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ITokazaHo, YTO KapAMONPOTEKTOPHLII 3(deKT XpoHnueckoi runokcuu (XI') cBsizaH ¢
akTuBauueil uHAyuuOenabHoii NO-CHMHTa3bl. YCTaHOBJIEHO, UTO aKTUBHbIE (DOPMbI
KHCI0pOoJa MPUHUMAIOT yYacTUe B MOBBILIEHUH YCTOMYMBOCTU ceplia K UILIeMUu/pe-
nepdys3uu nociie XI. [IpogeMmoHCTpUpPOBaHO, YTO MH(MDAPKT-IMMUATUPYIOLINN 3D deKT
XTI' 3aBUCHUT OT OTKPBITUSI MUTOXOHAPUATbHBIX ATM-3aBUCUMBIX KJIMEBBIX KaHAJIOB
(MuToK g7p-KaHaJIOB). YCTaHOBIICHO, YTO O-n30dopMa rnporenHKIHa3bl C yuacTByer
B Kapauo3almuTtHoM 3¢ dekre agantaiuu K runokcuu. [lokazano, yto XI' ycunuBaer
aKkcnpeccuto pochopmiimpoBaHHoO mpoTenHKMHA3bl C, hochopruiimpoBaHHOI pery-
JIMPYeMOii BHEKJICTOUHBIMI CUrHamaMu KnHasbl, Ca® ™ /xansmonymmukunassr 11, doc-
dopunupoBaHHOit p-38-kuHa3bl, hochopuanpoBaHHoit AM®P-akKTUBUPYEMOIl TIPO-
TEMHKWHA3bl, a TaKXe IeKCOKUHa3bl-1 U rekcokmHasbl-2. [IpeacTtaBieHHble JaHHbIE
yKa3bIBalOT, YTO MUTOreH-akTuBUpyemasi mporenHkuHaza (MEK1/2) u ERKI1/2
YYaCTBYIOT B KApAMOIPOTEKTOPHOM 3(hexTe anantaiimu K runokcuu. Pons mpencepn-
HOTO HaTPUIypEeTUYECKOTO MENTUIA, SPUTPONIOITUHA, IHIOTeMHA- 1, hocdarunmnmnosu-
TOJI-3-KWHAa3bl, MpoTenHKnHa3bl G, c-Jun N-TepMuHaibHas KMHa3bl U p38-KUHA3bI B 3a-
UTHOM 3¢hdexTe ananTalu K TMIIOKCUU TPeOyeT NATbHENIIIEro U3yYeHUs.

Kntoueevie croea: cepnue, XxpoHUUecKast rTunokcust, KuHasel, NO-cunTasza, Krqp-KaHanb
DOI: 10.31857/S0869813922040069

Anantanys K xpoHndeckoit runokcuu (XI') mojioxXuTenbHO BAUSET HA YCTOWYMBOCTh
cepalia K TartoreHHomy aelictBuio uinemuu/pernepdysuu (M/P). XI' okaszbiBaeT UH-
dapkr-TuMuTupylomuii [1] u antuapurMudeckuii [2, 3] apdeKTh, a TakKKe yaIydiiaeT
COKpPaTUMOCTb cepana B repuon periepdysuu [4]. CylIecTBYIOT TaHHBIE O TOM, UTO IJIH -
TeJIbHOE MpeObIBaHKe YejloBeKa Ha BbicoTe 0oJjiee 1800 M MpUBOAUT K MOBBIIIEHUIO TOJIE-
pantHoctH cepaua Kk /P [5]. Belio moka3zaHo, 4TO MPOXUBAaHNE B YCIOBUSIX BBICOKOTO-
pPbsI CHUKAET BEPOSITHOCTh BOBHUKHOBEHUSI MH(bapKTa MUOKap/a, 1o CPaBHEHMUIO C T10-
nyjasiuyei Jiroaei, npoxupamliux Ha ypoBHe Mops [5]. Kpome Toro, XI' mpensitTcTByeT
Pa3BUTHIO UILIEMUYECKO 6osie3Hu cepaua [6].

Bwmecte ¢ Tem XTI Bbi3biBaeT popMUpOBaHUE JErOYHON rurepreH3uu [7—9], kotopas
110 JaHHBIM HEKOTOPBIX aBTOPOB HOCUT oOpaTtumblii xapakrtep [10]. Tem He meHee XTI, mo
HallleMy MHEHMIO, HEJIb3sl UCTIOJIb30BaTh C 1IEJIbIO TTOBBIIIIEHWS TOJIEPAHTHOCTH Ceplla K
N/P, nockonbKy XI' BeneT K (hOpMUPOBAHUIO JIETOYHOI TUTIEPTEH3UU.



O 3HAYMMOCTHU NO-CHUHTA3bI 415

IMouemy ciienyeTt U3ydyaTh MOJEKYISIPHBINA MEXaHU3M KapAUOIIPOTEKTOpHOTO 3ddeKTa
XTI'? YcraHoBiieHO, 4TO MH(papKkT-1uMutupyomuii addekt XI' coxpaHsieTcsl B TeUYeHUE
MecsIa IT0cie MpeKpalleHUsI TUIIOKCUYeCKOro BosnaeiicTBus [11]. [Is1 cpaBHeHUsI, Kap-
IUOTIPOTEKTOPHBIN 3(hPeKT nileMrueckoro MpeKOHIMIIMOHUPOBAHUSI COXPAHSIETCS B
TedeHue Tpex cyTok [12]. CnemoBaTebHO, BEIICHEHHE MOJICKYJISIPHOM IIPUPOILI MUIIIS-
Hel, obecneuynBapIIMX adalTallMOHHYIO ToJiepaHTHOCTD cepaua K /P, cosmact npen-
MOCBUIKM JUISI CO3MaHUSI TPUHIUIUAIBHO HOBBIX KapAMOINPOTEKTOPHBIX IMpPEIapaToB.
B perynupoBaHuu ycToitunBoctu cepaia Kk /P npuHumMatot yuactue kuHasbl, NO-cuH-
taza (NOS) u AT®-uyBcTBUTENBHBIE KaueBble KaHabl (Karg-KaHans!) [13]. OcHOBBI-
BasICh Ha ATUX JaHHBIX, ObLIM OCHOBAHUSI MpeanojaraTb, YTO OHU TaKXKe yJ4aCTBYIOT U B
alanTUBHOM TTOBBIIIEHUH ycToiuuBocTu cepaua K /P mocne XT.

Takum oOpa3om, 1eJab JaHHOro 0030pa — 000OIIEeHNE UMEIOIIUXCSI B COBPEMEHHOM
Hay4HOI1 uTepaTtype AaHHbIX 0 poau NOS, knHa3 u Krg-KaHalao0B B peanu3aluy UH-
dapkr-numutupytoiero addekra XI. HoBuszHa npencraBieHHONH 0030pHOIA CTAThU 3a-
KJTIOYAETCS B MMPEACTABIEHUN HOBBIX JAHHBIX 00 y4aCTMM TOPMOHOB M T'YMOPaJIbHBIX (hakTO-
poB, akTuBHBIX (hopm kuciopona (APK), uuayumnodensHoit NOS (iNOS), AM®-akTuBupy-
emoii mporenHkuHaszbl (AMPK), mTOR kunHa3bl (mammalian target of rapamycin) u
Ca?* /kanpmonynuukunasel 11 (CaMKII) B KapniomnpoTreKTopHOM 3¢ deKTe azanTannm
K TUTIOKCHH.

