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M3yueHo BIMsIHUE MPUHYAUTEIBLHOTO Oera B TedeHue | 4 eXXeqHEeBHO Ha TTPOTSKEHUU
4 Hemenb Ha colepxKaHue n30hopM Na+/K+—ATCDa3I;1 U OMHOBAJIEHTHBIX KATUOHOB B
CKEJIETHBIX MBIIILAX MBbIIE ¢ Momeibio caxapHoro muabera II tuma (CH 1I). dus
dopMupoBaHUs MozeN 3a00JIeBaHUSI UCTIOIB30BaJIaCh BBICOKOXMpPOBas nueta, hpu-
3U4YeCKUe HArpy3Ky B BUZIE PUHYAUTEIBHOTO Oera MpoBOAUIUCH B TeueHUe 4 Helleb.
Conepxanne nsodopm Nat /K -AT®azer u nonos Na™ u K B MbleuHoi TKaHu
m. gastrocnemius OTIpeNleNsIach METOJIOM BECTEPH-OJIOTTUHTA U aTOMHOI aGCOPOIIMOH -
HOI criekTpodoToMepun cooTBeTCTBeHHO. [TokazaHo, uro popmupoBanue CJI 11 y MbI-
Ieif COMPOBOXIACTCS M3MEHEeHWeM coxepxkanust nzodopm ambpa 1 u 2 Na' /K-
AT®a3bl B MbIlIeYHON TKaHU. DPGHEKT MPUHYIUTETbHBIX OETOBBIX HAIPY30K Ha CO-
nepxaHue Na*/K*—ATCDasbI B MBIIIEYHOM TKAHU BbIpaXKeH 3HAYUTEIbHO U MPEXIe
BCEro pasjnyaeTcsl B BO3PaCTHBIX rpymnmnax. Takke MOXHO OTMETUTb OMNpeneeHHYIO
3aBUCUMOCTbD BJIUSTHUS IPUHYIUTEIBLHBIX OETOBBIX HArpy30K Ha colepKaHue JaHHOTO
dbepMeHTa OT BpeMeHU UX MPUMEHEHUsI. Y MOJIOIBIX XKMBOTHBIX U3MEHEHUSI KOHLIEH-
TpalMii OTHOBAJICHTHBIX KATUOHOB HATPHsI U KaJIUSI 11OCJIe TPUHYIUTENbHBIX OETOBBIX
Harpy3oK ObUIM BBIpaXXEHBI B MEHBIIIEH CTENEHU. Y BO3PACTHBIX MBIIIEH C MOACIIBIO
CJ1 Ha hoHe NMPUHYAUTETbHBIX HArpy30K HA0JII01aI0Ch BO3pacTaHUe COfep>KaHUsT Ha-
TPpUsI U CHUKEHUE COACPKAHUS KaJlvsl B MbILLIEYHOU TKaHU. OOHapyKeHHbIE U3MEHE-
HUsI oOMeHa OTHOBAJICHTHBIX KaTUOHOB B MbIIIeUHOI TKaHu Mbleit npu CJ 11 non
BJIMSIHUEM MPUHYIUTEIbHBIX 6ETOBBIX HATPY30K MOTYT UTPATh POJIb B peaau3aliu Me-
TabonueckKux 3(pHeKToB PU3NIECKOI aKTUBHOCTH.

Karouesoie cnosa: omHOBAJIEHTHBIE KATUOHBI, Na*/K*—AT(Dasa, OeroBast Harpy3ka, ca-
XapHBI nuabdet
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BBEAEHUWE

Caxapuprit nua6et 11 Tuna (C 1I) cunTaroT omHO# 13 BaxKHEHIIIMX IpoOJIeM COBpe-
MEHHOCTH, Ha Hero Tmpuxonurcs okono 90% ciyuyaeB nuabeta. Ero maroreHes cBsizaH c
PE3UCTEHTHOCTBIO K UHCYJIMHY B epudepruuecKrX TKaHsIX U BCJIEICTBME 3TOrO BO3pac-
TaHUEM KOHIIEHTpAaIlUKu DIIOKO3bl B KpoBu [1—3]. HecMoTpst Ha 3HauUuTeIbHOE KOJUYEe-
CTBO UCCJIEIOBAHUI MeTa00I13Ma DIIOKO3bI, MOJIEKYJISIPHBIE MEXAHU3MBI €r0 PETYJISILIIUNA
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B HOPME€ M MAaTOJIOTMU OCTAalOTCSI HEJOCTAaTOYHO M3ydyeHHBbIMU [4]. OCOGEHHO aKTyallb-
HBIM OCTaeTCs U BOIPOC HEMEIUKAMEHTO3HOTO JICUEHUST META00IMUECKUX PACCTPOMCTB,
B TOM YHUCJIE, U TIPU TTIOMOIIM (PU3NIECKUX HArpy30K. MeTtabonnyeckue U3MeHEeHUs MO/
BIMSTHUEM (DU3NUECKUX HAarpy30K — OYEHbB CIIOXKHBIN MPOLIECC, KOTOPbIA OMHOBPEMEHHO
BKJIIOYAET UHTETPATUBHBIC W aJaliTUBHbIE PEaKIIMU B HEKOTOPBIX TKAHSIX M OpraHax Ha
KJIETOYHOM M CUCTEMHOM YpOBHe |5, 6].

OnHoii u3 moneleit GopMupoBaHus nuadeTa SIBISIETCS COAepXXaHUEe XKUBOTHBIX Ha
BBICOKOXUPOBOU nuete. [IurtaHue ¢ BBICOKMM COEp>KaHUEM XHUPOB MOXET TIPUBECTU K
OXHUPEHUIO, TMIIEPUHCYJIMHEMUU U U3BMEHEHHOMY TOMEOCTa3y IIIOKO3bl U3-3a HEAOCTa-
TOYHOM KOMITEHCALlMU CO CTOPOHBI OCTpoBKOB JlaHrepraHca [7]. IlockonabKy oXupeHue
B OTOM cCJIydae BbI3BAHO MAHUITYJISILIMSIMU C TUTAHUEM, a HE C IMTOTOKCUYECKUMU Belle-
CTBaMU, CUMTAETCS, YTO TaKKUE MOJIeJIM OoJiee CXOMHbBI ¢ 3a00JIeBaHMEM Y UeJIoBeKa.

MpblieyHast TKaHb SIBJISIETCSI OCHOBHBIM TOTPEOUTENIEM 3HEPryM, Te XUMHUYecKast
9HEPrus XKMPHBIX KUCJIOT U TIIIOKO3bI ITpeoOpasyercst B MexaHudeckyo [8]. Kpowme Toro,
MBIIIEYHBIE KJIETKU TMPU COKPAIIEHUU CIOCOOHBI MPOAYLIMPOBATh OEJIKOBbIE CUTHAJb-
HbIE MOJIEKYJIbl — MUOKUHBI. CIIEKTP BbIpabaThIBaEMbIX MUOKWHOB U UX POJIb B META00-
JIMYECKUX TIpolieccax T0CTaTOUHO pa3HOOOpa3Ha. MUOKHMHBI ¢ TOMOIIbIO TPOTHBOBOC-
NaJUTEbHOTO BO3IEUCTBUSI HA CAMU MBILILIBI MOTYT MPOTUBOAEHCTBOBATh PE3UCTEHT-
HOCTU K UHCYyIuHY [9]. KpoMe Toro, npu ¢pu3ndecKux yInpaxKHeHUsIX 3KCIIPECCUPYIOTCS
OeJIKOBbIE MOJIEKYJIbI, BOBJICUEHHBIE B MPOLIECCHl NIMKOJIM3a U MeTab0oJIM3M aMUHOKUC-
ot [10]. CiaenyeT OTMETUTh, YTO (pM3MUeCcKasi aKTMBHOCTh OKAa3bIBaeT €CTECTBEHHOE
MPOTUBOBOCMAIUTEIbHOE IeHICTBME U CIIOCOOCTBYET aKTMBALIMU METa0OIUUYECKUX MTPO-
neccoB [11]. IToaToMy MBIIIIEUHOI TKAaHM MOXET IIPUHAIIEXAaTh 3HAUUTEIbHAsI pOJIb B
KOppeKIMU MeTaboJIMYecKUX HapylleHuil. B mpeapinymiux uccieaoBaHusIX HaMu ObLIO
JI0Ka3aHO, 4YTO COAepKaHVEe B KPOBU HEKOTOPBIX HUTOKMHOB (IL-6, 1L-8, IL-15, LIF)
NpU pa3IudHbIX GUMYECKUX HArpy3kax M3MeHsieTcsl HeomumHakoBo [12, 13]. [Toatomy
MpeanojaraeTcs, YTo dHAOKPUHHbBIE 3((HEKTHI MBIIIIEYHON TKAHU TaKXe pa3HOOOpa3HbI
B 3aBUCHMMOCTHU OT PEXUMOB MBIIIIEYHOTO COKPAILICHUSI.

