKEHUIO aKTUBHOCTU LIMTOXPOMOKCUIA3BI B JTE€H/I -
PUTHBIX MHUTOXOHIPUSX U OCIAOJICHUIO JIOKAJIBbHOM
OuosHepreTuku [25].

B Hamem uccnengoBaHuu HanboJiee BBIpaKeHHEIE
M3MEHEeHUSI B MHTEHCUBHOCTU UMMYHOOKpAIIIMBaHUS
Ha MTCOI1 6bun otmMeueHBI B SGZ 30He 3y64yaToit
W3BWJIMHBI TUTIIIOKAMIIa, YTO TOBOPUT 00 U3MEHEHUN
MeTaboJM3Ma B HEHPOTeHHOIM HUIIE TTPU TUITOKCH-
YECKOM BOSHCﬁCTBMM. HOBbILL[CHI/Ie AKTUBHOCTU
MTCO1 npu ogHOKpaTHOM 3ITM30/Ie TUTTOKCUM C I10-
CJIENYIOIIMM CHIDKEHUEM TP MHOTOKPATHBIX BO3IEH-
CTBUSIX MOXET OBITH CBSI3aHO C KPaTKOBPEMEHHOM
akTUBanueil MeTaboM3Ma sl IoAdepKaHUs IIyJia
HEMpOHAJIbHBIX  IpeAIIeCTBEeHHUKOB. JIBoiiHOe
OKpalllUBaHWE HE I10Ka3aJI0 BBICOKOI'O COJEpXKaHMUSI
MTCO1 B DCX+ kieTKax, IIO3TOMY ITOBBIIIIEHUE UH-
TeHcuBHOCTM MTCO1 B SGZ 11p1 OCTPOI TMIIOKCUU B
8 anuM304ax oUYeBUIHO, OOYCIIOBJIEHO aKTHUBallUEH Me-
TaboJM3Ma B HE3peNbIX HEMpOHAaX, HaXOMSIIIUXCSI Ha
MO3OHUX CTAIUSIX TUPPEPEeHITNPOBKU.

M3BecTtHO, 4yTO B mpolecce nuddepeHITUMPOBKA
NSC npoucxoauT nepexkjaoyeHue MeTadoiarM3Ma Ha
OKUCIUTENbHOE (hochopMIIMpoOBaHNE B CBI3M C BO3-
pacTalollMMy  3HEPreTUYECKUMU  TTOTPEOHOCTSIMU
HEWpOHOB [7], B CBI3U C YeM MUTOXOHApHAIbHAsI TUC-
(GYHKIIMS B MIepBYIO odepenb JOKHA HapylIaTh Iud-
¢dbepeHLIMPOBKY U CO3peBaHUE B3POCIbIX HEMPOHOB B
3y0uaToil M3BUJMHE, OMHAKO, TSDKeJible HapylleHUs
MUTOXOHJAPUATBbHOW OMOPHEPTeTUKN TaKXe yXy/llla-
OT mnpoiudepanio M BbDKHBaeMocTb NSC [26].
IMo-Buaumomy, HIF 1o, yripaBnsst pyHKIIMSIMUA MUTO-
XOHJPUI B YCIOBUSX TUTIOKCUU, 0OECTIEYUBAET CABUT
npoaudepanun u auddepenuuposku NSC. Tak,
oBepakcripeccuss HIF1o 3HauuMo yBenuuuBaia riu-
KOJUTUYECKYIO aKTUBHOCTb B UHAYIIMPOBAHHBIX TLTIO-
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PUITIOTEHTHBIX CTBOJIOBBIX KJI€TKAaX i Vitro, TOrJa Kak
€ro HOKJayH MOBBIIIAJ OKUCIUTEIbHOE pochopum-
poBaHue u ycunnBan auddepenumpoBky NSC [27].
B 10 e BpeMs npyrue aBTOpbI BBISIBUIU, YTO B yCIIO-
BUSIX YMEPEHHOM TUTIOKCUM Mpoaudepanns U BbIKU-
BaeMocTh NSC yBenmuuBarotcs [28].

