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MHCynuH siBIsieTcsl OMHUM M3 HauboJiee TepCcIreKTUBHBIX HeiiponpoTeKTopoB. CyllleCTBEHHBIM MPOOEIOM B
MOHUMaHUN MeXaHW3Ma ero AeHCTBUSA SIBISIETCSI OTCYTCTBUE TaHHBIX O TOM, CITOCOOEH JIM OH MIPENTOTBpaIlaTh
ayTodarmdeckyio rubeiib HelipoHoB. Llenbio Hameit paboThl OBIJIM OLIEHKA BKJIajga ayTodaruyd U armonrto3a B
TuGeTb HeipOHOB KOPBI MO3Ta KPBIC B KYJIbTYpE TTPU OKUCIUTEIBHOM CTPeCcCe M M3ydeHUE CITOCOOHOCTH
WHCYJMHA NpeaoTBpalliaTh 3Ty TMOeib 1 MHTMOMPOBATh IPOollecChl ayTodaruu 1 armorTo3a B HEPBHBIX
KJeTkax. M3ydyeHo BIUsSIHUE MMEPEKUCU BOAOPOIA U MHCYJINHA Ha YPOBEHb JIBYX OCHOBHBIX MapKepoB
aytodaruu (LC3BII u SQSTM1/p62) u mapkepa amnornro3sa (paciieryieHHas Kacrasa-3). st OUeHKHU XK13-
HECITOCOOHOCTH HEHPOHOB McTTonb3oBai MTT-TecT, i n3aMepeHusT YpOBHST MapKepPHBIX O€JTKOB ITPUMEHSI -
JIU UMMYHOOJIOTTUHT. HaiineHo, 4TO OKUCIUTENILHBIM CTpeCcC BhI3BIBACT aKTUBALIUIO ayTodaruu 1 aro-
nTO3a B HelipoHax. DTO MPOSBIISIETCS B JOCTOBEPHOM yBeandeHNU MapKepoB ayTodaruu LC3B-11 u ano-
nrTo3a (paclIelyieHHOM Kacma3bi-3) M B CHUXeHMU ypoBHS Oenka SQSTMI1/p62. CopepkaHue
SQSTM1/p62, yuacTBylolliero B 06pa3oBaH1M ayTo(HarocoM, CHIKaeTCs TP aKTUBAIIUM ayTodharuu, T.K.
0eJIOK MoABepraeTcsl 1eCTpYKIUU B Tu3ocoMax. [lepekrch Bo1opoaa BbI3bIBaeT ayToharnyeckKyr 1 ano-
MTOTUYECKYIO THGEIh HEMPOHOB, O YeM CBHICTEIbCTBYET 3HAUNTEIbHOE YBEIMYSHNE XKM3HECITTOCOOHOCTH
HEPOHOB B YCJIOBUSIX OKMCIUTEIBHOTO CTpecca Mpu AEMCTBUM UHTUOUTOPOB ayTodaruu (3-metunaue-
HuHa) u antonrrTo3a (z-DEVD-FMK). B cBoro ouepens MHCYINH, IpedoTBpaIiiasi Tioeab HeiipOHOB P OKHC-
JIMTEJILHOM CTpecce, IPEernsTCTBYeT pa3BUTHUIO ayTodaruu, BbI3bIBasi CHIKEHUE YPOBHS JIMITUIMPOBAHHOI
dopmbl LC3B-I11 u yBennuenue ypopusgs SQSTM1/p62, u anonro3a, yMeHbllIasi ypOBEHb pacllleIJIEeHHO Kac-
nasbl-3. 3alUTHOE AeCTBUE MHCYJIMHA OTOCPEAYeTCS aKTUBAaLIME CrielIn(UIeCKUX CUTHAJIbHBIX ITyTeii, CBSI-
3aHHBIX ¢ penentopamu nHcynuHa 1 IGF-1. Tak, nuaruburop penentopos nHcyianHa 1 IGF-1 BMS-754807
MOJTHOCTBIO GJIOKUPYET HEMPOMPOTEKTOPHBII 3(P(PEeKT MHCYJIMHA. TakKuM 00pa3oM, SIpKO BhIpaxkeHHast aKTH -
BalMs ayTodaruu Mpu OKUCIUTEILHOM CTpecce SIBIISIETCS OMHON M3 MPUYWH rMbeu HepOHOB, a 3allnuTa
HEMPOHOB MHCYJIMHOM CBSI3aHa C MOJaBJIEHNEM He TOJBKO alloNTOTUYECKOM, HO U ayTodarnyeckoi rubean
3TUX KIIETOK.
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BBEAEHUE

HMHcynuH, oTHOCAIIMICS K YMCIy OCHOBHBIX PO-
CTOBBIX M TpO(PUUECKMX (DAKTOPOB, B HACTOSIIIIES Bpe-
MsI pacCMaTpHUBaeTCsI KaK OIMH M3 HanboJiee mepCIieK-
TUBHBIX HelponpoTeKTopoB. Tak, OBIJIO ITOKa3aHoO,
YTO MpPHU €T0 MUHTpaHa3aJIbHOM BBEIEHUU OH OKa3bIBaeT
3alIUTHBIN 3(deKT Ha HEMPOHBI MO3ra U YIIy4lIaeT
KOTHUTHUBHBIE (DYHKIIMU TIPY TaKUX HelipoaereHepa-
TUBHBIX O0JIE3HSIX, KaK 00Jie3Hb Anblirelimepa u [lap-
kuHcoHa. IlosuTuBHBIT 3] ¢eKT MHTpaHa3aJIbHOTO
BBeaeHUss uHcyauHa (MMBU) B Gonbinoit mepe o0y-
CJIOBJIEH TE€M, YTO MpPU TaKOM CIIOCOOE MTOCTaBKU OH
nomnagaeT HemoCPEACTBEHHO B MO3T, MUHYSI TeMaTO3H-

nedamraecknit oapeep [1, 2]. [Ipu 3TOM XOpO1I0 BHI-
pPakeHHBIN 3alIUTHBINA 2(PhEeKT TaKOro BBEICHUS WH-
CyJIMHA BBISIBJIEH HE TOJIBKO B OITbITaX Ha XKMBOTHEIX |3,
4], HO M TIpY KNMHWYeCKNX ucimbiTanusax MBU monsm
(cMm., Hamtpumep, [5—7]).

3amuTHEIN 3¢ GEKT MHCYIMHA IIPY €TI0 MHTpaLepe-
OPOBEHTPUKYISIPHOM [8] M CUCTEMHOM BBeIeHHU
(cm., Hampumep, [9, 10]) mokazaH U HpU UILIEMUYE-
CKOM IOopaXkeHUr Mo3Ta MiiekonuTamomux. Ho pabo-
ThI TT0 U3YYEHUIO CITOCOOHOCTU WHTPaHA3aJIbHO BBeE-
JIEeHHOTO MHCY/IMHA MPEeIoTBpaIliaTh rubejib HEMPOHOB
MO3ra IIpU ero NIIeMUYECKOM IMTOPaXKEeHUU U MOCIEmy-
olIein penepdy3nun MPakTUUIECKU OTCYTCTBYIOT. Mc-
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KJTIOUEHMEM SIBJISTIOTCS JINIIh HECKOJIBKO paboT Halllei
JJabopaTOpuM, ITOCBAIICHHBIX M3YYEHUIO CITOCOOHO-
CTU MHCYJIMHA HOPMAaJIM30BaTh MeTa0OJIMUYeCKUe Ha-
PYLIEHUST Y MOJIOIBIX U CTAPBIX KPBIC TIPU TI100ATBHOM
WIIEeMWH TIepemHero Moara [ 11, 12].

BnusiHue vHcynnHa, BBEIEHHOIO KMBOTHBIM WJIN
JTI0ASIM, Ha ayToarndeckyro ruoejib HeiipoHOB MO3ra
IpU HelpoJaereHepaTUBHBIX U UIIEMUYECKUX BO3Ieii-
CTBUSIX Ha MO3T OCTaeTCs MOKA ITOYTH He U3YyISHHEIM.
Cepbe3HBIM MPOOEJIOM B M3Yy4EHUM MeXaHW3Ma Hel-
porpoTeKTopHOTO 3¢hdeKTa MHCYJINHA SIBJISIETCS] TaK-
K€ OTCYTCTBUE HAHHBIX O €r0 BIMSHMM Ha IIPOLECCHI
aytodarum n ayroparndeckoi rudeim HepBHBIX KJIe-
TOK, BBI3BAHHOM TOKCHUYECKMMU BO3IECUCTBUSIMU, B
omnbITax in vitro. I 310, HECMOTPSI Ha OOIBIION MHTE-
pec B COBPEMEHHBIX HAyYHBIX MCCJIEIOBAHUSIX K TOI
poJiv, KOTOPYIO UrpaeT ayTodarus B rudeu HelipoHOB
MpU HATOJIOTUYECKUX IIpolieccax pa3IMIYHOM 3THOJIO-
run. Jlonroe BpeMs mmoJiarajiv, YTo akTUBanus ayroda-
TMY HOCUT NMPEUMYIIECTBEHHO 3alllMTHBII XapaKTep.
IIpu 3TOM CUMTAJIOCH, YTO IJIS MOHMMAaHUS IIPOTEK-
TOPHOTO NEWCTBUS TE€X WJIM MHBIX COCNMHEHUNA Ha
HEpBHBIE KJIETKU BaxXXHO paciumdpoBaTh MpeuMyIle-
CTBEHHO MEXaHU3MBI X aHTUAIIONITOTUYECKOIO U aH-
TUHEKpOTUYecKoro aeiictBusi. Ho 3areM BO MHOTHX
paboTtax ObUIO TTOKa3aHO, YTO Ype3MEPHAsT aKTUBALIUS
ayTodarum MOXeT IIPUBOIUTH K THOEIN HEMPOHOB, a
BellleCTBa, MHTMOMPYIOIINE IMPOIIECCHI ayTodarum, 00-
JNagalT CBOWCTBaMU HelipornporekTtopoB [13—17].
Crano SICHO, YTO HEBO3MOXHO HOCTUYbL ITOHMMAaHMUSI
HapyIlIeHW B MO3Te TIPU Pa3IMIHbIX BUIAX MAaTOJIOI M-
YEeCKUX IPOLIECCOB U OLEHUTh MEXaHU3M 3al[UTHOIO
IeCTBUS HEUPOIPOTEKTOPOB 03 M3YyYEeHHS B TOM
quciae u ayrodarmdeckoit rmoemu HeiipoHos. Ilo-Bu-
JIVMOMY, CUTHAJIbHbIE MOJIEKYJIbI 1 BHYTPUKJIETOYHEIC
KacKaabl, OTBETCTBEHHBIE 3a PETYJISILUIO ayTodaruu,
MOTYT CTaTh OOJHOM U3 BaXXHEMIIINX TepaneBTUIECKUX
MUILIEHEH TTpY JIEYEHU N pa3andHbIX nopaxeHuii IIHC
[18—20]. HemaBHO Hamu OBUIO BHEpPBHIE IOKAa3aHO
[21], yTO MHTpaHa3aJIbHOE BBEICHNE WHCYJIMHA KPhI-
caM TpaKTUYECKU MPeaoTBpaliaeT ayroharundeckyro u
aIroNTOTUYECKyI0 TuOenb HelipoHOB B CAl paiioHe
TUIIIOKaMIIa TIpU IJIOOAJbHON MIIEMUM IIEPEIHETO
MO3ra M YMEHBIIIAeT €€ B Kope Mo3ra. AKTyaJIbHbIM SIB-
JIsIeTCsl JaJIbHEHIIee n3ydeHne CIIOCOOHOCTY NHCYI-
Ha TIOHABIISITH MpoIecCh ayrodaruu m ayrodarude-
CKOI TMOENIM HEMPOHOB IPU HEOJIArONPUSATHBIX BO3-
NEUCTBUSIX B OIIBITaX in Vivo W In Vitro, a TakKXe
pacmm@dpoBKa MEXaHU3MOB €T0 WHTHMOMPYIOIIETO
BausiHus. Tak, B IUTepaType MOKa OTCYTCTBYIOT JaH-
HBIE O TOM, YTO MHCYJHMH CIIOCOO€H HOPMAaJIM30BaTh
M3MEHEHUSI B HEPBHBIX KJIE€TKAaX OCHOBHBIX MapKEepOB
ayrodarum, Taknx kak LC3B-1I, SQSTM1/p62 nnu
Beclin-1, cBUaeTeIbCTBYIOIINE O €€ aKTUBAlIUM, BHI-
3BaHHOM KaKMMM-JIMOO NAaTOJOTMYEeCKMMU BO3Ieii-
CTBUSIMU Ha HEIPOHHI.

