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WHcynuH sBisIeTCSI OMHUM U3 HauboJsiee MepCreKTUBHBIX HelporpoTeKTopoB. CylliecTBeHHBIM NTPOoOesioM B
TMOHUMaHUY MEeXaHU3Ma ero AeHCTBUS SABJSIETCS OTCYTCTBUE NAHHBIX O TOM, CIIOCOOEH JIM OH MPeaoTBpaIliaTh
aytodarmyeckyro ruoenb HelipoHoB. Llenbio Haleit paboThI OB OlleHKAa BKJIaaa ayTodaruu u anorros3a B
rubenb HEMPOHOB KOPBI MO3Ta KPBIC B KYJIbTYPE MPU OKUCIUTEIBHOM CTPECCe U M3ydeHHe CITIOCOOHOCTU
WHCYJMHA MpefoTBpalliaTh 3Ty TM0esib U UHIT'MOUPOBATh Ipo1lecChl ayTodaruu 1 armnorTo3a B HEPBHBIX
KJeTkax. M3yuyeHo BAMsSHUE MEPEKUCU BOAOPOIA U MHCYJIMHA HAa YPOBEHb ABYX OCHOBHBIX MapKepoB
aytodaruu (LC3BII u SQSTM1/p62) u mapkepa anonTo3sa (paciieryieHHas Kacrma3sa-3). JIJIst oleHKHN Xu3-
HECIIOCOOHOCTHU HEMPOHOB Mcnojb3oBaii MTT-tect, mist u3MepeHus1 ypOBHS MapKEePHBIX O€JIKOB IIPUMEHSI -
JIM UMMYHOOJOTTUHT. HalineHo, 4TO OKUCAUTENbHBIN CTpecC BhI3bIBAET aKTUBALIUIO ayTodaruu M aro-
NTO3a B HelipoHax. DTO MPOSBISIETCS B JIOCTOBEPHOM yBeandyeHUuU MmapkepoB ayTodaruu LC3B-11 u ano-
nTo3a (pacllelJieHHOW Kacmadbli-3) M B CHUXeHMU ypoBHA Oenka SQSTMI1/p62. CopepkaHue
SQSTM1/p62, yuacTByIOIIErO B 00pa30BaHMM ayTO(ParocoM, CHIXKAETCI P aKTUBALUKU ayTodarumu, T.K.
0eJIOK MoABepTraeTcs NeCTPYKIMU B JiIn3ocoMax. [lepekuch Bogopo/ia BeI3bIBaeT ayToharun4eckyto 1 armno-
MTOTUYECKYIO THOeNb HEUPOHOB, O YEM CBUAETEIbCTBYET 3HAUUTEIbHOE YBEIMUYEHE XKM3HECITTOCOOHOCTH
HelpOHOB B YCJIOBUSIX OKMCJIUTEIBHOTO CTpecca NMpu AeUCTBUU MHTMOUTOPOB ayTodarum (3-MeTuiane-
HuHa) u antonto3a (z-DEVD-FMK). B cBolo ouepenb MHCYIUH, IpeaoTBpaliiasi rudeb HEMPOHOB IMPU OKKC-
JIMTEILHOM CTpecce, TPEeIsITCTBYET pa3BUTUIO ayTodaruu, BbI3bIBasi CHUXXEHUE YPOBHS JIMITUAVMPOBAHHOM
dopmer LC3B-I1I u yBeanuenue ypoBHst SQSTM1/p62, u armonTo3a, yMeHbIIIask ypOBEHbD pacIleIIeHHOM Kac-
nasbi-3. 3alIUTHOE NeiiCTBUE MHCYJIMHA OTIOCPEAYETCS aKTUBalIME CrieliuUIeCKMX CUTHAJIbHBIX Iy Teil, CBSI-
3aHHBIX ¢ penentopamMu uHcyanHa u IGF-1. Tak, unruburop peuentopoB uHcyauHa u IGF-1 BMS-754807
TOJIHOCTBIO OJIOKMPYET HEMPOIPOTEKTOPHbIN 3D dEKT MHCYJIMHA. TakKuM 06pa3oM, SIpKO BhIpaskeHHasT aKTH -
BalMs ayToaruu Mpu OKUCIUTEIBLHOM CTpecce SIBJISIETCS OMHOM M3 MPUYMH TMOean HeiipoHOB, a 3allluTa
HEHpPOHOB MHCYJIMHOM CBSI3aHa C MOIaBJIeHUEM He TOJIBKO allONTOTHYECKOM, HO U ayTodarndeckoit ruGean
9TUX KJIETOK.
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BBEAEHUE

WHCyINH, OTHOCSIIUIACS K YHUCIY OCHOBHBIX PO-
CTOBBIX U Tpouueckux (akTopoB, B HACTOSIIIEE Bpe-
Ms1 paccMaTprBaeTCsl KaK OIMH U3 HanboJiee repcrex-
TUBHBIX HEUPOIPOTEeKTOpPOB. Tak, OBLIO MOKAa3aHO,
YTO MPHY €r0 UHTpaHa3aJIbHOM BBEIEHUU OH OKa3bIBaeT
3alUTHEIN 3¢ @deKT Ha HEMPOHBI MO3Tra W yiIydlIaeT
KOTHUTHUBHBIE (DYHKIIMM MpPU TaKUX HelipoiaereHepa-
TUBHBIX 00JIe3HSIX, KaK 001e3Hb AnblreiiMepa u Ilap-
kuHcoHa. Ilo3uTuBHBIN 3(PdEeKT MHTpaHaA3aTbHOIO
BBeAeHUs1 uHcyiuHa (MBU) B Gonbiioil mepe o0y-
CJIOBJIEH T€M, YTO MpU TaKOM CIocoOe MOCTaBKU OH
roragaeT HEMOCPEACTBEHHO B MO3T, MUHYSI TeMaTO3H-
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nedamrueckuii oapbep [1, 2]. [Ipu 3TOM XOpOIIIO BHI-
pakeHHBII 3alUTHBIA 3(PPEeKT TAKOro BBEIACHUS MH-
CyJINHA BBISIBJICH HE TOJILKO B ONBITAX HAa XKUBOTHBIX |3,
4], Ho u TIpu KMuHUYecKux ucneltanusx UBU mogsam
(cMm., Hatipumep, [5—T7]).

3amuTHEIN 3¢ GEeKT MHCYIMHA IIPY €T0 MHTpalepe-
OpOBEHTPUKYJIIpHOM [8] M CHUCTEMHOM BBEIECHUU
(cM., HampuMep, [9, 10]) mokasaH U NMpu UILIEMUYE-
CKOM MOpaxXeHWU Mo3ra mjekonuratomux. Ho pabo-
TBI TT0 U3YYECHUIO CITOCOOHOCTU WHTPaHAa3aJIbHO BBE-
JIECHHOTO MHCYJIMHA MpeNoTBpaliaTh rubeb HeipOHOB
MO3ra IIpU ero UIeMUYeCKOM MTOPaXKEHUU U TTOCNIENy-
omieit perrepdy3nun MpakKTUIECKU OTCYTCTBYIOT. Mc-
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KJTIOUEHUEM SIBJISTIOTCS JIMIITh HECKOJIBKO paboT Halllei
J1abopaTopuu, MOCBSAIIEHHBIX U3YyYEHUIO CIOCOOHO-
CTU MHCYJMHA HOpPMAaJM30BaTh METabOJIMYECKUE Ha-
PYIIEHUS Y MOJIOJBIX M CTAPBIX KPBIC TIPU TTI00ATTBHOM
WIIeMUHU TIepenHero mosra [ 11, 12].

BiusHue mHCyaMHA, BBEIEHHOIO XMBOTHBIM WJIN
JTIOASM, Ha ayTodarndeckyro ruoejib HelipoHOB MO3ra
pU HepoaereHepaTUBHBIX 1 MIIEMNYECKUX BO3ICii-
CTBMSIX Ha MO3T OCTaeTCsl MOKA IIOYTH HE NU3YyICHHBIM.
Cepbe3HbIM ITPOOETIOM B U3YUYEHUM MEXaHM3Ma Heu-
porpoTreKTopHOoro 3¢ @eKTa NHCYIMHA SIBISIETCS TaK-
e OTCYTCTBME HAHHBIX O €r0 BIMSHMM Ha MpPOILECCHI
ayTodaruu u ayroarnuyeckoi ruoem HepBHbBIX Kile-
TOK, BBI3BAHHOM TOKCHUYECKMMHU BO3ICHCTBUSIMU, B
omneITax in vitro. 1 310, HECMOTpPS Ha OOJIBIION WHTE-
pec B COBPEMEHHBIX HAayYHBIX MCCIIEOOBAHUSX K TOM
poau, KOTOPYIO UrpaeT ayrodarus B rubesii HeiipoHOB
MIpU MaTOJIOTMYECKUX Ipolieccax pa3JIMdHON 3THOJIO-
ruu. Jlosaroe BpeMsl oJiarajiu, 4To akTUBaLus ayToda-
TMM HOCUT IIPEUMYIIECCTBEHHO 3alllMTHEIN XapaKTep.
IIpu aTOM cumMTaNOCh, YTO IJIsI ITOHUMaHUS MPOTEK-
TOPHOIO JOEMCTBUSI TE€X WJIM WHBIX COCAMHEHMI Ha
HEpBHBIE KJIETKM BaxKHO paciungpoBaTh IIPEeUMYIIE-
CTBEHHO MEXaHM3MBI MX aHTHUAIIONTOTUYECKOIO 1 aH-
TUHEKpOTUUYecKoro aeiictBusi. Ho 3areM BO MHOIMX
paboTtax ObUIO IT0OKAa3aHO, YTO Ype3MepHasl aKTUBALIYS
ayTodaru MOXeT IIPUBOINTh K THOEIN HEPOHOB, a
BEIIIECTBA, MHTMOUPYIOIINE MPOLIECChl ayTodaruu, 0o-
JTagalT CBoiicTBaMU HeliporporekTopoB [13—17].
Crano SICHO, 4TO HEBO3MOXHO HOCTHUYh ITOHUMaHMUS
HapylLIeHU B MO3T€ MIPU Pa3JIUYHbBIX BUAAX MTAaTOJIOTH-
YeCKMX IIPOLIECCOB M OLECHUTh MEXaHU3M 3alllUTHOIO
IEMCTBUSI HEMPOMNPOTEKTOPOB 0e3 M3y4yeHHsS B TOM
yucie u ayrodarndeckoit rudenm HelipoHos. ITo-Bu-
IMMOMY, CUTHAJIbHBIC MOJICKYJIbI I BHYTPUKJICTOYHEIC
KacKaabl, OTBETCTBEHHbBIE 3a PETY/ISILNIO ayToaruu,
MOTYT CTaTh OJHOI M3 BaXXHEUILMX TEPATIEBTUYECKUX
MUIIICHEH IIPU JICYeHU U pa3IndHbIX nopaxeHuii [IHC
[18—20]. HemaBHO HaMu OBIJTO BIIEpBBIC IMOKa3aHO
[21], yTO MHTpaHa3aJbHOE BBEIECHNUE MHCYJIUHA KPbI-
caM INpakKTUYECKU IIpeaoTBpaIlacT ayroarndeckyro u
aTtoNTOTUUECKYI0 TnoOenb HelipoHoB B CAl paitoHe
rUmnmnokamMna IIpyu IJIO0AJIbHOW MIIEeMUM MepeaHero
MO3Ta M YMEHBIIIAeT €€ B Kope Mo3ra. AKTyaJIbHBIM SIB-
JISIETCSI TanbHellee n3y4eHre CIIOCOOHOCTU MHCYIIN -
Ha TOAABJISITH Mpolecchl ayrodarud u ayrodaruye-
CKOIi TMOe/IM HepOHOB IIPY HEOJIAroNnpUsITHBIX BO3-
NeCTBUSIX B OIbITAX in Vivo U in Vitro, a TaKxXe
pacimiidpoBKa MEXaHU3MOB €ro HWHIUMOMPYIOIIETo
BausHUs. Tak, B IUTepaType IOKa OTCYTCTBYIOT JaH-
HBIE O TOM, YTO MHCYJIMH CIIOCOO€H HOpPMaJIM30BaTh
M3MEHEHUSI B HEPBHBIX KJIE€TKaX OCHOBHBIX MapKEpOB
ayrodarum, Taknx Kak LC3B-1I, SQSTM1/p62 wmun
Beclin-1, cBuaeTenbCcTBYIOIIME O €€ aKTUBAlLIMM, Bbl-
3BaHHOM KaKUMU-JINOO IaTOJOTMYECKMMU BO3ICii-
CTBUSIMU Ha HEIPOHHI.