IIpoBeneHHass HamMM olicHKa KonuuectBa DCX+
kjeToK B SGZ 3y04aToii 3BWJIMHBI TUIIITOKAMIIA BbI-
sgaBUJIa 3HauMMoe cHmkeHne DCX+ HelipoHOB mocie
20 smmm3om0B runokcuu. CxogHble U3MEHEHUSI OBLIN
nmokasanbl [29] nipu 30-mHEeBHOI MEPUOIUNYECKON TH-
MOKCUM KaK JJIsl pAaHHMX, TaK W IS MO3AHUX CTaauil
HelporeHesa 1 XxapakTepU30BaJIMCh YBEIMUYEHUEM KO-
JiuyectBa MOpoaudepupyrommx Sox2-TO3UTUBHBIX
HellpOHaJIbHBIX NPEIIICCTBEHHNKOB I YMEHbIIIEHIEM
yrciaa DCX+ HelipoHOB.

Kpome Toro, B ycinoBusIx ABaALIaTUKPATHOTO BO3eii-
CTBUSI B TTIOJTUMOP(HOM cjioe 3yOouaTtoil U3BWJIMHBI HAMU
ObuT 00HapykeHbl DCX+ KJIeTKM mMaiabHO Mopdo-
sorny. CXOOHBIM 00pa3oM, B HeJaBHEM MCCIICIOBAaHUM
Ha TpaHCTeHHBIX MbIiax Nestin-CreERT2/Ai27D [29],
BSKCIPECCUPYIONINX MapKep HelipOHaJIbHBIX IPOTeHM -
TOPHBIX KJIETOK MPEIIIeCTBEHHUL — HECTUH — IT0Ka-
3aHO, 4yTOo 30-mHEeBHas IepeMesKalollasicsi TUIIOKCUS
yBermuuBaeT kKonmuecTBo GFAP+/Nestin+xieTok ¢
pannanbHOM manbHOM Mopdoorueii. [1pu sTom mo-
JISI HOBOOOpa30BaHHBIX HEMPOHOB IPaHyJISIPHOTO CJIOS
ObLJTa YMEHBIIIEHA, YTO COOTBETCTBOBAJIO CHUKEHUIO
konnyectBa DCX+ HelipoHOB B YCIOBUSIX TUTIOKCUH.

BroisiBnennsie Hamu DCX+ KJIETKU B XUJTyCE MOTYT
WMETh pa3IMuHYIO NpUpoay. B maTtosornyeckux ycio-
BUSIX BO3MOXHAa MUIpalius HEUPOHOB U3 CyOrpaHy-
JIsIpHOIT 30HKI B xmiayc. Hanpumep, B psae padot [30,
31] noka3zaHO, YTO B pe3yJibTaTe HapyILIEHUS MUTpa-
LIMM HEWPOHAJIbHBIX MPEAIIECTBEHHUKOB Ha MOJEIISIX
SMWIETICUM IKTONMUYECKUE TpaHy/IsIpHble HEWPOHbI
0OHapy>XUBaIOTCS B TOJTUMOP(HHOM CJIOE.
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Kpome Toro, DCX MOXKeT TaK:Ke KOJTOKAJIM30BaTh-
csl ¢ MapKepaMu acTporiuu. Tak, Mpu UIIeMHUYECKOM
MOBPEXICHNM KOPHI Y MBIIIIEH B IEpUUHMapPKTHOM 30-
He OBUIM BBISIBIIEHBI pa3Hble TMIEI DCX+ KIIeTOK, B
TOM YMCJIe — 3BE3M49aTOi MOP(OJIOTUH, SKCIIPECCUPY-
tomue muaibHble Mapkepbl GFAP 1 S100B [32], uto
COIJIACyeTCs C HAIllUM MCCIIEAOBAaHUEM.