ILlenpro HacToOsIIeit pabOTHI OBIIO OIIpelneeHUE
BJIMSIHYSI MHCYJIMHA, TIEPEKUCU BOIOPOIa U UHTUOUTO-
poB ayrodarumu u anonro3a (3-MA u z-DEVD-FMK
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COOTBETCTBEHHO) Ha XKM3HECIIOCOOHOCTH HEMPOHOB
KOpPBI MO3Ta KpPbIC in Vitro, a TAKXKE Ha COIEpP>XKaHUE B
HMX MapKepoB ayTodaruy u amnornrosa. s moHuma-
HISI BOBMOXHOTO MeXaHM3Ma 3TUX 3(PPEKTOB MHCYJIN -
Ha MHTEPEC NPEACTABIISIOT JAHHBIE O MOIYJISLIUA WH-
CYJIMHOM p#$iJia MPOTEUHKWHA3, MOJIydYeHHbIC HAMUW Ha
KYJAbType HeIAPpOHOB KOPbI MO3ra KphbIC.

METO/ bl UCCIIEJOBAHHWA

Mamepuanv.  3-(4,5—puMeTnnTHa301-2-M)-2,5-
nudeHmwI-terpazonusa opomun (MTT), nepekucs Bo-
J0poJaa, UHCYJIUH U OoIeLuiIcyIbdaT HaTpusl ObLIN
npuobpeTeHHl y hupMmel Sigma (CIIA). Iumetuindop-
Mamun 3akyruieH y ¢upmbl Bekton (Poccust). Cpena
IUIST KyJIbTUBUpPOBaHUS HeipoHoB “Heiipobazaib-
Has”, alaHWI-DJIyTaMUH U OeCcChIBOPOTOUHASI POCTO-
Bast no06aBka “HeiipoMaxkc” M3roToBieHbBI KOMIAHMEH
OOO HIIII “ITan®ko0” (Poccus), Torna Kak pocTo-
BOII KOMIUIMMEHT B-27 6e3 nHcyIMHa OBbLI KyIUIeH
y ¢upmbl Invitrogen (CIIHA). MHruOuTophsl ayTo-
daruu 3-metunageHuH (3-MA) U TUPO3UHKUHA3HO-
ro gomeHa penentopoB IGF-1 m mHcyimmna BMS-
754807 Obut TIONMy4YeHBI OT upmbl Sigma (CIIA),
WHTUOUTOp Kachasdbl-3 M anoNTOTUYeCKOi rudenu
kietok z-DEVD-FMK — or BLDpharm (Kwuraif).
OKcnpeccuio MapkepoB ayrodarnu  LC3B-I1 u
SQSTM1/p62, akTUBHOCTH psiia IIPOTEMHKMHA3 U CO-
Jiep>KaHue TPo- U aHTUATOTITOTUYECKUX OeKoB Bax u
Bcl-2, cooTBeTCTBEHHO, M3YyYaJI C TIOMOIIBIO CITEIIM-
dbUYeCcKMX aHTUTEN, XapaKTepUCTUKA KOTOPBIX Mpem-
CTaBJieHa B paslielie METOMAOB UCCAEA0BaHUSI, OMUCHI-
BaIOIIUX UMMYHOOJIOTTHHT.

Bvidenenue u KynbmusuposaHue HelipoOHAAbHbIX Kae-
MOK U3 KOpbl M032a ImMOpuoHos Kpvic. HelipoHasibHbIE
KJIETKU BBIIEJSUIA U3 Pa3BUBAIOIIETOCsS MO3ra aMOpHU-
OHOB KpbIC IMHUU Buctap Ha 17—18 neHb pa3BUTHUS
¢ moMollblo MoIubUIIMPOBaHHOTO MeToAa JAuxTepa
[22], kak 3TO ommcaHo paHee [23]. BwimeneHHBIC
KJIETKU BbICEUBaIU B 48-JIyHOUHbIE MJIAHIIETHI, MO~
KpbIThle Moau-D-nusunoM, mo 2.9 x 10° kie-
TOK/JYHKY JJisl OIpeneaeHus: XU3HECITOCOOHOCTHU
MTT-MmeTonoM 1 B 12-JIyHOUYHBIE TIAHIIESTHI B KOH-
neHTpanuu 1.1 X 10° KJIeToK/IyHKY U1 aHaJIA3a SKC-
rpeccur OEJIKOB METOJOM MMMYHOOJIOTTUHTA. s
9TOTO  ucmoib3oBanu  HelipobazanbHyio  cpenay
(IMan3dko, Poccus), conepxaiyo 2% pocToBOil O0-
6aBku HeiipoMakc, 1% anaHua-DIyTaMUH, EHULIVII-
ma G (100 U/mm)/crpentomunyH (100 MKr/miT)
(rmorHas pocToBas cpena). KineTku cHabxXanu cBexeit
cpenoi Kaxable 3 THsI, A1 9TOro OTOMpaIu MOJOBUHY
o0bema 13 KaxKIoi JJYHKU U 100aBJIsIM aHaJTOTUYHBII
0o0beM cBexxell cpenbl. OTNbIThl HAYMHAIU MTPOBOAUTH
Ha 6—7 IeHb KYJIbTUBUPOBAHMUS KJIETOK.

OnpedeneHue HCU3HECNOCOOHOCMU HElPOHO8 KOpbl
mozea 6 kyavmype MTT-memodom. Tlpexne yem repei-
TH K OMbITaM TI0 ONpeAe/IeHUIO0 XU3HECTTOCOOHOCTU
HEWPOHOB, TIEPBUYHYIO KYJIbTYPY ABaXKIbI TPOMbIBAIN
Ne 5
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MHITUBUPOBAHUE AYTO®ATHHN U AITOIITO3A NHCYJIMHOM

ctepuiabHBIM (ochataeiM Oydhepom (DPBS). 3atem
KJIeTKU TiepeBonmian B HeiipobaszambHyIO cpemy, co-
ngepxainyro 1% pocroBoii no6aBku B-27 6e3 uHcyIMHa
(Invitrogen, ThermoFisher Scientific, CIIIA), B 3Toi1
cpene uxX OCTaB/IsUTM Ha Hodb. Ha cnemyronimii neHs Heit-
POHBI TPENHKYOHpoBaiy ¢ | MKM MHCYJTMHOM B TEUEHUE
1 9y ¢ 5MM 3-MA i ¢ 5 MM z-DEVD-FMK B te-
gyeane 0.5 9 B HelpobazanpHOi cpene, comepKaliei
1% poctoBoii nob6aBku B-27 6e3 nHcynuHa. [1o okoH-
YaHUM IIPEUHKYOAIINY C THCYJIMHOM Y MHTUOUTOpaMU
OKUCJIUTENbHBIN CTPECC, MINTEIbHOCTh KOTOPOIO CO-
crasisiia 8 U, uHumMupoBaiu 50 MM H,O,. Onpene-
JIEHUE XXU3HECITOCOOHOCTU HeipOHOB IMTPOBOIWIIU, UC-
noab3ysa MTT meton, oCHOBaHHBII Ha BOCCTaHOBJIE-
HUM MUTOXOHIPUSIMU KU3HECITOCOOHBIX KJIETOK MTT
B okpalueHHbli MTT-dopmazaHn [24]. B kierouHyio
cpeny BHocwii MTT B KOHEUHOII KOHIIEHTpAIIUU
0.5 Mr/mit 3a 2 4 10 OKOHYAHUSI UHKYOALUK (C TIEpeKu-
Chl0 Bozopoaa uiu 6e3 Hee). JJist comoOmm3aun Kpy-
cTaJu1oB (popMa3aHa B JIyHKM J00aBJIsumi o 150 MKJ1 Jii-
3upylouiero Oydepa, mnpeiacTapisioniero cobdoit 20%
pactBop moaeLuicyibdara HaTpust B 50% muMeTu-
dopmamuze B 0.1 N consgHOM KUCIOTe. DKCTUHKIINIO
KOHTPOJIbHBIX Npo0 mpuHumManu 3a 100%, 3KCTUHK-
U OCTaJIbHBIX IIPO0O BBIpaXKaIn B IIPOLIEHTAaX OT KOH-
TpoJis. JJIs orpeneneHrs 3alINTHOTO 3¢ eKTa NHCY-
JIMHA U IPYTUX COEIMHEHUN pacCUMTHIBAIU, THMOEIb
KaKOr0 YMCJia HEMPOHOB MPU TOKCUYECKOM JIeHCTBUM
MepeKNCH BOOOPO/Ia yIAIOCh IIPEAOTBPAaTUTh O1aroga-
ps TIPUMEHEHUIO KaXIOro M3 IPOTEKTOpoB (“rescue
rates”). JIJ1s1 3TOro BEIMMCIISIV PA3HUILY MEXIY 3Ha4e-
HUSIMUA 3KCTUHKIIW TTP00, BRIPAaXKeHHBIX B % MO OTHO-
meHuto K 100% KOHTpoJII0, TIpHU ACUCTBUU HAa HEUPO-
HBI OJTHOI1 ITIepeKMCY BOIOPOJa U 3TOTO IIPOOKCUIaHTa
ocJie IPENHKYOAIMK KIETOK C MHCYIUMHOM. DTy Be-
JIMYMHY JeJIUIU Ha pa3HUIly MeXIy 3HaueHHeM KOH-
TpodbHBIX TIpo6 (100%) M COOTBETCTBYIOIINM 3HAYE-
HHEM MOpo0, MOABEPTrHYTHIX AEMCTBHUIO IIEPEKUCU BO-
nopona. ITomydeHHBIN pe3ynbraT yMHOXanu Ha 100.
I1pu oTcyTcTBUM 3a1IUTHOTO 3(hdeKTa MHCYJIMHA YUC-
JmTelb paBeH (), Kak M IIPOLEHT KJIeTOK, THOeIb KOTO-
pBIX ObLIa MMpeAoTBpaIlleHa MHCYJIMHOM.

Onpedenenue 61UsAHUSL UHCYAUHA HA YPOGEHb MApKe-
pos aymogpaeuu (LC3B-11 u SQSTM 1/p62) u anonmosa
(pacwenaennoil kacnasvi-3, coomnouienue Bax/Bcl-2),
Ha akmusHocmb npomeunkuHasvl B (Akt), kunaswor eau-
Koeencunmaswvi-3oema (GSK-3beta), adenozun MmoHO-
docham-axmusupyemoii npomeunxunasot. (AMPK) 6
HelpoHax Kopbl M032a MemoooM UMMYHOON0OMMUHEA.
11 *UMMYHOOJIOTTUHTA HEMPOHBI KOPBI MO3Ta BbICEU -
Balu B 12-JIyHOUHbIE TUIAHIIETHI B KOJUYECTBE
1.1 x 10° KJIETOK/JIyHKY B TIOJIHOI pOCTOBOIA cpene. 3a
12 4 1o HavaJia BKCTIEpUMEHTa HEHPOHATbHYIO KYJIbTY-
py nocne 2-x KkpaTHoii ipomMbiBKU DPBS nepesonnnm
B HeiipobasanbHyio cpemy, comepskairyio 1% pocto-
Boil moGaBku B-27 6e3 mHcynmmHa. Ha crnemyrommii
JIeHb KJIEeTKU IMTpenHKyonpoBaau ¢ 1 MKM MHCYIUHOM
B TeueHue 1 4. /Iyist onmpeneneHusi akTUBHOCTH MPOTe-
nakuHa3bl B (Akt), GSK-3beta, AMPK no ypoBHIO nx
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dochopunupoBaHHbIX (POpM, a TaKKe COOTHOIIEHUS
ypoBH# Bax n Bcl-2 okucanTeIbHBIN CTpecc MHUIINN -
posanu 100 MmkM H,0, B TeueHue 6 4 u B psize cayvyaes
B TeyeHHUe OoJjiee KOPOTKOIO IMPOMEXYTKa BPEMEHMU,
Kak 3To yKa3aHo Ha puc. 4 u 5. [1o okoHuaHUM BO31eii-
CTBUSI HEPOHBI KOPBI MO3Ta MPOMBIBAJIY 2 pa3a oxJia-
XKIeHHbIM (pochaTtHbIM Oyepom. KiaeTku au3npona-
mm B 60 MK 6ydepa, comepxaiuero 50 MM Tpuc (pH
8.0), 150 MM NacCl, 1% NP-40, 0.25% neoxcuxosara
Hatpusd, 50 MM NaF, 1 MM Na;VO,, 1 MM nupodoc-
¢dara Hatpus, 1 MM mmnepodocdara Hatpusa, 1| MM
denunmetmicynbhonus ¢dropuna (PMSF) u npote-
a3HbIi MHIrMOUTOpPHBIN KokTeinb (Roche, IlIBeiiia-
pus). KoHuieHTpamuio 6enka B mpodax orpenessiyiv no
MoaudumpoBaHHoMy Metony Jloypm [25]. benku
pasnensiu B 13% monmakprIaMAIHOM Telie, TTocie Je-
ro ocyiecTsisiiu nepeHoc Ha PVDF memOpany ¢ pas-
mepom nop 0.2 MM (Bio-Rad, CIITA). CaiiTsl Hecne-
HU(PUUECKOTO CBSI3bIBAHUSI MeMOpaH OJIOKMPOBAJIH,
KakK omucaHo paHee [26].