Lenpto HacTosieit padoThl OBLIO OMNpedcsieHUE
BJIMSIHVS MHCYJIMHA, TIePEKUCU BOAOPOAA U UHTUOUTO-
poB aytodaruu u anomntosa (3-MA u z-DEVD-FMK
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COOTBETCTBEHHO) Ha XW3HECIOCOOHOCTb HEMPOHOB
KOpPBI MO3Ta KpBbIC in Vitro, a TAKXXE Ha COAEPXKaHUE B
HUX MapKepoB ayTodaruu u aronrtosa. J1jisi moHuMa-
HUS BO3MOXXHOTO MexaHu3Ma 3Tux 3¢h(HeKTOB MHCYIU-
Ha UHTEpPEC NPEACTaBISIOT JaHHbIE O MOAYISILIMA UH-
CYJIMHOM psiia TPOTEMHKWHA3, MOJIy4YeHHbIE HAMU Ha
KyJIbTYp€ HEMPOHOB KOPbl MO3Ta KPBbIC.

METOJIbI NCCIIEJOBAHWA

Mamepuanv.  3-(4,5—opuMeTnnTra3on-2-min)-2,5-
nudeHuwn-rerpaszonust opomun (MTT), nepekuch Bo-
Jlopojla, MHCYJIUH W NOJASHUICYIbdar HaTpusl ObLIU
npuobpeteHbl y dupmel Sigma (CIA). Iumeruindop-
MaMun 3akyriieH y dupmbel Bekton (Poccust). Cpena
IJIsl  KyJbTUBUPOBaHUSI HelpoHoB “Heiipobasaib-
Has”, aJaHWI-TIIyTaMWUH M 0eCChIBOPOTOYHAST POCTO-
Bas nobaBka “HeilipoMakc” u3rotoBjieHbl KOMITaHUEH
OOO HIIIT “ITan®xko0” (Poccust), Torma Kak pocTo-
BOM KOMIIMMeHT B-27 06e3 mHCyamHa OB KYIJIEH
y ¢dupmsbl Invitrogen (CIIHA). MHrubuTtophl ayTo-
darum 3-metunaaeHuH (3-MA) 1 TMPO3UHKUHA3HO-
ro gomeHa penentopoB IGF-1 m mHcynmana BMS-
754807 obuIu momydeHbl oT ¢upmbl Sigma (CIIIA),
WHIMOUTOp Kacnasdbl-3 M anonToTUYecKoit rudenu
kietok z-DEVD-FMK — or BLDpharm (Kwuraii).
BOkcnpeccuio MapkepoB aytodaruu LC3B-I1 u
SQSTM1/p62, akTUBHOCTD psiia MTPOTEMHKWHA3 U CO-
Jiep>KaHue Tpo- U aHTUAIOTITOTUYeCKUX 0eKoB Bax u
Bcl-2, cooTBeTCTBEHHO, U3y4aJii C TIOMOIIbIO CITELM-
dUYecKMX aHTUTEN, XapaKTepUCTUKA KOTOPBIX Mpei-
CTaBJieHa B paszjiejie METOMIOB UCCIEA0BaHMS, OMUCHI-
BalOIIX UMMYHOOJIOTTUHT.

Buidenenue u kyromueupogeanue HelpoHANbHbIX Kae-
MOK U3 Kopbl Mo32a ambpuonoé kpwvic. HelipoHalbHBIE
KJIETKM BBIASJISIIA U3 Pa3BMBAIOILETOCS MO3ra SMOpH-
OHOB Kpbic TuHUMU Bucrap Ha 17—18-i1 neHb» pa3Bu-
THS C TIOMOIIBI0O MOOU(PUIIMPOBAHHOTO MeToaa JInmx-
Tepa [22], kak 3To onucaHo paHee [23]. BeineneH-
HBIE KJICTKU BBICEMBAJIN B 48-TyHOUYHBIC IIJIAHIIIETHI,
MMOKpPBITEIE noau-D-ausuHoM, no 2.9 x 10° xie-
TOK/JIYHKY IJISI OIIpedeICHUSI XKM3HECIIOCOOHOCTH
MTT-MmeTonoM U B 12-JIyHOYHBIE IJIAHILIETHI B KOH-
ueHtpauun 1.1 X 10° KJ1eTOK/IyHKY U1 aHAJIM3a 9KC-
npeccud OEJIKOB METOIOM HMMYHOOJOTTUHTrA. s
9TOr0  MCIIONb30oBaiM  HeilipoOa3zanpHylo  cpemy
(ITaudxo, Poccust), cogepxaniyio 2% pocToBoil 10-
6aBku HeitpoMaxkc, 1% anaHUI-TIIyTaMWH, TICHUIIHII-
mH G (100 U/min)/crpentomuuua (100 MKr/mi)
(nmonHas poctoBas cpena). Kietku cHabxanu cBexeit
cpenoii Kaxable 3 IHs, IJIs TOr0 OTOMPaI MOJTOBUHY
o0BeMa 13 KaXIO JYHKHN U J00aBIISIN aHAJTOTUIHBINA
00BeM cBexell cpeabl. ONMBITHI HAUMHAJIN TPOBOAUTH
Ha 6—7-i1 IeHb KYJIbTUBUPOBAHUS KJIETOK.

Onpedenenue Cu3HecnoCOOHOCMU HEUPOHO8 KOpbl
mo3zea 6 kyavmype MTT-memodom. [1pexne yem nepeii-
TH K OIBITaM IO OMNpeleSIeHUIO0 XXU3HECITOCOOHOCTU
HEWPOHOB, IEPBUYHYIO KYJIbTYPY IBaXKbl IPOMBbIBAIU
Ne 5
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crepmwibHBIM (ocharaeiM Oydpepom (DPBS). 3arem
KJIeTKU nepeBomin B Heilipoba3aiabHylo cpemy, co-
nepxainyio 1% pocroBoii no6aBku B-27 6e€3 nHCynnMHAa
(Invitrogen, ThermoFisher Scientific, CIIIA), B aToi1
cpene uxX OCTaB/IsUIM Ha Houb. Ha ciemyroninii neHn Heit-
POHBI IPeNHKYOpoBamu ¢ | MKM WHCyIMHA B TEYEHUE
19w ¢ 5 MM 3-MA umu ¢ 5 MkM z-DEVD-FMK B Te-
yenue 0.5 u B Helipoba3anpHOli cpene, comepKaleit
1% pocToBoii nob6aBku B-27 6e3 nHcynmmHa. 1o okKoH-
YaHUU NIPEUHKYOAlIMU C MHCYJIMHOM U UHTUOUTOpaMu
OKMCJIUTENIbHBII CTpecc, JIMTEIbHOCTh KOTOPOTO CO-
crapisia 8 u, unuuuuposanu S0 MkM H,0,. Onpene-
JIEHUE )KM3HECITOCOOHOCTH HEMPOHOB MTPOBOAWIIU, UC-
nonbs3ysd MTT mMeTon, oCHOBaHHBIM Ha BOCCTAHOBIIE-
HUW MUTOXOHAPUSIMU KU3HECTTOCOOHBIX KJIeTOK MTT
B okpamreHHbi MTT-¢dopmazan [24]. B xierouHyio
cpeny BHocun MTT B KOHeYHOI KOHIIEHTpPALIMU
0.5 Mr/mi 3a 2 4 10 OKOHYAHUSI MTHKYOAlMK (C TIepeKu-
ChI0 Bomopoda wiv 6e3 Hee). JIIst comoOmm3auny Kpyu-
cTayuioB (popMaszaHa B JIyHKU J00aBisum 1mo 150 MKJT1 Jm-
3upylolero oydepa, npeacrasisionero coooi 20%-Hulit
pacTBop momenuicyibdara HaTpus B 50%-HOM ouMe-
Tiiipopmamuae B 0.1 N consgHoT Kncinore. DKCTUHK-
LIMIO KOHTPOJIbHBIX TTpo6 mpuHuManu 3a 100%, skc-
TUHKIIMU OCTaJIbHBIX MPOO BbIpaXKaan B MPOLIEHTaX OT
KoHTpoJist. [nsg ompeneneHus 3ammTHOTO 3ddekTa
WHCYJIMHA U IPYTUX COSAWHEHUI pacCUUThIBAIU, THU-
0eJib KaKoTO YKcjia HEUPOHOB MPY TOKCUUECKOM Jeii-
CTBUM TIEPEKUCU BOAOPOAA YAAJIOCh MPENOTBPATUTh
Oiaromapsi IPUMEHEHUIO KaXXIO0ro W3 IPOTEKTOPOB
(“rescue rates”). {7151 3TOT0 BBIYMCIISUIM PA3HUILY MEX-
Ty 3HAYeHUSIMU SKCTUHKIIUI P00, BEIpaskeHHBIX B %
o otHomreHuio K 100%-HOMY KOHTPOJIO, TIPU Oeii-
CTBUM Ha HEUPOHBI OMHON MEPEeKUCU BOJOPOIa U 3TO-
ro NpOOKCHUJAHTa MocJje MPEeNHKyOaluu KJIETOK C UH-
CYJIMHOM. DTy BEJUYMHY JEJIWIN HA Pa3sHUILY MEXIY
3HaYeHUEM KOHTPOIbHBIX P06 (100%) 1 cOOTBETCTBY-
IOIIMM 3HAYEHUEM MPOO, MOABEPTHYTHIX AEHCTBUIO Te-
pexucu Bogoponaa. [TonyyeHHBI pe3yabTaT YMHOXaIU
Ha 100. ITpu otcyTcTBUM 3a1IMTHOTO 3(hdeKTa UHCYIU-
Ha 9rcauTenb paBeH 0, Kak 1 IPOILIEHT KJIETOK, THOEIh
KOTOPBIX ObLIa MpenoTBpallieHa HHCYJIMHOM.

Onpedenenue 6AUAHUA UHCYAUHA HA YPOGEHb MApKe-
pos aymoghaeuu (LC3B-11 u SQSTM 1/p62) u anonmosa
(pacwennennoil kacnaszvi-3, coomnouenue Bax/Bcl-2),
Ha akmueHocmb npomeuHkunasvl B (Akt), kunazel eau-
Koeencunmasvi-36ema (GSK-3beta), adeno3un moHo-
doccham-axmusupyemoii npomeunxunazot (AMPK) &
HelpoHax Kopbl M032a Memo0OM UMMYHOOA0MMUHEA.
JJ1st UMMYHOOGJIOTTMHTa HEMPOHBI KOPbI MO3Ta BbICEU -
Bald B 12-JIyHOUHbIE TUIAHIIETHI B KOJMYECTBE
1.1 x 10° KJIeTOK/JIYHKY B IIOJIHOI1 pOCTOBOI cpefe. 3a
12 4 mo Havaja 3KcIepuMeHTa HePOHATBHYIO KYJIbTY-
py nocie 2 kpaTHoii mpoMbiBKM DPBS nepeBoauiu B
Heiipoba3zanpHyro cpemy, comepxamryio 1% pocToBoit
nobasku B-27 6e3 mHcynmmHa. Ha ciuemyrommii nmeHb
KJIETKU NPEeNHKYOupoBayiu ¢ | MKM MHCy/IMHA B Teye-
Hue 1 4. [Ins onpeneneHus aKTUBHOCTU TIPOTEMHKMU-
Ha3bl B (Akt), GSK-3beta, AMPK 110 ypoBHI0 1x ¢oc-
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¢opmmpoBaHHBIX (OPM, a TakKKe COOTHOIICHMS
ypoBH$ Bax u Bcl-2 okucauTenbHBIN CTpecc UHULIUU -
poBaiu 100 MkM H,O, B TeueHre 6 4 U B psizie CITydaeB
B TeuyeHHe 0ojiee KOPOTKOTO IPOMEXYTKa BPEMEHM,
KaK 3TO yKa3aHo Ha puc. 4 1 5. I1o oKOHYaHUM BO3IIEH -
CTBUSI HEHIPOHBI KOPHI MO3Ta MPOMBIBAIN 2 pa3a oxJia-
XneHHBIM ¢ocdaTHBEIM Oydepom. KneTku mmu3npona-
mm B 60 Mk Oydepa, comepxamero 50 MM Tpuc
(pH 8.0), 150 MM NaCl, 1% NP-40, 0.25% neokcuxo-
Jata Hatpus, S0 MM NaF, 1 MM Na;VO,, 1 MM nupo-
docdara Hatpusa, 1 MM mmuuepodocdara HaTpus,
1 MM denunmernncyabdonun ¢dropuma (PMSF) u
MpoTea3Hblii MHIUOUTOPHEIM KokTeiyib (Roche,
IBeiiapust). Konuenrpanuio 6ejaka B mpobdax orpe-
Jesiu 1o MonuduLimpoBaHHomy metony Jloypu [25].
Benku pasnenstiu B 13%-HoM MOJTMaKpUIaMUITHOM Te-
JIie, TIoCJe 4Yero ocyumiecTBiIsim nepeHoc Ha PVDF
MeMbpany ¢ pasamepoM 1op 0.2 mkm (Bio-Rad, CIIIA).
CaiiTel Hecneuu@UUIECKOro CBSI3bIBAaHUSI MeMOpaH
0JIOKMpPOBaIM, KaK OIMcaHO paHee [26].