MEI nipenrojiaraeM, 9To JJIUTEIbHBII PEsKM TUII0-
KCHM B HallleM 9KCIEePUMEHTE MOT U3MEHUTh HaIlpaB-
JneHue nuddepeHIMPOBKU KJIETOK, YTO B TOM YMUCJTIE
MOXKET OBITh 00YCIIOBJIEHO IIEPECTPOIIKOI IIIyTaMaTep-
TMYecKon HelpoMeauanuu. Tak, CHUKEHUE KOJIMJe-
ctBa DCX+ kyetok B SGZ nipu 20 anu3oaax TMIIOKCUH
U ITOSIBJIEHNE KJIETOK INIMAJIbHOM MOP(dOJIOTHH B ITOJIN -
MOP(MHOM CJIOE KOPPEJIMPOBaIU C YMEHBIIIEHUEM aK-
TuBHOCTU GS mpu JBagLIaTUKpPAaTHOM BO3ICHCTBUM,
YTO MOTJIO IPUBECTHU K ITOBBIIICHUIO BHEKJIETOYHOIO
nyna mryramara. Panee [33] Ob10 MoKa3aHo, 4TO Of-
HOCTOPOHHSISI BHYTPUTHUITIIOKAMITAJIbHAST WHBEKIIUS
KAaHOBOII KMCJIOTHI, SIBJISIFOILIECICS arOHUCTOM MOHO-
TPOITHBIX KaMHATHBIX PELIENITOPOB IIyTaMaTa, BbI3bI-
BaeT BbIpaXXeHHbI cABUT IMUHUKU DCX+ KJIETOK B CTO-
POHY reHepallii aCTPOLIMTOB. ABTOPHI OOBSICHSIOT IO~
JY4eHHBIN pe3ynbTraT crocodHocTthio DCX+ kimeTok
MpEenIecTBEHHUI pearupoBaTh Ha JEKTPUUYECKUE U
XUMUYECKNE CUTHAJIbLI M PErpeccUpoBaTh OO Ooee
paHHUX CTaauii C BOCCTAHOBJIEHMEM aCTPOIJIMOTeHHO-
ro nmoTeHIuana.

B namewm skcnepuMenTe mostBiieHne DCX+ kie-
TOK B TOJUMOP(MHOM cjioe MpU ABAALATUKPATHOM
BO3ACHCTBUU COYETATIOCH C YBEJIMUYESHNEM KOJIMYECTBa
GFAP+ actpouuros. ITonydeHHBINH pe3ybTaT MOXET
OBITH CBSI3aH Kak C JeJICHUEM 3PeJIbIX aCTPOLIUTOB, TaK
W C U3MEHEHMeM HarpaBleHUusI OuddepeHInpOBKI
KJIETOK TMpealiecTBeHHUI. PeakTUBHBIE aCTPOIIUTHI
MPOAYLIMPYIOT HEUPOTPOGHBIC U POCTOBBIC (DAaKTOPHI,
B ToM uriciie BDNF u TGF[, IMTOKUHBI U XeMOKUHBI.
Bo Bpems Bocnamenust unu nospexaenus [THC skc-
npeccust turannoB u perenropoB TGF B actpormrax
OBICTPO TIOBBIIIAETCS, YTO SBJISIETCS XapaKTCPHBIM
npusHakoMm pa3Butusg 1mo3a [34]. IlokasaHa cBs3b
HIF1lo u TGFp [6], a Takxke yBenuuenre TGFP kak B
CBIBOPOTKE KPOBHU KpHIC [35], Tak 1 B 1M3aTax TKaHU
Mo3ra [36] mocne runokcudeckoro Bo3aervicteus. [1pu
3TOM aCTPOLIUTHI SIBJISTFOTCSI OCHOBHBIMU MCTOYHUKA-
mu sHaoreHHoit nponykuun TGFB B ITHC. TGFp
KOHTPOJIMPYET IIUPOKUI CIIEKTp PYHKIIMI, BKIIOYasK
MpoliecChl HEMPO- U aHTHOTeHe3a, PEMOIEIMPOBAHUS
¥ penapanum, a TakoKe BOCIaJIUTEIbHbIC I UMMYHHbBIC
peakuuu [37]. beiio moka3zaHo, YTO BHYTPUMO3ToBast
undysus TGF-f wuHrubmuposana mponudeparnio
NSC y kpsic [38]. [Tomumo G10KMpoBaHUS Ipomde-
panuu NSC u nogaep>XaHus ITyJia KJISTOK HEMpPOTeH-
HOI HUIIY B COCTOSIHUY 1TOKOs1, BBeneHue TGF-[ Tak-
Xe crmocobcTBoBaiIo nudGepeHIINpOBKe U BbIKMBA-
HHUIO HEMPOHOB C yBeJlnmueHUeM KoamdyectBa DCX+
kieTok [39]. Brulo ycTaHOBIEHO, YTO B acTpOLIMTaX
TGF-f perynupyer nuddepeHIMPOBKY paaraibHOM
IJIMK 1 00pa3oBaHuEe aCTPOILIMTOB BO BpeMsl pa3BUTHS,
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a nepenava curdanoB TGF-f3 siisieTcst oTHUM U3 OC-
HOBHBIX YT, pETYJIUPYIOLINX aKTUBHOCTb ITPOMOTO-
pa GFAP — Genka mpoMeXXyTOYHBIX (DMJIAMEHTOB U
MapKepa 3peblx acTpouToB [37]. OnmcaHHbBIN Mexa-
Hu3M yuactust TGF-[ B peakuusix BocrajieHust ¥ Heii-
poreHesa Takxke MOXeT 0ObSICHUTh HabJlonaeMoe Ha-
mn yBenndeHune konndectBa GFAP+ n DCX+ kireTok
UaabHON Mopdosioruu rpu 20 31m30aX TUITOKCUU.