OnHako MeXaHU3MBbI BIUSHUS (PU3NYECKOl aKTUBHOCTH Ha PE3MCTEHTHOCTh MbIILIEU-
Hot TKaHM K mHcynuHy npu CJI 11 mo cux mop ocratorcs mpenmeroM guckyccuu. Ilpu
39TOM BHUMaHUE UCCIIeIoBaTeNIel Bce 00bliie MPUBJIEKAET POJIb ONHOBAJIEHTHBIX KATHO-
HOB B 3THUX TIpolieccax. B MHOrouuciaeHHbIX UCCIEA0BAHUSAX ObUIO MTOKA3aHO, YTO KaK Y
YeJI0BEeKa, TaK U Y 9KCIIEPUMEHTAJIbHBIX XXMBOTHBIX UHTEHCUBHbIE (PU3NYECKUE yITpaxK-
HEHUs CIocobCeTByIOT yBenuueHuto [Na']; B 3—4 pasa u ymenbmenuio [K*]; no 50% B
CKeJIETHBIX MBIIIIIAX 32 CUeT aKTUBALIMU MOHHBIX KAHAJIOB. BbLIO TakKe MpoIeMOHCTPpU-
pOBaHo, uTo BbIXoA K* 13 MBILIIEYHBIX KIIETOK BO BpeMs! YIIPaKHEHUIi TPUBOINT K TTOBBI-

mrennto [K1] B MHTepCTHIINATBHOI KIIKOCTH CKEJIETHBIX MBI OT 4—5 1o 11—15 MM.
V moneit THTEHCUBHBIEC TMHAMWYECKHE Y CTaTUYECKUE YITPAXKHEHWS TIPUBOIST K 2-KpaTHO-

My moBbiieHnio ypoBHS [K'] B BeHO3HOIT KpOBM WM3-3a €ro BBIXOJA M3 CKENETHBIX
MBIILI, KOTOPBIE ABJISAIOTCS OCHOBHBIM MCTOYHUKOM BHyTpukieroyHoro K* B opranus-
me [14—20].

VBenudyeHne BHYTPUKIETOUHOro cooTHomeHus [Na'] i/ [K*] ; ABJIAETCA NJOCTATOYHBIM

YCJIOBUEM U3MEHEHUSI TPAHCKPUIILIMU JECITKOB YHUBEPCAIbHBIX U COTEH TKaHECIelU-
duueckux reHoB [21]. B psiae ciiyyaeB 3T UBMEHEHUST TPAHCKPUITLIMU HE CBSI3aHbI C BO3-

MOXHBIM TIPUPOCTOM [Ca2+],-. bbu10 mokazaHo, 4YTO B yCIOBUSIX TUIIOKCUY HAOII0MAeTCs
yBesmaeHne cootHomeHus [Na't] /[K*];, 4TO MOXET GbITh TOCTATOUHBIM YCITOBUEM JLIsI

M3MEHEeHMs TpaHCKpuINToMa 3TUX KJieToK [21]. Bbuto oGHapyXeHO, UYTO AMCCUIIalIvs
TPaHCMEMOPAHHOTO rPagveHTa OAHOBAJIEHTHBIX KATOHOB, BbI3BAHHASI UHTUOUPOBAHU-

em Nat/K"-AT®a3bl, MPUBOIUT K YBEIUUEHUIO TPAHCKPUTILIMY reHOB PTGS2 u NR4A1
¢ nomotipio Ca-KajabMOIYJIMH-0TIOCPEeTOBaHHOTO (hocOopuInpoBaHUs TPAHCKPUITLIV-
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oHHoro (akTopa, crmocooHoro cBsi3biBaTh CRE-nocnenosarensHoctn IHK (CREB) u
OTOCPENOBAaHHOTO KaJlblIMHEHpUHOM nedochopuinpoBaHus siIepHOTO (hakTopa akTH-
BupoBaHHEIX T-kieTok (NFAT) coorBeTcTBeHHO [21]. B Hammx npenblomymmnx padorax
[22—24] moka3zaHO BIMSHNE OWCCUMNAIMU TPAIUEHTOB OMHOBAJICHTHBLIX KAaTMOHOB Ha
9KCIIPECCUIO TEHOB U MTPOAYKIINIO0 MUOKHWHOB.

B nuteparype ormeuaeTcst cHikeHMe akTuBHOcTH Na't/Kt-AT®ass! y 6ompHBEX CJ1
10 CPaBHEHUIO C JMLIaMU 0e3 quabeTa. DTO CHUXKEHHE OMUCAHO KaK B KJIETKaxX CKeJeT-
HBIX MBI [25], Tak 1 Muokapaa [26] u spurpouuntoB [27]. TIpu 3TOM aKTMBHOCTH
Na*/K"-AT®a3bl He MMena 3aBUCUMOCTHM OT BO3pacTa U MoJja 00C/IeqOBAHHBIX JIMIL,
ocTaBajlach HU3KOi MPU BCEX CpOKax 3a00JIeBaHUS U HEIOCTOBEPHO CHUKAJIACh C YBEIM-
YeHUEM TMPOIOJIKUTEIbHOCTU 1rabeTra. B To ke BpeMst maHHbIi MoKa3aTeab MMeJl 00par-
HYIO 3aBUCUMOCTB OT ypoBHI HbAlc.

Takum 06pa3oM, TOCKOJIbKY COKPATUTENIbHASI aKTUBHOCTD MBITIIEYHBIX KJIIETOK COMPO-
BOXIAeTCsl NMCCUTIALIMEl TPaaueHTOB OXHOBAJICHTHBIX KaTMOHOB, KOTOpasl SIBJISIETCS
MYCKOBBIM (PAKTOPOM M3MEHEHUSI TPAHCKPUIIIINU TeHOB [28—31], 3TOT MexaH1U3M MOX-
HO paccMaTpuBaTh KaK OAWH M3 BapMaHTOB IYTHU peaau3aliuu 3(p¢eKToB (pusniecKoi
aKTUMBHOCTU TIPU caxapHOM auabeTe.

B cBs131 CO BCEM M3JIOXKEHHBIM 1I€JIbIO HAIIIETro UCCIeTOBaHME ObLIIO U3YYUTh BIUSIHUC
(busnyecknx Harpy3ok Ha conepxkaHue nzopopm Nat /K -AT®asel 1 MOHOBAJIEHTHBIX
KaTMOHOB B CKEJIETHBIX MBIIIIIIAX MBIIIEH ¢ MOIe/Ibio caxapHoro nuatdeta I1 tuma.

METOAbI UCCIIEJOBAHUA

B kadecTBe 00BbeKTa MCCIIEIOBAaHUS UCITOIb30BAMCH MBIIIM-caMIIbl JTUHUU C57bl/6.
Mpbiuu OblTM MOJyYeHbl U3 BUBapusi TOMCKOro HallMOHAJIBHOTO MCCIIENOBaTEIbCKOTO
MeIULIMHCKOTO 1ieHTpa Poccuiickoit akamemuu Hayk, HaydyHo-ucciaenoBaTeIbCKUii MH-
CTUTYT (hapMakojioruu u pereHepatuBHoit MmeauimHbl uM. E.J1. Tonen6epra. Pexum co-
Jep>KaHUsl XKUBOTHBIX: J€Hb/HOYb: 12/12 4, CBeTOBOI JeHb HaunMHaics ¢ 6:00, cBOOOI-
HBII JOCTYM K MUILIE U BOJe, TeMIlepaTypa B moMeleHuu 24°C.

Cxema 3KcIiepMMeHTa mpencTasiieHa Ha puc. 1. bt chopMupoBaHbl 3KCTIiepuMeH-
TaJIbHbIE TPYIIMbI MBIl pa3IMYHOTO Bo3pacTa. [pynra MoJIoabIX XXMBOTHBIX BKJIIOYA-
Jlach B 3KCMEPUMEHT B Bo3pacTe 4-X Hell., TPyIa BO3PaCTHBIX XKMBOTHBIX BKJIIOUAJIACh B
9KCIEPUMEHT B Bo3pacTe 32-X Hell.