O BJIMSHUM UHCYJMHA Ha Mpoliecchl ayTodaruu u
anorTo3a CyINJIv 10 YPOBHIO 9KCIIPECCUU MapKEPHBIX
6enkoB LC3B-11 u SQSTM1/p62, a Takke HaKOILIE-
HUIO paciienieHHoro parmMeHTa Kacrmasbl-3 (cleaved
caspase-3 ¢ MoJieKyJIsipHoit Maccoii 17-19 kDa) ¢ mo-
Molbio cnenuduaeckux antutena K LC3B-11 (1: 1000,
Cell Signaling, CIIIA), SQSTM1/p62 (1: 1000, Ser-
viceBio, Kurait) u Kk cleaved-Casp-3 (1: 1000, Cell Sig-
naling, CIIIA). /Ins1 yaeTa BApMaTUBHOCTY IIPU 3arpy3-
Ke MPpOoO OCYIIECTBJISIACh HOPMAIU3ALIUsl C TIOMOIIBIO
antutena K GAPDH (1: 3000, Affinity Biosciences,
Kwurait), koTopasi BBITIOJHSIACH TTOCJI€ CTPUIIIIMHTA.
Jlas m3ydeHns poan ayTodarui 1 arorro3a B THOeIn
HEHPOHOB U TIPU UCCIEIOBAHUN SKCITIPECCUUN MapKep-
HbIX 6enkoB ayTodaruun (LC3B-11 u SQSTM1/p62) u
arrorrTo3a (pacieruieHHasI Kacmnasa-3 ¢ MOJICKYJISIpHOM
Maccoii 17—19 kDa) B yclIOBUSIX OKMUCIUTEJIHLHOIO
cTpecca HCIOJb30BAIMCh WHTUOUTOPHI ayTodaruu
(3-MA) u anonrroza (z-DEVD-FMK). HeiictBue nH-
CyJInHa OJIOKMPOBAJIOCh C TTOMOIIbIO UHTUOUTOpPA TH-
po3uHKMHAa3HOTO JoMeHa peuerrropoB IGF-1 1 nHcy-
muHa 1 MkM BMS-754807.

O0 aKTUBHOCTH IPOTEMHKWHA3 CYTWIN 10 KOJTNJe-
CTBY UX (pochOpHIMPOBAHHBIX (hOPM, BBHISBISIEMBIX C
TTOMOIITBI0 CTEITMMUIECKNX MOHOKIOHATBHBIX aHTH-
tea. CrTereHb akTUBALMM TpoTeMHKWHa3bl B (Akt)
onpenensum 1o yposHio pAkt (Ser”?) (1: 1000, Cell Sig-
nalling, CIIIA), crenens nHaktuBaimu GSK 3-beta — mo
konuuectBy pGSK-3beta (Ser’) (1: 1000, Cell Signal-
ling, CIIA), cTeneHb aKTHMBAaWU IIPOTEMHKWHA3BI
AMPK — no yposuio pAMPK (Thr'7?) (1: 1000, Cell
Signalling, CIIIA). YpoBeHb NOPOAIONTOTHUIECKOTO
Oenka Bax u aHTManmonToTryeckoro Oenka Bcl-2 BbI-
SBJISLIM C TIOMOIIBIO aHTUTEN K AaHHBIM OeaKam
(1:1000, Cell Signalling, CIIIA). st HOpManu3aum
MAHHBIX MEMOpPaHBI ITOCJIe CTPUTIIIMHTAa MHKYOMpOBa-
JIU ¢ aHTUTEJIaMU K CyMMapHoOii ¢hopMe MpOTeMHKUHA3
Akt, GSK-3beta, AMPK-anbda (1:1000, Cell Signalling,
Ne 5
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Ta6muua 1. 3amuTHbIN 3¢GhEeKT MHCYIMHA U UHTMOUTOPOB
ayrodaruu (3-MA) u anoniro3a (z-DEVD-FMK) B Heiipo-
Hax KOpPbl MO3Ta KPBIC B YCIIOBUSIX OKUCIUTEIBHOTO CTpecca

JlocToBepHOCTH
Hporexrop 3aIIUTHOTO 3¢ deKTa
1 MKM uHCYIUH 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. JlanHble TIpeACTaBISIOT coboil cpenHee + SEM u3
6—8-onbIToB. HelipoHbl penHKYyOMpoBaiu ¢ 1 MKM MHCYJIMHOM B
TeueHue 1 4y unu ¢ 5 MM 3-MA unu ¢ 5 MkM z-DEVD-FMK B Te-
yenwue 0.5 4, 3aTeM Ha HUX BozaelicTBoBasiM 50 MKM mepekrcu Bo-
nmopopa B TeueHue 8 4. OnpeneneHue KU3HECIIOCOOHOCTU HEeMpo-
HOB IIpoBoauiau, ucnoiab3dys MTT meron. st onpenelieHus 3a-
mMTHOTO 3(dekTa BBYUCISAINA, THOETb KaKoro TIpOleHTa
HEAPOHOB OT TOKCUYECKOIO AEHCTBUS MEPEKUCU BOAOpOAA yla-
JIOCh MIPEIOTBPATUTh Gyiarogapsi MPUMEHEHWIO KaXkI0ro U3 Mpo-
TEKTOPOB (“rescue rates”).

CIIA). dna HopManM3alyy OAaHHBIX IO YPOBHIO CyM-
MapHOU (opMBI PEPMEHTOB NMPUMEHSIIIA anbda-Tyoy-
juH (1: 2000, Cell Signalling, CIITA) umu GAPDH. [aH-
Hble TIpEACTaBIsIIM B BUAE COOTHouIeHMs1 pAkt
(Ser*”?)/Akt, pGSK-3beta (Ser’)/GSK-3beta, pAMPK-
alpha (Thr'”?)/AMPK-alpha, Bax/anb(a-TyOynuH,
Bcl-2/anbda-TyOoynuH, KoTopoe npuHuManu 3a 1.0 B
KOHTPOJIbHBIX KJIeTKaX. TakKe pacCUMThIBaIM COOT-
HoureHue Bax/Bcl-2, KoTopoe B KOHTPOJBHBIX KJIET-
Kax mpuHuManoch 3a 100%.

B xagecTBe BTOPUYHBIX aHTUTEIT MCTIOJIH30BAIN aH-
TUMBIIIMHBIC WIM aHTUKPOJNIbu I1gG, KOHBIOTUPO-
BaHHbIe ¢ nepokcuaa3oit xpeHa (Cell Signaling Tech-
nology, CIIIA). CurHan nnepokcuaas3bl XpeHa YyCUInBa-
o ¢ momonibio peareHToB Novex ECL HRP
Chemiluminescent Substrate Reagent Kit (Invitrogen,
CIIA). IInmeHKr ¢ CUTHAJIOM XEMIUTIOMUHECIIEHIINU
ckaHupoBajuch Ha ckaHepe Canon (CanoScan
8800F). 111 KOTMYECTBEHHOTO OMNpeaeICHUST ONTUYe-
CKOM TTOTHOCTH UMMYHOTIO3UTUBHBIX TTOJIOC MCTIONb-
30Bajiu mporpammy Bio7.

Cmamucmuueckas o6pabomka. CTaTUCTUYECKYIO
JIOCTOBEPHOCTb Pa3IUuMii OINpeneasiyiu, UCTONb3ys !
kpurepuii CTbloneHTa. Pasnmans canTaam 10CTOBEpP-
HbeiMU T1pu p < 0.05. Bce maHHbIe mpencTaBieHbl Kak
cpenHee apudMeTHUecKoe 3HaueHWe T cTaHmapTHas
omunbka cpemHero (M = SEM).

PE3VJIbTATBI UCCIIEAOBAHUA

OmHOM M3 1eJeil HaIlleTo UCCIeI0BaHNS OBLITO N3Y-
YeHHue CITOCOOHOCTH WHCYJIWHA, C OMHOW CTOPOHBI, U
UHTUOUTOpPOB ayTtodaruu (5 MM 3-MA) u amonrtosa
(5 MxM z-DEVD-FMK), ¢ apyroit CTopoHbI, yME€Hb-
11aTh TUOETb HEMPOHOB KOPHI MO3Ta KPBIC B KYJIbTYpe
OT TOKCUYECKOro IeicTBUS MepeKkrucu Boaoponaa. Pe-
3yJIbTaThI BEIpAXKaJI B “rescue rates”, BeJIMUMHAX, 10O~

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U OUIUOJIOTUU

3AXAPOBA u np.

Ka3bIBAIOIINX, THOEIb KAKOM YaCTU HEUPOHOB OT TOK-
CUYECKOTO NEHCTBUSI TIEPEKHCU BOIOPOIA YAAIOCh
MPenoTBPaTUTh TOMY WM MHOMY TIpOTeKTOpY (Tadi. 1).
IMossicHUM 3TO Ha OCHOBAHUHY OTHOTO U3 OITBITOB, B KO-
TOPBIX Mbl ONIPEAESINA 3alUUTHBIA 3P eKT nHCyInHA.
KonndecTBo K1eTOK B KOHTpoJie (1, COOTBETCTBEHHO,
SKCTUHKIMIO npo6) mpuHumManu 3a 100%. Ipu neii-
CTBUM Ha HEMPOHBI KOpHI Mo3Ta KpeIic 50 MKM Tiepe-
KNCHU BOOOpoOAa KMBBIMMU B 3TOM OIIBITEC OCTaBaJIMChb
75.3% wneitponos (rorubanu 24.7% HeApoOHOB). A T10-
cJie TIPEMHKYO0AII KJIETOK ¢ 1 MKM MHCYJIMHOM TIpU
MOCJIeIYIONIEM IeiCTBUM TOM K& KOHLIEHTpAlLuU Tie-
PEKUCHY BOOOPOAA YUCIO BLDKUBIINX HEUPOHOB COCTA-
Buiio 88.3% ot koHTpois (morubGanu 11.7% wHeiipo-
HOB). DTU JaHHBIC ITOKA3bIBAIOT, YTO MPU MPEUHKYOAa-
LU HEAPOHOB C MHCYJIMHOM MOTMOJI0 OT IeiicTBUS
rnepeKucu Bomopoaa Ha 13% MeHbllle HeIipOHOB OT UX
o61ero yuciaa B kourpoie (24.7% — 11.7% = 13%).
IIpu sTOM MX rUbeNh OT AEHCTBHUSI OMHON IMEepeKUCHU
Bomopona cocTaisieT 24.7% OT 4mnciia KJIeTOK B KOH-
TpoJie, TIO3TOMY “rescue rate” cocTaBisieT AJIsI MHCYJIU -
Ha B 3ToM ombITe 52.6% [(13.0/24.7) % 100].

IIpu ycpeagHeHUM TaHHBIX, ITOJYYeHHBIX B 6 OITbI-
Tax, MBI TTOJIydaeM BeJINMYMHY “‘rescue rate” st MHCY-
JvHa, paBHyio 50.2 = 8.0% (tabu1. 1). DTH 1aHHBIE MO-
Ka3bIBaIOT, YTO MHCYJIMH CITacaeT OT TOeIn IIPU TOK-
CHUYECKOM JIEMCTBUM MEPEKUCU BOOOPOIa HA HEMPOHBI
KOpbl MO3Ta B YCJIOBUSIX HAIlIMX OIIBITOB B CpPEIHEM
IIPUMEPHO ITOJIOBUHY KJIETOK.