PaHee ObUIO OTMEYEHO, YTO TUIOKCUSI HE TOJBKO
BIIUSICT HAa HEWpPOHAJbHBIC MPENIISCTBEHHUKHN, HO U
YCKOpSIET CO3peBaHUe acTPOLMTOB. Y JIEeTEHbIIIEH
KpPBIC IIPU TPeXIacoBoit cucTeMHOi Tunokcun (8% O,)
ycuamBaliach TUddepeHMpoBKa aCTPOLIMTOB HEOKOP-
Tekca W mnosblaiock coaepxkaHnne GFAP u Genkos,
y4acTByIOIIMX B oOMeHe ImyramaTa (GS u TpaHcnoprepa
mryramata GLAST). Kpome toro, noBeimenne GLAST
coueTayioch ¢ yeenmueHueM ypoBHst GFAP, Bzanmoneii-
ctBytoiiero ¢ GLAST [40]. Dtu naHHBIE YKa3bIBalOT HA
cBs3b akcrpeccun GFAP 1 6esrkoB crcTeMBbl 3aXBaTa 1
YTWJIN3ALMM BHEKJICTOYHOIO IIIyTamaTa, I03BOJIsIs
MPEAIOJOXNUTh aJalNTUBHOE 3HAYeHUE aKTUBALUU
aCTPOLIMTOB, HAOIIOAAEMOIi B HallleM 3KCIIEPUMEHTE.

B HareM nccienoBaHuU ObLJIO0 OOHAPYKEHO 3HAUYU -
Moe TIOBbIIIeHUE coaepKaHus GS 1mpu BOCbMU 3130~
JIaX TUTIOKCHUM, 9TO MOKET OBITh OOYCIIOBJIEHO SHEPIo-
MPOLYLMPYIOLIEH POJIbIO IITyTaMaTra, UCTIOJIb3yeMOro B
HelpoHax ISt IIOJIyYeHMsI CyKIIMHAaTa, KOTOPEIi 3aTeM
oynmeT okuciadaThes B nukie Kpedca. CHmkeHUe WH-
TeHCUBHOCTU okpaiuBaHusi GS mocie 20 3n1M3010B
JIO0 YPOBHSI KOHTPOJIbHBIX 3HAYEHUI KOPPEJIUpPYyeET IIPHU
3TOM co cHmXeHneM aktuBannuu MTCO1 B HeiipoHaXx,
1 MOXET OBITh CBSI3aHO C YMEHBIIIEHUEeM 3HepreTuye-
CKOIl poJIM ITyTaMaTa M NPOAYKIIUM CYKILIMHATa M3-3a
BoccTaHoBiieHus ¢pyHkimn HAJI-3aBrcuMoro okuciie-
Hus [8], Takke MPpUBOAS K YBETMYEHUIO BHEKJIETOUHO -
ro ImyJja riyramara. Tak, Ha MOJEeJIM UIIEMUM ObLIO I10-
Ka3aHO, YTO B 3TUX YCJIOBHMSIX HAOJIIOAAIOTCS CPHIB
ajanTtaiyuu, CHUXKEHUE 3axBaTa IIyTaMmaTa W IoTeps
GS acrpounrtamu kopsl [41]. I1pu aTom GS conepxa-
1€ aCTPOLIMTHI B 3y0UaTOil M3BMJIMHE AEMOHCTPUPO-
BaJIM OOJBIIYIO YCTOMUYMBOCTD HA UIIEMUYECKON MO-
JIer, 10 CPaBHEHMIO C acTpOLIMTaMM HEOKOpTeKca
[41].