DKCIepUMeHT npoaoyrkaics 16 Hem. o 12-it Hemenu MBIIIKM KaXa0H BO3paCTHOIA
TPYIIbI ObUIM pa3nesieHbl Ha 2 moArpynisl (puc. 1):

— XKMBOTHbIE, HAXOIMBIIIMECS HAa XXMPOBOI 1ueTe — 28 MbIIIEi;

— XKMBOTHBIE, TTOJTyYaBIINE CTAaHIAPTHBINM pallMOH — 28 MBIIIEI;

st popmupoBanus moaeau caxapHoro nuadeta I tuma (C/I 11) ncronb3oBanach BBI-
COKOXXMPOBasl nuera B TeueHue 12 Hem., KoTopasi Oblia pa3paboTaHa CIeUaIbHO IS
naHHoro akcrnepumenTa. Kopm st mepBoit rpymniibl ObLT TPUTOTOBJIEH HA OCHOBE OIU-
ca”Horo Beiire kopma “Ilpokopm” (50%) ¢ BKIIOYEHHEM XXUBOTHOIO (CBUHOM KUP)
(20%) u pactutenbHoro (rmoacoiaHeuHoe Maciio) (10%) xupa, caxapa (15%), cyxoro Mo-
soka (5%); kanopuitHocTb — 5100 KKaj/Kr, B TOM YUCJIe Ha JOJIIO KUPOB MTPUXOIUIOCH
59% xanopuitHocTH. [IpOAYKTHI U3MENbUATTUCH B OJIeHIEpe B TOMOTEHHYIO CMECh, TIOCITe
yero macca ¢hopMupoBagachk B rpaHysbl AuameTpom A0 10 MM 1 BeICylIMBaIach B TyXO-
BoM 1kady npu 300°C. Kopm mnpurotoBisiica Ha 5 gHeit u xpaHwics nipu —20°C.
B npenBapuTeIbHBIX MCCIEIOBAHMAX, OIyOIMKOBAaHHBIX HaMU paHHee [32], ObL10 ImoKa-
3aHO, YTO MCIIOJIb30BAHUE BBICOKOXUPOBOW AMETHI Y MbllIEH TTIPUBOIUT K YBEJIUUYEHUIO
Macchl TeJia 1 (QOPMUPOBAHUIO OKUPEHUSI, TUTIEPTIIUKEMU U, CHUXKEHUIO TOJIEPaHTHOCTU
K TJTIOKO3€ Y TUTIEpUHCYJIMHEeMUU. Bce 3TO CBUAETENBCTBYET O BHICOKOM CTEIIEHU aaeK-
BaTHOCTU pa3pabOTaHHOI AKCIIepUMEHTAIbHOI MoIe/iu 3a0oieBaHuIo auadetoMm I Tumna.
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[ Experimental animals — mice C57b1/6 — 112 |
Young-age mice — 56 | [ Old-age mice — 56 |
3
g High fat diet — 28 Chow diet — 28 High fat diet — 28 Chow diet — 28
o
Without forced exercise
I 7 | 7 | | 7 | 7 |
2 Forced running during the light phase
3 I 7 | 7 | 7 | | 7 |
i Forced running during the dark phase
[ 7 | [ 7 7 7
Forced running shift training
I 7 | 7 | 7 | 7 |
_ - decapitation mice
[5)
& g - isolation of m. gastrocnemius
1
S % - sample preparation

Puc. 1. InzaiiH sKcriepyuMeHTa.

Bropast rpynmma nuTamach KOpMOM UISI JIaOOpaTOpPHBIX KMBOTHBIX “‘IIpokopm”™
(3A0 buonpo, HoBocubupck): mineHuiia, sdyMeHb, OTpyOu, IIIOTeH KYKYypY3HbIii, MyKa
pbIOHAasI, GeJIKOBasi KOPMOCMECh, MACJIO MOICOJHEYHOE, IIPOT COEBBIi; KAJIOPUIHOCTD —
3000 KKaJj/KT, B TOM YUCJIe Ha TOTIO XKUPOB MPUXOAUIOCH 18% KalopuitHOCTH.

HauuHast ¢ 12-0if Hefenm Kaxaast TpyIia XXUBOTHBIX OblJ1a TToIeJieHa Ha TIOATPYITIbI —
MOIBepraBIINXcsi (OCHOBHAsI — 21 XMBOTHOE) 1 HE TTOIBEPraBIINXCs (KOHTPOIbHAS — 7 KM~
BOTHBIX) IIPUHYINTEIbHBIM OSTOBBIM Harpy3kam (puc. 1).

PaznuuHbIe TOATPYITITBI OCHOBHOM TPYITITBI MBILIIEH TOABEPTaINCH OETOBOI HArpy3Kke
B pPa3HOE BpeMsI CYTOK.

Ipynma A — nmoaBeprajivch 6€roBoii Harpy3ke B cBeTsIoe BpeMs cyTok (¢ 8-00 mo 10-00 u) —
7 XXUBOTHBIX;

I'pynmna B — nmonsepraimck 6eroBoii Harpyske B TeMHoe BpeMsi cyTok (¢ 19-00 mo 21-00 u) —
7 XUBOTHBIX;

I'pyrnma C — BpeMs IpUHYIUTETBbHOM GETOBOI HArpy3KM 4yepenoBaioch (TlepeMeHHbIi
PeXK1M): MEPBYIO U TPETHIO HeeIU B TeMHOe BpeMmst cyTok (¢ 19-00 no 21-00 u), BTOpY!IO 1
YeTBEePTYIO Hedeau — B cBeTioe BpeMs cyTok (¢ 8-00 mo 10-00 4) — 7 XUBOTHBIX.

111 HopMUpOBaHUSI HAarpy3Ku Oblj1a MCIIOJIb30BaHa pa3paboTaHHas Mo HallleMy 3aKa-
3y 6eroBast nopoxka st Mbitieit BMELAB SID-TM 10 [33]. [TpuHyxneHue K 6ery ocy-
LLIECTBJISLIIOCH BJIEKTPUYECKUM pas3apakeHreM, HalpsiKeHHe MoIaBaIoCh Ha MeTajlinye-
CKYIO CETKY, PacCITOJIOXKCHHYIO Ha 3aJHel CTeHKe KaMepbl. JIopoxkka mmesna TymOJep
BKJTIOUCHUS JIEHTBI, TYMOJIEp BKITIOUEHUSI TOKA, PETYJISATOP CKOPOCTU IBUXKEHUS JICHTHI,
PeryJIsITOp CUJIBI TOKA, pPhIYar MU3MEeHEHMS yIJia HaKJIOHA JIEHThl. MBIIIIY Ha TOPOXKE ObI-
JIM U30JIMPOBaHbI APYT OT Apyra CTCHKaMM1 13 OPIrcTeKJia. nOKpblTl/Ie ﬂBM)KyLLlCﬁCH JICHTHI
MMeJIO PE3MHOBYIO IIEpOXOBATY0 MOBEPXHOCTb. CBepxy MOpOXKa 3aKpblBajach MpoO-
3payHOI KPBILIKOU U3 OPrcTeKIa.



1924 3AXAPOBA u ap.

IMpuHynuTenbHbIE GErOBbIE HATPY3KHU MTPOBOIMINUCH B TeueHUE 4 Hel. 6 pa3 B HEOEIO,
MPOIOJIKUTETBHOCTh HAarpy3KH MOCTENEHHO YBEJIMUMBAJIach B TEYEHUE TTEPBBIX 6 THE ¢
10 o 60 muH (rpupoct 10 MUH B IeHb) ¥ HE U3MEHSIACH OOJIbIIIE HA IIPOTIKEHUU CIIEaY-
forux 3 Hen. Kaxmyro Heleso U3MEHsIICS YTOoJT TTIoIbeMa MoJIOTHA 6eroBOit TOPOXKHU (OT
0 1o 10°) u ckopocTb ee BpaiieHus (ot 15 1o 18 M/MuH). OnuH pa3 B HEIEJI0 HAarpy3Ku
HE BBITOJHSIUCH (Ha 7-11 IeHb).

YMeplIBieHUEe 3KCIIEPUMEHTAIBHBIX XUBOTHBIX MPOBOJWIOCH METOIOM JAcKaruTa-
1M yepe3 24 4 nocne nocieaHeit Harpy3ku. C 06enx 3aqHUX KOHEYHOCTE BbIICISIIIUCH
m. gastrocnemius, MbIlIICYHAsT TKAHb OYUIIATIACH OT COSNMHUTEBHOM 1 XKMPOBOI TKAHM.

Onpedenenue Na*/K*-AT®a3zel 6 mbiuweuHoi mxanu

ToMoreHu3alo MBIILIEYHOM TKAHU JJIsS1 BECTEPH-OJIOTTUHTA MPOBOIMIIU CJICAYIOLIUM
o0paszoM: Tepes JU3UCOM TKaHb CHauajla pa3pe3ayiu CKajibleJeM Ha CTeKJISTHHOM TIia-
CTUHE, HaXOsIeics Ha JIboy, Ha HEOOJbIlINe KyCOUKM pa3MepoM ~1 MM. 3atem ux me-
peHocuu B xononHblil 1X RIPA 6ydep, conepxanmii (MM) 137 NaCl, 2.7 KCI, 1 MgCl,,
0.5 Na3VOy, 1% Triton X-100, 10% tuuepuna, 20 MM Tpuca — pH 7, 1 Mxr/mu neitnen-
tuHa, 0.2 [IMC®, 10 NaF, 1 DATA, 1 ATT, 5 nupodocdara Hatpus, 100 6eH3aMuanHAa)
B CIleLMaJbHble TTPOOMPKU JUISI TOMOT€HU3alMU C 3aKPYyYMBAIOIIMMUCS KPBIIIKAMU U
yToueHHbIMU cTeHKaMmu. Mcnonb3oBanu 50 Mkt 6ydepa Ha 20 Mr BIaXKHOI MbILLIEYHO
TKaHU. Bo BpeMs1 00paboTKM MaTepuas XpaHUJICS Ha Jibly. 3aTeM B IPOOUPKU TOoMella-
JIM MeTaJUIMYecKue mapuku nuamerpoM 5 mum (Qiagen, I'epmanus). [1pobupku momenia-
M B BuUXpeBoit maboparopHbiii Mmukcep Digital Vortex-Genie 2 (Scientific Industries,
Inc., CIIIA) Ha 15 muH npu 4°C. 3aTeM OCTaBJISIM Ha MUHU-poTOp-1ieiikepe (MP-1,
Biosan, JlatBust) B xosionuiibHUKe Ha 1 4. Janee uentpudyruposanu npu 13000 06/MuH
B TeyeHue 5 MuH npu 4°C v TTepeHOCUIIN MTPO3PavYHbIil CyIIepHATAHT B HOBbIE UETKO Map-
KMpoOBaHHbIe MPoOMpKU. OToUpanoch 20 MKII 1151 ONpeesieHUsI KOHLIEHTpallMy O0IIeTo
Oenka B oOpasiie (Meton bpandopna).