B 3agauu HacTosiiieil 0630pHOI CTaTbU BXOIMJIO MPOAHAIM3UPOBATh CYIIIECTBYIOIINE
JIUTepaTypHbIe TaHHbIE U MPEICTABUTh OOOOLIEHHbIN aHATU3 MOJIEKYJISIDHBIX MEXaHU3-
MOB Kapauo3amuTHoro 3ddexra XI.

POJIb NO-CHMHTA3bI B KAPJIMOIMTPOTEKTOPHOM
DPOOEKTE XPOHNUYECKOU T'MITOKCHUI

ITomMuMmo usBectHOIT pyHKmu NOS, a mMeHHO cuHTe3a okcuaa azora (NO) — BTo-
PUYHOTO MeCCeHIKepa, JaHHBIA SH3UM IPUHUMACET ydacThe B (heHOMeHe MIIeMUYEeCKOrO
npekoHaunoHupoBaHus [13]. OcHOBBIBAsICH Ha 3TOM (paKTe, ObLIa BEIABUHYTA TUIIOTE-
3a, yTo NOS Takxke yJyacTBYeT B peaju3allii 3alllUTHBIX 3ddekToB amantanuu K XI.

WccnenoBanus mokasaiu, 4To rociie Bo3neiicTBus XI' B MUOKapae YCUIUBAETCS 9KC-
npeccus iNOS [14—16], HeitpoHanbHOit (NNOS), sHnorenuanbHoi (eNOS) [15, 17] u
mutoxoHapuaabHot NO-cuHTasbl (mtNOS) [18]. [Tocaennsis ssasietcss nNOS, accouu-
MPOBAHHOI ¢ BHYTPEHHEN MeMOpaHoit MUTOXOHApHUit. OGHaApYKeHO, UTO (paKTOp, MHIY-
nupyemblit runokcueii 1-anbda (HIF-1a), ctumynupyet cunTte3 iNOS B KapanoMuonm-
Tax [15, 19, 20].

[ToMrMO BIMSIHUS Ha SKCIPECCUIO TIePEUYMCIICHHBIX Bbillle 6e1KoB, XI' Takxke oKa3bl-
BaeT BIMSIHUE Ha X aKTUBHOCTb. Tak, B HECKOJIbKUX MCCIIEIOBAHUSIX ObLIO MTOKA3aHOo,
gro aganTtanusa K XI' moBeimaet aktuBHOCTH NOS B Muokapae [21—23]. B cBoux uccie-
MOBaHUSX, n3y4das 3 OEeKTh XpOHUYECKOI HenpepbiBHOM rumnokcuu (XHI), Mbl oOHa-
DPYXWJIH, YTO B CHIBOPOTKE KPOBM U B MUOKAape KPbIC HAOJII0aI0Ch TTOBBIIIIEHUE YPOBHS
HUTPUTOB U HUTPATOB [1]. ITogoOHbIN 3P eKT ObLT OTMEUEH U APYTUMU UCCIIeIOBaTEsI-
mu [24]. Takum o6pazom, XI' crumynupyer cunte3 NO. [MosieHue conepxxanust NO,
B CBOIO 04Yepeb, YBEINUUBAET YCTOMIMBOCTH cepaia K M /P.

UccnenoBanue yyactusas NOS B (popMupoBaHuM ycroitumBocTu cepaua K /P ¢ uc-
MOJIb30BAaHUEM MHTHUOUTOPOB yKa3ajlo Ha BaXKHYIO POJIb JAaHHOW TpyIIbl (pepMEHTOB.
DKCNEepUMEHTHl Ha U30JIMPOBaHHBIX CepaIiaX KPOJIMKOB, afanTUPOBaHHBIX K XI, moka-
3am, 4to HecelaeKTuBHBIM NOS-mHrnoutop N-Hutpo-L-apruHuH MeTWIOBBI 3dup
(L-NAME) ycTpaHseT NOBbIIIEHHYIO YCTOMUYMBOCTh K V1/P [25]. B cBoeM ucciaenoBaHuu
Mbl 0OHapykuiau, 4To L-NAME Hupenupyet uHapkr-orpaHnduBamomuii apdext XHIT
[1]. Takoii ke 3pdeKT oka3biBao IpUMeHeHUe nHruouTopa iNOS S-MeTUIU30TMOMO-
yeBuHHI [1]. UHrubupoBanue nNOS 7-HUTPOMHAA30JI0M HE MPUBOIWIIO K MCUE3HOBE-



416 HAPBIKHAS u np.

Huto XHI-uHayuupoBaHHOro moBbIllIeHUs ToJiepaHTHOCTH cepauia K /P [1]. Takum
obpa3om, Kaparo3amuTHEIN 3dekT XI cBsg3aH ¢ aktuBaimeit iNOS.

POJIb TOPMOHOB 1 I'VMOPAJIbHBIX ®AKTOPOB
B KAPAMOITPOTEKTOPHOM B®OEKTE XPOHUYECKOM T'MITOKCHUHA

HartpuitypeTnyeckie MenTUabl MOTYT MTOBBIIIATh TOJIEPAHTHOCTD cepaua K M/P [26,
27]. Casserly 1 coaBT. 0O0HapyXWJIM, UTO Bo3neiicTBrue XI B TeueHMe 3 Heleb BbI3bIBACT
runepTpoduIo MpaBoro XeJynouka, yBeJIUUMBaeT BbI3BAHHOE T'MIIOKCHE BHICBOOOX e~
HUe npeacepaHoro Hatpuitypetudeckoro nentuna (ITHYIT) u3 usommupoBanHoro nepdy-
3MPYEeMOTO Cep/iia KPbIChl M YBEJIMYMBAET TOJIEPAHTHOCTD cepala K runokcuu [28]. [Tomu-
MO 3TOTO, U3BECTHO, UTO ypoBeHb [THYTI noBeilieH y naiyeHToB ¢ runokcemueit [29] u'y
KpBbIC, MOABEPIIINXCS TUTTOKCUM B TeueHue 7 mHei [30]. Takum obpa3oM, TaHHBIE YKa3bl-
BaloT Ha To, yTo ITHVYTI MoxeT yuacTBOBaTh B KapaAUOINpoTeKTOpHOM 3hdexTe XI.

M3BeCTHO, YTO SPUTPOINO3TUH MOXET YMEHbIIATh MoBpexaeHue cepaua npu M/P
[31—-33]. BMmecTe ¢ a3TMM ObLTIO OOHapyXeHOo, uTo XI' yBeJInuuBaeT ypoBEeHb IPUTPOIIO3-
TUHA B CBIBOPOTKE KPOBU KOPOB TOJIITUHCKOM Toposbl [34]. McciaenoBaHust Ha Kpbicax
MoKazaju, YTO YPOBEHb 3PUTPONO3TUHA B TJIa3Me KPOBHU TMOBBILIAJICS TTOC/e 2 Held. TH-
nokcun [35]. Kpome 3T0Tr0, 06HApYKEHO ITOBHIIIEHIE KOHIIEHTPALIN 3PUTPOIIO3TUHA B
TUTa3Me KPOBM Y XXKMTeJlel BbIcOKOTopbs [36]. CriemoBaTelbHO, SPUTPOITIOITUH MOXET
onocpenoBaTh MHMapKT-TUMUTUpPYIOINii 3¢ dekT XI.