O BIMSIHMM WHCYJIMHA Ha TIpPOIecChl ayToarum u
aronTo3a CyAWIN II0 YPOBHIO 3KCIIPECCUM MapKEPHBIX
6enkoB LC3B-1I u SQSTM1/p62, a Takke HaKOILIE-
HUIO paclieruieHHoro ¢gpparmMeHTa Kacnasbi-3 (cleaved
caspase-3 ¢ MoJsiekyJsipHoit Maccoit 17-19 kDa) ¢ mno-
Molbio cienudunaeckux antutena K LC3B-11 (1: 1000,
Cell Signaling, CIIIA), SQSTM1/p62 (1: 1000, Ser-
viceBio, Kurtait) u k cleaved-Casp-3 (1: 1000, Cell Sig-
naling, CIIIA). [Iis1 yaeTa BApMaTUBHOCTH IIPU 3arpy3-
Ke Mpo0 OCyIIeCTBIISIJIACh HOPMaIM3allMsl C TIOMOIIBIO
antutena k GAPDH (1: 3000, Affinity Biosciences,
Kwuraii), xoTopas BBIIOIHSUIACH MOCJIE CTPUIIIIMHTIA.
Jlasg n3ydeHUs poau ayTodaruv M anorro3a B rudeamn
HEWPOHOB U MPU UCCICTOBAHNM DKCIIPECCUU MapKep-
HbIx 6enkoB ayTodaruu (LC3B-11 u SQSTM1/p62) u
arrornro3a (paciieruieHHast Kacrnasa-3 ¢ MOJIEKYISIpHOM
Maccoit 17—19 kDa) B ycaoBUSIX OKUCJIUTEIbHOIO
cTpecca HCHOIb30BAIMCh WHIMOUTOPHI ayTodaruu
(3-MA) u anontoza (z-DEVD-FMK). [eiicTBue uH-
CyJIMHA GJIOKMPOBAJIOCh C IIOMOIIbI0O MHTMOUTOPA TH -
pO3MHKMHA3HOTO JoMeHa peueritopoB IGF-1 1 nHcy-
guHa 1 MkM BMS-754807.

OO0 aKTUBHOCTH MPOTEMHKWHA3 CYyIWIY 1O KOJIUYe-
CTBY uX pochopuanpoBaHHBIX (DOPM, BBISIBJISIEMbBIX C
MOMOIIIBI0 cnelnUIECKUX MOHOKJIOHAIbHBIX aHTU-
tesn. CTereHb akTUBALMM TMpoTeMHKWHa3bl B (Akt)
omnpenesnsuy o yposHio pAkt (Sert”?) (1: 1000, Cell Sig-
nalling, CIIIA), crenens nHakTuBann GSK 3-beta — o
konyectBy pGSK-3beta (Ser®) (1: 1000, Cell Signal-
ling, CIIIA), cTteneHb aKTHMBAaUM IIPOTEMHKMHA3BI
AMPK — no yposHio pAMPK (Thr'’?) (1: 1000, Cell
Signalling, CIIIA). YpoBeHb NPOAnONTOTHUYECKOIO
O0enka Bax u anTuamontoruyeckoro 6eiaka Bcl-2 BbI-
SBJISUIM C TIOMOILBIO AaHTUTEN K JaHHBIM Oejkam
(1:1000, Cell Signalling, CIIIA). Ins HopManu3anuu
JaHHBIX MeMOpaHbI MOCje CTPUMNITMHIAa UHKYOUpOBa-
JIU C aHTUTEJIaMU K CyMMapHoii ¢hopMe MpOTEeMHKUHA3
Akt, GSK-3beta, AMPK-asbda (1:1000, Cell Signalling,
Ne 5
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Ta6amma 1. 3ammTHBINM 3hGEeKT MHCYIMHA 1 UTHTHOUTOPOB
aytodaruu (3-MA) u anonto3a (z-DEVD-FMK) B Helipo-
HaX KOPbl MO3Ta KPBIC B YCIIOBUSIX OKUCJIMTEIIBHOTO cTpecca

JIoCTOBEpPHOCTh
TporekTop 3aiuTHoro addekra
1 MKM uHcyauH 50.2 +£8.0% p<0.01
5MM 3-MA 348 +6.3% p<0.001
5 MKM 38.4+7.5% »<0.01
z-DEVD-FMK

Ilpumeuanue. JlanHbIe TIpEACTaBISIOT coboit cpennee = SEM u3
6—8 ombiToB. HelipoHbl mpenHKyoupoBaiu ¢ 1 MKM MHCyIMHA B
teueHue 1 4y unu ¢ 5 MM 3-MA unu ¢ 5 MkM z-DEVD-FMK B Te-
genue 0.5 4, 3aTeM Ha HUX Bo3aeicTBoBaiu 50 MKM nepeKucu Bo-
nopona B reyeHue 8 4. OrnpenesieHue XU3HECTTOCOOHOCTH Heipo-
HOB IpoBoauau, ucnoiab3dys MTT meron. st onpenejieHus 3a-
muUTHOTO 3ddeKTa BBUMUCIUIA, TUOEIb KaKOoro MpOoIeHTa
HEUPOHOB OT TOKCUYECKOrO NEHCTBUS MEPEeKUCH BOIOpoIa yaa-
JIOCh TIPENOTBPATUTh Garonapsi MPUMMEHEHUIO KaXIOoro M3 Mmpo-
TEKTOpOB (“rescue rates”).

CIIA). s HopManu3aluy JaHHBIX 10 YPOBHIO CyM-
MapHOii (hopMbl (hbepMEHTOB TIPUMEHSUIM aibda-Tyoy-
muH (1: 2000, Cell Signalling, CIIIA) i GAPDH. JaH-
HBbIe TIPEACTABSUIA B BUIEC COOTHOINEHUS pAkt
(Ser*”?)/Akt, pGSK-3beta (Ser’)/GSK-3beta, pAMPK-
alpha (Thr'”?)/AMPK-alpha, Bax/anbda-TyOynuH,
Bcl-2/anbda-tyoynuH, koTopoe IpuHuMaiu 3a 1.0 B
KOHTPOJIbHBIX KJIeTKaX. Takke pacCUMThIBaIU COOT-
HomeHue Bax/Bcl-2, koTopoe B KOHTPOJIbHBIX KJIET-
Kax mpruHuMaioch 3a 100%.

B xadecTBe BTOPUYHBIX aHTUTEI UCITOJIb30BAIN aH-
TUMBIIIUHbBIE WU aHTUKpoJudbu IgG, KOHBIOTUPO-
BaHHBIE ¢ nepokcuaa3oit xpeHa (Cell Signaling Tech-
nology, CIIIA). CurHai riepoKcuaasbl XpeHa yCUJIMBa-
qi ¢ mnomoublo peareHToB Novex ECL HRP
Chemiluminescent Substrate Reagent Kit (Invitrogen,
CIIA). IIneHKM C CUTHAJIOM XEMIUTIOMHHECIICHIINU
ckaHupoBaiuch Ha ckKaHepe Canon (CanoScan
8800F). di1st KOIM4ECTBEHHOTO OIIpeae/ICHISI ONTUYE-
CKOM TZTOTHOCTH MMMYHOTIO3UTHUBHBIX TTOJIOC UCTIONb-
30BayIu mporpammy Bio7.

Cmamucmuueckas o6pabomia. CTaTUCTUYECKYIO
JOCTOBEPHOCTb Pa3NINYUil ONPEAESIN, UCIOAb3Ys
kputepuii CteioneHTa. Pasmmums cauraim qocTtoBep-
HbiMU TIpU p < 0.05. Bce naHHbIe mpeacTaBiIeHbl Kak
cpenHee apudMeTUUecKoe 3HaueHWe t cTaHmapTHas
omubka cpenHero (M = SEM).

PE3VJIBTATHI NCCIIEJOBAHHWA

OpmHoM 13 1eJiel HaIlIero MCCIEAOBaHUS OBIIO N3y-
YeHUe CITOCOOHOCTU UHCYJIWHA, C OMHOM CTOPOHBI, U
uHrnouropos ayroparun (5 MM 3-MA) u amonrosa
(5 MxM z-DEVD-FMK), ¢ apyroii CTopoHbI, yME€Hb-
11aTh rubeb HeiiPOHOB KOPBI MO3ra KPbIC B KYJIbTYPE
OT TOKCUYECKOTO NIeiicTBUSI MmepeKrucu Bomopoaa. Pe-
3yJILTATHI BEIPAXKaJIM B “rescue rates”, BeIMYMHAaX, 110~

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

3AXAPOBA u np.

Ka3bIBaIOIIMX, THOEIb KAKOM 9YaCTU HEMPOHOB OT TOK-
CUYECKOro NAeHCTBUSI TIEPEKUCHU BOAOPOJA YAAIOCH
MIPeIOTBPaTUTh TOMY WM MHOMY IIPOTEeKTOpY (TabI. 1).
IMosicHUM 3TO Ha OCHOBAHUHU OTHOTO U3 OIBITOB, B KO-
TOPBIX MbI OTIPEIEIISIIIA 3alIUTHBIN 3 dEKT MHCYINHA.
KonmyecTBO KJIETOK B KOHTpOJIE (M, COOTBETCTBEHHO,
SKCTUHKIUIO Npo6) nmpuHumManu 3a 100%. Ilpu neii-
CTBMM Ha HEMPOHBI KOphI Mo3Ta KpbIc 50 MKM 11epe-
KMCH BOAOPOJA XXMBBIMU B 3TOM OIILITE OCTaBaJIMCh
75.3% neiiponos (morubanu 24.7% HepOHOB). A T10-
cJie TIpeuHKyOaluu KJIeTOK ¢ 1 MKM MHCyJIMHA TIpu
MOCJICIYIONIEM IeiiICTBUM TOI XXe KOHLIEHTpalUuU Iic-
pPEKUCY BOAOPOAA YUCIIO BBLKUBIINX HEMPOHOB COCTA-
Buio 88.3% ot koHTposst (morubamu 11.7% Heiipo-
HOB). DTH TaHHbIE ITOKA3bIBAIOT, UTO IPU IIPEUHKYOa-
LIUM HEHPOHOB C WHCYJIMHOM MOTMOJI0 OT IeiicTBUS
MepeKucH Bogopoaa Ha 13% MeHblile HeiipOHOB OT UX
o6mrero uncia B KoHtpoie (24.7% — 11.7% = 13%).
IIpu sTOM UX TUbENL OT HEHCTBUSI OMHON TMEepeKUCHU
Bomopona coctapisieT 24.7% OT 4mnclia KJIETOK B KOH-
TpoJie, IIO3TOMY “rescue rate” cocTaBsIeT IJIsI UHCYJIN-
Ha B 3ToM ombiTe 52.6% [(13.0/24.7) % 100].

Ilpu ycpenHeHUM MaHHBIX, TTOJYYEHHBIX B 6 OIIBI-
Tax, MBI MTOJIy4aeM BEeJIUYUHY “‘rescue rate” IJIsT MHCY-
nmHa, paBHy10 50.2 + 8.0% (Tabm. 1). DTH taHHBIEC TO-
Ka3bIBalOT, YTO MHCYJIMH cracaeT OT rubesu npu ToK-
CUYECKOM JECHACTBUU NEPEKUCHU BOIOPOJIA HA HEMPOHBI
KOpbl MO3ra B YCJIOBHUSIX HaIllMX OIBITOB B CpeaHEM
MPUMEPHO MOJOBUHY KJIETOK.