Jns ompeneneHust KoHueHTpauuy uzodopm Nat /K -AT®a3bl B MbILIEUHOI TKAHU
MPOBONWIIM 3JIEKTpOodOpe3 B MOJMAKPUIAMUIHOM Tejie B IEHATYPUPYIOIINX YCIOBUSX
cornacHo metony Laemmli (1970), ucrionbayst 5%-Hblit KOHLIEHTPUPYIOIIUI (IIPUTOTOB-
JieH Ha OydepHoM pactBope, conepxatieM 0.5 M tpuc-HCI, pH 6.8, 0.4% SDS) u 10%-Hblit
paznenstolnii (MpuroToBjieH Ha OydepHoM pactBope, conepxaiieM 1.5 M tpuc-HCI,
pH 8.8, 0.4% SDS) reau. Kamepy mist aiexkTpodope3a 3aroaHsuin 6yhepoM, KOTOPhIi
comepxan 1.92 M mmnuna, 250 MM Tris-HCI (pH 8.6) 1 1% SDS. CrokoBbiit pacTBOp
nonuakpuiamuaa cogepxan 30% akpunamuna u 0.8% N,N-MeTueH-0MCc-aKpyiIaMuaa.
O06pa3siibl 6enka st 31eKTpodope3a TOTOBWIN U3 OOIIEro roMOreHara MbIIIIIbI, UCTIOJIb-
3ya 4-xpaTHblii 6ydep (250 MM Tpuc-HCI, pH 6.8, 8% SDS, 40% caxapossl, 0.05%
O6poMdEHOI0BOTO CUHETO, 5% P-MepKanTosTaHoIa) U WHKYOUPOBAIN B TeYeHUE HOYU
MPpU KOMHATHOM TemItepartype. JJist KOHTPOJIST MOJIEKYJIIPHOI MacChl 6eTka UCTIOIb30Ba-
JIMCh MapKepbl MoJieKyisipHoit Macchl (Bio-Rad, CIIIA). Dnekrpodopes mpoBoauin,
ncnoab3ysa Kamepy Mini-Protean 111 (Bio-Rad, CIIIA), HaunHas mipu cuiie Toka 25 MA.
Ilocne BxoxneHust 0Opa3lioB B pa3dessIolInii Telb CUIYy TOKa yBeanuuBaiu a0 50 MA.
KonuuecTBo 00111ero 6e1Ka, HAHECEHHOTO B KaXIy1o JIYHKY, cocTaBisijio 10 Mkr. ITocne
anieKkTpodopesa 6enku repeHocuau us rejst Ha PVDF mem6pany (Bio-Rad, CIIIA) B 6y-
depe ma nepeHoca (25 MM Ttpuca, 192 MM tuumHa (pH 8.3), 20% sTaHoa) B TeUeHHE
1.5 9 mpu cuire Toka 400 MA. /1151 OATOTOBKY MeMOpaHbl K UMMYHOXUMUYECKOMY OKpa-
IMIMBAHUIO €€ IIPOMBIBAIN HECKOJILKO pa3 B pactBope TBS (50 MM Tpuc, pH 7.4, 150 MM
NaCl). Hanee npoBOAWIN OJIOKUPOBAHUE 5%-HBIM CyXUM OOE3XKMPEHHBIM MOJIOKOM
(Bio-Rad, CIIIA), npurotosieHHoM Ha PBSt (PBS ¢ mo6asnenuem TBun-20 0.1%).
bysioknpoBanu B TeueHUe Yyaca Mpu KOMHATHOM TeMreparype U Mpu MOCTOSTHHOM Tiepe-
MEUIVBaHUU.
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Benku-MullieH! ONpenessuiv IMyTeM MHKyOauuu B TeueHrue Houu npu 4°C B 5%-HoM
cyxoM Mojioke B TBSt (100 MM Tpuc, 1.5 M NaCl, 1% Tsuu-20) B pazBenenun 1 : 1000 ¢
MEePBUYHBIMU KPOJIUYbUMHU TTOJTMKIOHATBHBIMU aHTUTEJIAMU TIPOTUB alTb(ha-2-cyobean-
Huuel Nat /K -AT®azer (kat. Ne AB9094-1, Sigma-Aldrich, CLLIA) u npoTtus anbda-1-
cy6benuuuLbl Nat /K -AT®azer (kat. Ne 05-369, Sigma-Aldrich, CILIA). 3atem o6pa-
3el] MHKYOMPOBaIM CO BTOPUYHBIMU aHTUTEIAMU, KOHBIOTMPOBAHHBIMU C MEPOKCUIA-
3011 XxpeHa (aHTUMBILIKMHBIE, KaT. No 1706516, antukponuubu, kat. No 1706515, BioRad,
CIIIA) B TeueHue 1 4 mpu KOMHaATHOM Temmeparype B 5%-HoM cyxoM MoJioke B TBSt.

KoMmiekchl aHTUTreH-aHTUTEI0 BU3yaIM3UpoBain ¢ momoinbio Habopa ECL (Super-
Signal West Dura, Thermo Scientific, CIIIA) u cuctemsl mokymeHTUpoBaHus (Chemi-
Doc-1It 2, UVP, Benukooputanus). JleHCUTOMETpUYECKUIT aHAINU3 TIPOBOIUIIN C TIOMO-
1IbI0 TporpaMMHoOro obdecrneueHus Imagel. JlaHHbIe BeCTepH-0JI0TTUHTIA MPEACTaBIESHbI
B OTHOCUTEJIbHBIX €IMHUIIAX 110 CPABHEHUIO C KOHTpoJieM. B kauyecTBe pedepeHCHOTo
Oeska Opajin oguH obpa3sell 0e1Ka y XKMBOTHOTO KOHTPOJIbHOM I'PYMNIIbI, U OH CJIY>XKWJI pe-
¢depeHCHBIM OeJTKOM JIJIsI BCEX OCTAIbHBIX orpenesieHuit. KoHTposibHbIe 3HAYEHUS TTPU-
HuMauch 3a 100%.

Onpedenenue konyenmpayuu uoroé Nat u K é mouueunoii mxanu

IMpenapupoBaHyie MBI npoBoaiv ¢ PBS 6ydepoM Ha by, mocie BeaeIeHNs 00-
paslibl noMelani B IpoMbiBouHbIi pactBop (100 MM MgCl,, 10 MM Tris-HCI, pH 7.4)
Ha JIbIy M MHKYOMpPOBAJU B Te4eHUE 15 MUH, 3aTeM pacTBOP MEHSIJIM Ha CBEXMUIA, TaHHYIO
npolienypy NoBTopsiiv 4 pa3a. M3Bie4eHHYO MBIIIILY B3BELIMBAIY 1 pa3pe3ajiu Ha MeJl-
KWe 4acTH, TOCJIe Yero TMOMeIaIi B MUKPOIPOOUPKY, colepKallyio 5%-Hblii pacTBOP
TpuxJIopykcycHoOl KuciaoTsl (TXY), Wi MOJTHOTO M3BJICYEHUSI HOHOB 13 TKaHU.

Yepes cyTKY coaepkKMMoe MUKPOIPOOMPOK TOMOTE€HU3UPOBAIU B CTEKJISTHHOM TOMO-
reHn3arope [loTrepa ¢ TeI0HOBBIM MeCTUKOM. TTocie 3Toro HTOMOJTHUTEIBHO MTPOBOAM -
JIY YIIBTPa3BYKOBYIO AE3MHTETPALIIO 00pa3LoB ¢ 1cIoib3oBaHueM “Bradson 450 Digital
Sonifier” (Marshall Scientific) B Teuenue 30 ¢ ¢ MOITHOCTBIO 15% OT MaKCUMaJIbHOM aM-
TJIUTYAbI, TIOBTOPSUIM TIPOLEAYPY 3 pa3a A0 IMOJHON FOMOTeHHOCTH cycrieH3uu. Iloiry-
yeHHbI obpa3zell neHTpudyrupobanu npu 18000 g B TeueHue 10 MUH, cyniepHaATaHT Tie-
peHoCUIU B MPOOUPKY JUISI MOCAEAYIOIEro U3MepeHUsi KOHLeHTpalmu noHoB. K ocan-
KaM poOaBisim jusupyromuit RIPA 6ydep, comepkamuii KOKTEIIb MHTHOUTOPOB
nporeas. [1pu ornpeneaeHNN KOHIEHTpAIIUM GelKa UCTTOb30BaIl MOIUMDUIIMPOBAHHBIMN
meton Jloypm.