B 1996 1. 6bUIO YyCTaHOBIEHO, YTO 3HAOTEINH-1 CITOCO6EH MMUTUPOBATh KapAUOIIPO-
TEKTOPHBIN 3(hheKT neMrnIeckoro MpPeKOHAUIIMOHUPOBAHMS TTOCPEICTBOM aKTUBALIMH
peuenTopa sHaoTeanHa Tuna A (ETA) u crumynsmum nporennkuHassl C (ITKC) [37].
B ToM ke romy ObUIO MOKa3aHO, YTO SHIAOTENIMH-1 OKa3bIBaeT KapaAUOMPOTEKTOPHbII 3(-
dexT npu Y1/P n3onupoBaHHOTO cepilia KpbIChl Yepe3 akTuBaluio perenrtopa ETA, ctumy-
jsauuio [TKC u otkpbeiTe MutoxoHAapuanbHOro Kyrg-kaHana (MUToK zrg-kaHana) [38].
TMo3nHee 3TM naHHBIe ObUIM MoATBepXkAeHbl Duda u coasrt. [39]. MccnenoBanus neMoOH-
CTPUPYIOT, UTO XpoHUuecKasi runokcust (10% O, B TeueHue 4 Hell.) CITOCOOCTBYET yBEJIH -
YEeHMIO YPOBHS dHIOOTENIMHA-1 B 11a3Me KpoBH Kphic B 1.5 paza [40, 41]. Takoii xe 3¢-
(GeKT OTMeYeH IIocie aganTalluyd K XpoHUYeckKoi mnepuomudeckoir runokcuu (XIII)
(8 y/menb, 21 neHn) [42]. [Tomumo storo, amanrtauust K XI1I' mpuBoauiaa K yCUJICHUIO
akcrnpeccun ETA B Tkanu cepaua [42]. Takum o6pa3oM, SHIOTEIMH- 1 MOXET y4acTBOBATh B
¢hopMUpOBaHUM TTOBBIILIEHHO! ToJepaHTHOCTH cepniia K MI/P nipu ananraium k XT.

POJIb AKTUBHBIX ®OPM KMCIIOPOJA
B KAPAVUOITPOTEKTOPHOM B5®®EKTE XPOHUYECKOM 'MTITOKCHUU

B 80-e ronmpl mpoiioro Beka cuutanoch, uto ADK oka3bpiBaloT cyrydo HeraTMBHOE
BIMsiHUE, TIOBpekaas KieTku [13]. Ha ceromHsimHuMit neHb, 61arogapst HOBbIM MCCIIEI0-
BaHUSM, U3BECTHO, UTO CBOOOIHBIE PAIMKAJIBl MOTYT BBIMIOJHSTH (DYHKIIMIO CUTHATBHBIX
MOJIEKYJ1, TIOBBIIIAs TOJIEPAHTHOCTH cepatia K Y/P Bo Bpems 1ipe- u MOCTKOHAULIMOHW-
poBanust [12, 43]. [TosToMy GbUIM OCHOBaHUS Tipearnoarath, 4To A®K MoryTt npuHu-
MaTh yyacTHe B peaiM3alliu MOBBIIIEHHOM ycToitunBocTu cepaua K /P muokapna no-
cie agantauuu K XI.

TToxazaHo, 4TO MpepBIBUCTAsI TUIIOKCUST MOXKET 3allMILIATh U30JUPOBAHHbBIE KapAMO-
MMOLIUTBI CepALA KPBICHI OT okucauTesnbHoro crpecca (H,O,-uHayuuposaHHoil rudenn
Ki1eToK) [44, 45]. BosnmeiictBue mpepreiBuCTOil runokcuu (5%0,, 5% CO, u 90% N,,
4 cyT, uuKJIbl o 30 MUH) MPUBOAMJIO K 3HAUUTEILHOMY CHMXKeHUI0 ypoBHsI ADK mnocie
H,0,-unnyurpoBaHHoro nobiieHust [45]. TloMruMo 3TOro HabMIONANIOCH YBEIUYEHUE YPOB-
Heit MPHK, komupyomieit ctpyktypy Cu, Zn-cynepokcumarcmyrasbl (COH) u Mn-CO/I.
Yposens MPHK, konupytolnieit karanasy v miyrarnonnepokcunasy (I'TT), He usmensiics. Ak-
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TUBHOCTb KaTaja3bl U ['T] ObUIM 3HAYMTEIHbHO BhILIE MOCJIE TUIIOKCUHA [45]. DT naHHbIE
CBUJIETEJILCTBYIOT O TOM, UTO BO3JIEMCTBUE MPEPHIBUCTON TMITOKCUU TIPUBOJIUT K CTUMY-
JISIAM 3HIOTeHHO# aHTMOKCUJIAHTHOM 3allUThI.

TMoaTBepxxaeHO YTO XpoHUUYECKasl TurodapruuecKkast pepbIBUCTasi TUTIOKCHSI CTIOCO0-
ctByeT yBenuueHuto aktuBHocTi COJl B MUoOKapae M CHUXKEHUIO YPOBHS MaJIOHOBOTO
nuanbaeruaa [46].

WccnenoBanue, NpoBeIeHHOE Ha JIIOASIX, M0KAa3aJ10, YTO XpPOHUYECKas rurnobdapuye-
CKasi TUITOKCHS yBeanduBaja ckopocth npoaykuuu ADK Ha 38% [47]. BosneiicTBue ru-
nobapuueckoit XI' (4600 M, PIO2 90 MM pT. CT., HUKJIIBI 4 4) MOBBIIIATIO 0Opa3oBaHKe
MuUTOXOHApUANLHBIX ADPK ¥ MpUBOAMIIO K YBEIWYEHHUIO aKTUBHOCTHM KaTanasbl, ['TI u
CO/I [6].

IMokazano, uto Bosneiicreue XIII' (7000 m, 8 u/neHs, 25 gueit) [48, 49] npuBoauT K
YMEHBIIIEHUIO COOTHOIIIEHUSI 30HBI HEKpo3a K 30He pucka (3H/3P) npumepHo Ha 50%.
BBeneHue HeceliekTMBHOro aHtuokcugaHta N-aneruwauuctenHa (NAC) B I103MPOBKeE
100 Mr/Kr/neHb 4acCTUYHO yCTpaHsiIo 3ToT 3ddekT. KapauozamutHeiii adpdext XTI He
OBbLJT yCTpPaHEH IMOJIHOCThIO, BEPOSITHO, MoTomy, uTo NAC caM MOXeT yMEHbIIaTh COOT-
Houenue 3H/3P [48, 49].

Kpowme atoro, nzsectHo, uro XI1I" Be3eiBaeT nmosewineHne ypoBHs skcrpeccuu [IKC B
cepaue, a BBeneHue NAC yctpanseT naHHbiit addekT anantaiuu [49]. TTockonbky [TKC
WTpaeT BaxKHYIO POJIb B peryJisiliui ycroitunBoctu cepaua Kk M/P [50, 51], cHukeHue ee
aKTUBHOCTU MOXKET YCUJIUTD TTOBPEXKIACHUE Cepalia.