Taxkum xe o6pa3oM, KakK U ISl UHCYJIMHA, Ha-
MU BBIUUCTSANUCH “rescue rates” mis 3-MA u nas
z-DEVD-FMK. ITonyyeHHble JaHHBIE ITOKA3aJIW, YTO
aytodarvs u aronTo3 SIBJASIOTCS OCHOBHBIMU MPUYM-
HaMU TUOeI HeHPOHOB IIpU JIEWCTBUM Ha HUX TIepe-
Kucu Bomopopda. Tak, mHruoutop ayroparum 3-MA
MpU JEMCTBMM Ha HEUPOHBI TIPEeIOXpaHsl OT TUdeIn
34.8 &+ 6.3% KIIEeTOK, YTO, KaK MBI CYUTAEM, OTPaAXKAET,
KakKoil MpOLIEHT HEWpPOHOB KOpPbl MO3ra TMOHET OT
Ype3MepPHOIi aKTUBALIMU ayTodaruu B yCIOBUSIX OKUC-
JIMTEJILHOTO CcTpecca B oIbiTax in vitro (tadn. 1). He
MEHBIIN MPOLEHT KJIETOK, MO-BUANMOMY, THUOHET OT
anornTo3a. Tak, HailieHo, YTO MHTMOUTOP Kacrasbl-3
z-DEVD-FMK npu npenHKy0aliu ¢ HUM HEMPOHOB
npemoxpaHsieT ot rubenu 38 = 7.5% HeiipoHOB
(Ta6m. 1). Pasznuuust B 4mciie KIETOK, TUOHYIIMX OT
ayTodaruu u arnornro3a, He SBJISIIOTCS JOCTOBEPHBIMU.

HMHuTepecHo, 4TO MpY COBMECTHOM JI€AICTBUN UHCY-
JIMHA U MHTuouTOopa ayrodaruu 3-MA 3aiuTHBIN 3¢ -
dexkT (“rescue rates”) ObUI JOCTOBEPHO BhIIlIe (TA0JI. 2),
YeM MpU JeUCTBUM OJHOTO MHTMOUTOpA WM OJHOTO
uHcynarHa (p < 0.05 o ¢ kputeputo CTbloeHTa METO-
JIOM MOTapHbIX CPABHEHUIT ). DTU JaHHbBIE MOJTYyYEHbI B
OTJIEBbHOI CepuM ONBITOB. B 3Toi1 cepuu HabIr0Ia-
JIMCh O0Jiee HU3KME 3HAUEHUS “rescue rates” st MHCY-
ymHa (27.8 £ 5.0% npun =31 41.0 = 5.5% npu n = 4
o cpaBHeHuo ¢ 50.2 £ 5.0% npu n = 6 B TabI. 1). BTO
CBUJIETEJILCTBYET O CYILIECTBEHHOM pa30poce MaHHBIX
Mo 3a1UTHOMY 3(h(MEKTY MHCYTMHA MEXITY OTAETbHBI-
Ne 5
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Ta6muua 2. 3amuTHbIN 3 GhEKT COBMECTHOTO MpUMeHEeHUsI MHCyInHA U 3-MA unu uncynvHa v z- DEVD-FMK nipu okuc-

JIUTCJIIBHOM CTPECCE

JIOCTOBEpPHOCTh pa3 MYl MO CPABHEHUIO
C 3aIIUTHBIM 3¢ (HEKTOM OTHOTO
U3 COENUHEHU

Yuciio onbITOB

IIpotekTop Rescue rates
1 MKM MHCY/IVH 32.5+10.1%
5mM 3-MA 27.8 £5.0%
1 MKM wnHcynuH + SMM 3-MA 57.4 £10.5%
1 MKM MHCYIVH 41.0 £5.5%
5 MkM z-DEVD-FMK 389+2.5%
1 MkM muHcynuH + 5 MKkM z-DEVD-FMK | 62.3+5.9%

n=3

n=3

n=3 p <0.05 vs acbpext 1 MKM mHCynmHa
p <0.05 vs apdekt 5 MM 3-MA

n=4

n=4

n=4 p <0.05 vs apdekr 1 MKM uHcynuna

p <0.05 vs appexr SMKkM z-DEVD-FMK

Illpumeuanue. JlaHHble npencrasieHbl Kak cpenqHee = SEM u3 3—4 onbiToB. JIOCTOBEPHOCTD pa3iMuuii BBIYUCIISIIN, UCTIONIB3YSI METO/, 10~
TMapHbBIX CpaBHEeHWUI o ¢ Kputeputo CteioneHTa. HelipoHsl mpenHKyorpoBaiu ¢ 1 MKM mHCymHOM B TeueHue | 9w ¢ 5 MM 3-MA
¢ 5MkM z-DEVD-FMK B teuenue 0.5 4 u1y ¢ MHCYJIMHOM U OMHUM U3 MHTMOUTOPOB. OcTaibHast MH(GOpMaIvs IpuBeAecHa B IpuMeda-

HMUU K Ta0I. 1.

MU ONIbITAMU, KOTOPbIE CTAaBUJIMCh B pa3Hble THU, UHO-
raa ¢ OOJBIIMM Ppa3pbIBOM IO CPOKAM UX IMPOBEICHMUSI.
I1pu 3TOM, €ciiv Obl B KaXXA0M CeprUM ONBITOB OBLIO ObI
MPOBEIeHO 10 6 OMBITOB, KaK B Ta0JI. 1, TO, TTO-BUIN-
MOMY, Pa3JIN4usI He ObLIIN OBl CTOJIb 3aMETHBI, KaK IMpHu
3 wm 4 ontbitax. [1pu meiictBum nHcynmHa u z-DEVD-
FMK coBMmecTHass coCOOHOCTb 3THUX COEIUHEHUIA
MpeaoTBpallaTh rubejib HeiipOHOB KOphl MO3ra ObLia
Tak:Ke BHIIIE (TaOJI. 2), 4eM 3allUTHBIA 3(PheKT KaxK-
nmoro u3 3tux coenumHeHuit (p < 0.05). CoBOKyIIHOCTb
MOJyYeHHBIX JaHHBIX MO3BOJISIET MojlaraTh, 4YTO MHCY-
JIMH COCOOEH MpenoTBpaiiaTh Kak ayToharunyeckylo,
TaK U alloNTOTUYECKYIO rbesib HEHPOHOB B YCIOBMSIX
OKUCJIUTEIBHOIO CTpecca.

Hapsiny ¢ 3TuM Heo6xXoa1MOo OBLITO TaKKe TT0Ka3aTh
CIIOCOOHOCTh MHCYJIMHA HOPMAaJIW30BaTh YpPOBEHbD
MapKepoB ayTodaruu B HelpoHax KOpbl MO3ra KphIC B
KYJIbType, U3MEHEHHBIN MpU aKTUBALMKU ayTodaruu
mon AeMCTBUEM IEePEKMCHU BOIOPOAa Ha 3TU KIIETKH.
Hamu Ob110 M3ydeHO BIMSHUE MEePEKHCH BOIOpoaa 1
MPEeNHKYOAlMy ¢ MHCYJIMHOM Ha pa3HbIX CPOKaX BO3-
IeCTBUS MPOOKCHOIAHTA Ha YPOBEHb IBYX MapKepOB
ayrodarun LC3B-11 u SQSTM1/p62 B Heliponax. Kak
BUJIHO M3 JAHHBIX, IPUBEICHHBIX Ha pUC. la, JOCTO-
BEpHOE yBeJINYCHUE B HEIIpOHAaX YPOBHS TaKOIO Map-
Kepa ayrodarnu, kak LC3B-II, mpencrasisioiiero
aunuaupoBaHHyo dopmy LC3B (B otnuuue ot pac-
TBOopuMoit ¢popmbl LC3B-1), HabmrogaeTcs yepe3 4 u
6 4 mociie MTHULAIUU OKKMCIUTEILHOIO CTpecca, HO
yke 4yepe3 1 1 2 4 mocJie Havajla AeiCTBUS IepeKUCHU
BOIOPOJAa MPOSBIISIETCS TCHACHINS K YBEIMYCHUIO B
HellpoHaX YpOBHS 3TOro Mapkepa. XOTs MHCYJUH He
oKa3bIBaeT BoznelicTBusl Ha ypoBeHb LC3B-II B KoH-
TPOJIbHBIX HEMPOHAX, HO OH JIOCTOBEPHO CHIKAET 3KC-
TMPECCUIO0 3TOTO MapKepa yxke dyepe3 1 1 2 9 rmocye Ha-
yaja AeicTBuUs nepekucu Bogopona (puc. la). Oco-
OEHHO OOJIbIIIOE M TaKXKe TOCTOBEPHOE CHIDKCHHE
COJIep>KaHUsI 3TOro Mapkepa ayrodaruu 10 KOHTPOJIb-
HBIX BEJIMUMH HabJIomaercd yepes 4 u 6 U rmocjie Hayaia
IEeNCTBUS TIEPEKUCH BOIOPOJA. DTU JTaHHBIC HEOIIPO-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

BEPKUMO CBUAETEITBCTBYIOT O CITTIOCOOHOCTH WHCYJIMHA
MOAABISATh UYPE3MEPHYIO aKTUBallMio ayTodaruvd B
HEUpOHaX KOPBI MO3Ta, TIOABEPTHYTHIX NEUCTBUIO TE-
PEKMCU BOOOPOMA, B OIIBLITAX i Vitro.

Takoro poja gaHHbIe ObLIM TTOATBEPXKAEHBI U TIPU
M3YYeHUU OUHAMUKUA W3MEHEHUSI OPYroro Mapkepa
ayrodparmm SQSTM1/p62 (puc. 1b). ComepkaHue
YOMKBUTHH-CBSI3BIBAIOIIIETO KapKacHOTO Oesrka
SQSTM1/p62, ygacTByIOIIeTO B 06pa30BaHUN ayTO-
¢arocom, HaIIpoOTUB, UMEET OOPATHYIO KOPPEJISAIIUIO C
akTuBalveit ayrodaruu, Tak Kak 3TOT OeJIOK IoaBep-
raeTcs IeCTpyKIuu B du3ocomax. Kak m3BeCTHO, 3TOT
MapKep JOCTOBEPHO CHUKAETCS B KJIETKAX WJIM TKaAHSIX
MpU aKTUBALMU IIPOIIECCOB ayToaruy U BO3pacTaeT
npu ee noaabieHuu. Kak BUIHO M3 JaHHBIX, Mpem-
CTaBJICHHBIX Ha puc. 1b, ypoBeHb 3TOT0 Mapkepa Ipu
IEeMCTBUM OOHOM MEPEeKUCHU BOAOPOIa MO0 MEHSIETCS
0 CpaBHEHMIO ¢ KoHTpoJieM yepe3 0.5, 1 1 2 4 oT Ha-
yaja OEWCTBUS MEepeKMCH BOAOpOIa Ha HEHMPOHEL.
ITpu aToM 4Yepe3 4 u 6 4 TOCAe UHULIMALIMA OKUCIIU-
TEJILHOTO CTpecca IMPOMCXOIUT 3HAYUTEIIbHOE, II0UTHU
JIByKpaTHOE CHUKEHME YPOBHS 3TOro0 MapKepa B Heli-
poHax. D10, KaK u yBeandeHue ypoBHst LC3B-I11, cBu-
JIETEIbCTBYET O 3HAUUTEIbHON aKTUBAILIUU TIPOLIECCOB
ayTodaruy B HEPBHBIX KJIETKAX Ha 3TUX CPOKax II0CIe
Haygajla Bo3aeicTBUs npookcumanTta. [Ipennkyoais
C MHCYJIMHOM 3HAYUTEIBHO U JOCTOBEPHO ITOBBIIIACT
ypoBeHb SQSTM1/p62 B HellpoHaX 10 KOHTPOJIbHBIX
BEJIUYUH 4epe3 4 1 6 4 mociie Havalia IeiicTBUS Tepe-
KUCU Bomopona. CTaTUCTUYECKN 3HAYUMOE TTOBbIIIIE-
HHE YPOBHSI 3TOr0 MapKepa Mo BIWSHUEM WHCYJIMHA
MMeeT MeCTO M Yepe3 2 U mocjie Havyaja AeHCTBUS TIpO-
okcupanTta. Takum oOpa3oM, HaHHBIC, MOIyYeHHBIS
MpU U3YyYEeHUU W3MEHEHUsI YpOBHSI IBYX MapKepoB
ayrodarun (LC3B-II u SQSTMI1/p62), cBHUImeTenb-
CTByeT 00 MHTMOMPOBAHUU WHCYJIWHOM 4Ype3MepHOit
aKTUBALIIM IIPOLECCOB ayTo(haruy B yCIOBUSIX OKHCIN-
TEJILHOTO CTpecca, O CITOCOOHOCTU MHCYJIMHA CHUKATh
€€ MHTEHCUBHOCTb IPAaKTUYECKH IO YPOBHS KOHTPOJISL.
Ne 5
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(a)
H,O, (HP) Oh 0.5h 1h 2h 4h 6h
Insulin —_ — 4+ — 4+ —+ — 4+ — +
LC3B] = cmam wwe =