Conepxanne Na' u K* B skctpakTax TXY omnpenesuii METOIOM IDTAMEHHOM aTOM-
HO-a0COPOILIMOHHON CIIEKTPOMETPUM C MCIOJIb30BaHMEeM clekTpoMeTpa “Ksant-2m1”
(Koptek, Poccus) co cmechbio ripormaH—Bo3ayX. J1ist KamOpoBKY UCIIOIb30BaId PaCTBO-
pst KCI (0.5—4 mr/1 K) u NaCl (0.05—2 mr/1 Na*), conepsxame 5% TXY. Comepxa-

Hue Na* u K* kaxnoit mpo6bl HOPMaIM30BaIK O BIaXHOMY BECY COOTBETCTBYIOLIE
MBI, Bce pacTBOPBI TOTOBMIIM C UCTIOJIb30BAaHUEM IBAXKIbI I€MOHU30BAaHHOM BOIHI.

Memodbt cmamucmuueckoeo anaiusa

CTaTUCTUYECKYIO 00pabOTKY JaHHBIX IIPOBOAMIIM C UCITONIb30BaHWeM nakera Graph-
Pad Prism. YpoBeHb 3HAUMMOCTH IIPU IIPOBEPKE TUITOTE3bI MPUHAIICKHOCTU IBYX BbI-
OOPOK K OMHOI TeHepabHO# cCOBOKyIHOCTH oleHuBayM o Kruskal—Wallis ANOVA test.
Bce nmanHble nMenu HEHOPMaJlbHOE pacnpenefieHue npusHaka. JIisi cpaBHeHUsT TPy
MCIOJIb30BAJICSI ABYCTOPOHHUI TUCIIEPCUOHHBI aHAJIU3 ¢ KPUTEPUEM MHOXECTBEHHOTO
cpaBHeHUs Trloku u nornpaBkoii Xonma—Cunaka. JlaHHbIE TIpeaCTaBIeHbI B BUIE CPEll-
HEro 3HaYEeHMUS U CPETHEro KBaIpaTUYHOTO OTKJIOHEHMSI.
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Puc. 2. Konuenrpauust usodopmsl Na ' /K ' -AT®Da3bl anbda | B MblliedyHOl TKaHU Mbllieii. [TaHensb (a) — Mo-
JIoZible MBIIIN; MTaHe b (b) — Bo3pacTHbIe MBI, JlaHHBIE TTPEACTABIEHBI KaK cpenHee + cpenHee KBaapaTuaHOe
OTKJIOHEHUe. * — mocToBepHOCTD pasnuuuii (p < 0.05) ¢ rpynmoii co cTaHmApTHOM AMETOM; # — JOCTOBEPHOCTh

pasmuumii (p < 0.05) ¢ TpyMmoit MOJIOABIX MbIIIIEit; @ — nocToBepHOCTH paznuunii (p < 0.05) ¢ KoHTposieM.

PE3VJIIbTATBI UCCJIIEJOBAHMUA

B repBoil 4acTH paGOTEI METOIOM BECTEPH-OIOTTHHTA OIPENESIOCh COIEpXKaHUE
uzodopm anbda 1 1 ansda 2 Nat/KH-ATDas.

Ha puc. 2 npeacrasiaeHo coaepxaHue nzopopmsl anbda 1 Na* /K -AT®a3s1 B MbI-
LIEYHOM TKaHU 9KCIIEPMMEHTAbHBIX XKMBOTHBIX. Pe3ybTaThl MpeacTaBieHbl B IPOLIEH-
Tax OoT KOHTpous, 3a 100% npuHATO comepXaHue JAHHOIO OejlKa B MBILIEYHOM TKAaHU
MOJIOJIBIX MBIIICH, HAXOAAIIUXCA Ha OOBIYHON JUETE W He MOABEPraBIIMXCS TTPUHYIN-
TEJbHOMY Oe€Ty.

Kax BumHO 13 puc. 2a, XX1UpoBas T1eTa y MOJOIbIX XKMBOTHBIX CITOCOOCTBYET YBeJIMYe-
HUIO conmepxkaHus nzodopMsl anbda | Nat /K -AT®Dassl B MeImeuHoit TKaHU. [1puHY-
IUTeNbHbIE GErOBbIe HArPY3KM CITOCOOCTBOBAIN YBEJIMUYEHUIO COACPXKAHWS JAHHOTO Oel-
Ka KaK y XMBOTHBIX, TTOJy4aBIIMX CTAHIAPTHYIO TUETY, TaK U XXKUPOBYIO, HO BO BTOPOM
cllydyae — 10CTOBepHO Bbilie. Hanbonbimit 3¢ dekT oKa3bIBaJIv 3aHSITUSI B IEPEMEHHOM
pexuMe, coaepxaHue nzobopmsl anbda 1 Na*/KH-AT®a3pl B MBIILIEUHOI TKAHU MPU
3TOM BO3pacTalio B 4 pa3a. DddeKTsl 3aHITUI B TEMHYIO U CBETYI0 a3y pa3inyaiuch
HE3HAYUTEIbHO, OCOOCHHO Y MBIIIIEH, TTOTyJYaBIIUX XKUPOBYIO AUETY. Y KUBOTHBIX, TO-
JIyJ4aBIIMX CTAHAAPTHYIO OWETY, BIUSHHE MPUHYIUTEIbHBIX OETOBBIX HArpy30K Ha CO-
nepxkaHue TaHHOTO (pepMeHTa ObIJIO BEIPAKEHO CUIbHEE, €CJIU MPUMEHSIIOCh B TEMHYIO
¢da3zy, B CpaBHEHUU CO CBETJIOM.

Kaxk BugHO 13 puc. 2b, y BO3paCTHBIX JXUBOTHBIX KOHTPOJIbHOM TPYITITBLI COepKaHNe
nzodopmsl abda 1 Nat /K -ATdazkl B MBIIEYHOI TKAHU 3HAUYUTETLHO BhILIE 110 CPaB-
HEHMIO C MOJIOJIBIMM XUBOTHBIMHU. [Ipy 3TOM NMTaHKME KXKUPOBOIT AUETOM Y BO3PACTHBIX
JKMBOTHBIX CTTIOCOOCTBYET CHMXKEHUIO CONMepKaHUsI TaHHoro ¢depMeHTa. [IpuHYIuTeb-
HBbIe OeroBbIe HArPy3KM CIIOCOOCTBOBAIM CHMXKEHUIO COAEPKaHMS JAHHOTIO OeIKa y XKM-
BOTHBIX, MMOJIy4aBIIUX CTAHIAPTHYIO TUETY HE3aBUCUMO OT pexkrma Harpy3ok. Ho conep-
JKaHUE €ro BCe PaBHO OCTaBaJIOCh BBIIIIE, YEM Y MOJIOABIX XKMBOTHBIX, MOIBEPraBIIINXCS
aHaJIOTMYHBIM Harpy3kaMm. HampoTuB, y KMBOTHBIX, MOJY4YaBIIUX XKUPOBYIO IUETY, CO-
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Puc. 3. KoHiieHTpariyst n30hopMbl Na+/K+—AT(Da3b1 anbda 2 B MBILLIEUHOIM TKaHU Mblleil. [TaHens (a) — Mo-
JIOZIbIe MBIIIIN; MTaHe b (b) — Bo3pacTHbIe MBI, JlaHHBIE TTPEACTABIEHBI KaK cpenHee + cpenHee KBaapaTuaHOe
OTKJIOHEHME. * — 1ocToBepHOCTD pasnnuuii (p < 0.05) ¢ rpynmoii co cTaHIapTHOM AMETOM; # — JOCTOBEPHOCTh
pazmuuuii (p < 0.05) ¢ rpynmoit MoJaoAkIX MbllIeit; @ — nocToBepHOCTh paznuuuii (p < 0.05) ¢ KoHTposieM.

nepxkaHue nzodopmsl abda 1 Nat/KT-ATdasbl B MbIILIEYHOI TKAHU YBEIMYMBAIOCH,
€CJIM Harpy3Ka MpUMEHSIach B CBETJYIO WM TEMHYIO a3y, HO He B IEPEMEHHOM PEeXH-
Me. OHaKO 3TO yBeJIMUYeHUE ObLIO MEHEee BhIpakKeHO, YeM Y MOJIOABIX JKUBOTHBIX. B 11e-
JIoM Ha (poHe NMPUHYIUTEIBHBIX OETOBBIX HArpy30K coaepxkaHue M30popMbl albda 1
Na*/K*-AT®a3bl B MBIIIEYHOIT TKAaHU MbIlLEl ¢ Moaebio CJI yBeTMUMBAIOCh Y MOJIO-
TIBIX SKUBOTHBIX — TIPY MIPUMEHEHNU Harpy30K B TIEPEMEHHOM peXnMa, Y BO3PaCTHBIX —
B TEMHYIO (a3zy.