Takum xxe obpa3om, Kak M IJsI MHCYJIWHA, Ha-
MU BBIUMCASLIUCH “rescue rates” mist 3-MA u s
z-DEVD-FMK. Ilony4yeHHbIE JaHHbIE TTOKA3aJI1, YTO
ayTodarus 1 arnomnTo3 SIBISIOTCSI OCHOBHBIMU IIPUYH -
HaMu rubev HeWpoOHOB IpU ACUCTBUM Ha HUX Mepe-
Kucu Bomopopda. Tak, mHruourop ayrodarum 3-MA
Npu JeCTBUM Ha HEHPOHBI IIpeIoXpaHsil OT TMoenn
34.8 £ 6.3% KJ1€TOK, 4TO, KaK MBI CYMTAEM, OTPAKAET,
Kakoii MpPOLEHT HEWPOHOB KOPHI MO3ra TMOHET OT
Ype3MEepPHOI aKTUBALIMK ayTo(aruu B yCIOBUSIX OKMC-
JIUTEJIBHOIO CTpecca B ombITax in vitro (Tadn. 1). He
MEHBIINI IIPOLIEHT KJIETOK, IO-BUIUMOMY, THOHET OT
arrorrro3a. Tak, HalgeHO, YTO MHTUOUTOP Kacmasbl-3
z-DEVD-FMK npu npenHKy0auuu ¢ HUM HEMPOHOB
npegoxpaHsier ot rubenn 38 * 7.5% HelipoHOB
(tabn. 1). Paznuuusa B 4ucie KI€TOK, TMOHYIIUX OT
ayTodarvuu u aroriTo3a, He sIBJISIFOTCS JOCTOBEPHBIMU.

HMHTEepecHO, UTO MPU COBMECTHOM JIeHAICTBUY UHCY-
JIMHA 1 MHruouTopa ayrodaruu 3-MA 3a1uTHEIM 3¢ -
dexT (“rescue rates”) ObUI JOCTOBEPHO BbIIIIE (Ta0JI. 2),
YyeM Mpu IefiCTBUM OJHOTIO MHTMOUTOpA WU OIHOTO
nHcyHa (p < 0.05 1o 7 kputepuio CTbIOAEHTAa METO-
JIOM MOITApHBIX CPAaBHEHMIT). DTU JaHHBIC MOJTYyYEHEI B
OTIENbHO cepuu OomnbITOB. B 3TOi cepum Habmonma-
JIMCh OoJIee HU3KME 3HAaYeHUs “rescue rates” IJIst MHCY-
mmHa (27.8 £ 5.0% npun=3u4l.0 £ 5.5% npun =4
o cpaBHeHuIo ¢ 50.2 £ 5.0% npu n =6 B Ta6. 1). D10
CBUIETENIBCTBYET O CYILLIECTBEHHOM Pa3bpoce TaHHBIX
10 3alIUTHOMY 3(h(EKTY MHCYIMHA MEXIY OTHCIbHBI-
Ne 5
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Ta6amua 2. 3ammuTHBIM 3D GhEKT COBMECTHOTO MpUMeHeHUs nHCyanHa U 3-MA wiu uncyiamHa u z- DEVD-FMK 1ipu okuic-

JIMTECJIbHOM CTPECCE

JIOCTOBEpPHOCTD pa3In4yUii IO CPaBHEHUIO
C 3aIUTHBLIM 3 HEKTOM OTHOTO
U3 COeAUHEHUN

Yuciio onbITOB

[TpotexTop Rescue rates
1 MKM MHCYIUH 32.5+10.1%
5mM 3-MA 27.8+5.0%
1 MKM uHcynuH + SMM 3-MA 57.4 +£10.5%
1 MKM WHCYJIVH 41.0 £5.5%
5 MkM z-DEVD-FMK 38.9+2.5%
1 MkM uHcynmuH + 5 MkM z-DEVD-FMK | 62.3 +59%

n=3

n=3

n=3 p <0.05vs acpdpexr 1 MKM mHCyIMHA
p <0.05 vs acpcpext 5 MM 3-MA

n=4

n=4

n=4 p <0.05 vs acpchbexr 1 MKkM MHCYyIMHA

p <0.05vs apdpext SMKM z-DEVD-FMK

IIpumeuanue. JlanHble nipeacTaBiieHbl Kak cpenHee + SEM u3 3—4 onbiToB. J10CTOBEPHOCTh Pa3IMYMii BBIYMCIISIA, UCIIOJIb3Ys METO/, 1O~
MapHBIX cpaBHEeHM 110 ¢ Kputepuio CthioneHTa. HelipoHbl TpenHKyOonpoBanu ¢ 1 MKM MHCyIMHA B TedeHue 1 9 wiau ¢ 5 MM 3-MA win
¢ 5MKM z-DEVD-FMK B teuenue 0.5 4 uIy ¢ MHCYJIMHOM M OTHUM 13 MHTUOUTOPOB. OcTaibHas MHDOpMAIMs IpUBeAcHA B IIprUMeda-

HUU K Tad. 1.

MM OITBITAMU, KOTOPBIE CTABUJIVCH B pa3HbIe THU, MHO-
raa ¢ 60JIbIINM Pa3pbIBOM IO CPOKaM MX ITPOBEACHUSI.
[Tpu 3TOM, eciii 6BI B KaXKIO¥ CeprH OTTBITOB OBIJIO OB
IIPOBENEHO 110 6 OIBITOB, KakK B TabiI. 1, TO, IMO-BUIN-
MOMY, pa3anuusi He ObLUIU Obl CTOJIb 3aMETHbI, KaK Mpu
3 wnu 4 onteitax. I1pu neiictBuu nnacynuHa u z-DEVD-
FMK coBmecTHasi cnocoOHOCTb 3TUX COEAWHEHUIA
MnpenoTBpaliaTh TMOEIb HEMPOHOB KOPHI MO3Ta Oblia
Tak:Ke BhIIIE (Ta0jI. 2), 4eM 3allUTHBIN 3P deKT Kaxk-
nmoro u3 3tux coenuHeHuit (p < 0.05). CoBOKYIMHOCTb
MOJIYYEHHBIX JaHHBIX TTO3BOJISIET T10JIaraTh, YTO UHCY-
JIMH CTIOCOOEH MpenoTBpaIiaTh Kak ayToharndecKylo,
TaK M alfoNTOTUYECKYIO TMOEIb HEMPOHOB B YCIIOBUSIX
OKMCJIUTEJILHOTO CTpecca.

Hapsny ¢ 3TuM Heo6x0aMMO ObLIO TaKXKe MOKa3aTh
CNOCOOHOCTh HMHCYJMHA HOPMalu30BaTh YPOBEHb
MapKepoB ayTodarnu B HElpoHax KOpbl MO3Ta KPbIC B
KyJbTYpe, U3MEHEHHbI NMpU aKTUBaLUMU ayTodaruu
MoJ NeficTBUEM TEePEKUCHU BOIOPOJA Ha 3TU KIETKU.
Hamu Ob110 U3yYeHO BIMSIHUE MEePEeKMCU BOOOpOaa U
MPEUHKYOAIlMU C MHCYJIMHOM Ha pa3HbIX CPOKax BO3-
NeficTBUSI MPOOKCUIAHTA HAa YPOBEHb JIByX MapKepoB
ayrodaruu LC3B-11 u SQSTM1/p62 B HelipoHax. Kak
BUJHO U3 JNaHHBIX, MPUBEAEHHBIX Ha puc. la, mocTo-
BEPHOE YBEJIMUEHUE B HEMPOHAX YPOBHS TaKOTO Map-
kepa aytodarum, kak LC3B-II, mpencrapisioniero
munuaupoBaHHyio dopmy LC3B (B otimume ot pac-
TBOopuMoit ¢opmel LC3B-1), HabmogaeTcs yepes 4 u
6 4 TocJie MHUIMAIIMY OKHUCIMTEILHOIO cTpecca, HO
yXxe uepe3 1 ¥ 2 4 mocje Havyajia AeiCcTBUS TTIEPEKUCU
BOIOpPO/Ia MPOSIBISIETCS TEHASHIIMS K YBEJIUYEHUIO B
HelpoHax ypOBHSI 3TOTO MapKepa. XOTs WHCYJIUH He
oKa3bIBaeT BosdeiicTBusa Ha ypoBeHb LC3B-11 B koH-
TPOJIbHBIX HEAPOHAaX, HO OH IOCTOBEPHO CHUXKAET IKC-
MpEeCcCUIo 3TOro Mapkepa yxe yepe3 1 1 2 4 rocsie Ha-
yaja neicTBus nepekucu Bomopona (puc. la). Oco-
OeHHO OOJBIIOE M TakKXKe JTOCTOBEpPHOE CHIDKEHUE
COJIep>XKaHUsI 3TOT0 Mapkepa ayTodaruu 10 KOHTPOJIb-
HBIX BeJIMYWH HaOJTIomaeTcs depe3 4 1 6 4 mociie Havyalia
JIEUCTBUSL TIEPEKUCU BOJAOPONA. DTU JaHHbIE HEOIPO-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

BEPKMMO CBUAETEIBbCTBYIOT O CIIOCOOHOCTH MHCYJIMHA
MOAABISATh UYPE3MEPHYIO aKTUBaLMIO ayrodarum B
HeMpOoHaxX KOpbl MO3ra, MNOABEPTHYTHIX JICHUCTBUIO Me-
PEKMCH BOOOPOAA, B OIbITAX i Vitro.

Takoro pona maHHbIE OBLIM IIOATBEPXACHEI U IIPU
W3YYeHUU AWHAMUKJA W3MEHEHUS IPYroro Mapkepa
ayroparun SQSTM1/p62 (puc. 1b). ConmepxaHue
YOUMKBUTHH-CBSI3BIBAIOIIETO KapKacHOTO Oeska
SQSTM1/p62, yyacTByIOILIEro0 B 00pa30BaHUU ayTO-
¢darocom, HaIPOTUB, UMEET OOPATHYIO KOPPESILIMIO C
aKkTuBaluMeil ayroparuy, Tak Kak 3TOT 0€JIOK MOABEp-
raeTcs 1eCTpyKIUU B IndocoMax. Kak u3BeCTHO, 3TOT
MapKep JOCTOBEPHO CHIKAETCSI B KJIETKAX MJIA TKAHSIX
MpU aKTUBAlLIMM TIPOLIECCOB ayTodaruu u Bo3pacTaeT
npu ee nogaBieHnu. Kak BUIHO w3 HaHHBIX, Hpel-
CTaBJICHHBIX Ha puc. 1b, ypoBeHb 3TOro Mapkepa npu
JIeJICTBUM OOHOM IEePeKHUCHU BOAOPOIA MO MEHSIETCS
110 CpaBHEHUIO ¢ KOHTpoJieM 4yepe3 0.5, 1 u 2 4 oT Ha-
yaja OEeWCTBUS IEPEKWCH BOOOpPOIAa Ha HEHpPOHHI.
ITpu 5ToM Yepe3 4 1 6 4 TOCAe MHULIMALIMA OKMCIIU-
TEJILHOTO CTpecca IIPOMCXOIUT 3HAYUTEIbHOE, II0YTHU
JIBYKpaTHOE CHUKEHME YPOBHSI 3TOr0 MapKepa B Heii-
poHax. 910, Kak 1 yBermueHne ypoBHs LC3B-I11, cau-
JeTeJIbCTBYET O 3HAYUTEJIbHOI aKTHUBAIIUU MPOLIECCOB
ayTogaruy B HEPBHBIX KJIETKaxX Ha 3TUX CPOKax ITOCIIe
Hayvaja BoaneiicTBusl mpookcuaanTa. [TpenHkyo6aus
C MHCYJIMHOM 3HAYUTEIbHO U JOCTOBEPHO ITOBBIIIACT
ypoBeHb SQSTM1/p62 B HelipoHAaxX 10 KOHTPOJbHBIX
BEJIUYMH 4epe3 4 1 6 4 mocjie Havajia 1eiicTBUs Tepe-
Kucu Bomoponaa. CTaTUCTUYECKU 3HAUMMOE TIOBBIIIIE-
HHE YPOBHSI 3TOr0 MapKepa Mo BIUSHUEM WHCYJIMHA
MMeeT MECTO M yepes 2 4 Iocjie Havasla IeMCTBUS IPO-
okcupaHTa. TakuM oOpa3oM, AaHHBIC, MOIYyYEeHHBIE
IpyY M3YyYeHWM HM3MEHEHUsI YPOBHSI IBYX MapKepoOB
ayroparnn (LC3B-II u SQSTM1/p62), cBumerenb-
CTBYIOT 00 MHTMOMPOBAHUM MHCYJIMHOM 4Ype3MepHOI1
aKTUBAIIMU MIPOLIECCOB ayTo(aruu B yCIAOBUSIX OKMCII -
TEJILHOTO CTpecca, O CIIOCOOHOCTU MHCYJIMHA CHIDKATh
€€ MHTEHCUBHOCTb MPAKTUYECKU 0 YPOBHS KOHTPOJIS.
Ne 5
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1.2+ _I_ _} % X X
Lol %{_-} T
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0.6
0.4
0.2F
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Time of incubation with hydrogen peroxide (HP)

Puc. 1. DddekT nHCyIMHA U TIepeKKUCH BOIOpoia Ha ypoBeHb MapkepoB aytodaruu (LC3B-11u SQSTM 1/p62) B HeitpoHaX KOPbHI
MoO3ra KpbIC Ha pa3HbIX 3Tarnax pa3BUTHUs OKMCIUTEIbHOTrO cTpecca. (a) u (b) — uameHenue ypoHst LC3B-11, (¢) u (d) — usmene-
Hue ypoBHs sqstm1/p62. (a) u (c) — uMMyHOOJ0THI, (b) 1 (d) — pe3yabTaThl AEHCUTOMETPUU TTPOBEACHHBIX OMBITOB (1 = 4—5)
npezacranieHbl Kak cpenHee = SEM. HelipoHbl Kopbl MO3ra KpbIC MpeuHKYyOupoBayiv B TedeHue 1 4 ¢ 1 MkM MHCynuHa, a 3aTemM
nonsepraiu Bosaeiicteuio 100 MKM mepekncy Boaopoa B TeueHue pa3Horo BpemeHu. CokpaiiieHus Ha pucyHke: HP — nepekuch
Bomopona, Ins — macynmuH. Paznuuus qocToBepHBI O CPAaBHEHUIO C KOHTPOJIBbHBIMY BenunHaMmu: * — p < 0.05, ** — p < 0.02, mo
cpaBHeHMIO ¢ 3 deKTOM oqHOM nepekucu Bogopoaa: X — p < 0.05, xx — p < 0.02.