LC3BII

— L ——— G, W o

(CLVUDIL IR -2 —

(@)

H,0, (HP) Oh 0.5h 1h 2h 4h 6h
Insulin —_t — 4+ — 4+ — 4+ — 4+ — +
p62 - EN e ar W W

GAPDH oo e o -

LC3B-1I/GAPDH, arb. units

p62/GAPDH, arb. units
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(b)

OHP [EHP+Ins * ok
1.6 -I— _}
1.2F ‘}
- X x XX XX
0.8+
0.4r
Oh 05h 1h 2h 4h 6h
Time of incubation with hydrogen peroxide (HP)
(d)
1.4 [OHP EHP+Ins x
1.2F _I_ _} % XX
Lok T i hd By
0.8 ok *k
0.6
04r
0.2
Oh 05h 1h 2h 4h 6h

Time of incubation with hydrogen peroxide (HP)

Puc. 1. DpdekT nHCYIMHA U TTIEpEKHUCH BOAOpo/Ia Ha ypoBeHb MapkepoB ayrodaruu (LC3B-11 1 SQSTM1/p62) B HelipoHaX KOPbI
MO3ra KPbIC Ha pa3HbIX 3TallaX pa3BUTHUSI OKMCINTEIbHOTO cTpecca. (a) u (b) — nuamenenue yposHst LC3B-I11, (c) u (d) — uamene-
HUe ypoBHs sqstm1/p62. (a) u (c) — UMMYHOOJI0THI, (b) 1 (d) — pe3yJbTaThl AEHCUTOMETPUHU TTPOBEICHHBIX OMBITOB (1 = 4—15)
npencraBieHbl Kak cpenHee = SEM. HelipoHbl KOpbl MO3ra KpbIC IPEUMHKYOUPOBaIK B TeueHHe 1 9 ¢ 1 MKM MHCYJIMHOM, a 3aTeM
nonBeprayim Bo3aeiicteuio 100 MKM 1iepekncu Bogopoza B TedeHHe pa3zHoro BpeMeHU. CokpalileHus Ha pucyHke: HP — nepekuch
Bomopona, Ins — maCyIMH. Paznuuus qocToBepHBI IO CPaBHEHUIO C KOHTPOJBbHBIMU BemunHamu: * — p < 0.05, ** — p < 0.02, mo
cpaBHeHMIO ¢ 3 deKTOM 0aHOIM nepekurcu Bomopoaa: X — p < 0.05, xx — p < 0.02.

Crnenyer OTMETUTh, 4YTO B TIpUCYTCTBUU BMS-
754807, naruouropa peuentopoB uHcyanHa U IGF-1,
3¢ddeKT MHCyIMHa Ha YPOBEHb MapKepoB ayToda-
run LC3B-11 u SQSTM1/p62 moTHOCTBIO TIpOImagat
(puc. 2b m 2d), B 3TOM cilydyae ypOBE€Hb MapKepOB
ayTtodparum npu AEeNCTBUM Ha HEMPOHBI MHCYJIWHA U
MepeKnucu BoAopoaa JOCTOBEPHO HE OTJIMYAJICS OT UX
YPOBHSI IIpU AEMCTBHMU OOHOIO IIPOOKCHUIAHTA. DTHU
MaHHbIE CBUIETEIbCTBYIOT O TOM, YTO HEHPOIPOTEK-
TOpPHOE NeMCTBHE NHCYJIMHA IIPU Ype3MePHOIl aKTUBa-
oy ayTodarny B HEPBHBIX KJIETKAX OIIOCPEIyeTCs de-
pe3 peuientopsl camoro nHceyauHa u IGF-1.

Wsyganmocke Takke BO3MEeiCTBUE WHTUOWTOPOB
ayTodarmu 1 armorTo3a Ha YypoBeHb MapKepoB ayToda-
TMU B HEMPOHAX KOPHI MO3Ta B YCIOBUSIX OKUCIUTEb-
Horo ctpecca. MHrnourop ayrodaruu (3-MA) mocTo-
BepHO cHmXan coxepxanue LC3B-II B HeiipoHax,
yBEeJIMUYEHHOE MOoJ JeiCcTBUEM MepeKrucu Bomaopoaa
(puc. 2b) g0 ypOBHSI, XapaKTepPHOIO OjIsI KOHTPOJIS.
IIpu >TOM 3TOT MHTMOUTOpP, HAIPOTUB, JOCTOBEPHO
MOBBIIIAJ, TPAKTUYECKU TaKXKe N0 KOHTPOJbHBIX Be-
JIUYMH, YPOBEHb IpPYroro Mapkepa ayrodarum —

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3ZUOJIOTUU

SQSTM1/p62, KOTOpHI 3HAYUTEITHHO U JOCTOBEPHO
CHIXAJICS B HEMpOHAaX MpY JeCTBUM Ha HUX TTIEPEKU-
cu Bogopona (puc. 2d). OTu naHHbIE TTOKa3bIBAIOT, YTO
MpU IeiiCTBUM TAaKOTO MPOOKCHUIAHTA, KaK MepPeKUCh
BOIOPOIA, B HEMPOHAX KOPBI MO3Ta MPOUCXOIUT aKTH -
Balus ayrodarmu, Toraa Kak IMpenHKyO0aIust KIeTOK C
WHTUOUTOPOM ayTodaruu, Kak v CiaeIoBaIo OKUIATh,
MpenoTBpaIlaeT U3MEHEHUsS SKCIPECCUM XapaKTep-
HBIX VTSI JAHHOTO Mpoliecca MapKepoB, IeJiask UX ypo-
BEHb CXOIHBIM C YPOBHEM B KOHTpOJIE.

IMpencrasisio MHTEpeC TaKKe MPOBEPUTh, OKa3bI-
BaeT JIM BJIMSIHUE WHTEHCUBHOCTb aroOINTOTUYECKUX
MIPOILIECCOB, Pa3BUBAIOIINXCS IIPU TEACTBUM IPOOKCH -
JIaHTa, Ha MTHTEHCUBHOCTH ayTodaruu. OgHako HaAMH
He BBISIBJIEHO JOCTOBEPHBIX UBMEHEHMIA B ypOBHE 000-
WX U3YYEHHBIX MApKepOB ayTodaruu 1o BO3AeACTBH -
eM z-DEVD-FMK, naruouropa kacmnasbsl-3 M aro-
OTOTUYECKUX IIpoleccoB (puc. 2b m 2d). YpoBeHb
LC3B-11 1 SQSTM1/p62 B HelipoHaX KOpbI MO3Ta MO
BO3IelicTBUEM Tiepekrcu Bomoponaa n z-DEVD-FMK
JIOCTOBEPHO HE OTJIMYaJCcs OT UX YPOBHS, HabJt01aB-
LIeTOoCd TIPU IeiCTBUM OTHOM MepeKUCcH BOIOPOIa.
2023
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Puc. 2. Ddpdexr uHcynrmHa 1 MUHrM6uTopoB ayrodaruu (3-MA) u anontosa (z-DEVD-FMK) Ha ypoBeHb MapKepoB ayTodaruu
(LC3B-II and SQSTM 1/p62) B HeiipoHax KOPbI MO3Tra KPbIC B KYJIbTYpE, TOABEPTHYTHIX ICHCTBHIO TiepeKucH Bomopona. (a) u (b) — u3-
menenue ypoBHst LC3B-II, (¢) u (d) — usmenenue ypoHst SQSTM1/p62. (a) u (¢c) — uMMyHOG10THI, (b) 1 (d) — pe3yabTaThl IeH-
CUTOMETPUU IIPOBEAEHHBIX ONBITOB (1 = 6) NpencTaBleHbl Kak cpeaqHee = SEM. HelipoHbI KOpBI MO3Ta KPbIC ITPEUHKYOMPOBaIN
B TeuyeHue | 4 ¢ | MKM uHcynmHOM, 1160 B TedeHue 30 MuH ¢ S MM 3-MA wiu 5 MkM z-DEVD-FMK, a 3atem roasepraiv Bo3-
nevictBuio 100 MkM niepekucu Bogopoza B reueHue 6 4. CokpaieHust Ha pucyHke: HP — nepekuch Bogopona, 3-MA — 3-metn-
naneHuH, BMS — BMS-754807 (uaruourop peuentopoB uHcynauHa u IGF-1). Paznuuust 1ocTOBEpHBI 11O CPaBHEHUIO C KOHTPOJIb-
HBIMM BesimanHaMu: * — p < 0.05, ** — p < 0.02, mo cpaBHeHUIO ¢ 3¢hheKToM 0xHOI Tepekrcu Bomopoaa: X — p < 0.05, xx — p < 0.02.

Ilepexkucr Bomopoma IOCTOBEPHO yBelIMUMBalia
(6omee, ueM B 2 pa3a) aKTMBHOCTb Kacnasbl-3 (comep-
>KaHUe paciierieHHoro ¢pparmenTta 17—19 xJla) B Heli-
poHax Kkopsl Mo3ra (p < 0.02) uyepe3s 6 4 mociie ee 106aB-
neHus (puc. 3a). Yepes 4 4 mmocJjie anmjiInKaluy Ipo-
OKCHUIAHTa AaKTUBHOCTh Kacmas3bl-3 Bo3pacrajga B
1.5 paza, Ho OobIIOI pa3dpoOC TaHHBIX Jeaall 3TO YBe-
JIMYEeHUEe HEeIOCTOBepHbIM. WMHCYJIUH OOCTOBEPHO
CHMXaJl aKTUBHOCTh KacIiadbl-3, a 3HAYUT U aroITo-
TUYECKYIO THOEIb KJIETOK uepe3 6 4 Toce aniinKa-
11U nepekucu Bogopoaa (puc. 3a). Ha HekoTopbIx 60-
Jiee paHHUX CpOKaX OKUCIUTEJIBHOTO CTpecca, Harpu-
Mep, 4Yepe3 2 4 mocjie Hadaja ACUCTBUS IepeKUCHU
BOJOpOAa, HaOmogadach TEHACHLMS K CHIDKEHUIO
paciuerieHHo Kacmasbl-3 (17—19 k/la), Ho pa3anaus
He 6buTn JocToBepHBIME (p = 0.06).

Hamu 6n110 mokaszaHo (puc. 3b) yBenudyeHUe ak-
TUBHOCTHU Kaclia3dbl-3 4epe3 6 4 TIOcCIie aIInKalluu
MepeKncHu BOAOPOaa, U CHIKEHWE aKTUBALIMM Kacria-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

3bI-3 MO BIAWSTHUEM IIPEMHKYOAITNM ¢ WHCYJIMHOM Ha
3TOM CpOKe BO3IeicTBYS niepekucu Bogopomna (p < 0.02).
HMHTEepecHO OTMETUTD, UTO B TPUCYTCTBUU MHTUOUTO-
pa peuenropoB uHcyauHa u IGF-1 (BMS-754807) ac-
¢eKkT WHCYJIMHaA IIOJHOCTBIO wmcue3an (puc. 3d).
DTO CBUACTENBCTBYET O TOM, YTO MHCYJIWH OCYIIIECTB-
JISIeT CBO€ aHTUAMONTOTUYECKOe NeMCTBUE Ha HEMpoO-
HBI KOPBI MO3Ta B KYJbTYpPE, B3aMOIIENCTBYSI CO CBOU-
mu peuentopamMu u peuenropamu IGF-1 Ha aTmx
KJIeTKaX.