Ha puc. 3 npencrasieHo comepxaHue n3odopMel aabda 2 Nat/K -ATdassl B MBI-
LIEYHOM TKaHU SKCIIEPMMEHTAbHBIX XKMBOTHBIX. Pe3ybTaThl MpeacTaBieHbl B IPOLIEH-
Tax OT KOHTpouisi, 3a 100% MpUHSITO cofepskaHKWe TAaHHOTO OeJIKa B MBIIIEYHON TKaHU
MOJIOJIBIX MBIIIIEH, HAXOASIIIMXCSI Ha CTAHAAPTHOMN OUeTe U HE TOABEPraBIINXCS MTPUHY-
IUTEeTbHOMY Oery.

Kax BuaHO 13 puc. 3a, XUpoBas AUeTa y MOJOIBIX (KUBOTHBIX CITOCOOCTBYET HEKOTO-
POMY CHIDKEHHIO coIepKaHus n30popMsl ambda 2 Nat /K -AT®a3s!l B MBIIIEYHOI TKA-
Hu. [IpuHynuTenbHbIe GeroBble HArpy3KW HE BIUSIIM Ha colepKaHWe TaHHOTO Oenka y
MOJIOZIBIX XKMBOTHBIX, MOJYYaBIIUX CTAHAAPTHYIO AUETy. B TO ke BpeMsl y >KUBOTHBIX,
MOJIy4aBIINX KUPOBYIO TUETY, MPUHYIUTEIbHbIC OETOBbIE HArpy3Ku CIOCOOCTBOBaIU
CHIDKEHMIO coiepkaHus n3odopmel anbda 2 Na* /K -ATdassl B MbIlIeUHOI TKaHHU, ec-
JIM Harpy3ka NMpUMeHsUIach B CBeTIyIo (pa3y muiau B riepeMeHHOM pexkume. [IpumeHeHue
Harpy3ku B TeMHYIO a3y He oKa3bIBaio addeKTa Ha colepkaHue JaHHOTO (hepMeHTa y
MOJIOIBIX JKUBOTHBIX.

Kax BugHO 13 puc. 3b, y BO3pacTHBIX XXUBOTHBIX KOHTPOJIbHOM TPYITIBI CoAepKaHUe
nzodopmsl atbda 2 Nat /K -ATdazkr B MBIIIIeYHOI TKAHU GBUIO BIBOE HITKE IO CPaB-
HEHMIO C MOJIOJIBIMU XMBOTHBIMU. [1py 3TOM MUTaHUE XKUPOBOI NHUETON Y BO3PACTHBIX
>KMBOTHBIX HE BJIMSIJIO HA cofiepXkKaHue JaHHOTo (hepMEHTa B MBIIIIEYHOI TKAHU.

[MpuHynuTeNnbHbIE OETOBblIE HArpy3KyM CIIOCOOCTBOBAIM YBEJIMYEHUIO COMEpPKAHUS

uzodopmsl anbda 2 Na*/K*-AT®a3bl B MBIIIEYHOIl TKAHU y BO3PACTHBIX XUBOTHBIX.
BT1oT 3(hheKkT ObUT BhIpakeH KaK y XUBOTHBIX, MOJYyYaBIINX CTAHIAPTHYIO TUETY (eCau
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Puc. 4. Konuenrpanus Na* B MbIIIeuHO TKaHNU MblLueit (HM/mr 6enka). [TaHens (a) — MOJIOIbIE MBILIH; TTA-
Helb (b) — Bo3pacTHbIe MbIIIK. JlaHHBIE TTpeacTaBIeHbI KaK cpeliHee + cpenHee KBaApaTUYHOE OTKIOHEHHUE.
* — mocToBepHOCTH paznmnuuii (p < 0.05) ¢ TpynIoit co ctaHAapTHOM AUETO; # — TOCTOBEPHOCTh pa3INIUiA
(p < 0.05) ¢ rpynImoit MOJOABIX MbIlIei; @ — nocToBepHOCTD pasznuuii (p < 0.05) ¢ KoHTpoJIEeM.

Harpy3Ku MpUMEHSUTUCh B CBETJYIO UM TEMHYIO a3y, HO HE B TIEPEMEHHOM pexXuMe),
TaK U y XXKMBOTHBIX, MOJIYYaBIINX XXUPOBYIO JUETY (BO BCEX PEKMMaX MPUMEHEHUS Harpy-
30K, HO B HauOoJIbIIEl CTeNneHn — B CBeTy10 da3y). B uenom Ha hoHe NpuHyAUTETbHBIX
OEroBbIX Harpy30K y >KMBOTHBIX, MOJIy4aBLINX XKUPOBYIO AUETY, CONEepXaHUe N30(DOPMBbI
anbda 2 Nat /K -AT®a3bl B MBIIIIEYHOIT TKAHU BO3PACTHBIX MbIILIEIl ObUTIO 3aMETHO BbI-
11Ie, 4YEM Y MOJIOABIX.

Bo BTOpOI1 yactTu paboThl KOHIIEHTPALIMS KAaTUOHOB HATPUSl U KaJIUs B MbILIEYHOMN
TKaHU OTpeaesisiyiach METOJIOM aTOMHOI a0COPOLIMOHHOM CIEKTPOCKOIUH.

Ha puc. 4 npencraBieHa KOHIIEHTpaLIUsSI KATUOHOB HATPUSI B MBILLIEYHOM TKaHU JKC-
MeprUMeEHTaIbHBIX XXUBOTHBIX. Pe3ysibTaThl mpeacTaBiieHbl B HM/MT Genka.

Kaxk BumHO 13 puc. 4a, >KUpoBasi IMeTa y MOJIOABIX XKUBOTHBIX HE BIUSIET HA KOHLIEH-
TpalMIO MOHOB HATPUs B MblllIeUHOU TKaHU. [IpuHynuTenbHble OeroBble HArpy3Ku Tak-
K€ JOCTOBEPHO HE MOBJIMSJIM Ha 3TOT MOKa3aTeb HU B ONHOI TpyIiNe MbIlIeid, MOoTyJyaB-
IMX CTaHOApPTHYIO Auety. HeGonbloe yBeanueHe KOHUEHTPALMU HaTPUsl B TPYIITE MO-
JIOABIX MBIIIEH, MOJYYaBIINX XUPOBYIO JUETY, OBIJIO OTMEYEHO MPU NPUHYAUTETbHBIX
0eroBbIX Harpy3Kax B TEMHY10 a3y 1 Mpu NMorepeMeHHOM pEeXXKUME.

Kak BunHO 13 puc. 4b, >kxupoBasi AueTa y BO3PaCTHBIX XMBOTHBIX CIIOCOOCTBOBajia
YBEJIMYEHUIO KOHLIEHTPALlMM UOHOB HAaTPUs B MbILIeYHOU TKaHU. [IpuHynuTenbHble Oe-
rOBbl€ HArpy3kKyd MPUBOAWIU K CHUKEHWIO NTAHHOIO MOKa3aTesisi, €CJIM MPUMEHSIIUCH B
TeMHYI0 a3y WK B IEPEMEHHOM PEXUME.

Ha puc. 5 npencrasieHa KOHLIEHTpAlLIMsI KATUOHOB KaJlnsl B MBIIIIEYHOM TKaHU DKCIIe-
PUMEHTAJIbHBIX XKMBOTHBIX. Pe3ynbTaThl nipeacraBiaeHbl B HM/Mr Oenka.

Kaxk BugHO U3 puc. 5a, XrMpoBasi 1MeTa y MOJIOABIX XXKMBOTHBIX CIIOCOOCTBYET YBEJIMYE-
HUIO KOHIIEHTPAIUW UOHOB KaJIusl B MbIIIIeYHOU TKaHU. [IpuHyauTensHble OeroBble Ha-
TPY3KM TTPUBOJIMIIN K BO3pACTAaHUIO KOHILIEHTPAIIMY MOHOB KaJvsl B TPYIIIaxX MbIIIE, Mo~
JIy4aBIIIMX CTAHAAPTHYIO IUETY, €CJIM Harpy3kKa BBITMIOJHSIACH B CBETVIYIO WMJIM TEMHYIO
dazy. Y MbIeit, nmojiyyaBiinx KUPOBYIO IUETY, U3MEHEHWI CO CTOPOHBI KOHLIEHTPALUHU
WOHOB KaJIusl B MBIILIEYUHOU TKAHU MO/ BIUSTHUEM HAarpy30K Mbl He 3a()MKCUPOBAIU.