Takum ob6pazom, ADK ydyacTBYIOT B ITOBBIIIIEHUM YCTOMYMBOCTU cepaiia K /P nmocie
BosaeiicTBust XI. OmHaKoO HEM3BECTHO, KaKie UMEHHO CBOOOIHBIC PAIUKAIbl y4aCTBYIOT
B JaHHOM TIpoliecce.

POJIb KNHA3 B KAPAWMOITPOTEKTOPHOM B®OEKTE
XPOHMNYECKOU T'MTITIOKCHUHN

IMporennkunaza C. Cpeay KuHa3, y4acTBYIOIIUX B peaiM3aluu peHoMeHa UlleMude-
CKOTO Tpe- U TMOCTKOHAUIIMOHUPOBaHusl, BaxkHoe MecTo 3aHumaet [1KC [12, 13]. Yuu-
ThIBast 3TOT (haKT, MOXKHO ObLIO MPEATOI0XNUTh, YTO JaHHAs KWHA3a MOXET UTPaTh BaX-
HYIO pOJib B 3allIUTHOM 3ddeKTe aganTaluu K TMIOKCUU.

WN3yaenue toro, kak XI' BausieT Ha comepkaHue pa3nudHbix n3odopm IIKC B Mmo-
Kapje, rnokasajio, YTO JIMTEIbHasl TUITIOKCUS ITPUBOAUT K YCUJIEHUIO 3KCIIPECCUU U TO-
BbieHUI0 ypoBHst [TKC-8, TTKC-¢, TTKC-{ [52, 53].

UcnonbzoBanue nHruouropos [MTKC npoaemoncrpupoBano, yto [KC urpaer Bax-
HYI0 poJib B Kapauo3aiutHoM addekre XI. Tak, B uccienoBaHUM C TIPUMEHEHUEM OJToKa-
Topa I1KC xenepurpuHa He IpOSIBIIsUICS Kapano3alnuTHEINA 3¢ dekt XI1IN [54]. Portiepun,
CEJIEKTUBHBINA G1oKkatop uzodopmbl [TKC-9, ycrpaHsi MHOAPKT-OrpaHMYMBAIOLIIA 3¢ -
dekt XIIT vactmano [54]. B cBoeM umcciaenoBaHuU, IIPOBEASHHOM Ha M30JMPOBAHHBIX
KJIeTKax cepila, Mbl OOHAPYXXUJIU, YTO POTTIIEPUH HUBEJIUPYET MOBBIILIEHHYIO YCTONYM-
BOCTb KapIMOMUOIIUTOB K aHOKCUU/peoKcUTeHauu [55].

[Mrokcus MpUBOIUT K YBEJMYEHUIO cofiepxXaHust nanuiariuiepona (JIAT) B Muokap-
ne [56]. AT, kak U3BeCTHO, MOXET BHICTYIAaTh B posin aktuBaTopa ITKC 1, BO3MOXHO,
akTuBMpYyeT ee. BMecTe ¢ TeM, Helb3s1 He OTMETUTh, UTo akTuBHOCTh [1KC MoxeT yBenu-
YMBAThCS TON AEWCTBMEM CBOOOIHBIX pamukaioB [43] BCIeOCTBHE OKUCIUTEIHLHOIO
ctpecca nocie XIII [57]. OTo nmoarBepxnaeTcs: TaHHBIMU UCcenoBaHuii. Tak, ObLIO I10-
Ka3aHo, 4TO y KpbIc MHPapKT-orpaHnuuBaroimit apdext XI1I' ycrpaHsercs:t xpoHuye-
CKUM BBeleHrMeM aHTuokcunanTa N-aueruinnucrtensa [57]. M3yyenue snussaus XI1T Ha
KapIMOMUOLIMTHI TPOJAEMOHCTPUPOBAJIIO TIOBBIIIEHWE WX TOJEPAHTHOCTU K aHOK-

CHI/peOKCUTeHALNH, a TakKe cHikeHne Ca’’-meperpy3ku mociie aHOKCUM/PeoKCUTe-
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Hauuu [58]. Mcnonb3oBaHue XeaepuTpruHa MPUBOIUIO K YCTPAHEHUIO O3UTUBHBIX 3¢ -
dexToB XIII' [58].

ERK- u MEK-kuna3pl. [Tomumo I1KC, B nipe- ¥ mOCTKOHIMIIMOHMPOBAHUM CepaIa
y4acCTBYIOT KMHAa3bl, peryaupyemMble BHeKJIeTouHbIMU curHaiamu (ERK), n mutoren-ak-
TuBupyemble npotrenHkuHa3bl (MEK) [13]. Bbuto BBIABUHYTO MpeAIoaokeHue, YTo OHU
TakXe MOTYT IPUHUMATh y4acTue B Kapauo3aimuTHoM 3ddekre XTI

B Heckonbkux ncciaenoBaHusax 0bU10 moka3zaHo, 4To XIII' mpuBoAUT K MOBBIIIEHHOM
akcrnpeccuu ERK?2, a Takke yBeanumBaeT conepkaHue akTUBHO (pochopuarpoBaHHOM
ERK1/2 (p-ERK1/2) B Muokapuae kpbichl [59, 60]. [IpumeHeHue nuruéuropos MEK1/2
U0126 u PD-98059 HuBenupoBaiio nHpapkT-orpaHnuuBatomuii acddexkr XI1T [59]. B
NPYTUX MyOGIMKAIMAX ObLIO TAKXKe MPOAEMOHCTPUPOBAHO, UTO amanTanus Kpbic K XI1T
MPUBOAUT K MoBbIIeHUIO comgepxkaHus p-ERK1/2 B Tkanu cepaua [61, 62]. Dto nom-
tBepxaaet, uto ERK1/2 1 MEK1/2 yyacTByoT B Kapauo3amuTtHoM 3ddekre XTIT.

CaMKII-kuna3za. CaMKII nipu akTuBaium ymMeHbIIaeT ToJepaHTHOCTb cepana Kk /P
[63, 64], mosTOMY mpeamnoaaraaochk, 4ro XI' JomKHa CHUKATh €€ aKTUBHOCTh. DKCIIEPU-
MEHTaJIbHbIC Xe JaHHbIE TToKa3air, 4To XI' MPpUBOAUT K YCUIICHUIO SKCITPECCUU B MUO-
kapre uzodopm CaMKII: CaMKIly u CaMKIIS [65]. Beicokast akcripeccust CaMKII
nocie BozaeiictBust XI Obla 3apUKCUpOBaHa U APYTUMU UcciemoBaTessMu [66]. [Tomu-
MO 3TOro, 0OHapYXEeHO, YTO BbICOKAsA SKCIIPEeCCUsl TaHHOK KMHA3bl MUHUMM3UPYET 10~
BPEXICHMST KIIEeTOK BO BpeMsi CaZ -mieperpy3sku [67]. [IponeMOHCTPUPOBAHO, YTO THITO-
keust (1% O,, 5% CO, 1 94% N,, 12 9) npusoaur K akruBauuu CaMKIISA u docdopu-
JIMPOBAaHHOIO pMAaHOAUHOBOTO penentopa 2-ro tuna (p-RyR2) B kapamomwuorurax
Kpbichl. JanHble 3pdekTsl ocnaduanuchk HokayroM CaMKIISA [68]. [TomuMo 3TOTO,
rokayT CaMKIISA 3HaunTenbHO cHikan yreuky Ca?™ u3 capKomia3sMaTHuecKoro peTu-
kynyma (CP) KapaAMOMUOLUTOB, BbI3BaHHYIO TuIiokcueii [68]. Hokayr CaMKIISA Hop-
MaJIN30BajJl BBI3BAaHHOE TUIOKCHEH ITOAaBJIEHUE SKCIPECCHU CapKOIUIa3MaTU4eCKOM
Ca’*-AT®a3br 2a (SERCA2a) B KapauomuonuTax [68]. TakuM 06pa3oM, HWHIMOUPOBa-

He CaMKIISA Moxet mpenorsparuath yreuky Ca’t uz CP 3a cuer momasienust p-RyR2
u nioBeImeHus akcrnpeccun SERCA2a.