CrnenyeT OTMETHTh, YTO B IipucyrctBuu BMS-
754807, naruduropa penentopos nHcyanHa u IGF-1,
3¢ deKT MHCYJIMHa Ha YpOBEHb MapKepoB ayToda-
ruu LC3B-11 1 SQSTM1/p62 noaHOCTHIO MpoIanal
(puc. 2b u 2d), B 3TOM cllydyae ypOBE€Hb MapKepOB
ayTodaruu npu JeMCTBUM HA HEWPOHBI MHCYJIMHA U
MepeKNCH BOIOPOAa JOCTOBEPHO HE OTIMYAJICS OT UX
YPOBHSI IIpM ASMCTBUMU OOHOTO IIPOOKCHUIAHTA. DTU
JIaHHBIC CBUAETEIBCTBYIOT O TOM, YTO HEMPOMPOTEK-
TOpHOE IeMICTBYE MHCYJIMHA IIPY YpEe3MEPHOIT aKTUBa-
U1 ayToaruy B HEPBHBIX KJIETKAX OIIOCPEIYETCS Ye-
pe3 peuentopkl camoro uHcyiauHa u IGF-1.

M3yganock TakKe BO3JIEUCTBUE WHTHOMTOPOB
ayTodarvu ¥ arorro3a Ha ypoBeHb MapKepoB ayToda-
TMY B HEMPOHAX KOPHI MO3Ta B YCIIOBUSIX OKUCIUTEIb-
Horo ctpecca. Muruourop ayrodaruu (3-MA) nocto-
BepHO cHuXan conepxanue LC3B-II B HelipoHax,
YBEIMYECHHOE IION OeiicTBMEeM IIepeKMCH BoOIopoida
(puc. 2b) mo ypoBHS, XapaKTepPHOIO IJISI KOHTPOJIS.
IIpu 3TOM 3TOT MHTUOUTOP, HAMIPOTUB, NOCTOBEPHO
MOBHIIIAJT, TPAKTUYESCKU TaKKe 10 KOHTPOJIBHBIX Be-
JIMYWH, YPOBEHb JpYyroro Mapkepa ayrodarud —

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GU3NOJIOTUH

SQSTM1/p62, KOTOpBIii 3HAUUTEIILHO U JOCTOBEPHO
CHUZKAJICS B HElipoHaX Npu JEMCTBUU HA HUX MEPEKU-
cu Bomopoaa (puc. 2d). DT maHHbBIE ITOKA3bIBAIOT, 4YTO
OpH OeCTBUM TaKOro MPOOKCHAAHTA, KaK II€pEeKUCh
BOIOpOA, B HEMPOHAX KOPbI MO3Ta IPOUCXOIUT aKTH-
Balvs ayrodaruu, Toraa Kak MpeuHKy0alus KJIETOK C
MHIMONTOpPOM ayToarnu, Kak 1 CJIeI0oBajo OXHUAATh,
NpeaoTBpalllacT M3MEHEHUsI 3KCIIPECCUU XapaKTep-
HBIX UIS1 JAaHHOTO Mpoliecca MapKepoB, JeJiasi X ypo-
BE€Hb CXOIHBIM C YPOBHEM B KOHTPOIJIE.

IpencraBisiiio MHTEPEC TaKKe MPOBEPUTH, OKA3bI-
BaeT JIM BJIMSIHUE WHTEHCUBHOCTb anoONTOTUYECKUX
MPOLIECCOB, PAa3BUBAIOIIUXCS MPU 1€MUCTBUU TPOOKCU -
JlaHTa, Ha UHTEHCUBHOCTh ayTodaruu. OmHako HaMU
He BbISIBJICHO JTOCTOBEPHBIX UBMEHEHU I B ypOBHE 000-
MX U3YyYEHHBIX MapKepoB ayTodaruu noja BO3AeicTBU -
em z-DEVD-FMK, uHruburopa kacnasbl-3 M aro-
nToTudecKux IporeccoB (puc. 2b m 2d). YpoBeHb
LC3B-11 u SQSTM1/p62 B HelipoHaxX KOpbI MO3ra MO]I
BO3AeCTBUEM NepekucHu Bogopoaa u z-DEVD-FMK
JIOCTOBEPHO He OTJMYaJICS OT UX YPOBHSI, HabGI01aB-
1Ierocs npu AeCTBMM OJHOM NepeKUCHU BOAOpoaaA.
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Puc. 2. DdbdexT nHcynmHa ©1 ”HTMOMTOPOB ayTodaruu (3-MA) u anonrosa (z-DEVD-FMK) Ha ypoBeHb MapKepoB ayTodaruu
(LC3B-II and SQSTM 1/p62) B HelipoHax KOPbI MO3Ta KPbIC B KYJIBTYpE, MOABEPTHYTHIX ASHCTBUIO TTepekrcy Bopopona. (a) u (b) — n3-
meHeHue ypoBHst LC3B-11, (¢) u (d) — uamenenwue ypoHst SQSTM 1/p62. (a) u (¢c) — uMMYHOGIIOTHI, (b) 1 (d) — pe3yabTaThl IeH-
CUTOMETPUH MPOBEIEHHBIX OIBITOB (7 = 6) npencraBieHbl Kak cpeaHee £ SEM. HelipoHbl KOpbI MO3ra KpbIC ITPEMHKYOMPOBAIU
B TeueHue 1 4 ¢ 1 MkKkM uHcynuHa, 1160 B TedyeHue 30 MuH ¢ 5 MM 3-MA unu 5 MxM z-DEVD-FMK, a 3atem noaBepraiu Bo3-
neiicteuio 100 MKM mepekucu Bomopona B TedeHue 6 4. CokpaieHust Ha pucyHke: HP — nepekuch Bonopona, 3-MA — 3-meTn-
naneHuH, BMS — BMS-754807 (unru6urop perentopo nHcyianHa u IGF-1). Pazanuust 10CTOBEpHBI IO CPaBHEHUIO C KOHTPOJIb-
HbIMU BeimuuHaMu: * — p < 0.05, ** — p < 0.02, mo cpaBHeHUI0 ¢ 3¢hhekToM ogHOI Nepekucu Bogopoaa: X — p < 0.05, xx — p <0.02.

Ilepexucyr Bomopoma JIOCTOBEPHO yBeJIWYMBaa
(Gomee, ueM B 2 pa3za) aKTMBHOCTb Kacmasbl-3 (comep-
XXaHMe paciienjeHHoro ¢parmMenTa 17—19 xkJla) B Heii-
poHax Kopbl Mo3ra (p < 0.02) yepes 6 4 mocie ee 106aB-
neHus (puc. 3a). YUepes 4 4 mocJie anmjinKaluu npo-
OKCHMJaHTa aKTUBHOCTb Kacma3bl-3 Bo3pacraja B
1.5 pa3sa, Ho 00JIBIIIOI pa30pOC MaHHBIX JIeJIald 3TO YBE-
JIMYEeHUe HeIOCTOBEepHBIM. MHCYIUH JOCTOBEPHO
CHMUXaJl aKTUBHOCTb Kacma3sbl-3, a 3HAUUT U arnomnTo-
THYECKYIO THOETb KJIETOK Jepe3 6 U Mmocie amnTuimKa-
uu Iepekucu Bomoponaa (puc. 3a). Ha HekoTophix 60-
Jiee paHHUX CpOKaX OKUCIUTEJbHOTO CTpecca, Halpu-
Mep, depe3 2 4 TIocjie Havajla OeCTBUSI MEPEeKUCH
BolOponAa, Habyogadach TEHAEHLMS K CHUXXEHUIO
paciieryieHHo# kacnasbl-3 (17—19 k/la), Ho pazanuus
He 6bUTH focToBEpHBIMU (p = 0.06).

Hamu 6b1710 mokasaHo (puc. 3b) yBelnyeHHUe ak-
TMBHOCTHU Kacrasbl-3 4epe3 6 4 mocie aInruIMKaluu
MepeKucUu BOAOPOaa, U CHUKEHHWE aKTUBAIIMU Kacra-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

3bI-3 TTOJ, BIMSHUEM NPEWHKYOAIIMA C WHCYJIMHOM Ha
5TOM CpPOKe BO3IeUCTBY niepekucy Bogopona (p < 0.02).
HHTepecHO OTMETUTD, YTO B IIPUCYTCTBUUA MHTUOUTO-
pa peuentopoB uHcyauHa u IGF-1 (BMS-754807) ag-
¢eKT HHCYJIMHa IIOJHOCThbIO ucyesan (puc. 3d).
DTO CBUALTEIBCTBYET O TOM, YTO MHCYJINH OCYIIECTB-
JISIET CBOE aHTHAMNONTOTUYECKOe NEMCTBUE HA HEMpPO-
HBI KOpPHEI MO3Ta B KYJIbTYp€, B3aUMOJICICTBYSI CO CBOU -
mu peuentopamMu u penenropamu IGF-1 Ha stmx
KJIETKaX.

MBI HONBITAIMCH TaKKe BBISIBUTDH, MCIIOIb3YsI MH-
rubutop 3-MA, BIUsIHYE MHTIOMPOBaHUS ayTodarum
Ha MHTEHCUBHOCTD aronTo3a U alonTOTUYECKON TH-
O0enu kjetok. OnHAKO B YCIOBHUSX OKHCIUTEIBHOIO
cTpecca B IpUCYTCTBUU MHTOUTOpa ayrodaruu 3-MA
HaKOIUIEHME pacIlelIeHHOro pparMeHTa Kacmasbl-3
(17—19 x1a), moka3bIBaloliiee CTereHb rndesiu Helpo-
HOB OT arfoIITo3a, B YCJIOBUSIX HAIIIMX OMBITOB He Mpe-
TepIieBajo JOCTOBEPHBIX U3MeHeHul (puc. 3d).
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Puc. 3. Oddexr nncynrna u uHruoutopos ayrodaruu (3-MA) u anonrtosza (z-DEVD-FMK) Ha ypoBeHb paciierneHHoi kacra-
3bI-3 (MapKep arnoITo3a) B HeiipoHaX KOpbl MO3Ta KPBIC B KYJITYPE, ITONBEPrHYTHIX IEUCTBUIO IIepeKrcH Bomopoa. (a) u (b) — ag-
¢beKT MHCYIMHA U TIepeKUCH BOJOPO/ia Ha YPOBEHb pacillelJIeHHOM Kacnasbl-3 (17—19 k/la) B HeiipoHax Ha pa3HbIX 3Tanax pa3Bu-
TUSI OKUCTUTENIbHOTO cTpecca. (¢) u (d)— addekT uncynuna, 3-MA u z-DEVD-FMK Ha ypoBeHb paciiierieHHo# kacnasbi-3 (17—
19 x/la) B HelipoHax Ha MO3IHEM 3Tare OeiCTBUS MepeKucu Bomoponaa (6 4). (a) u (¢) — UMMyHOOJ0THI, (b) 1 (d) — pe3yabTaThl
JIeHCUTOMETPUM MIPOBEAECHHBIX ONBITOB (1 = 4—5 msa B u n = 6 niug D) npencrasiensl Kak cpeqHee £ SEM. HelipoHbl Kopbl MO3ra
KpBbIC TPeUHKYOUpoBasiu B TeueHue 1 4 ¢ 1 MKM nHcynuHa win B tedeHue 30 muH ¢ 3-MA unu ¢ z-DEVD-FMK, a 3arem nonsep-
rasiv Bozneiicteuio 100 MkM nepekucu Bogopojaa B TedeHue pazHoro BpemeHu. CokpalueHust Ha pucyHke: HP — nepekuch Bogo-
pona, Ins — uncynuH, 3-MA — 3-metunagenuH, BMS — BMS-754807 (uaru6utop peuentopoB nHcyiuHa u IGF-1). Paznu-
YUl JOCTOBEPHBI IO CPAaBHEHUIO C KOHTPOJIbHBIMU BeJIMUMHAMU: * U ** — 110 cpaBHeHUIO ¢ 3¢ (HEKTOM OIHOI IepeKucHu Bo-

nopona: x — p < 0.05, xx — p <0.02.