Kak BuaHO U3 puc. 5b, XupoBas AueTa y BO3PACTHBIX XMBOTHBIX CIIOCOOCTBOBaJIA
3HAYUTETbHOMY YBEJIMUYEHUIO KOHIIEHTPAIUM NOHOB KaJIvsl B MbIIIIEYHOU TKaHu. [1pu-



BIIMAHUE MMPUHYAUTEJIbHBIX BETOBBIX HAI'PY30K 1929

(a) (b)
<005
»<0.05 l
“r l p<0.05 v Or o« l POSS o,
30 - :-L.r' @1;‘# * @:# >X<@1q.t *'&'
h . H ol

nM/mg

10

0 | | Il Il
Control Light phase  Dark phase  Shift training Control Light phase  Dark phase ~ Shift training

Il Chow diet [ High fat diet

Puc. 5. KoHuentpaius KJr B MBIILIEYHO! TKaHU Mbileir (HM/Mr 6enka). [TaHens (a) - MosIofble MBILIN; Ma-
Henb (b) — Bo3pacTHble MBI, JlaHHBIE MPEACTaBICHBbI KaK CpeHee + cpenHee KBaJApaTUIHOE OTKIOHEHHUE.
* — noctoBepHOCTh paznuuuit (p < 0.05) ¢ rpymnmoii co cTaHIapTHOU AUETOl; # — MOCTOBEPHOCTb pa3Iuuuil
(p < 0.05) c rpynmoit MosoABIX MBILLIEH; @ — nocToBepHOCTH pasnnuuii (p < 0.05) c KOHTposIeM.

Hy)ll/lTeJ'lebIe 6CFOBbIe Harpy3kuv npmuBOAWJIN K CHUKCHUIO JAHHOTO ITOKa3aTeJisi HE3a-
BUCHUMO OT CXEMBI MX MPUMEHEHUs. Y XKMBOTHBIX, ITOJIy4aBIIMX CTAHAAPTHYIO IHETY,
KOHIIEHTpAaLUsI HOHOB KaJIMs B MBILLIEUHOM TKAHU HEe U3MEHSUIACH MO/ BIUSHUEM (DU3U-
YeCKUX HAarpy30K.

B 3axiroueHre MOXHO OTMETUTD, YTO Y MOJIOABIX XXUBOTHBIX ¢ Mojebio CJI n3meHe-
HUA KOHLleHTpaLll/lﬁ OJHOBAJICHTHBIX KATUOHOB HAaTpUs U KaJlvud IOCJIC IMPUHYAUTECIIb-
HBIX OETOBBIX HArPy30K OB BhIPasKeHbI B MEHbIIIEH CTETIEHN. Y BO3PACTHBIX MBIIIEI C
mopenbio CJI Ha ¢poHe IPUHYIUTEILHBIX HArPY30K HA0II01a10Ch BO3pacTaHUE CoaepKa-
HUS HATPUS U CHUKEHUE CONEPKAHUS KaJUs B MBIIIIEYHON TKAHU.

OBCYXIEHMUE PE3VJIBTATOB

IMoaBonst uTor ckazaHHOMY, CJIeAyeT OTMETUTh, YTO (POPMUPOBAHUE METAOOINUECKUX
paccrpoiictB, aHamorudHbix C/ 11, y MbIleil compoBoXaaeTcsi UBMEHEHUEM CoJiepKa-
Hust uzodopmsl anbda 1 Nat /K -AT®a3zel B MbIlIeUHOIT TKAHU M. gastrocnemius. Y Mo-
JIOJIBIX XKMBOTHBIX OTMEYaEeTCsl YBEJIMUECHUE, Y BO3PACTHBIX — HAINpOTUB, CHIXeHue. Co-
nepxxaHue nzobopmsl anbda 2 Nat /K -ATdassl B MBILIEYHOM TKAHU M. gastrocnemius
cHmxaercs 1pu popmupoanuu C/ 11 y Moonpix Mpimeit. DddeKT IpuHyIuTeIbHBIX
GeroBbIX HArpy3ok Ha cojepxaHue uzopopm Na'/K'-ATdaspl B MbIIIEUHONH TKaHU
m. gastrocnemius BbIpaXe€H 3HAUUTEIBHO W TIPEXIE BCEro pa3jiMyaeTcsl B BO3PACTHBIX
rpyrmnax. ¥ MOJOABIX (KUBOTHBIX OTMEUYAETCs yBEJIMYeHUE colepKaHusl N30(hOPMBI ajib-
da 1 Na™/K"-AT®as3bl B MBILIEYHOIT TKAHU M. gastrocnemius U CHKEHNE COmepKaHUs
nzodopmbl anbda 2 Nat/K+-ATdasel B cpaBHEHUM ¢ BETMYMHAMY 10 TPUMEHEHNS Ge-
TOBBIX Harpy3oK. Y BO3pacTHBIX XKMBOTHBIX OTMEYAETCs YBEJIMYEHUE COAEPXKaHUS U30-
dopmsl ambda 2 Nat /K -AT a3 B MbIIIEUHOI TKAHW M. gastrocnemius B CPaBHEHUY C
BEJIMUMHAMMU 10 TIPUMEHEHUSI OETOBBIX HArPy30K.

IMonydyeHHbIE pe3ybTaThl, OCOOEHHO B IPYIINE MOJIOIBIX XKUBOTHBIX, BCTYIAIOT B HEKO-
TOpOE MPOTUBOPEYHE C IUTepaTypHbIMU JaHHBIMU. B yactHocTr, Clausen [34] yTBepkna-
€T, 4TO UcceqoBaHus U30(opMbl anbha 2 cydbenuuuibl Nat /K -ATdasb! BbISIBUIN OT-
HOCHUTEIBLHOE YBEJIMYEHUE €€ KOJTMUYECTBa B OTBET Ha (p3NUYECKYIO HAarpy3Ky U MpUeM IJTo-
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KOKOpPTHMKOMAA JeKcaMmeTa3oHa. MOXHO mpennojiaraTh, YTO B HAIIMX 3KCIEPUMEHTaxX
dusnyeckue Harpy3Ku MPUMEHSUTUCh B TeYEHUE JJIUTEJILHOTO BpeMeHU (4 Hemesn), 4To
MPUBOIUJIO K aAallTUBHBIM U3MEHEHUSIM. Takke MOXHO OTMETUTbH OTPENeJICHHYIO 3aBU-
CUMOCTD BIIMSIHUSI TIPUHYIWTETBbHBIX OETOBBIX HATPY30K Ha CoJiepXKaHUe JaHHOTO (hepMeH-
Ta OT BpeMeHM UX MprMeHeHus. B 6oblieii cterneHn oka3pBaloT 3 eKT Harpy3Ku, Mpu-
MeHsIEMBbIE B IIEpUOI, CHA (B CBETJIYIO (ha3y AHS), a TAKKe IMPU YepeaoBaHuU ¢as.

OnucaHHble U3MEHEHUSI COMIEP>XKaHUsI OCHOBHOTO (hepMeHTa, TPaHCHOPTUPYIOIIETO
OIHOBAJIEHTHbIE KATUOHBI YEPE3 KIETOUHYIO MEMOpPaHy, MOTYT SIBJISITbCS OOHOMN U3 MpHU-
YUH U3MEHEHUS KOHIECHTPAIlUW HATPUSI U KaJusl B MBIIIEYHON TKAHU. Y MOJIOIBIX KU-
BOTHBIX aOCOJIFOTHBIE U3BMEHEHUSI 3TUX KOHLIEHTPALU I TTOC/Ie TIPUHYAUTETbHBIX OETOBBIX
Harpy3oK ObLIM BbIpaXKEeHbI B MEHBIIICH CTENIEHU, HO U3MEHEHUE X COOTHOIIEHUS ObLIIO
0oJiee 3HAYUTENIBHBIM. Y BO3PAaCTHBIX MbIlIeil Ha (DOHE TIPUHYAUTETbHBIX HArpy30K Ha-
OsTr0/1aJT0Ch BO3pacTaHUE COIEPXKaHUS HATPUST U KaJIUs B MBILLIEYHOM TKAHU, HO COOTHO-
1IEHUE KOHLIEHTPALU1 U3BMEHSJIOCh HE3HAYUTEJIBHO.

OO0OHapyXeHHbIe U3MEHEHUSI OOMEHa OJHOBAJIEHTHBIX KATUOHOB B MBILLIEUHON TKaHU
mblei ipu CJI 11 mon BAusTHMEM NPUHYIUTEIbHBIX OETOBBIX HArpy30K MOTYT UTpaTh
poJib B peain3anuu Metadbosndyeckux 3¢dekToB pusndeckoit akTuBHOCTU. OHU MOTYT
OBITb CBSI3aHBI C OCOOEHHOCTSIMU [Na+]i/[K+]i—3aBMCI/IMle MyTeiA BHYTPUKJIETOUHOMU
curHaimzauuu. Moaudukanus 3TUX MEXaHU3MOB TIO/] BJIUSIHUEM MeTab0oJIMYecKUX pac-
CTPOMCTB U (PUBUYECKUX HATPY30K MPEACTABIISIET 3HAUYUTEJIbHBIN MHTEPEC, TaK KaK SIBJISI-
eTCsl TIePCIIeKTUBHBIM ITyTeM BO3IEUCTBUSI Ha TPOILECChl MeTaboM3Ma KaK Ha KJIETOU-
HOM, TaK ¥ Ha CUCTEMHOM YPOBHE, YTO BeCbMa aKTyaJIbHO JIJIsI TOMCKA HOBBIX ITyTeil KOp-
peknuu Metadbonudeckux paccrpoiicts pu CJI 11.