OpHako MMEIOLIMXCS TAaHHBIX MOKa HEIOCTAaTOYHO M 3akmoueHusi, yro CaMKII
cnocobHa obecneyrBaTh Kapauo3aluTHBIN 3¢ dexT npu agantauuu K XI.

PI3K-kunaza. ®ochatunminHosnton-3-kuHasza (PI13K) — ewe onHa u3 KuHas, ydacT-
BYIOIIIMX B IIpe- 1 IIOCTKOHAUIIMOHMpoBaHuu cepaua [13]. Kak u ¢ npyrummu KmHa3amu,
OB TPENIOJIOXKEHUSI, YTO OHA MOXET MPUHUMATh yyacTue B KapAMO3aLIMTHOM 3(h-
dekre XI.

WN3zyaenue ponu PI3K B peanmzanuu nHdapkT-orpannyuBaomniero addexra XIII ¢
ucrnoJjib3oBaHueM nHruomropa LY294002 nokasaio, 4To MpuMeHeHUE JAHHOTO 0JI0KaTO-
pa NPUBOIUT K IMOJHOMY MCYE3HOBEHUIO 3alMTHOrO 3ddeKkTa runokcuu [69]. JIpyroe
HCce0BaHUE, BBITIOJJHEHHOE HAa M30JIMPOBAHHBIX Ceplllax Kpbic, roasepriauxcs M/P
nocne XIII, Takke MPOAEMOHCTPUPOBAIO UTO MHMAPKT-OTpaHUYMBaOIIUil 3ddekT
cBs3aH ¢ PI3K [59].

OnHako cyllIecTByeT MHEHHE O TOM, uTo aganTtauus K XI1I' mpuBoaUT K yMEHbILIEHUIO
conepxanus 6enka PI3K B TkaHU cepalia KpbIchl [62] U cHUkeHMIO aKkcnpeccun p-PI3K
[70]. Hamremy KOJUIEKTHUBY TakxKe He ynajoch oOHapyxuTh ydyactue PI3K B mHbapkr-
orpannunBatomeM 3¢dekre XHI [1]. Ucnons3ys maruourop PI3K BopT™ManHMH mpu
paboTe ¢ M30JUPOBAHHBIMU KapauoMuouutamu Kpbic nociae XHI, Mbl mponeMoHcTpu-
pOBaJIM, UTO OH CaM HE OKa3bIBAE€T BJIMUSHUS Ha TOJEPAHTHOCTb 3TUX KJIETOK K aHOK-
CUU/PEOKCUTEHAIIMU U HE YCTPaHSIET UX MOBBIIIEHHYIO YCTOMYMBOCTh K aHOKCUU,/PEOK-
cureHauuu [55]. Takum oOpa3om, MO MMEIOIIMMCS 3KCIIEPUMEHTAJbHbIM JaHHBIM
CJIOXHO OHO3HAYHO creynaTh BbiBoa o posin PI3K B kapauozamutHoMm addexre XTI
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p38-kunaza. MzBecTHO, 4yTO p38-KMHAa3a y4aCTBYET B Mpe- U MOCTKOHIUIIMOHUPOBA-
Huwm [13, 71]. MmeeTcsa HECKONBKO HCCIIENOBaHUI, B KOTOPBIX M3y4yajach €¢ poJib Mpu
amanrauuu K XI. Tak, Micova u coaBT. mpoaeMoHcTpupoBaiu, uro XIIT' mpusBoaut x
YBEJIUYCHUIO COMEpXKaHUSI aKTUBHOM (pocopunmupoBaHHoi p38-kuHa3kl (p-p38) B je-
BOM 3KeJynouke Muokapaa [61]. dpyrue uccieaoBaTead OOHAPYKWIM, YTO B MUOKapIe
MJIaJIEHIIEB C IMAHOTUYECKUMU MTOPOKaMHU cep/ilia YBeJIMUYEHO cofepxkaHue p-p38-KuHa-
3blI [72]. OnHaKko ypoBeHb O0eKa JaHHOM KMHAa3bl B MUOKApAMaIbHOI TKAaHU HE YBEJIMYU -
BaJjicsl y OOJIbHBIX OJIeAHBIMY TTOPpOKaMu [72], 4To TOBOPUT O B3auMOCBsi3u XI 1pu 1ima-
HOTHUYECKUX TTOpOKax ¢ 3Kcnpeccueit p-p38-kuHasbl. M3yyeHre BausiHUSI 6JIOKATOPOB
p38-kuHa3bl Ha Kapauo3amuTHEI 3¢ dekt XHI npomemoncrpupoBaio, uro SB203580
HuUBeaupyeT 3amuTHoe neiicteue XI [73].

HaHHbIe pe3yabTaThl oToOpaxaloT (akr Toro, yro amanrtamus K XI1I' yBeanuuBaet co-
nepxxaHue p-p38-KrMHa3bl B TKAHM JIEBOTO XeJlynouka. OTo, B CBOIO ouepelb, MOXET MO~
BBIIIATh YCTOMYMBOCTH cepatia K M/P.

JNK-knna3a. c-Jun-N-tepmuHanbHas kuHaza (JNK) npuHumaeT yyactue B peryssi-
1 ycroiunBocTu cepaua K M/P. Cuuraercsi, uro ee aktuauusi B yciaousix /P muokapna
WUTpaeT Cyryoo HeraTMBHYIO poib B rpoliecce Y/P noBpexnenust Muokapaa [74, 75]. OnHako
MMEIOTCSI TaHHbIE, CBUAETEILCTBYIOIIME, YTO KapAMO3aIIMTHBIN 3DdEKT AMCTaHIIMOH-
HOTO IIPEKOHINIIMOHNPOBAHMS 3aBUCUT OT aKTUBHOCTHU HJaHHOM KMHA3kI [57]. Tak, B uc-
CJIefOBaHUM Ha KPOJIMKAaX C MCHOJIb30BaHUEM KypKymuHa, nHruouropa JNK, 6suto npome-
MOHCTPUPOBAHO, YTO MHIMOMpoBaHue JNK IprBoIUT K MICYE3HOBEHUIO KapIMO3aIIUTHOTO
addexra XHI [73]. bbuio Takxe ycraHOBIeHO, yTo XI1I' NpUBOIUT K yBEIMYEHUIO COOTHO-
mreHus pochopmmposanHoit INK (p-JNK)/JINK B muokapae [76].

brnaronaps u3yuyeHu1o BAUSIHASI TUTITOKCUU Ha KJIETOYHbBIE KYJIBTYPhI ObLIIO OOHAPYKEHO,
yTO MHKYyOauus kapauomuobiactoB H9C2 B TeueHue 72 4 B cpene ¢ KOHLEHTpalueid Kuc-
JIopoa paBHO# 1%, npuBoAuMia K MOBBILIEHUIO COAEPXKaHUs B HUX akTUBHOM p-JNK [77].