Ilepen Hamu cTOsITIa TaKXKe 3a/1a4a BbISIBUTh, BIIUSI-
HUEM Ha KaKue CUTHAJIbHbIE IIYTU MOXHO OOBSICHUTh
WHTUOMPOBaHUE MHCYJIMHOM ayTodaruu u ayrogparm-
YyecKoll TMOeIn KJIETOK, a TakKe aIllonTo3a U aronTo-
TUYECKOM TMbeln KIIeTOK. IS 3TOro MbI IIPOBEPUIIH,
KaK BJIVSIIOT B YCJIOBUSIX HAILIMX OITBITOB ITIEPEKUCH BO-
JIOpoJia U MUHCYJIMH Ha aKTUBHOCTh IMTpOoTeMHKHA3 Akt,
GSK3-beta u AMPK 1 Ha cooTHOIIEeHHE IPOAaIIoITO-
TH4Yeckoro 6enka Bax u aHTHMaINoONTOTUYECKOro Oeyika
Bcl-2 (Bax/Bcl-2).

Kak BugHO 13 IpeacTaBlIieHHBIX HA PUCYHKE daH-
HBIX, aKTUBHOCTb IpOoTeMHKHAa3kI B (Akt) B HeiipoHax
KOpPBI MO3ra 4yepe3 6 4 Iocjie aliinKaluy IepeKncu
BOJOPOIA MaJIO OTJIMYAETCSI OT KOHTPOJIbHBIX BETMUNH
(puc. 4b). Ho, ecau K1eTKU B KyJIbType NPEUMHKYOUPO-

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GU3NOJIOTUH

BaJd C WHCYJIMHOM, TO aKTUBHOCTh Akt ocraercs
OYEeHb BBICOKOI 1 yepe3 6 U Imocie BO3ACUCTBUS TTepe-
KUCH BOIOPOIa, TPU 3TOM OHa 6oJiee, 4eM B 6 pa3 rpe-
BBIIIAET aKTUBHOCTb B KOHTPOJIE U TIPU JEMUCTBUU OJI-
HOI1 IepeKucH Bogopona (puc. 4a). AkruBauus Akt jge-
XUT B OCHOBE 3alllUTHOTO MOEMCTBUS WHCYJIMHA.
XOpoI110 U3BECTHO U JOKYMEHTHPOBAHO aHTUAIIONITO-
TUYECKOe IeiiCTBUE MHCYJIMHA, OCHOBAaHHOE Ha aKTU-
Bauun Akt. B ero peanusanum BaxXHYIO pOJIb UTpPacT
WHaKTUBalMsl TNpu JeiictBum Akt TpOTEeMHKMHAa3bl
GSK-3beta Omarogapss ee dochopuInupoBaHHUIO IO
Ser’. Kak BUIHO U3 JaHHBIX, TPEICTABICHHBIX Ha PU-
CYHKe, 4epe3 6 4 mocJie alruIMKaLuy MepeKNCH BOIO-
pola aKTUBHOCTh 3TOM IPOTEeMHKWHA3bl B HEMpPOHAaX
MaJIo OTJIMYAeTCsI OT KOHTPOJIbHBIX BeanunH. Ho, eciu
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Puc. 4. BiusiHue nepekucu BoaopoJa U MHCYJIMHA Ha aKTUBHOCTD poTenHkrHa3bl B (Akt), GSK-3beta u AMPK B HeiipoHax Ko-
pbI Mo3ra Kphbic. (a) 1 (b)— akTUBHOCTb MpOTeMHKUHAa3kl B (Akt) onpenensuiu o ypoBHio pAkt (Ser*’”), (c) u (d) — creneHb MHAK-
tuBanuu GSK 3-beta — mo ypoBHio pGSK-3beta (Ser9), (e) u (f) — aktuBHOCTH MpoTenHKMHa36l AMPK — o yposHio pAMPK
(Thrl 2). (a), (c) u (f) — ummyHOOG0THI, (b), (d) 1 (f) — pe3ynbTaThl JEHCUTOMETPUHU MPOBENEHHBIX OMBITOB (1 = 5—7) Tpencras-
JIeHBI KaK cpenHee = SEM. ,Z;aHHble BbIpaxkajiu B BUIIe COOTHOILLIEHMS cofepKaHus (hochoprinpoBaHHOTO hepMeHTa K ero oo11ie-
My conepxanuio: pAkt (Ser’?)/Akt (a), pGSK-3beta (Ser’)/GSK-3beta (b), pAMPK-alpha (Thr!’?)/AMPK-alpha (c). HeiipoHs!
KOPBbI MO3ra KpbIC NMPeMHKYOupoBany B TedeHue 1 4 ¢ 1 MKM uHCyJIMHa, a 3aTeM rnonsepraiu Bosaeiicteuio 100 MkM rniepekucu
BoJopoa B redeHue 6 4. CokpaleHust Ha pucyHke: HP — nepekuch Bogopona, Ins — uHcyamH. Pasinunst 10CTOBEPHBI IO CpaB-
HEHUIO C KOHTPOJbHBIMU BenuunHamu: ** — p < (.02 mo cpaBHeHMIO ¢ 23dekToM omHOI Tepekucu Bogopona: x — p < 0.05, xx —

p<0.02.

HEUpOHBI IIPEUMHKYOMpPOBaIM C WHCYJIMHOM, TO Ha
3TOM CpOKe JIEMCTBUS TIEPEKNCH BOIOpOIa B IIpobax
JIOCTOBEPHO M JOBOJIBHO 3HAYMTEIbHO MOBBIIIEH YPO-
BeHb 3TOro hepMmeHTa, hocdopuaIupoBaHHOro no Ser’
(puc. 4b). DTO CBUIETEIBCTBYET O TOM, UTO MO/ BIAMSI-
HUEM WHCyIWHaA TponcXoanT MHakTtuBanThusg GSK-
3beta, YTO OYEHB BasKHO IJIsI IO PKAHUS KM3HECIIO-
COOHOCTM HEIPOHOB, T.K. IIPA aKTUBALIMU 3TOI ITPOTE-
WHKWHA3HEI HapyIIaoTcs GyHKIMT MUTOXOHIPUI 3TUX
KJIETOK, YTO MOXKET IMTPUBOIUTH K X alTONTOTUIECKOM
rubenu.

HyxHo TakXe OTMETUTbh, YTO aKkTuBalus Akt Mo-
JKEeT MPUBOAUTH K MHIMOUPOBAHUIO ayTO(parnyecKux
MPOLIECCOB, K MPENOTBPAIIEHUIO Ype3MEPHOIT aKTUBA-
11U ayTodaruu, NpuBOASIIEH K riOesiu HEPBHBIX KJie-
ToK. Tak, akTuBauus curHajibHoro nytu Akt—mTOR,
KaK M3BECTHO, MPUBOJAUT K MHTMOUPOBAHUIO MPOLIEeC-
COB ayTo(aruu.

J1st 0ObsICHEHUST MeXaHW3Ma 3allUTHOTO 3¢ deKTa
WHCYJIMHA, CBSI3aHHOTO C TOMaBJICHHEM ITPOIIECCOB
aytoparum n ayroparmndeckom rudoeim HepBHBIX KJIe-
TOK, BaXKHO OBLIO TaKxKe U3yUYUTh BAUSTHUE WHCYJIMHA
Ha akTuBHOCTL AMPK (puc. 4¢). Kak u3BecTHo, akTu-
BallMsT 3TOM TIPOTEMHKWHA3BI SBJISIETCSI TPUITEPOM

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

npoliecca ayrodaruu. Kak BUTHO M3 TaHHBIX, TIpe-
CTaBJIEHHBIX Ha pUC. 4C, UHCYJIMH JOCTOBEPHO U OoJiee
yeM B 2 pa3a yMeHblaeT akTuBHOCTb AMPK yepes 1 u
2 4 rocjie Havyaja IeicTBUS Nepekrucy Bogopoaa. Ye-
pe3 6 9 Trocie Havajia JeiicTBUS TIepeKUCH BOIOpPOIa
HaOMogaeTcsl TCHASHLMUSI K CHIDKEHMIO WHCYJIMHOM
aKTUBHOCTU 3TOM mpoTemHKuHa3bl (p < 0.1, HO
p > 0.05), HO ero 3 deKT CTaHOBUTCS HETOCTOBEP-
HbIM. [lo-BUAMMOMY, 3HAUUTEJIbHOE CHIKCHME aK-
TUBHOCTU (hepMeHTa MHCYJIMHOM Yepe3 1 4 u 2 4 rociie
Havajla JeMCTBUS TMEPEeKUCH BOIOpPOJA MPUBOIUT K
YMEHBIIIEHUI0 MHTEHCUBHOCTU  ayTo(harundecKoro
mpoliecca He TOJIbKO Ha 3TUX, HO W Ha TMOCJIeyIOInX
BPEMEHHbBIX TTPOMEXKYTKAX.

Hamu Takoke roka3zaHbl 3HAUUTEJIbHOE yBEJIMYEHNE
OTHOIIIEHUSI TIPOaIoNToTUYecKoro 6ejaka Bax K aHTH-
anmontornyeckoMy 6enky Bcel-2 (Bax/Bcl-2) on aeii-
CTBHMEM Ha HEMPOHBI KOPbI MO3Ta MEPEKUCU BOJIOPOIA
M HOpMaju3allusl 3TOTO OTHOILICHMS IO BIMSIHAEM
uHcy/InHA (puc. Sb u ¢).

OBCYXIEHWE PE3VIIBTATOB

AyTodarus npencTaBiaseT coooii “camorioenaHue”,
KaTabOoJIUYeCKUI TyTh, C TIOMOIIBIO KOTOPOIO J0JITO-
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XUByIIHe O€JIKM, IOBPEXISHHBIE KJICTOYHBIE Opra-
HEJIJIbI 1 HEIIPAaBUJIbHO CBEPHYTLIC 66)’[[(1/[ rnoaBsepra-
IOTCS IeTpadalliid M 3aTeM BHOBbH MCITOJIb3YIOTCS JIst
HOomIepKaHUs TOMEOCTa3a KJIETOK U MX HOPMaJIbHOTO
GyHKUMOHMpOBaHUSA. [l HOCTAaBKM TMOIJIEXKAIINX
YTWIN3alUM OSJIKOB WM KOMIIOHEHTOB KJIETKU B JIM-
30COMBI IJIsI MX JAJIbHEUIIIETO UCIIOIb30BaHUS IIPUPO-
Jla co3aaa CIieliMaJibHble YaCTUILIbI — ayTO(aroCoMsbl.
OHU IpeacTaBIsIIOT COOOI MMOKPHBIThIE ABOMHOIT 000-
JIOYKOM BaKyoJd, COAepKaIllfe IIMTOIIa3My KJIETOK C
BKJIIOYEHHBIMU B HE€ MUTOXOHAPUSIMU WU APYTUMU
opraHejutaMu. Jlojiroe BpeMsI CUMTaNIOCh, YTO ayToda-
TUSI UTPaAET TOJBKO 3aIIUTHYIO POJIb, B TOM YHCJIE U B
HHHC, npemoxpaHsist HEHPOHBI U IPyTUe KJIETKA MO3Ta
OT ITaryoHOTO BIIMSIHUSI CTPECCOPHBIX BO3ACUCTBUIA, B
TOM 4YMCJI€ OT MIIIEeMUM MO3Ta M €ro MOCIeayIOIIei pe-
nepdy3un. Ilpu 3ToM 3aMTHEIA 3dEGEKT HEUPOIIpo-
TEKTOPOB IIpY Pa3HLIX (hopMax MIIEMUN U perepdy3nn
OPUIMCHIBAINA TPEUMYIIECTBEHHO WX CIIOCOOHOCTHU
MPOTUBOCTOSITh AIONTOTUYECKOM Y HEKPOTUYECKOM TH-
Oenr HepBHBIX KJIeTOK. Ho B HacTosIee BpeMs mpe-
CcTaBjieHUSI 00 MCKIIIOUMTEIBHO 3aIlllMTHOM BO3IEii-
CcTBUM ayTodaruu Ha KJIETKW pa3HbIX OPTraHOB Iepe-
cMOTpeHBI. Tak, B COBpEMEHHOI JUTEpaType ecThb
MHOI'OYMCJICHHBIE MIPUMEPBl TOTO, YTO aKTUBAIIUS
ayroparum MOXeT MPUBOIMTH K THUOEIM HEWPOHOB
IpU Pa3IMYHBIX ITOpaxKEHUSIX MO3ra, OCOOCHHO IIpu
CWJIBHBIX BO3ICUCTBUSIX Ha Hero. Tak, IoJIydeHbI CBU-
JIETeJIbCTBA TOTO, YTO 3alIUTHBIN 3(P(PEeKT MHOTUX Heli-
POIIPOTEKTOPOB IpHU MIIEMUU W pernepdy3uu Mo3ra
CBSI3aH IIPEXE BCETO C MX CIOCOOHOCThIO MHTUOMUPO-
BaTh 1 ayToarnyeckue, u alnonTOTUYeCKre Ipoliec-
ChI, IIpeIoTBpallasi TAKUM 00pa3oM rudeab HepPBHBIX
KJIeTOK Mo3Ta. K TakuM IIpoTeKTOpaM OTHOCSTCS He-
KoTophie ¢yiaBOHOUIBI, raHrmno3ug GM1, ¢dpuHroam-
moq (aHajior cpuHrosuH-1-gocdara), N-auetnn-ce-
pPOTOHUH (IIpEeOIIeCTBEHHUK MeJIaTOHWHA) U MHOTHE
npyrue coequHenus [13—17, 27, 28].