[TosyyeHHBIE pe3ybTaThl JaIOT OCHOBAHUSI pacCMaTpUBaTh CUCTEMY OTHOBAJIEHTHBIX
KaTMOHOB KaK OIWH U3 BapMaHTOB BO3MOXHBIX MEXaHU3MOB BJIUSIHUS (PU3UIECKON aK-
TUBHOCTH Ha PE3UCTEHTHOCTD MBIIIIeUHOM TKaHU K nHcyuHy ripu CI0 11. JlaHnHbIi Mexa-
HU3M MOXET OBITh CBSI3aH C OCOOEHHOCTSIMU PETY/ISILIMU IPOLECCOB TpaHCKpuImuu. I1o-
Ka3aHo, YTO TPAHCKPUIILIMOHHbIE U3MEHEHUS MPU COKPaILlEHUX MBI HauboJiee BbIpa-
>KE€HBbI B OBICTPO COKpAIIAIONIMXCSl MbIIIEYHbIX BoJJoKHax Tuma Ila [35], moJist KoTophix y
6oabHbIX C/1 11 yBennnuuBaercsi.

Bo306yx1eHrue MUOLIMTOB COMPOBOXIAETCSI U3BMEHEHUEM TPaHCMEMOPAaHHOTO Tpajiu-
€HTa OMHOBAJIEHTHBIX KATUOHOB BeeacTBUe mpuToka Na™ u ortoka K uepes noteHuu-
an-3aBucumble 1 Ca2t-4yBCTBUTETbHbBIE MOHHBIE KaHATBI. B MBIIIEUHBIX KJIETKAX YEJIO0-
BeKa 1 3KCMEPUMEHTATbHBIX XKUBOTHBIX JUTUTEIbHBIE YITPAXKHEHUS TIPUBOJISIT K YBEIUUC-

nmio [Na*]; B 3—4 paza u cumxenuio [K*]; Ha 50%, 4To conpoBoXaaeTcs TOBbIIEHUEM
[K*] ; B TIJIa3Me M MEXKIJIETOYHOM XUAKocTH [36]. DTO MO3BOMSIET MPEAIONOXHUTE, YTO
W3MEHEHUE KOHILIEHTPaluu [Na+],- u [K+],- MOXET SIBJISITbCS (haKTOPOM, PETYIUPYIOLIUM

MeTaboIMYeCKHe TTIePeCTPOMKI B MBIIIIEYHBIX BOJIOKHAX, B TOM YUCJIE, CTOCOOHOCTD YT -
nu3upoBaTh moko3y [30, 31]. B HEKOTOPHIX THUMAX KJIETOK IOBHIIIEHE COOTHOIIEHUS

[Na™]/[K*]; npuBoauio k sxcnpeccut mRNA Le/10ro psiia peryasTopHbIX Moseky [37].

BbBIBO/1bI

1. ®opmupoBanue CJI I y mbiieit cornmpoBoxkaaeTcss UBMEHEHUEM COAEPKaHUSI U30-
dop™m anbda 1 u 2 Na™/K -ATdaspl B MbILIeuHO TKaHU. DhDOEKT TPUHYIUTETBHBIX
GeroBbBIX HArpy30K Ha conepxaHnue usodopm Na™/K -ATdDa3bl B MBIIIeUHOI TKAHU BBI-
paXkeH 3HAYUTEJIbHO M pa3jinyaeTcsl B BO3pacTHBIX rpymnnax. Ha ¢)oHe mpuHyauTeIbHBIX
0eroBbIX Harpy30K y JKMBOTHBIX, TTOJIyU4aBIIUX KMPOBYIO AUETY, COolepXKXaHue N30(OPMbI
anbda 2 Nat /K -AT®a3el B MBIIIIEYHOIT TKAHU BO3PACTHBIX MbIILIEIT OBUTO 3aMETHO BbI-
111€, YeM Y MOJIOJIbIX.



BIIMAHUE MMPUHYAUTEJIbHBIX BETOBBIX HAI'PY30K 1931

2. OGHapyxXeHa 3aBUCMMOCTb BJIMSHUSI MPUHYIUTEIbHBIX OETOBBIX HAarpy3oK Ha cO-
nepxXXaHue JaHHOTO ¢hepMeHTa OT BPEMEHM MX MPUMEHEHUs. Y MOJIOABIX XMBOTHBIX
MPUHYOUTEIbHBIE OETOBbIE HArpy3KM CIOCOOCTBOBAIU CHUXXEHUIO COAEPKAHUS W30-

dopMmel anbda 2 Nat /K -ATda3kl B MbIILIEUHOIT TKAHU, €CJIM HArpy3Ka MPUMEHSUIach B
CBeTNIyIO (ha3y WM B TIEPEMEHHOM peXuMe. Y BO3PACTHBIX XKUBOTHBIX 3(PdeKT peru-
CTPUPOBAJICS TIPY BCEX PEXXMMaxX MPUMEHEHMST Harpy30K, HO B HAMOOJIbIIIeit CTeTIeHN — B
cBeTiIyIO (hasy.

3. Y MoonbIX (KMBOTHBIX ¢ MoJie/ibio CJ1 M3MeHEeHUsI KOHLICHTPALMii OMHOBAJEHTHBIX
KaTMOHOB HATPUs U KaJlusl MOCJie MPUHYAUTEIbHBIX 0€TOBBIX HArPY30K ObLIN BhIPAXKEHbI
B MEHBbIIIEH CTereHU. Y BO3paCTHBIX MbIleit ¢ Moaenabio CII Ha (hoHe MPUHYIUTETbHBIX
Harpy3oK HabJIIo1ajioch BO3pacTaHUe COAepKaHWsI HATPUSI U CHYDKCHUE COMIepKaHMST Ka-
JIVST B MBIILIEYHOM TKaHU.

COBJIIOAEHUE 5TUYECKHUX CTAHOAPTOB

Bce nmpuMeHMMBIe MeXIyHapoaHble, HAIIMOHAIbHBIC U/WJIU WHCTUTYLIMOHAJIbHBIE TPUHLIMITHI
yXoJa ¥ UCITOJIb30BaHMsI XKUBOTHBIX ObUTH COOJTIOeHBI. Bee rpolienypbl, BHITOJIHEHHBIE B UCCIIEN0-
BaHMSIX C y4aCTUEM KUBOTHBIX, COOTBETCTBOBAIM 3TUYECKUM CTaHIapTaM, YTBEPXKIESHHBIM MPaBo-
BbIMU akTaMu P®, npuHumaMm basenbckoii neknapany 1 peKOMEHIAIMSIM KOMUCCUU 0 O1M03-
Tuke buonornuyeckoro nHcTUTYTa TOMCKOTO rOCYyIapcTBEHHOTO yHUBEpcUTeTa (TpoTOKOoJ Ne 32 ot
02.12.2019 1.).
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Influence of Forced Running Loads on the Content
of Na*/K*-ATPase Isoforms and Monovalent Cations in Skeletal Muscles
of Mice with a Model of Type II Diabetes Mellitus

A. N. Zakharova“, K. G. Milovanova“, A. A. Orlova“, E. Yu. Dyakova“, Yu. G. Kalinnikova“,
0. V. Kollantay’, 1. Yu. Shuvalov?, A. V. Chibalin’, and L. V. Kapilevich? *

“National Research Tomsk State University, Tomsk, Russia
*e-mail: kapil@yandex.ru

The effect of forced running for 1 hour daily for 4 weeks on the content of Na+/ K*-ATPase
isoforms and monovalent cations in the skeletal muscles of mice with a model of type 11
diabetes mellitus (DM-II) was studied. To form a model of the disease, a high-fat diet
was used, and physical activity in the form of forced running was carried out for 4 weeks.
The content of Na™/K-ATPase isoforms and Nat and K* ions in muscle tissue of
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m. gastrocnemius was determined by Western blotting and atomic absorption spectropho-
tomery, respectively. It has been shown that the formation of DM-II in mice is accom-
panied by changes in the content of Na+/K+-ATPase alpha 1 and 2 isoforms in muscle
tissue. The effect of forced running loads on the content of Na*/K*-ATPase in muscle
tissue is significant and primarily differs in age groups. One can also note a certain de-
pendence of the influence of forced running loads on the content of this enzyme on the
time of their use. In young animals, changes in the concentrations of monovalent sodi-
um and potassium cations after forced running loads were less pronounced. In aged
mice, against the background of forced loads, an increase in the content of sodium and
decrease in the content of potassium in muscle tissue was observed. The detected chang-
es in monovalent cations content in the muscle tissue of mice with diabetes mellitus I1
under the influence of forced running loads may play a role in the implementation of the
metabolic effects of physical activity.

Keywords: monovalent cations, Na+/ K+—ATPasa, muscles, running load, diabetes mellitus
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