[pyrue ucciaenoBaHusi, MpoOBeAeHHbBIE HA KpbIcax, Mokasanu, 4yto nocie XIII" He Ha-
omromaeTcs yBeandeHus comepxkanus p-JNK B muokapae [78] m n3onmpoBaHHBIX Kap-
nuomuoumtax [79]. MccienoBatenssM He ynanoch 9KCIEPUMEHTAIbHO MOATBEPAUTDh U3-
MeHeHue obuero conepxaHust JINK u p-JNK B TkaHu cepaua Kpbic, aianTUPOBAHHBIX K
XIIT [60].

Takum o6pa3zoM, UMEIOTCS TIPOTUBOPEUYUBBIE PE3YyIbTaThl, KACcAIOIINECs U3MEHEHUS
obmrero ypoBHs JNK u p-JNK nocie agantanuu K XIIT. BMecrte ¢ TeM, BO3MOXHO IOITy-
cTuTh, YTo XI' BCe-TaKnM MOXET CIIOCOOCTBOBAThH MOBBIIIEHUIO YPOBHS (hocHOoOpuInpo-
BaHHOM p-JNK B TKaHuU cepaua.

Wndopmanus o poay 1aHHOM KMHA3bI B 3alIMTHOM aeiicTBuuM XI' moka nmpeacraBieHa
JIMIIb OMHOI ImyOauKanueit [73] u, 6e3ycaoBHO, TpeOyeT HalbHENIIIero n3y4eHusl.

mTOR. VMmeroTcs naHHbIE 0 TOM, 4TO panaMulurH, uHruoutop mIOR, ycrpaHsier
KapaUOIIPOTEKTOPHBIN 3P eKT nimeMmndeckoro noctkoHaunuonnposanus [80]. Cieno-
BaTeJIbHO, ObUIM OCHOBaHWS mpenmnosaraTb, 4To mIOR MoxeT npuHUMaTh yyacTue B
KapaAUOTMPOTeKTOPHOM 3 deKTe XpOHUUECKOI TUTTOKCUU.

UccnenoBaHue, MpoBeleHHOE HAa W30JMPOBAHHBIX KapAWOMUOIUTAX, IPOJEMOH-
ctpupoBaio, uto s3kcnpeccust MPHK mTOR wu skcnpeccuss p-mTOR cHukaeTcs mociie
48 4 runmokcun [81]. B To ke Bpems mokazaHo, uto XIII' yBenuumBaeT akcnpeccuio p-
mTOR B xapanomuonnTtax Kpoicel [82]. CooblraeTcs, 4To palraMUIIMH yCTPaHSIeT Kap-
UOTNPOTEKTOPHBIN 3(hHEKT rMMOKCUUYECKOTO MPEABAPUTEILHOTO KOHANLIMOHUPOBAHUS
B KapAUOMHUOLIUTAX ITocpeacTBoM nHruonponsanuss mI'OR [83].

Takum oOpa3zom, uMelolIMecs TaHHbIE He TTO3BOJISIIOT OMHO3HAYHO OTBETUTh Ha BO-
npoc o poaxu mI'OR B undapkr-mumutupyomeM 3¢ dexre XI.

IIporennkunaza G. [ToaTBep:KacHO, YTO KapAMO3aIIUTHBIN 3P eKT npe- 1 TOCTKOHIU-
LIMOHUPOBaHUSI obecrieunBaeTcss npu ydyactuu Ul MP-3aBUCMMOII MPOTEMHKUHA3BI
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G (TTKG) [13, 84]. OcHoBBIBasICh Ha TAHHOM (DakTe, BO3MOXKHO OBLJIO TPEANnoaraTh, 4YTo
JlaHHas1 KMHAa3a MOXeT IMPUHUMAaTh yyacTue B uHdapKT-orpaHuunBaoiiem addekre XI.

TTponeMOHCTPUPOBAHO YBEIMYEHHE COACPKAHUS IIUKIIMYECKOTO TYaHO3MHMOHOMOC-
dara (U MD) B cepnue nocie XI' [66]. JaHHBI IMKINUYECKUI HYKJIEOTUI CIIOCOOEH aK-
tuBupoBath [IKG, HO HEU3BECTHO, IPUBOIUT JIU YBEJTUUEHHUE €TI0 COMepXKaHUS K aKTH-
BalMy JaHHOM KuHa3bl. CiaenoBartesibHO, pojib IIKG B kapauo3zammutHoM a¢dekre XTI
MOKa HEU3BECTHA.

AMPK. BaxHyo pojib B peaquszaluuu (eHOMeHa nmpe- U MOCTKOHAUIIMOHUPOBAHUS
Taxke urpaet AMPK [50, 71]. U3yuenue Bmussaus XI1I Ha ypoBeHb hochopranpoBaH-
Hoit AMPK (p-AMPK) noka3zaio, yTo agantamnus K TMITOKCUY IIPUBOAUT K TTOBBIIICHUIO
YPOBHSI JaHHO MPOTEMHKUHA3bI B KAPAUOMUOLIUTAX KphIC [85, 86].

IMonTBepxaeHo, YTO B MUOKAap/e MJIAIEHIIEB C IIMAHOTUYECKUMHU MOPOKaMU cepiiia
HabJrogaeTcs nopbiieHue akTuBHOCTM AMPK [87]. AKTMBHOCTb HJaHHOM KMHA3bl TAKXKe
6bL1a oBbIlIeHa B Kietkax H9¢2 npu XI' (94% N, 5% CO,, 1% O,, 48 4) [87]. [ToMmumo
atoro, nipu aktuBauuu AMPK B knerkax H9c2 Habmonanach CTUMYSUMS MUTOMAruu.
JlaHHbIi 3¢ deKT ycTpaHsuics myTeM nHruouposanuss AMPK [87]. DTu naHHbIe cBUIE-
TEJILCTBYIOT O TOM, uTo aktuBanusit AMPK nipu XI' crmtocoOGCTByeT yaydllieHWIo KayecTBa
MUTOXOHAPUI U MOXET UTPaTh BaXKHYIO POJIb B KapauonpoTtekTropHoM 3ddekre XI.

I'ekcokunaza. M3BecTHO, uTO CBsA3bIBaHUE rekcoknHasbl-2 (I'’K-2) ¢ MUTOXOHAPUSIMU
KapIMOMUOLIUTOB TIpeayIIpeskaaeT aroITo3 KieTok muokapaa [S0]. MccaenoBanust atoit
rpynIbl KMHa3 nocie Bosaeiicteust XTI moka3anu, 4To aganTtalys K THITOKCUY TIPUBOIUT
K TpaHciokauuu 'K B Mutoxonnpum [88]. dusronoramu ObLJIO yCTAHOBICHO, YTO afarTa-
uus K XIIT ycunuBaet akcrnipeccuto rekcoknHasbl-1 (I'K-1) u 'K-2 B cepnne [88]. Kpome
toro, XHT npuBoIMT K yBEeIMUYEHUIO IKCIIPECCUM 3TUX KMHA3 B MUoKape [89, 90] u ycu-
smBaeT accouuanuio I'K-2 ¢ muroxonapusmu [90, 91].