HMHTEepecHo, UTO TIpU onpeaeeHU COOTHOIIIEHUS
konnuyecTBa GS B MepruHyKJIeapHOM KOMITapTMEHTE U
OTPOCTKax acTPOLIMTOB MOJIEKYJSIDHOTO CJIosl 3ybua-
TOM UM3BUJIWMHBI TUITITOKaMMa HaMHW ObLIO BBISIBJIEHO
nepepacnpeneneHue gepmeHTa. OOparHble U3MeEHe-
Hus — nepemelieHrue GS U3 TOHKUX TUCTATbHBIX OT-
POCTKOB B 00Jiee TOJICTbIe MPOKCUMAaIbHbIE OTACbI OT-
poctkoB actpouuToB B CAl m CA3 0061aCTsIX TUIIO-
KamIa ObUIM KauyeCTBEHHO IOKa3aHbl Ha MOJEIU
XpOHMYEeCKoi BucouHoit snuiencuu [42]. HepaBHo-
MepHOCTb pacripeneneHus GS ¢ npenumMyIiecTBeHHO!
Jiokanm3anuei pepMeHTa B HaYaJIbHbIX CETMEHTAX OT-
POCTKOB acTpOIIUTOB OOHapyxXuBaJlach U B Tepudo-
KaJIbHOM 30HE WuIlleMMYeckoro MHdpapkra Mo3ra y
Kphic [43]. DTH maHHBIE B COMOCTABJICHUN YKA3bIBAIOT
Ne 4
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Ha BO3MOXHOCTH TOHKOM PEryjsluyd TIyTaMaTHOIO
obMeHa myTeM ImepepacnpeneyieHuss GS B oTpocTKax
aCTPOILIUTOB.

Psn paGoT mocBsillieH poJiM TIyTaMUHCUHTETA3bl
(GS) B mpouieccax oOydyeHUsI U B (hOpMUPOBAHUM I1a-
MSITH, IOJYEPKUBAIOIINX 3HAYEHUE ITOTO (hepMEeHTa B
(YHKIIMOHMPOBAHUY HEHPOHHBIX CETEM B TMIITIOKAM-
ne. Y Mblllei ¢ ceJIeKTUBHOI neiaenueiit GS B HEOKOp-
TEKCE 1 TUIrnoKamIie HabJonain HelipoiereHepaluio
1 cloHTaHHbIe cynoporu [44]. Kpome Toro, paHee ObI-
JI0 oTMeueHo [16], yto nHrubupoBanue GS Hapylaer
KOHCOJIMIALMIO TAMSTU y UBITUIST, TIPUYEM aMHECTU -
yecKuit 3(pGeKT ycTpaHsIeTCsl CMEChIO U3 Ol-KEeTOIIyTa-
paTa U aJlaHWHa, 4TO, MO MHEHUIO aBTOPOB, 00YCIIOB-
JIEHO WCMOJBb30BAHUEM Ol-KETOINIyTapara B KadyeCTBE
cyOcTpara 11 yTaMaTaeruaporeHasbl, SIBJISIoIIeics
MOCTAaBIIMKOM DIIyTaMaTa B HEMPOHAX B YCIOBUSIX €T0
HapyLIEHHOW KOHBEPCUM W3 ACTPOLUTAPHOTO TIIyTa-
MHHa. YyacTtue MeTabosnToB LuKjiaa Kpebdca B momaep-
)KaHUM peakUuUi [DIyTaMUH-TJyTaMaTHOro oOMeHa
MONYEPKUBAET BAXKHOCTh SHEPTONPOILYLIMPYIOLIEH poO-
JA TyTaMaTa Y IJIMO-HEHPOHAIbHBIX B3aUMOAECH-
CTBUM TIpU TUITOKCUU B HEPBHOI TKaHU, YTO TPEOyeT
NaJTbHEHUIINX UCCAETOBAHUIA.