MBI TTONBITAIMCH TaKXe BbISIBUTh, UCMOJIb3YSI UH-
rubutop 3-MA, BIUsIHUE MHTMOUPOBaHUs ayTodharuu
Ha MHTCHCUBHOCTD aroITo3a U alonNTOTUYEeCKO T'v-
O6enu kjetok. ONHAKO B YCIOBUSX OKHUCIUTEIBHOTO
cTpecca B IpUCYTCTBUM MHIrMOUTOpa ayrodaruu 3- MA
HaKOIUIEHUE pacUIeIUIEeHHOTo ¢parMeHTa Kacmnasbl-3
(17—19 x1a), mokaspIiBalolllee CTeeHb rndea Helpo-
HOB OT aronTo3a, B yCJIOBUSX HAIIIUX OIBITOB HE Tpe-
TepIieBajio JOCTOBEPHBIX M3MeHeHu (puc. 3d).
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Puc. 3. Oddexr nncynuna u uHruoéutopos ayrodaruu (3-MA) u anontosa (z- DEVD-FMK) Ha ypoBeHb paciiieruieHHoM Kacra-
3bI-3 (MapKep anonTo3a) B HelpoHax KOpPbl MO3ra KpbIC B KYJIbTYpe, TOABEPrHYTHIX ASMCTBUIO IepeKrUCcH Bogopoaa. (a) u (b) — ad-
(eKT MHCYJIMHA U TIepeKMCH BOIOPOa Ha YPOBEHbB pacIlieTieHHOM Kacnasbi-3 (17—19 k/la) B HeiipoHax Ha pa3HbBIX 3Tarax pa3Bu-
TUST OKUCTUTENBHOTO cTpecca. (¢) v (d)— addexT uHcynuna, 3-MA u z-DEVD-FMK Ha ypoBeHb paciiieruieHHol kacnasbi-3 (17—
19 kJla) B HeiipoHax Ha ITO3IHEM 3Tare AeiHCTBUS MmepeKucu Bomopomaa (6 4). (a) u (¢) — uMMyHOOJ0THI, (b) 1 (d) — pe3yabTaThl
JIEHCUTOMETPUU TTPOBEIECHHBIX ONBITOB (1 = 4—5 st B v n = 6 nnst D) npencrasiensl Kak cpenqHee = SEM. HelipoHbl KOpbl MO3ra
KpBbIC MMPpeuHKyOorpoBaiu B TeueHue 1 4 ¢ 1 MKM uHcyamHoM uiu B TeueHue 30 MuH ¢ 3-MA wiu ¢ z-DEVD-FMK, a 3atem noa-
Beprajiv Bozneiicteuio 100 MKkM nepekucu Bogopoa B TeueHue pasHoro BpemeHu. CokpallieHust Ha pucyHke: HP — nepekuch Bo-
nopona, Ins — uacynuH, 3-MA — 3-metunaneHnd, BMS — BMS-754807 (uaru6burop peuentopos nHcyiuHa u IGF-1). Pas-

JIN4unsd JOCTOBCPHBI 11O CPaBHEHUIO C KOHTPOJIbHBIMU BEJIMUYNMHAMU ! g RE —

Bogopona: x — p < 0.05, xx — p <0.02.

INepen HaMu cTosIIa TaKKe 3a/1ada BBISIBUTh, BJIMSI-
HUEeM Ha KaKue CUTHaJIbHbIE YT MOXHO OOBSICHUTH
MHTUOMpPOBaHNE MHCYJIMHOM ayTodaruu u ayrodarm-
YecKoil rudeny KJIETOK, a TaKXKe aronTo3a U aronTo-
TUYECKOM rudesiu KjeToK. JIJisi 3Toro Mbl IIpOBEPUIIH,
KaK BJIMSIOT B YCJIOBUSIX HAILIMX OTBITOB NEPEKUCH BO-
JIOpoJia U MHCYJIMH Ha aKTUBHOCTD ITPOTeMHKUHA3 Akt,
GSK3-beta u AMPK 1 Ha COOTHOIIIEHHE TTPOANoITO-
Tu4yeckoro 6enka Bax u aHTHanmonToTHYeCKOTo Oenka
Bcl-2 (Bax/Bcl-2).

Kak BuIHO M3 TIpeacTaBieHHbIX HA PUCYHKE JdaH-
HBIX, aKTUBHOCTb IpOTeMHKHA3kI B (Akt) B HeiipoHax
KOpBI MO3ra yepe3 6 4 mociie anruiMKalyuyu MnepeKucu
BOJOPO/Ia MaJIO OTJIMYAETCSI OT KOHTPOJIbHBIX BEJTUUMH
(puc. 4b). Ho, ecnu KJIeTKU B KyJILType IIPEMHKYONPO-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3ZUOJIOTUU

Mo cpaBHEHUIO ¢ 3(h(HEKTOM OTHON MepeKUCH

BaJM C WHCYJIMHOM, TO aKTUBHOCTh Akt ocTaetcs
OYEeHBb BBICOKOM M Yyepe3 6 9 Mociie BO3AECUCTBHUS TIepe-
KWCH BOIOPOIa, TIPA 3TOM OHa Gosiee, yeM B 6 pas pe-
BBIIIA€T aKTUBHOCTh B KOHTPOJIE U MPU IeHCTBUU O~
HOM nepexucu Bogopoaa (puc. 4a). Aktupanus Akt jie-
KUT B OCHOBE 3alllUTHOTO JeWCTBUSI WHCYJMHA.
Xopoll10 U3BECTHO U TOKYMEHTUPOBAHO aHTUAIIONTO-
TUYECKOEe AEUCTBUE MHCYJIMHA, OCHOBAaHHOE Ha aKTH-
Baimu Akt. B ero peannzanuu BaXXHYIO pOJb UTPAET
WHaKTUBalLUsl TIpU JercTBUM Akt TPOTEeMHKUHA3bI
GSK-3beta Onmaromapst ee (ochHopuIMpoOBaHUIO TIO
Ser’. Kak BUIHO M3 JaHHBIX, IPEICTABIEHHbBIX HA PU-
CYHKe, 4epe3 6 4 mocJie anruIMKaluy epeKnCcy BOI0O-
polla aKTUBHOCTb 3TOI MPOTEeMHKMHA3bhl B HelipoHax
MaJjlo OTJIMYaeTcsl OT KOHTPOJIbHBIX BenunH. Ho, eciu
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Puc. 4. BrusHue nepekucy BOAOPOIa U MHCYJIMHA Ha aKTUBHOCTB IpoTeuHKnHa3bl B (Akt), GSK-3beta u AMPK B HeiipoHax Ko-

pbI Mo3ra KphIc. (a) 1 (b)— akKTUBHOCTB MpOoTeMHKHA3bI B (Akt) onpenesnsyiv mo ypoBHIo pAkt (Ser

), (¢) u (d) — cTereHb MHAK-

tuBauuu GSK 3-beta — o yposHio pGSK-3beta (Serg), (e) u (f) — akTuBHOCTD NMpoTeMHKUHa3bl AMPK — 1o yposHio pAMPK
(Thr1 2). (a), (¢) u (f) — ummyHO0G10THI, (b), (d) u (f) — pe3yabTaThl ACHCUTOMETPUU IIPOBEACHHBIX OIBITOB (7 = 5—7) mpencras-

JIEHBI KaK cpeqHee = SEM.

AHHBIE BbIpaXkaJIi B BUJIe COOTHOILIEHUs conepXaHus (hochopruIMpoBaHHOTO hepMeHTa K ero ool1e-

My conepxanmio: pAkt (Ser*’?)/Akt (a), pGSK-3beta (Ser’)/GSK-3beta (b), pAMPK-alpha (Thr'’?)/AMPK-alpha (c). Heiipors
KOPBI MO3ra KpbIC IPEMHKYOUPOBaiu B TeueHHe 1 4 ¢ 1 MKM MHCYJIMHOM, a 3aTeM noasepraiu Bo3aeiicTeuio 100 MkM riepekucu
Bomopona B reueHue 6 4. CokpaiieHust Ha pucyHke: HP — niepekuch Bogopona, Ins — nHcyaMH. Pasinuust OCTOBEPHBI IO CpaB-
HEHMUIO C KOHTPOJIbHBIMU BeJmunHamu: ** — p < 0.02 o cpaBHeHU10 ¢ 3ddeKToM oaHO# nepekrcu Bogopoaa: x — p < 0.05, xx —

p <0.02.

HEMpPOHBI MPEeUHKYOMpOBaId C MHCYJIMHOM, TO Ha
3TOM CpPOKe IeiCTBUS MEepEeKHCH BOOOpPOIa B IIpobax
JIOCTOBEPHO U AOBOJbHO 3HAUYUTEIBHO MOBBIIIEH YPO-
BeHb 3TOro hepMeHTa, hochopuaupoBaHHOro no Ser’
(puc. 4b). DTO CBUIETEILCTBYET O TOM, UTO T1OJ, BJIMSI-
HHMEM MHCYJIMHA IpoucxoauT mHaktuBautus GSK-
3beta, 9TO OUESHB BaXKHO JJIsI MOAASPKAHMS JKM3HECIIO-
COOHOCTH HEHPOHOB, T.K. MPU aKTUBAIIMU 3TOM ITpOTEe-
VHKWHA3bI HAapyILIaloTcs (GYHKIIMY MUTOXOHIPU 3TUX
KJIETOK, YTO MOXKET IIPUBOIUTH K MX aIIONTOTUYECKOI
rubenu.

HyXHo Takke OTMETUTh, YTO aKTUBamus AKt Mo-
KEeT TIPUBOINTh K MHTMOMPOBAHUIO ayTOdarmdecKmx
MPOLIECCOB, K MPEeNoTBpallleHUIO Upe3MEePHOI aKTUBa-
Uu ayTodaruu, NpUBOIsIIEi K THOe T HEPBHbBIX KJle-
ToK. Tak, akTmBanusg curHaisbHOTro Iyt Akt—mTOR,
KaK U3BECTHO, MPUBOAUT K UHTMOMPOBAHUIO MPOLIeC-
coB ayToharum.

s oObsICHEHUST MexXaHM3Ma 3alluTHOro 3¢ dexra
WHCYJIMHA, CBSI3aHHOTO C TMOJAaBJI€HUEM IIPOILIECCOB
ayrodarum u ayroharndecKoi rubea HepBHBIX KIIe-
TOK, BaXXHO OBIJIO TAKKe M3YIUTh BIUSHUE MHCYJIMHA
Ha akTuBHOCTb AMPK (puc. 4¢). Kak u3BectHo, akTH-
BallMsl 3TOM TPOTEMHKWHA3BI SIBIIACTCS TPHUITEPOM

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

npoliecca ayrodaruu. Kak BUgHO M3 gaHHBIX, Mpem-
CTaBJICHHBIX Ha pUC. 4C, MHCYJINH JOCTOBEPHO U 0O-
Jiee, 4yeM B 2 pa3a yMeHblnaeT akTuBHOCTb AMPK ye-
pe3 1 1 2 4 mocie Havaia A CTBUS NepPEeKUCHU BOIOPO-
ma. Yepes 6 4 mocie Havana OEeHCTBUSI MEPEKUCU
BOIOpOa HaOIogaeTCs TEHASHIIUST K CHIDKEHUIO UH-
CYJIMHOM aKTMBHOCTM 3TOM mpoTenHKuHa3bl (p < 0.1,
HO p > 0.05), HO ero 3ddeKT cTaHOBUTCSI HEOJOCTOBEP-
HbIM. [lo-BuauMoMy, 3HAUUTEIbHOE CHUXKEHHE aK-
TUBHOCTHU (DepMEHTa MHCYJIMHOM Yepe3 1 U u 2 4 rociie
Havaja OeNCTBMS IIEpeKHWCH BOAOPOIA IIPUBOAUT K
YMEHBIIEHUI0O HWHTEHCUBHOCTA  ayTO(aru4eckoro
rpoliecca He TOJbKO Ha 3TUX, HO U Ha MOCISAYIOLINX
BPEMEHHBIX IIPOMEXYTKAX.

Hamu Takeke moka3zaHBI 3HAYUTEIBHOE YBEIUUYEHIE
OTHOIIIEHUS TIPOAIoNTOTUYEeCKOro 6ejka Bax K aHTH-
anonroTuyeckomy 6enky Bcl-2 (Bax/Bcl-2) mon neii-
CTBMEM Ha HEPOHBI KOPEI MO3Ta IIEPEeKMCH BOIOpOoAa
Y HOpMaJIM3allusl 3TOr0 OTHOIIEHMS MO BIMSIHUEM
WHCcyanHa (puc. Sb u c¢).