CrenmoBaTesIbHO, MOXHO TIPEIITOJI0XHUTh, uTo 'K mpuHUMaeT yyacTe B Kapauo3a-
mutHOM 3ddekTe XI.

GSK3p-kuna3a. UmeroTcst JTaHHBIE O TOM, UTO MHAKTUBALMS KMHA3bl NIMKOTEHCUHTA-
3b1 3B (GSK3B) nyrem dbochopuirpoBaHust ee MOJEKYJIbI TOBBIIIACT TOJEPAHTHOCTD
cepaua k /P [92, 93]. OnHako mpoBeAeHHOE T03Xe UCCIeq0BaHue TPOAEMOHCTPUPO-
BaJio, 4To comepxaHue hochopminposanHoit GSK3B (p-GSK3B) B Muokapie Mbiiieit
mocie Bozaevicteust XI' He usmensiercs [94]. TToaToMy MOXKHO 3akiounTh, uto GSK3[3
HE UrpaeT 3HAYMMOM POJIM B peaqn3anuu KapauosamuTtHoro 3¢ dexra XI. B To xe Bpe-
MSI, CTOUT OTMETUTh, YTO 3TO €AMHCTBEHHOE MCCIIeOBaHUE, B KOTOPOM M3ydyaaach pojb
GSK3f B 3aniurHoM 3ddekre afanTaiuu K THTOKCUH.

POJIb K z1¢-KAHAJIOB B KAPIVUOITPOTEKTOPHOM
JEVCTBMU XPOHUYECKOU T'MITOKCUUN

B xapmmommoruTax ecth ABa OCHOBHBIX TonTumia Kurq-KaHanos. [lepBelit moaTutm
MpeacTaBiieH capkoieMManbHbIMU Krgp-KaHanamu (capkKarg-KaHai), BTOpoil — Mu-
TOXOHApUANBHBIMU Krg-KaHanamu (MUTOK yrq-kaHam) [13, 95-97]. U3BecTHO, yTO M
TMEepBBII ¥ BTOPOI TTOATHUITEI UTPAIOT BaXXHYIO POJIb B peanu3anuu heHoOMeHa hilleMuJe-
CKOTO Mpe- U MOCTKOHAUIIMoHupoBaHus [4, 95, 97, 98]. YcrtaHOBNEHO, YTO aKTUBALIMS
KaTp-KaHaIoB yBeIMUMBAET ToNepaHTHOCTH cepaua K M/P [13]. MMeromuecs naHHbIe
AT OCHOBAaHUS TIpeNIionaraTh, 9YTo K,rp-KaHalbl TPUHUMAIOT yJacThe B Kapauo3a-
IIMTHOM 3 deKTe aganTauru K TMITOKCUH.

PaboThl Ha KJIETOUHBIX KYJIbTypax MpOJeMOHCTPUPOBAJIU, YTO YMEPEHHAas TUTTOKCHUSI
kapauomuo6iactoB H9C?2 noBekIlIaeT ToJIEpaHTHOCTh KJIETOK K TUTIOKCUN,/PEOKCUTEeHa~
uuu [99]. Ucnonp3oBaHue ceaekTuBHOro MHruourtopa capkKrqp-kanaita HMR 1098

MPUBOINIIO K YCTPAaHEHUIO 3TOTO 3aluTHOrO 3ddekra [99].
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Kpome Toro, ycTaHOBJIEHO, UTO YMEPEHHAsl TUITOKCUSI YBEJIUUMBAET SKCIIPECCUIO pe-
nenropa cyiboHuiMoueBUHBI-2A (SUR2A), KoTopblil TipeactaBiseT coboii perysi-
TopHyI0 cyobenuHuiy Kapg-kaHana. [1pu atom axcnipeccust cyobennanisl Kir6.2, or-
Bevamolleil 3a dopmupoBaHue nopol Kyrg-KaHana, He uadmeHsiacb. CTOUT OTMETUTD,
yto ycuneHHas skcnpeccust HIF-1o He okasbiBaeT BausiHug Ha SUR2A [99]. D10 roso-
purt o ToM, uto HIF-10l He mpuHUMaeT ydyacTusi B peryisiuu Tpanckpuniuu MPHK, ko-
nupytomeit SUR2A.

OkcnepuMmeHThl ¢ nHrnomrTopamu PI3K- 1 MEK-kuna3z, LY294002 u PD 184352 co-
OTBETCTBEHHO, MOKAa3aJii, YTO MHT'MOMPOBaHME YKa3aHHBIX KWHA3 YCTPaHsSIET BBI3BAHHOE
runokcueit nosbiieHue ypoBHst SUR2A [99]. Otu nanHbie neMoHCcTpupyioT, yto PI3K u
MEK npunumarot ydyactue mmpu 3kcrpeccun SUR2A B yCI0BUSIX TUIIOKCHM.

OKCMEepUMEHTHI, MPOBEIEHHbIE Ha M30JUPOBAHHBIX CepAliaX KpbIC, MOKAa3aju, YTO
amanrauysg K XIII' moBpIIaeT yCTOMYMBOCTh Cepalla K MOBPEXKIEHUIO, CBSI3aHHOMY C
Ca’"-neperpy3Koii, BO3HUKAIOLIEH NPU OTKPHITUN mutoK yrp-KaHana [67]. dpyroe uc-
clieqoBaHue, TIPOBEIEHHOE Ha U30JIMPOBAHHBIX CEPIaX KPOJIUKOB, aAalTUPOBAHHBIX K
TUMOKCUM, MPOAEMOHCTPUPOBAIO, YTO MIMOEHKIAMUI, HECEIEKTUBHBIA MHTUOUTOD
AT®-uyBcTBuTenbHBIX K -KaHaNIOB, HUBENINPYET MOBILIEHHYIO TOJEPaHTHOCTD CEpILA
K runokcuu [25]. bbuio oGHapyXeHo, YTO UCIoab30BaHue OsokaTopa Katgp-KaHalioB
MCC-134 npuBoIUT K NCYE3HOBEHUIO MH(MPAPKT-OrpaHUIMBAIOIIETO U aHTUAPUTMIYC-
ckoro 3¢ dexroB agantannuu K XI1I' [100]. Caenyet otmeTuThb, uto MCC-134 610KupyeT
MUTOK s1p-KaHasIbl U ONHOBPEMEHHO UHAYLUPYET OTKPbITHE CAPKK p1qp-KaHAJIOB.

Hcxopast u3 uMerolmxcst JaHHBIX, MOXHO 3asiBUTh 00 y4yacTuu MUTOK z1p-KaHaIoB B
KapauosamuTHoM 3dhdexkre XI. B 6osee nmo3gHem vccienoBaHUM Mbl TIOATBEPAWIN yda-
ctue Kyrgp-KaHanoB B GOPMUPOBAHUM AHTUAPUTMUUYECKOTO U UHGAPKT-IMMUTUDPYIO-
mero agpexkroB XI' [101]. Bputo oOHapy:kKeHO, YTO S-TMAPOKCUIECKAHOAT, CEJIEKTUBHbIM
UHrUoUTOp MUTOK p\7¢p-KaHaNIa, M MMOEHKIAMUIL YCTPAHSIOT MH(APKT-OrpaHUYMUBAIO-
it acpdpext XHI [1].