Taknm obpa3omM, TIpoBeieHHAsI padoTa IeMOHCTPU-
pyeT aganTUBHBIN XapaKTep U3MEHEHUI SHepreTuye-
CKOTO OOMEeHa B HEMpPOreHHOU HWUIIe TUIIoKaMIia u
NOoMYEepKMBaAeT B3aMOCBSI3b MUTOXOHIPHUAJIbHBIX U3-
MeHeHM, TuddepeHIMPOBKN HEHPOHAIbHBIX MPEI-
IIECTBEHHUKOB U PeaKI1 aCTPOTINU B OTBET Ha Kyp-
COBOE€ BO3IEHCTBHE THUIIO0APUYECKOM TUIIOKCHUM.
I1pu rurmokcryeckoM BO3ACUCTBUM HaOmomann ¢as-
Hble U3MEHEHUs UCCIeAyeMbIX MapKepHBIX OEJIKOB —
muroxpoMokcuaassl (MTCO) B HelipoHaxX 1 IIIyTaMUH-
cuntetasbl (GS) B acTpolrax. BeIsiBIeHHBIE UMMYHO-
TUCTOXMMMUYECKHE OCOOEHHOCTH CBUIETEIBCTBYIOT O
TOM, YTO CPOYHAsI aaITalus K TUIIOKCUH O0yCIOBJIeHA
perporpaMMrupoBaHueM pabOThl AbIXaTeJIbHON IIeTun
HelipoHoB. Ilpn 3TOM aganTallMOHHBIE MEXaHWU3MBI
IpY MHOTOKPAaTHOM BO3IEMCTBUM CBSI3aHBI C peaKIIy-
el acTporyiuuM MW MOAYJISLMEN IIyTaMaTepruiyecKoro
oOMeHa, XapaKTepU3YIOIIMXCs ITOBBIIICHUEM COIEP-
xaHusg GS mocie 8 3MM30I0B TUIIOKCUM 1 BhIPaXKEH-
HBIM TmepepacnpenejlecHueM ¢epMeHTa B OTPOCTKax
aCTPOLMTOB KaK IIPU OCTPOM, TaK U IIPpU MHOTOKpaT-
HOM Bo3meiicTBuM. Bhicokass akKTMBHOCTH IIyTamMaT-
HBIX peakliii B aCTpOLIMTaxX B MepBble 8 NHE TMIIO0-
KCUYECKOTO BO3IEMCTBUSI U MOCIEAYIOIIee CHUKEHIE
nociie 20 30M3010B TMIIOKCUU MOATBEPKIAIOTCS CO-
npskeHHoM peryisiuit aktuBHoctu MTCO1 B Heit-
poHax, oTpaxasi TeM CaMbIM JUHAMUKY PeIIpOorpaMMu-
poBaHUS pabOTHI AbIXaTeabHOI 1ier. CHIDKEHHE pa-
0OTBHI ILIMTOXPOMHOIO ydYacTKa B HelpoHax IIocie
20 31IM300B TUIIOKCUH MOXET OBITh OOYCJIOBJICHO IIe-
pEXOIOM Ha HOBBIA YPOBEHb PEryIsaluu (pepMeHTa,
HEOOXOIUMBIM IJI1 9KOHOMM3AIUHY Mpolecca SHEPTro-
obOpa3oBaHUs, SIBASSICh, TAKUM 00pa3oM, MapKepoMm
3aBeplIeHUs (P OPMUPOBAHUS afaIITAllIN K TUIIOKCHH.
M3meHeHure aganTalilMOHHbBIX peaKlUii MpU ABaaLIaTH -

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

KPaTHOM BO3IEHCTBUY IMPUBEJIO K CHUKEHUIO KOJIJeE -
ctBa DCX+ HelipoHOB u nosiBieHu0 DCX+ kieTok
DIMaNbHON MOpP(dOJIOTHH, BIIMsIsI, BEPOSITHO, HA IU(d-
depeHINPOBKY HEMPOHATBHBIX Y TTTMATBHBIX ITPEIIIIE -
CTBEHHMKOB B TUINOKaMIle UM TpeOys HajibHEHIIero
U3ydeHUs IJIsk 00Jiee TOUHOTO OIIpeAcICHMS IPUPOIbI
DCX+ xierok. IloHmMmaHue MexaHU3MOB BO3[Eii-
CTBUSI TIEPUOINYECKONM TMITOKCHUM Ha IPoLecC HEMpo-
reHe3a IMOMOXET B pa3pabdOTKe TapreTHOW Tepamnuu,
KOPPEKTUPYIOLIEH KOTHUTUBHBIE HAPYLLIEHUS IPU 3a-
00JIeBaHUSX C TUTTOKCUYECKOII KOMITOHEHTOM.