Hacrogiass pabora mocssillieHa W3YYEHUIO POJIU
aHTHayTO(arn4eckKoro M aHTUAIIONTOTUYECKOro 3@-
(EKTOB MHCYJIMHA B €r0 HEHPONPOTEKTOPHOM [IEii-
CTBUM Ha HEMPOHBI KOPHI MO3Ta B KYJIBTYPE B YCJIIOBUSIX
OKMCIIMTEILHOIO cTpecca. BelTo HaiineHO, YTO OCHOB-
HBIMU TIpUYMHAMU THOEIM HEHMPOHOB KOpPHI MO3ra
KpBIC B KYJIbTYp€e TIPU TOKCUYECKOM ACHCTBUU HA HUX
MIepEeKNCH BOAOPOIA SIBJISIOTCS ayTodarust 1 arioITo3.
ITokazaHo TIOBBIIIEHHWE >KM3HECIIOCOOHOCTH HEWpO-
HOB IIpU AeHACTBUU HAa HUX UHTUOMTOpa ayTodaruu (3-
MA) unmu anonro3a (z-DEVD-FMK). I1pu atoMm Heit-
POITPOTEKTOPHBIN 3 eKT MHCYIMHA 00Jiee BRIpaXKeH,
yeM 3(pGheKT MTHTMOUTOPOB ayTo(aruu UK arorrTo3a
0 OTHAEIBHOCTU. UHTEpECHO OTMETUTh, YTO IIPU COB-
MECTHOM J€MCTBUU HAa HEMPOHBI KOPbl MO3ra B KyJb-
Type MHIubuTOpa ayrodaruv U MHCYJMHA 3alUTHBII
3¢ deKT OBLI TOCTOBEPHO BHIIIE, YeM IIPU IeCTBUM
OIHOTIO 13 3TUX ABYX NPOTEKTOPOB. A TaKKe IIPU COB-
MECTHOM JIefiCTBUM MHTMOUTOpA aroITo3a U NHCYJIU-
Ha 3aIIUTHEIN 3¢ eKT OBLT BHIIIE, YeM IIPU IeiiCTBUM
OOHOIO M3 3TUX COSNMHEHMI. B COBOKYIIHOCTH ITOTY-
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Puc. 5. BiusiHue uHCyJIMHA U TTIEPEKUCH BOJOPO/Ia Ha YpO-
BEHb aHTHaNonToTuuyeckoro 6enka Bcl-2 u oTHomeHue
Bax/Bcl-2 B HelipoHax KOpbl MO3Tra KpPbIC B KyJIbType. (a) 1
(b)— BIMsSIHUE UHCYJIMHA U MIEPEKUCU BOIOPOa Ha YPOBEHb
Bcl-2 B HelipoHax KOpbI MO3ra KphIC. (C) — BAUSIHUE UHCY-
JIMHA W TIepeKHWCHU Bomopoaa Ha oTHoleHue Bax/Bcl-2
B HepoHax KOpbl Mo3ra KpbIC. (2) — UMMYHOOJIOTHI,
(b) u (c) — pe3yabTaTbl AEHCUTOMETPUU ITPOBEAESHHBIX
onbITOB (1 = 8) IIpencTaBlieHBl Kak cpemHee = SEM.
HeiipoHbl KOpbl MO3ra KpbIC TPEMHKYOUPOBAJIN B TeUE-
Hue 1 4 c 1 MkM MHCyIMHA, a 3aTeM IMOABepTau BO3ICH -
CTBUIO MEPEKUCH BOIOpOoa B TeueHue 6 4. CokpallleHus1 Ha
pucyHke: HP — mepekucy Bomopona, Ins — MHCYJIUH.
Pasziauunst 1OCTOBEPHBI IO CPABHEHUIO C KOHTPOJbHBIMU
BesmunHamu: * — p < 0.05, ** — p < 0.02, mo cpaBHEHUIO
¢ 3¢ dekToM ogHOI mepekucu Bogopoaa: X — p < 0.05,
xx — p < 0.02.

YeHHbIE NAHHbIC MO3BOJISIIOT NPUUTU K BBIBOAY, YTO
MHCYJIMH CHOCOOEH CHMXaTh KaK ayTogarmdeckylo,
TaK M allONITOTUYECKYIO TMOEIb HEPOHOB KOPHI MO3Ta
B OIBITAX in Vvitro.
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C110cOOHOCTh MHCYJIMHA MHTMIOMPOBATh ITPOIIECCHI
ayTtodaruu (1, COOTBETCTBEHHO, ayTodarndeckKou ru-
0eMr HEeiIpOHOB MpHU ITATOJIOTMYECKUX BO3ICICTBUSIX,
MOPUBOMSAIINX K YpE3MEPHON aKTHMBAIMM 3TOTO IIPO-
mecca) OblIa TTOATBEpXKASHA B OMBITaX IO U3YYEHUIO
BO3ACUCTBUSI MHCYJIMHA Ha YPOBEHb MapKepOB ayTo-
darnu LC3B-11u SQSTM1/p62. B HacToseit pabote
HaMaEeHO, YTO TaKOM MPOOKCUAAHT, KaK MEPEKNCh BO-
JIopoda, TOCTOBEPHO YBEIMYMBAeT B HEMpPOHAX ypo-
BeHb Mapkepa ayrodarmm LC3B-II, u, mHamportus,
yYMEHbIILIaeT ypOBeHb Apyroro Mmapkepa SQSTM1/p62,
IUISI KOTOPOT'O XapaKTEPHO CHIKEHUE €TI0 YPOBHS IIpU
akTUBaLMM ayTodarun. BriepBrie moka3aHO, YTO MH-
CYJIMH MpU 3TOM HOpPMajMU3yeT YpPOBE€Hb MapKepoB
ayrodarum B HEMWpOHAX, M3MEHSSI UX COICpXKaHUE
MpPaKTUIECKHU IO KOHTPOJbHBIX 3HaYeHMI. TakuM 00-
pa3oM, BIIepBbl€ MOKa3aHO, YTO MHCYJUH CIIOCOOEH
MHIMOMPOBATh IIPOLIECCHl ayTodaruu B HeiipoHax, ak-
TUBUPOBAHHBIE IIPU HEOJATONPHUITHOM BO3ICHCTBUU
Ha 3TU KJIETKU.

HaiineHo, 4yTo B yCJIOBUSIX HaIllMX OTIBITOB Ilepe-
KMCh BOJOPOJa aKTMBHMPOBaJia Ipoliecchl ayTodaruu u
amnorTo3a, YTo MPUBOAWIIO K TUOEIN HEPOHOB KOPbI
Mosra. B mpucyTcTBUM MHTMOUTOPOB ayTodaruu wiu
anonTo3a (3-MA unu z-DEVD-FMK, cooTBeTcTBEH-
HO) TUOeIb HEHPOHOB 3HAYUTEIBHO U JOCTOBEPHO
CHIDXaJach (6osiee YeM Ha 35% B IPUCYTCTBUH KaKIO-
I0 U3 MTHTUOUTOPOB). DTO CBUIETEIILCTBYET O TOM, UTO
aKTUBALIMS KaXIO0ro U3 3TUX IMPOILIECCOB MPUBOIUT K
rubesiv 3HaYUTeIbHOM YacTu HelipoHoB. MHCYUH Xe
B Cllyyae MpeuHKyOalluu ¢ HUM HEIPOHOB KOPbI MO3Ta
B 3HAUUTEIbHO OOJbIIIC Mepe, YeM UMHTUOUTOpP ayTo-
¢daruy WaM anorTo3a, MOBBIIAT XXU3HECIIOCOOHOCTD
HEWPOHOB KOpbI Mo3ra. [Ipu 3ToOM OH CHUXKaJl UHTEH-
CUBHOCTb ayToaruu u aromnrtos3a, HOpMaJiusys ypo-
BeHb MapkepoB ayrodaruu (LCB3-11 1 p62) n anonTo-
3a (pacuieruieHHas kaciasa-3). COBOKYITHOCTh 3TUX
JIaHHBIX MMO3BOJISIET CASAaTh BBIBOM, YTO MHCYJIMH CIO-
Cco0OeH TIOCTOBEPHO CHUXXAaTh MHTEHCMBHOCTDH ayToda-
TMU U aforiTo3a U B 3HAUMTEJbHOU Mepe MmpeaoTBpa-
1IaTh HE TOJBKO allONTOTUYECKYIO, HO 1 ayTodarnye-
CKyl0 rubejlb HEMPOHOB KOPbl MO3Ta B YCJIOBUSIX
OKMCJIMTEIBHOTIO CTPECCa B OIIbITAX in Vitro.

Haiu nanHbIe comtacyroTcsl ¢ TaHHBIMU JIPYTUX aB-
TOPOB, BJIMTEPATypeE ECTh CBUAETENBCTBA TOTO, YTO UH-
CYJIMH WHTUOUpYeT mpolecchl ayrodarud B 3KCTpa-
HeBpaJbHBIX KJETKax U opraHax. Tak, HaiigeHoO, 4TO
9TOT MPOTEKTOP MHTUOUPYET mpollecchl ayTodaruu B
CKEJIETHBIX MBbIIIAaX, yCuiruBast ¢hochopuiipoBaHUe
nporenHkuHasel ULK-1 mo Ser™ (MHru6upyrommii
caiit) [29]. Hapsiny ¢ 3TUM HalileHO, YTO MHCYJIMH UH-
ruoupyerT rnpoliecchl ayrodarui B XOHAPOILMTAX YeI0-
Beka [30]. B atux xjieTkax MHCYJIUH YMEHbIIAeT YpO-
BeHb LC3-11 u ycunupaet pochopunupoBanue Akt u
puOOCOMHOM S6 KMUHA3BI, aKTUBUPYSI 3TU TTPOTCHHKM -
Ha3bl, UHTUOUpYIOILMe npolecchl ayrodaruu [30].

IMony4yeHbl TakKe NTaHHBIE O TOM, YTO WHCYJIWH
CHITXAeT B HeHpOHaX YpOBEHb OIHOIO M3 MapKEPOB
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aronTo3a (pacllernyieHHOM Kacmasbi-3). DTU JaHHbIE
COMIACYIOTCSI C aHAJOTMYHBIMU JAaHHBIMU, TOJTYYCH-
HBIMU paHee APYTMMU aBTOPaMH, CBUACTEIBCTBYIO-
IIMMHA O TOM, YTO HEUPOTIPOTEKTOPHBIHN 3hHEeKT MHCY-
JIMHA B OOJBIION Mepe 3aBHCUT OT €r0 CIIOCOOHOCTH
WHTUOHMPOBATH alIONTOTYECKHE ITPOIECCH B HEPBHBIX
KieTkax [31—33].