OBCYXIEHMUWE PE3YJILTATOB

AyTtodarus mpeacTapisieT coooii “camorioenaHue”,
KaTtaboJIMYeCKUil MyTh, C TTOMOIIbIO KOTOPOTO J1OJTO-
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KUBYIIAE OEJIKM, ITOBPEXICHHEIE KIIETOYHBLIE Opra-
HEJUJIBl 1 HEeTIPaBUJIBHO CBEPHYThIE OEIKU MOABEpra-
IOTCSl Jerpajallui U 3aTeM BHOBb HCITOJB3YIOTCS IS
noaIepKaHus TOMEOCTa3a KJIETOK U MX HOPMaJIbHOTO
YyHKUIMOHUpOBaHUSA. I HOCTaBKM TTOMJIEKAIIIMX
YTUJIM3AlU OEJIKOB WJIM KOMITOHEHTOB KJIETKU B JIU-
30COMBI JJIsI ¥IX JaIbHEMIIIETO NCIOIb30BaHUS IIPUPO-
J1a co3maia CIlelMaJbHble YaCTUIIbI — ayTO(aroCoMabl.
OHU NpeacTaBIsIIOT COO0M MOKPBIThIE TBOIHOI 000-
JIOYKOM BaKyoOJIHU, CoAepKalllrie IIMTOIIa3My KJIETOK C
BKJIIOYEHHBIMU B HE€ MUTOXOHAPUSIMU WU IPYTUMU
opraHesiaMu. Jlojiroe BpeMsl CYUTaAIOCh, 4YTO ayToda-
TUSI UTPaeT TOJBKO 3aIIMTHYIO POJIb, B TOM UYMCIIE U B
IHHC, npenoxpaHss HeiipOHBI M IPYTHE KJIETKA MO3Ta
OT MaryoHoro BJIMSIHUSI CTPECCOPHBIX BO3AECUCTBUIA, B
TOM 4MCJie OT MIIEeMUM MO3ra M ero MocIeIyolleil pe-
nepdy3un. [Ipn sToMm 3ammTHEIN 3ddEKT HEeporpo-
TEKTOPOB IPU pa3HbIX (hopMax UILIEMUU U pernepdy3nuu
OPUNUCHIBAIA MPEUMYIIECTBEHHO WX CIIOCOOHOCTH
MPOTUBOCTOSITh alIONTOTUYECKOM Y HEKPOTUYECKOI TH-
Oesiu HepBHBIX KiIeToK. Ho B HacTosIiee Bpems mpe-
CTaBjJIcHUSI 00 MCKIIIOUMTENILHO 3alllUTHOM BO3Meii-
cTBUM ayTodaruu Ha KJIETKHA pa3HbIX OPTaHOB Iiepe-
cMoTpeHbl. Tak, B COBpeMEHHOI JuTepaType ecTh
MHOIOYMCJICHHEIE IIpUMEPBI TOTO, YTO aKTUBAIIUs
ayroparum MoOKeT NPUBOIMTH K THOEIM HENPOHOB
IIPU Pa3IUYHBIX MOPAXECHUSIX MO3ra, OCOOEHHO TIpHU
CWJILHBIX BO3ACUCTBUSIX Ha Hero. Tak, IoJIy4eHbl CBU-
JIETEeILCTBA TOTO, YTO 3aIIUTHEIN 3P eKT MHOTUX Hei-
POTIPOTEKTOPOB TIpU WIIEMUU U perniepdy3und Mo3ra
CBSI3aH IIPEXIe BCETO C UX CIIOCOOHOCThIO MHTUOUPO-
BaTh 1 ayTodarndyeckue, U anonTOTUYECKUE IIPOoliec-
Chl, TIpeaoTBpallas TaKUM 00pa3oM rudeb HEPBHBIX
KJIETOK Mo3Ta. K TaKuM IIpOTEKTOpaM OTHOCSITCS He-
KoTophie (iraBoHOMIBI, raHrmno3nn GM 1, duHTOMN-
Mon (aHajor ccuHro3uH-1-docdara), N-amerun-ce-
POTOHMH (IIpeOIIeCTBEHHUK MeJIaTOHWHA) Y MHOTHE
npyrue coenunenwus [13—17, 27, 28].

Hacrosmag paboTa mocBsiilieHa H3Y4EHUIO POJIU
aHTHAyTO(PAarn4ecKoro M aHTUAIIONITOTUYECKOro (-
(EeKTOB MHCYIMHA B €ro HEeHpPOIIPOTEKTOPHOM Ieii-
CTBUM Ha HEHPOHBI KOPbI MO3Ta B KYJIbTYP€ B YCIIOBUSIX
OKHCJIUTENBLHOIO cTpecca. BeITo HaiiieHO, YTO OCHOB-
HBIMHM IIpUYMHAMMU TUOEIM HEWPOHOB KOpPHI MO3ra
KPBIC B KYJIBTYp€ IIPU TOKCUYECKOM JEMCTBUM Ha HUX
MepeKNCH BOOOPOIa SBJISIOTCS ayTodarus 1 arionTo3.
ITokazaHo MOBBIIIEHWE KM3HECIIOCOOHOCTU HEpo-
HOB NpU AefiCTBUM HA HUX MHTUOUTOpa ayTodaruu (3-
MA) wnu anoniro3a (z-DEVD-FMK). I1pu aToM Heili-
POIIPOTEKTOPHEIN 3 EeKT MHCYIMHA 00Jiee BEIpaXKeH,
yeM 3(deKT MHTIMOUTOPOB ayTodaruy MM aroIro3a
O OTAEIBbHOCTU. MTHTEpEeCHO OTMETUTh, YTO IIPU COB-
MECTHOM ASHCTBUU HAa HEMPOHBI KOPBI MO3Ta B KYJIb-
Type MHruburtopa ayrodarud U MHCYJMHA 3allATHBIA
3¢ deKT OBLT JOCTOBEPHO BEIIIEC, YeM IIPpU IEHCTBUMN
OOHOTIO 13 3TUX ABYX MIPOTEKTOPOB. A TaKKe IIPU COB-
MECTHOM JIEICTBMM MHTUOUTOpA aIloITo3a U MHCYJIM-
Ha 3alIUTHBIN 3¢ EKT OBLT BHILIE, YeM IpU IeCTBUN
OOHOIO M3 3TUX COCMMHEHMU. B COBOKYITHOCTHU ITOIY-
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Puc. 5. BausiHve nHCYJIMHA 1 IEPEKMCHU BOIOPO/Ia Ha ypo-
BEHb QHTHAIIONTOTHMYECKOTO Oenka Bcl-2 m oTHomeHue
Bax/Bcl-2 B HeiipoHax KOpbl MO3Ta KpBIC B KYJIbType. () 1
(b)— BIMsSIHME MHCYJIMHA U TIEPEKMCH BOIOPO/ia Ha YPOBEHb
Bcl-2 B HelipoHax KOpbI MO3Ta KPBIC. (C) — BIUSHUE WHCY-
JIMHAa M TIepeKHWCU Bomopoia Ha oTHolueHue Bax/Bcl-2
B HellpoHax KOpbl MO3Ta KpbIC. (a) — MMMYHOOJOTHI,
(b) 1 (c) — pe3ynbTaThl AEHCUTOMETPUU TIPOBEAECHHBIX
onbITOB (1 = 8) mpexacrtaBieHbl Kak cpenHee = SEM.
HeilipoHbl KOpbl MO3Ta KpbIC IPEMHKYOMPOBAJIU B TeUe-
HHEe 1 9 ¢ 1 MKM MHCYJIMHOM, a 3aTeM MOABEepraju BO3-
NMEeWCTBUIO TIepEeKUCH Bomopona B TeueHue 6 4. Cokpariiie-
HuUs Ha pucyHke: HP — nepexkuch Bonopona, Ins — nHcy-
JuH. PasauuuMsi  OOCTOBEpHBI IO CPaBHEHMUIO C
KOHTPOJIbHBIMU BetnunHamu: * — p < 0.05, ** — p < 0.02,
o cpaBHEHUIO ¢ 3 (HEeKTOM OIHOI MepeKUCU BOAOpOaa:
x —p <0.05, xx —p <0.02.

YEHHbIC HAHHBIE MO3BOJISIIOT MPUUTU K BBIBOAY, UTO
MHCYJIMH CHOCOOEH CHIDKATh KaK ayTodarmdyeckyio,
TaK 1 alloNTOTUYECKYIO TOeIb HEMPOHOB KOPhI MO3ra
B OIBITAX in Vitro.
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CnocoOHOCTh MHCYJIMHA MHTMOUPOBATh MPOLIECChI
ayrodarum (1, COOTBETCTBEHHO, ayTO(harndecKom ru-
06elu HeMPOHOB MPU MATOJOTUYECKUX BO3NECHCTBUSIX,
OPUBOMSIINX K Ype3MEPHOM aKTHMBAIMM 3TOTO IIPO-
mecca) ObLUIa MOATBEPXKIEHA B OIBITaX IO U3YUYEHUIO
BO3JIeICTBUSI MHCYJIMHA HAa YPOBEHb MapKepoB ayTo-
daruu LC3B-11u SQSTM1/p62. B HacTosei pabote
HalaeHo, 4TO TaKOM MPOOKCUAAHT, KaK MepeKUCh BO-
JI0poJia, TOCTOBEPHO yBEJIMYMBAET B HelpOHaAx ypo-
BeHb Mapkepa aytodarum LC3B-II, u, Hampotwus,
yMeHbIIIAaeT YpOBeHb apyroro mapkepa SQSTM1/p62,
JIJISI KOTOPOTO XapaKTepHO CHUXXEHUE eT0 YPOBHS TIpH
akTUBaLuM ayTodaruu. BriepBrie moka3aHO, YTO UH-
CyIWH TpHU 3TOM HOPMAaJM3yeT YPOBE€Hb MapKEpOB
ayTodaruu B HeMpoHaX, M3MEHSISI UX colaepXaHue
MpPaKTUYECKU IO KOHTPOIbHBIX 3HAaYeHMI. TakuM 06-
pa3oM, BIIEPBHIC ITOKA3aHO, UTO MHCYJIMH CIOCOOEH
MHTUOMPOBATh MPOLIeCChl ayTodaruu B HEMpoHax, ak-
TUBUPOBAHHbBIE IPU HEOJAarONPHUITHOM BO3ACHCTBUU
Ha 3TU KJIETKU.

HaitneHo, 4To B yCIOBUSIX HAIIIMX OMBITOB Tepe-
KMCh BOJOPOJa aKTUBHMPOBaJia Mpoliecchl ayTodaruu u
anorTo3a, YTO MPUBOAMUIIO K TUOEIN HEMPOHOB KOPbI
Mo3ra. B mpucyTcTBUM MHTMOUTOPOB ayTodharuu Win
amonro3a (3-MA wm z-DEVD-FMK, cooTrBeTcTBeH-
HO) rubenb HEHPOHOB 3HAYMUTEJIBHO U TOCTOBEPHO
cHIXanach (6ojee, yeM Ha 35% B TIPUCYTCTBUU KaX-
JIOTO U3 UHTUOUTOPOB). DTO CBUMIETEILCTBYET O TOM,
YTO aKTUBALIMS KaXI0T0 U3 3TUX MPOIIECCOB MPUBOIUT
K TMOEeIW 3HAUYMTEIbHONM YacTu HeillpoHoB. MHcynuH
K€ B cllydyae MPeuHKyOalluyd ¢ HUM HEMPOHOB KOPBI
MO3ra B 3HAYUTEJILHO OOJbIIeH Mepe, YeM UHTUOUTOD
ayTodaruu WJIM arornTo3a, MOBbIIAI KU3HEeCI0Co0-
HOCTh HeWpOHOB Kopbl Mo3ra. [Ipu 3TOM OH CHMXas
WHTEHCUBHOCTb ayTodaruu U anornTo3a, HopMaau3sys
ypoBeHb MapKepoB aytodaruu (LCB3-11 u p62) u ano-
nro3a (pacmeruieHHass Kacmasa-3). CoOBOKYIHOCTH
5TUX JAHHbBIX MO3BOJISIET CAEIATh BBIBO, YTO UHCYJIUH
CTNOCO0OEH TOCTOBEPHO CHUXKATh MHTEHCUBHOCTD ayTO-
¢daruu 1 aronTo3a U B 3HAYMTEIbHONW Mepe MpenoT-
BpalllaTh HE TOJbKO allONTOTUYECKYIO, HO 1 ayTodharu-
YecKylo TMOedb HEHpPOHOB KOpPbl MO3Ta B YCJIOBMSIX
OKMCJIUTEILHOTO CTpecca B OIbITax in Vitro.