COBJIIOAEHUE 5TUYECKNX CTAHIAPTOB

Bce mnpuMeHMMBIE MeEXAYHApOIHBIE, HAallMOHAJIbHbIC
U/VIM MHCTUTYLIMOHAIbHBIC IPUHLIMITBI YXOAa U UCTIOIb30-
BaHMSI KMBOTHEIX OBLIN cOOJIIOAeHEI. Bee mpotemyphl, BbI-
IMOJIHEHHbIE B UCCJIEIOBAHUSX C Y4aCTUEM XKUBOTHBIX, CO-
OTBETCTBOBAJIM 3TUYECKUM CTaHAapTaM, YTBEPXICHHBIM
npaBoBeIMU akTaMu P®, npuHuunam basensckoii nexia-
pauuu ¥ pekoMeHaauusiM JIOKaabHOTO 3TUYECKOIO KO-
muteta @®T'BHY Hayunsblit uentp HeBposioruu (ITpotokon
Ne 10 — 7/20 ot 27.11.2020 1.).

NCTOYHUKU PUHAHCHUPOBAHUA

HccnenoBaHue BHITIOJHEHO B paMKaX rOCy1IapCTBEHHOTO
OIOMXEeTHOTrO (DMHAHCUPOBAHUSI.

KOH®JIMKT UHTEPECOB

ABTOpBI IEeKJIApUPYIOT OTCYTCTBUE SIBHBIX M IOTEHIIH-
aJIbHBIX KOH(MJIMKTOB MUHTEPECOB, CBSI3aHHBIX C ITyO UKL -
el JaHHOM CTaTbhbu.
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One of the most vulnerable brain structures to hypoxia is the hippocampus. Maintenance of the neurogenic
niche cell pool in the subgranular zone of the hippocampus (SGZ) is provided by adaptive mechanisms. Among
them are changes in the functional activity of mitochondrial respiratory chain complexes and the reaction of as-
troglia, which provides metabolic support for neurons. In order to study the dynamics of adaptive changes in neu-
rons and glia in the dentate gyrus of the hippocampus under hypoxic conditions on a model of intermitten hy-
pobaric hypoxia (5000 m, equivalent to 10.5% O,), with a single (60 min) and multiple (8 and 20 episodes) ex-
posure in low-resistant rats, immunomorphological methods revealed the features of localization and content in
the neurons of complex IV mitochondrial respiratory chain (MTCO1), astrocyte marker proteins glutamine syn-
thetase (GS) and GFAP, and doublecortin (DCX) in immature neurons. With a single hypoxia, the content of
MTCOI in neurons significantly increased, and after eight exposures, the amount of glutamine synthetase (GS)
in astrocytes of the dentate gyrus of the hippocampus increased. Changes in the content of GS were most pro-
nounced in the processes of astrocytes, which indicates a redistribution of GS. The number of DCX+ neurons
in the SGZ significantly decreased after 20 episodes of hypoxia. At the same time, DCX+ cells of glial morphol-
ogy were found in the polymorphic layer, and staining for GFAP showed an increase in the number of astrocytes.
This may be due to a shift in the direction of cell differentiation in the neurogenic niche. Thus, in hypoxia, at the
initial stage, a functional restructuring of the respiratory chain of neurons of the granular layer occurs. Subse-
quently, it is noted by the activation of astrocytes that modulate glutamate metabolism. The presence of a rela-
tionship between the dynamics of adaptive reactions of energy exchange in neurons and glia and changes in neu-
rogenesis during 20 episodes of hypoxia suggests that during long-term hypoxia, the differentiation of neural pre-
cursors of SGZ in the direction of astroglia occurs, however, this issue requires further study in order to more
accurately determine the nature of DCX+ cells.
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