OpHako MOATBEPKAAIOT BaXHYIO posib K,rg-KaHaJIOB B MOBBIILIEHUN TOJIEPAHTHOCTU
cepnua K /P He Bce nccnenosarenu. Forkel n coaBT. B cBoeM MCCIIETOBAaHUM IIPUIILIA K
BBIBOJlY, UTO NIMOEHKJIAMU HE YCTPaHSIET MOBBILIEHHYIO YCTONYMBOCTh MPABOTO KeJy-
nouka cepaua Kpbic K /Py anantupoBaHHbix K XI skuBoTHBIX [102]. HecmoTpst Ha 3T0,
0oJIblIast YaCTh UCCIIEIOBAHUI TTOKA3bIBACT, UTO KapAMONPOTEKTOPHBIN 3(hheKT aganTa-
uuu K XI' 3aBucut ot akTuBauuu MUTOK stq,-kKaHana. OnHaKO Heslb3sl UCKIII0YaTh BEPO-
SITHOCTb TOTO, UTO 3alluTHbIe 3 deKThl XI' MOryT OBITH CBSI3aHbI U C aKTUBALIUEN capK-
Katep-KaHaia.

SAKJIIOYEHHE

JaHHast 0630pHasi CTaThsl OCBEIIAeT KPYT BOMPOCOB, MOCBSIIEHHBIX MOJEKYISIPHOMY
MeXaHU3My WHOapKT-TUMUTUpPYoLIero 3ddekra amantaiuu K runokcuu. B o63ope
00001IEHbl M MPOaHATM3MPOBaHbl JaHHbIE 00 yyactuu NOS, kuHa3 u K r¢-KaHanos B
peanuzauuu gaHHoro ¢eHoMmeHa. HecMoTps Ha To, uTo ¢peHOMEH amanTtauuu K XI uc-
clieyeTcsl B Te4YeHUEe HECKOJIbKMX ACCATUIIETUI, MHOTME BOIIPOCHI, KacalolIuecs: pou
ITHVII, sputponostuna, sHnoteanHa- 1, kuHas PI3K, JNK, ITIKG u p38 B kapauomnpo-
TeKTOpHOM 3 dexTe ananTalmu K TMIIOKCUU OCTAIOTCS HEPEIIEHHBIMU U TPEOYIOT NaJlb-
HEWIIEro U3y4yeHusl.

B Hacrosmem 0630pe ObUIO IIPOAEMOHCTPUPOBAHO, YTO XI' MPUBOIUT K YCUJICHUIO
cuHTe3a NO B TKaHU cepaua, a iNOS npuHuMaeT yyactue B MUH(PapKT-JIMMUTUPYIOLLIEM
a(ddexTe aganTaury K runokcuu. YcraHosjiaeHo, uTo ADK y4yacTByloT B MOBBIILIEHUU
ycroitunBocTu cepaua k M/P mocne XI. INpencraBieHHble HaHHBIC MOKa3bIBAIOT, YTO
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npu XI' MPOUCXOAUT aKTUBALIMA CAPKOJEMMAJbHbIX U MUTOXOHAPHWAJIbHBIX KATq)—Ka—

HamoB. AganTtauusa K XI' ycunuBaet akcnpeccuto IIKC, p-ERK1/2, CaMKII, p-p38,
p-AMPK, TK-1 u TK-2. I1pu aTOM He TPOUCXOAUT ycuiieHus1 akcnpeccuun p-GSK3[3-
kuHasbl. [TogrBepxaeno, uro I[TKC-8, ERK1/2, MEK /2 npyHUMAIOT yyacTue B Kapau-
ozaiutHoM 3ddekTe XI. [TokazaHo, uto nHbapKT-TuMuTHpyomuii addext XI' cBsizan
¢ otkpbiTieM MUTOK y1q,-KaHaTa.

JlanpHeiile ncciaeqoBaHusl, HanpaBiieHHbIe Ha BoisicHeHue poau [THVYII, spurpo-
noatuHa, sHgoremHa- 1, PI3K, JNK, [1KG un p38-kuHa3bl B KapAUOIPOTEKTOPHOM 3 -
dekTe amanTanuy K TUMIOKCUU MOTYT TIPUBECTH K MIEPECMOTPY MPENCTaBICHUIT O PUpOIIe
naHHOTo 3¢ dekTa U, 6e3yCcIOBHO, TPEOYIOT MPOIOJLKEHUSI MCCAeIOBaHUII B 9TOM Ha-
MpaBJIeHUMN.

CrnemyeT OTMETHTh, YTO TTOHUMAaHWE MOJIEKYJIIPHBIX MEXaHU3MOB, 00eCTIeYNBaIOLINX
aganTalMoHHYyI0 TOJIepaHTHOCTh cepnna K M/P, co3mact mpennochUiKy TSl CO3MaHUs
MPUHIIMITMATLHO HOBBIX KapAMOIPOTEKTOPHBIX TpernapaToB U OyAeT CrocoOCTBOBATh
pa3paboTKaM HOBBIX TEPANEBTUYECKUX MOIXOIOB.
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PaGora BeinonHeHa npu moaaepxke Poccuiickoro doHma dbyHIaMeHTATbHBIX HCCIEAOBAHUN
(rpanT Ne 21-515-53003). Ouenka ponu ERK1/2 B undapkr-numutupytoieM 3hbekTe XpoHuJe-
CKOI1 TMUTTIOKCUM BBITIOJIHEHA B paMKax rocyiapcTBeHHoro 3ananust (AAAA-A15-115120910024-0).
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On the Significance of NO-Synthase, Reactive Oxygen Species, Kinases and K,p-Channels

in the Development of the Infarct-Limiting Effect of Adaptation to Hypoxia
N. V. Naryzhnaya® *, L. N. Maslov?, 1. A. Derkachev?, and F. Fu®

4Cardiology Research Institute, Tomsk National Research Medical Center
of the Russian Academy of Sciences, Tomsk, Russia
b Fourth Military Medical University (FMMU), Xi’an, China
*e-mail: natalynar@yandex.ru

It was shown that the cardioprotective effect of chronic hypoxia (CH) is associated with
the activation of inducible nitric oxide synthase (iNOS). It was established that reactive
oxygen species (ROS) are involved in the development of CIH-induced cardiac toler-
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ance to I/R. It was demonstrated that the infarction-limiting effect of CH depends on
mitochondrial ATP-sensitive potassium channel (mitoK,rp channel) opening. It was
established that the & and € isoforms of protein kinase C are involved in the cardiopro-
tective effect of adaptation to hypoxia. It was detected that CH increases the expression
of phosphorylated extracellular signal-regulated kinase (p-ERK1/2), Ca2+/calmodulin-
dependent protein kinase 11 (CaMKII), phosphorylated p38 (p-p38), phosphorylated
AMP-activated protein kinase (p-AMPK), and also hexokinase-1 (HK1) and hexoki-
nase-2 (HK2). The presented data indicated that ERK1/2, mitogen-activated protein
kinases (MEK1/2) are involved in the cardioprotective effect of adaptation to hypoxia.
The role of atrial natriuretic peptide (ANP), erythropoietin, endothelin-1, phospho-
inositide 3-kinases (PI13K), protein kinase G (PKG), JNK and p38 kinase in the protec-
tive effect of adaptation to hypoxia requires further research.

Keywords: heart, chronic hypoxia, kinases, NO synthase, K 1p channels
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