Cpenu CUrTHaJbHBIX CUCTEM, PETYIMPYIOIINX MPO-
1iecchl ayTodaruu, BaKHyI0 poJib UTPaeT IMPOTEUHKM -
Hasza AMPK, cnocoGHass MHUIIMMPOBATH IIPOLIECCHI
ayrodaruu mpyu HaKOIUIEHNU ageHO3MHMOHodocdaTa
(AMP), KoTOpoe MOXET MPOUCXOAUTh, B YACTHOCTH,
IIpU HeJocTaTke Imuiny. Hapsimy ¢ 3TuM B peryiasiuu
MIpoLEecCOB ayroaruyd y MJISKOIMTAIOIINX aKTUBHO
yyactByeT mMIT'OR kommiekc 1 (mTORC1), uHruoupy-
0L IpoLecchl ayTodaruu, 6jarogapsi B TOM 4MCIIe
¢dochopuIMpOBaHUIO PETYISITOPHO-ACCOLUMPOBAH-
Horo ¢ mTOR 6enka Raptor uau TSC2. Ilpu Hop-
MAaJIbHBIX YCJIOBUSIX CYIIECTBOBAHUSI HEPBHBIX KJIE-
TOK MW OOCTAaTOYHOM KOJMYECTBE MHUINU YPOBEHD
AMP u, coorBercTtBeHHO, aKTUBHOCT AMPK oTHO-
cutellbHO HM3KM, a KoMIiuiekc mMI'ORCI1 runepaktu-
BUpoBaH. HampoTuB, mpu pa3JIMYHbBIX CTPECCOPHBIX U
HeOJIaronpUsITHBIX BO3IEICTBUSIX HA MO3T, B TOM YHC-
Jie IpH UIEMUM U pertepdy3un Mo3ra, Ju00 Impu He-
0J1arONpUSITHBIX BO3IEMCTBUSIX HA HEPBHBIE KIIETKU B
KyJIbType, npoucxoautT aktupauuss AMPK. K stum
CTPECCOPHBIM (PaKTOpaM OTHOCSTCS YBEIUMYCHUE
ypoBHsI AMP, ymenbsmmenme yposHst ATP, yBenmmaeHne
oOpa3oBaHUsl akTUBHBIX (opMm kuciopoga (ADPK) wu
KOHIIEHTPaLMY IIUTO30JILHOTO Kablyst. Bee aTu hakTo-
PBI CITOCOOCTBYIOT aKTUBAIINU ITpoTeMHKMHa35l AMPK 1
nHruouposanuio Akt 1 mI'OR, uro 3amyckaeT ayroda-
TUIO.

st BbISICHEHUsI MeXaHWU3Ma AEWCTBUsI WHCYJIMHA
BaxkHO OBLIO MOKa3aTh, KAK OH BJIMUSIET HA aKTUBHOCTD
nporeuHkuHaz AMPK-alpha u Akt. Hamu HaitgeHo,
YTO B YCJIOBUSIX HaIllUX OMBITOB MEPEKUCh BOAOPOIA
JIOCTOBEPHO aKTUBUPOBaja, a UHCYJUH MHTMOUpPOBa
aKTUBHOCTh NpoTenHKnHa3bl AMPK-alpha yepe3 1 u
2 4 11ocJie anruIMKaluuy repekucu Bogopoaa (puc. 4c).
Yepes 6 94 mocJie anmIvKaIy epeKrcu Bomopoaa Ha-
OMOJAINCh TEHACHLIMS K YBEJIWYEHUIO aKTUBHOCTHU
AMPK-alpha mon BaustHMEeM NepeKHCH Boaopoja u
TeHIEHLIMS K YMEHbIIEHUIO aKTUBHOCTU 3TOTO (dep-
MEHTa MO/l BIUSHUEM WHCYJNHA, HO pa3JInyus He Obl-
JIU TOCTOBEPHBIMU U3-3a 0O0JIbIlIEro pa3dpoca TaHHBIX,
yeM Ha GoJiee paHHUX 3Tanax BO3AEUCTBUS MPOOKCU-
naHTa. PaHee cITOCOOHOCTh MHCYJMHA MHIMOUPOBATh
akTuBHOCTb AMPK-alpha 6bLi1a moka3aHa in vivo B psi-
Jle paiiloHOB TUIINOKaMIIa MPU U3YYEHNU MEXAaHU3MOB
perysiiiiy TIMIIEBOIO IIOBEACHUSI XXUBOTHBIX [34].
NurubupoBanune nHcyanHoM aktuBHoctu AMPK-al-
pha ObLI0 paHee OTMEYEHO TakKXKe B dKCTpaHEeBpasb-
HBIX KJI€TKaX U opraHax (cM., Harmpumep, [35]).

Hapsiny ¢ aTuM B HacTosiieit paboTe MoKa3aHo, 4TO
WHCYJIMH aKTUBUPYET CUTHAJILHBIN 1yTh PI3K-Aktl
(puc. 4a), koTopslii akTuBupyeT Komiuiekc mITORCI1,
Ne 5
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SIBJISIIOLLIMIACS NeMCTBEHHBIM MHIMOUTOpOM ayTtoda-
ruv. Hamu nokasaHo, 4TO B YCJIOBUSIX HAILIMX OMBITOB
yepe3 6 9 rmociie 100aBIeHUsT K HeiipoHaM KOpbl MO3Ta
nepexkucu Bogoponaa ee 3deKkT Ha aKTUBHOCTh Akt He
BoIpaxkeH. Ha OoJiee paHHMX 3Tamax CBOEro BO3/ei-
CTBUSI TIEpEKUCh BOAOPOJA CIIOCOOHA aKTMBUPOBATh
3Ty MpoTenHKuHa3y [36]. Ho v ipu 5TOM OTHOCHUTETb-
HO UTUTEJIbHOM CPOKE BO3IEUCTBUS MEPEKUCU BOIIO-
poJia MHCYJIMH MHOTOKPAaTHO aKTUBUPYET BTY IMPOTe-
WHKUHa3y. AKTuBanusi Akt MTHCYJIMHOM JIEXUT B OCHO-
BE ero 3alIMTHOro 3 deKTa Ha KIETKU, TOABEPTHYTHIE
JIECTBUIO TOKCUYECKUX BEIIECTB.

CnocoOHOCTh MHCYJIMHA MPOTUBOCTOSITh AIlOITO-
TUYECKOM THOEIIN HEMPOHOB B YCIIOBUSIX OKMCIIUTEIIb-
HOTO cTpecca IoKa3aHa B psiie paHee OIyOJMKOBaH-
HBIX paboT [cMm., Hanpumep, [31—33]. B Hacrosimeit
paboTe HaMHM HaiifeHO, YTO MepeKUCh BOJOPOIA JI0-
CTOBEPHO YBEJIWYMBAET, a UHCYJIUH JTOCTOBEPHO CHU-
>KaeT aKTMBHOCTbD Kacra3bl-3 B HelipoHax KOopbl MO3ra
yepe3 6 U TIOCe aIlTUIMKAIMKA MEpPeKUCU BOIOpOIa
(puc. 3a, 3b, 3c, 3d). Uro KacaeTcss MexaHM3Ma aHTU-
aronToTuyeckoro 3ggexkra MHCYJIMHa, TO B OCHOBE
€ro, TMo-BUIAUMOMY, JIEXKUT CIOCOOHOCTb aKTHMBUPO-
Batb Akt (puc. 4a), koTopasi 3areM (pochOopUIMpyeT o
Ser® u TakuM o6pazoM uHakTuBupyet GSK-3beta. Jle-
JIO B TOM, YTO Ype3MepHasi akTUBalMs 3TOro (pepmeHTa
MPUBOAWUT K HapylleHWI0 MeTaboju3Ma U (QyHKUMIA
MUTOXOHIPUI B KJIETKAaX, B TOM YUCJIe B HEPBHBIX [37].
Crnoco6HOCTb MHCYIMHA (POchOPWINPOBATH 110 Ser’ 1
TakuM oOpa3oM mHakTtuBUpoBaTh GSK-3beta B Heli-
poHax ObIJ1a 40 Hac MoKa3aHa 1 B APyTUX padoTax (CM.,
Hanpumep, [37, 38]). HeiiponporekTopHEbIil 3¢ deKT
akTuBalMu Akt WHCYJIMHOM 3aKJIFOYaeTcsl TakXke B
CIOCOOHOCTU aKTUBUPOBaHHOI AKt yBeJIMYMBATh
CUHTE3 aHTUAIONTOTUYECKOTO OelKa MUTOXOHIPUIA
Bcl-2 u camxate orHomeHne Bax/Bcel-2 B HelipoHax.
B 3TOM OTHOIlIIEHMM HallM JaHHbIE COIJIACYIOTCS C
nmaHHbIMU JlyapTe 1 coaBT. [39].

Takum 06pa3oM, B OCHOBE CIIOCOOHOCTU MHCYJIMHA
MHTMOMPOBATh YPE3MEPHYIO aKTUBALIMIO ayTo(haruu u
ayToarndyeckyio ruoesrb HeiipOHOB B YCIIOBUSIX OKMC-
JIMTEJILHOTO CTpecca JIEXKUT, OYEBUIHO, €ro CIoco0-
HOCTh MHTUOMPOBATh aKTUBHOCTH 3HEPreTUYECKOTO
ceHcopa AMPK-alpha u akTuBUpOoBaTh MPOTEMHKUHA3ZY
Akt, KoTopasi, B CBOIO odepeab, 00Ia1aeT CITIOCOOHOCTHIO
aktuBupoBarh KoMruiekc MIORCI1, mHrnOupyoommii
npoiiecchl ayrodarur. CnocoOHOCTb XKe MHCYJIMHA IIPO-
TUBOCTOSITh arONTOTMYECKON TUOeIu HEeMpPOHOB IIpU
OKHCJIMTEILHOM CTpECCE OMNpelesieTcsl, O4YEBUIHO,
MPEXIe BCEro €ro CoCOOHOCThIO aKTUBUPOBAThH IIPO-
TenHKrHa3zy Akt KoTopasi, ochopuanupyss IpOTeuH-
kuHa3y GSK-3beta no Ser’, npuBOIUT K €€ MHAKTHUBA-
oM U TaKUM O0pa3oM IpemoTBpalllacT HapylleHHe
byHKIU MUTOXOHApUii. AkTUBauMs Akt TakxKe cro-
COOCTBYET YBEIWYEHUIO CUHTE3a aHTUAIONTOTUYE-
ckoro 6enika Bcl-2.
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THE INHIBITION OF AUTOPHAGY AND APOPTOSIS BY INSULIN AS A BASIS
OF ITS NEUROPROTECTIVE ACTION ON RAT BRAIN CORTICAL NEURONS
UNDER CONDITIONS OF OXIDATIVE STRESS IN VITRO

I. O. Zakharova®, L. V. Bayunova“, D. K. Avrova¢, and N. F. Avrova®*

“Sechenov Institute of Evolutionary Physiology and Biochemistry of Russian Academy of Science, Saint- Petersburg, Russia
#e-mail: avrova@iephb.ru

Insulin is one of the most promising neuroprotectors. A significant gap in understanding the mechanism of its
action is the lack of data on whether it is able to prevent autophagic neuronal death. The aim of our work was to
evaluate the contribution of autophagy and apoptosis to the death of rat cerebral cortex neurons in culture under
oxidative stress and to study the ability of insulin to prevent this death and inhibit autophagy and apoptosis in
neurons. The influence of hydrogen peroxide and insulin on the level of two main autophagy markers (LC3B-II
and SQSTM 1/p62) and apoptosis marker (cleaved caspase-3) was studied. To assess the viability of neurons, the
MTT test was used, and Western blotting was applied to measure the level of marker proteins. It was found that
oxidative stress caused the activation of autophagy and apoptosis in neurons. This is manifested in a significant
increase of the autophagy marker LC3B-II and apoptosis marker (cleaved caspase-3) and in a decrease in the
SQSTM1/p62 protein level. The content of SQSTM1/p62, which is involved in the formation of autophago-
somes, decreases with the activation of autophagy, as this protein is degraded in lysosomes. Hydrogen peroxide
causes autophagic and apoptotic death of neurons, as the inhibitors of autophagy (3-methyl adenine) and apop-
tosis (z-DEVD-FMK) were shown to increase the viability of neurons in conditions of oxidative stress. Insulin,
in its turn, prevents the death of neurons and hinders autophagy, causing a decrease of the level of lipidated form
LC3B-II and the increase of the SQSTM 1/p62 protein level, it hinders apoptosis as well decreasing the level of
cleaved caspase-3. The protective effect of insulin is mediated by the activation of specific signaling pathways as-
sociated with receptors of insulin and IGF-1, as the inhibitor of these receptors BMS-754807 completely blocks
the neuroprotective effect of insulin. Thus, the pronounced activation of autophagy under oxidative stress is one
of the causes of neuron death, and the protection of neurons by insulin is associated with the suppression of not
only apoptotic, but also autophagic cell death.

Keywords: brain cortical neurons, oxidative stress, insulin, autophagy, apoptosis
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