Haiim nanHbIe comtacytoTcs ¢ JaHHBIMU APYTUX aB-
TOPOB, B IUTEPATyPE €CTh CBUAETEIHLCTBA TOTO, YTO UH-
CyIMH WMHTUOUMpPYET Mpolecchl ayrodarud B dKCTpa-
HeBpaJbHBIX KJETKax W opraHax. Tak, HaiieHo, 4To
3TOT MPOTEKTOP MHTUOUPYET MpoLecchl ayTodaruu B
CKeJIETHBIX MBIIIIIAX, yCcuauBas (pochopuinpoBaHe
nporenHknHasel ULK-1 mo Ser™ (MHruOupyrommii
caiit) [29]. Hapsioy ¢ 3TUM HaliieHO, YTO MHCYJIMH UH-
rOUpyeT MPOoLeCChl ayTodaruu B XOHAPOILUTAX YET0-
Beka [30]. B aTux KieTKax MHCYJIMH YMEHBIIAeT ypo-
BeHb LC3-II u ycunusaet ¢pochopunupoBanue Akt u
puGOCOMHOIT S6 KMHA3BI, aKTUBUPYS 3TU MPOTEUHKU -
Ha3bl, THTUOUpYIOLIMEe npoiiecchl ayrodarun [30].

HOJ'Iy‘-ICHI)I TakKK€ OJaHHBbIE O TOM, YTO HMHCYJIMWH
CHM2KACT B HCprOHaX YPOBE€HL OOJHOI0O M3 MapKEpOB
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arronTo3a (paclleneHHON Kacmasbl-3). DTU JaHHbIC
COITIaCYIOTCSI C aHAJOTMIHBIMU MTaHHBIMU, TTOTyIeH-
HbIMU paHee APYTMMM aBTOpaMU, CBUAETEIbCTBYIO-
MU O TOM, YTO HEMPOITPOTEKTOPHBIN 3(hHEKT MHCY-
JHa B OOJBIION Mepe 3aBHCHUT OT €T0 CITOCOOHOCTH
WHTUOMPOBATH aITOTITOTUYECKHE MTPOLIECCHI B HEPBHBIX
KkieTkax [31—-33].

Cpenu CUTHaAJIbHBIX CUCTEM, PETYIUPYIOIINX MPO-
LecChl ayrodaruu, BaxKHYIO pOJIb UTPaeT IIPOTEUHKM -
Haza AMPK, cnocoOHasg MHULMHPOBATh MPOLIECChI
ayTodarum IIpu HaKOIJICHUU afgeHo3nHMoHodocdara
(AMP), xoTOopoe MOXET NPOUCXOAUTH, B YACTHOCTH,
MpUu HemocTaTke uiyd. Hapsimy ¢ 3TUM B peryiasauuu
MpoILeccoB ayroarnd y MJIEKOIMTAIOIINX aKTUBHO
ygactByeT mI'OR kommiekc 1 (mTORC1), unrubupy-
IOLIMI mpolecchl ayTodaruu, o6jaroaapsi B TOM 4ucCie
dochopuIMpoBaHUIO PETYIITOPHO-aCCOLIUMPOBaH-
aHoro ¢ mTOR 6enka Raptor unm TSC2. Ilpu HOp-
MaJIbHBIX YCJIOBUSIX CYIIECTBOBAaHUSI HEPBHBIX KJIE-
TOK W OOCTAaTOYHOM KOJIMYECTBE MNHINU YPOBEHb
AMP n, coorBercTBeHHO, akTuBHOCTH AMPK oTHO-
cutelibHO HU3KM, a kKoMIuiekc mMTORCI1 rumnepakTu-
BUpoOBaH. HampoTuB, npu pa3IMYHBIX CTPECCOPHBIX U
HeOJIaronpUsITHBIX BO3IESHUCTBUSIX HA MO3T, B TOM YHC-
Jie IpU UILIEMUM U periepdy3un Moara, 1udo Mpu He-
0J1arONpUSITHBIX BO3IEMCTBUSAX Ha HEPBHBIE KIIETKU B
KynbeType, npoucxoauT aktuBanmsa AMPK. K stum
CTpPECCOpPHBIM (haKTOpaM OTHOCSATCS YBEJIUYECHUE
ypoBHsI AMP, ymensiiieHue ypoBHs ATP, yBenudeHue
oOpa3oBaHUs akKTUBHBLIX (opMm kuciaopona (ADPK) m
KOHIIEHTPALIMY LIUTO30JILHOTO KalbliMs. Bee aTu hakto-
PBI CIIOCOOCTBYIOT aKTUBaLIMU ITpoTeMHKMHAa36l AMPK 1
narnouposanmio Akt m mTOR, gTo 3amyckaer ayroda-
THIO.

st BBISICHEHUSI MeXaHU3Ma JSMCTBUSI WHCYJIMHA
BaXKHO OBLIO IT0Ka3aTh, KaK OH BIMSET HA aKTUBHOCTD
nportenHknHaz AMPK-alpha u Akt. Hamu HaiineHo,
YTO B YCJIOBUSIX HAIlIUX OMBITOB MEPEKUCh BOAOpPOAA
JIOCTOBEPHO aKTUBHUPOBAJIa, a MHCYJIUH MHTUOMPOBAJI
aKTUBHOCTh npoTemHKnHa3el AMPK-alpha gyepe3 1 u
2 4 moce anIvKaluy IepekKucy Bogopoaa (puc. 4¢).
Yepes 6 4 mocie antuIMKauy nepekrucy Bogopoaa Ha-
Ooganuch TEHASCHIUS K YBEIWYEHUIO aKTMBHOCTU
AMPK-alpha non BausiHueM IlepekKucu BoAgopoda u
TEHIEHLIMs K YMEHBIIEHUIO aKTUBHOCTU 3TOro dep-
MEHTa MOoJ BIUSHNUEM MHCYJIMHA, HO pa3jInyus He Obl-
JIV IOCTOBEPHBIMU 13-3a 0OJIbIIIETO pa3dpoca NaHHBIX,
yeM Ha 0oJice paHHMX 3TallaX BO3IEHCTBUS IIPOOKCH-
nmaHTa. PaHee cmocoOHOCT, MHCYJIMHA MHTMOMPOBATH
aktuBHOCTh AMPK-alpha 6bl1a moka3aHa in vivo B psi-
Jie paiilOHOB TMIIIOKAMIIA IIPY M3yYeHNN MEXaHU3MOB
peryasauny TUIIEBOro TOBEASHUS >XWBOTHBIX [34].
NurubupoBanue nHcyaInHoM aktTuBHOocTH AMPK-al-
pha ObUIO paHee OTMEUYEeHO TaKKe B BKCTpaHEBpajlb-
HBIX KJIETKaX 1 opraHax (cMm., Harpumep, [35]).

Hapsoy ¢ 3TM B HacTosIIei padoTe IToKa3aHo, 4To
WHCYJIMH aKTUBMpPYeT cUTHaJibHbI TyTh PI3K-Aktl
(puc. 4a), kotoprlil aktuBupyeT KoMmiuiekc mI'ORCI,
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SIBJISIIOILIMICS OEMCTBEHHBIM WHIMOUTOPOM ayToda-
ruv. Hamu 1mokasaHo, 4TO B YCJIOBUSIX HAIlIUX ONBITOB
yepes 6 4 rocjie 106aBIeHNsT K HelipoHaM KOpPbI MO3Ta
nepexkucu Bogoponaa ee 3deKT Ha aKTUBHOCTh Akt He
BeIpaxkeH. Ha GoJjiee paHHUX 3Tarmax CBOEro BO3meii-
CTBUSI TIEPEKMCh BOIOpPOAA CIIOCOOHA aKTUBUPOBATh
9Ty IpoTeMHKHa3y [36]. Ho u mpu 3T0M OTHOCHUTENTB-
HO IJIUTEIbHOM CPOKE BO3IEMCTBUS MEPEKUCU BOAO-
pona MHCYJIMH MHOTOKPaTHO aKTUBUPYET 3TY IIPOTE-
MHKWHAa3y. AKTUBanus AKt MTHCYJIMHOM JIEKUT B OCHO-
BeE ero 3allUTHOro 3¢ deKTa Ha KISTKH, IOABEPrHYThHIC
IeCTBUIO TOKCUYECKUX BEIIIECTB.

CriocoOHOCTh MHCYJIWMHA MPOTUBOCTOSTH arloITO-
TUYECKOU TMOe HEPOHOB B YCIOBUSIX OKUCIUTEb-
HOTO cTpecca ToKa3aHa B psifie paHee OIyOJMKOBaH-
HBIX paboT [cMm., Hampumep, [31—33]. B Hacrosmeit
paboTe HaMu HaliIeHO, YTO MEePEeKUCh BOAOpoaa AO-
CTOBEPHO YBEJIWYUBAET, @ UHCYJIUH JOCTOBEPHO CHU-
JKaeT aKTMBHOCTD Kacra3bl-3 B HelipoHax KOpbl MO3ra
yepe3 6 U TOCJe aNIUIMKAUKM MEPeKUCU BOIOpOIa
(puc. 3a, 3b, 3c, 3d). Uro KacaeTcss MexaHU3Ma aHTU-
anonToTuyeckoro addexra MHCyIMHA, TO B OCHOBE
ero, IMo-BUAUMOMY, JIEXKUT CIOCOOHOCTb aKTHUBUPO-
BaTh Akt (puc. 4a), koTopas 3aTem (hochopuInpyeT IO
Ser® u TakuM ob6paszoM uHakTusupyetr GSK-3beta. [e-
JIO B TOM, YTO Ype3MepHasi akTUBalIMsI 3TOro (pepMeHTa
MPUBOJIUT K HapylIeHWIO MeTabojiu3Ma U (PYyHKIIMA
MUTOXOHIPHI B KJIETKaX, B TOM 4lCJie B HEpBHBIX [37].
CnocoOHOCTh MHCYIMHA (HochOoprInpoBarh 1o Ser’ u
TakuM oOpa3oM mHakTuBupoBaTh GSK-3beta B Heli-
poHax ObL1a 0 Hac ToKa3aHa U B IpYrux paborax (cMm.,
Hanpumep, [37, 38]). HeiiponporekTopHblii 3¢ deKT
akTuBalMu Akt MHCYJIMHOM 3aKJIloYaeTcsl Takxke B
CIIOCOOHOCTM aKTUBHpPOBaHHOM Akt yBeIU4YMBaTh
CUHTE3 aHTUAIONTOTUYECKOTO O€IKa MUTOXOHIPUIA
Bcl-2 n camxath orHomeHue Bax/Bcl-2 B HelipoHax.
B 3TOM OTHOIIIEHMM HAIllM JaHHbIE COITIACYIOTCSI C
naHHbIMU HyapTte u coasnT. [39].

Takum o6pa3oM, B OCHOBE CITOCOOHOCTU UHCYJIMHA
WHTUOMPOBATh UYPE3MEPHYIO aKTUBALIMIO ayTodaruu u
ayTodarnyeckyr ruoeab HepOHOB B YCJIOBUSIX OKMC-
JIMTEJIBHOTO CTpecca JIEXKUT, OYEeBUIHO, €ro Crocod-
HOCTb WHTUMOUPOBATh aKTUBHOCTb 3HEPreTUUYECKOTO
ceHcopa AMPK-alpha u akTMuBUpOBaTh NMMPOTEMHKUHA3Y
Akt, KoTOpasi, B CBOIO oUepeib, 00J1agaeT CrioCOOHOCThIO
aktuBHpoBaTh KoMiuieKc MIORCI1, MHrnOupyrommii
npoliiecchl ayrodaruu. CnocoOHOCTh XKe WHCYJIMHA ITPO-
TUBOCTOSITh aIONTOTUYECKOM TIrbOenmrM HEWPOHOB IMpU
OKMCJIUTEILHOM CTpecce OINpenessieTcsl, O4YeBUIHO,
Mpexae BCEro ero CrocoOHOCThIO aKTUBUPOBATh MPO-
TeMHKMHa3y Akt KoTopasi, pochopuanpyslt MpOTEUH-
kuHa3y GSK-3beta o Ser’, npuBOOUT K €€ MHAKTUBA -
MM U TaKMM oOpa3oM TIpedoTBpalllaeT HapylleHue
GbyHKIMI MuTOXOHIpuUit. AKTuBalusa Akt Takke cro-
COOCTBYET YBEJIMYEHUIO CHUHTE3a aHTUAMOITOTUYE-
ckoro Oenka 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®*

4[nstitute 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-11
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-1II 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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