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M3yyeHo BIMsIHUE MPUHYAUTEIBLHOTO Oera B TedeHue | 4 eXXeqHEeBHO Ha TTPOTSKeHUU
4 Hemenb Ha colepxKaHue n30hopM Na+/K+—ATCDa3I;1 U OMHOBAJIEHTHBIX KATUOHOB B
CKEJIETHBIX MBIIILAX MBbIlIe ¢ Momenbio caxapHoro muabera II tuma (CH 1I). Jdus
dopMupoBaHus MoneN 3a00JIeBaHUSI UCIIOIb30BaJIach BBICOKOXMPOBas nueta, hu-
3W4YeCKUe HArpy3Ky B BUIE MMPUHYAUTEBHOTO Oera MpoBOAUIUCH B TeueHUe 4 HelleNb.
Conepxanne nsodopm Nat /K -AT®azer u nonos Na™ u K B MbleuHoi TKaHu
m. gastrocnemius OTIpeNleNsIach METOJIOM BECTEPH-OJIOTTUHTA U aTOMHOI aGCOPOLIMOH -
HOI crieKTpodoToMepun cooTBeTCTBeHHO. [TokazaHo, uro popmupoBanue CJI 11 y MbI-
el COMPOBOXIACTCST M3MEHEeHWeM coxepxkanust nzodopm ambpa 1 u 2 Na'/K'-
AT®a3bl B MbIlIeYHON TKaHU. DPGHEKT MPUHYIUTETbHBIX OETOBBIX HAIPY30K Ha CO-
nepxaHue Na*/K*-ATCDasbl B MBIIIEYHOM TKAHU BbIpaXKeH 3HAYUTEIbHO U MPEXIe
BCEro pasjnyaeTcsl B BO3paCTHBIX rpymnmnax. Takke MOXHO OTMETUTb OMNpeneeHHYIO
3aBUCUMOCTbD BJIUSTHUSI IPUHYAUTEIBLHBIX OETOBBIX HArpy30K Ha colepKaHue JaHHOTO
(epMeHTa OT BpeMeHU UX MPUMEeHEHUsI. Y MOJIOABIX XXKMBOTHBIX U3MEHEHUSI KOHLIEH-
TpaLMii OTHOBAJICHTHBIX KATUOHOB HATPHsI U KaJIMSI 11OCJIe TPUHYIUTENbHBIX OETOBBIX
Harpy3oK OB BhIpaXXeHBI B MEHBIIENW CTeTIeH!. Y BO3PACTHBIX MBIIIEi ¢ MOIEIBIO
CJ1 Ha ¢hoHe MPUHYAUTETBbHBIX HArpy30K HA0JI01aI0Ch BO3pacTaHUe COlep>KaHUsT Ha-
TPpUsI U CHUKEHUE COACPKAHUS Kalvisl B MbILLIEYHOU TKaHU. OOHapyKeHHbIe U3MEHe-
HUsI 0OMeHa OMHOBAJICHTHBIX KaTUOHOB B MBIIIIeUHOI TKaHu MbIieit pu C/ 11 mon
BJIUSTHUEM MPUHYIUTEIbHBIX OETOBBIX HArPY30K MOTYT UTPATh POJIb B peaau3allii Me-
Tabomnueckux 3(pHeKToB PU3MIECKO aKTUBHOCTH.

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

Caxapuprit nua6et II Tuna (C 1I) cunTaroT omHO# 13 BaxKHEHIIMX MpoOJIeM COBpe-
MEHHOCTH, Ha Hero mpuxonurcs okono 90% ciyuyaeB nuabeta. Ero maroreHes cBsizaH c
PE3UCTEHTHOCTBIO K UHCYJIMHY B nepudepruuecKrX TKaHsIX U BCJIEICTBME 3TOrO BO3pac-
TaHUEM KOHIIEHTpAaIlMU DIOKO3bl B KpoBu [1—3]. HecMoTpst Ha 3HaUUTEIbHOE KOJUYE-
CTBO UCCJIEOBAHUI MeTa00IM3Ma DIIOKO3bl, MOJIEKYJISIPHBIE MEXAHU3MBI €T0 PETYJISILIIUNA
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B HOPME€ M MAaTOJIOTMU OCTAlOTCSI HEAOCTAaTOYHO M3y4yeHHBIMU [4]. OCOGEHHO aKTyallb-
HBIM OCTaeTCs M BOIIPOC HEMEIUKAMEHTO3HOTO JICUEHUST META00IMUYECKUX PACCTPOMCTB,
B TOM YHUCJIE, U TIPU TTIOMOIIM (pU3NIECKUX HArpy3oK. MeTtabonnyeckue n3MeHeHUs MO/
BIMSIHUEM (DU3NUECKUX HArpy30K — OYEHbB CIIOXHBIN MPOLIECC, KOTOPbIA OMHOBPEMEHHO
BKJIIOYAET UHTETPATUBHBIC U aJaniTUBHbIE PEaKIIMU B HEKOTOPBIX TKAHSIX U OpraHax Ha
KJIETOYHOM M CUCTEMHOM YpOBHe |5, 6].

OnHo#i u3 Mmoneneit GopMupoBaHUs nuadeTa SIBISIETCS COAepXXaHUe XKUBOTHBIX Ha
BBICOKOXUPOBOU nuete. [IutaHue ¢ BBICOKUM CONIEp>KaHUEM XUPOB MOXET TPUBECTU K
OXHWPEHUIO, TMIIEPUHCYJIMHEMUU U U3SMEHEHHOMY TOMEOCTa3y IIIOKO3bl U3-3a HEAOCTa~
TOYHOI KOMITEHCAIIMU CO CTOPOHBI OCTPOBKOB JlaHrepraHca [7]. [ToCKONbKY OKUpEHUE
B OTOM cCJIydae BbI3BAHO MaHUITYJISILIUSIMU C ITUTAHUEM, a HE C IMTOTOKCUYECKUMU Belle-
CTBaMU, CUMTAETCS, YTO TaKKE MOJIEJIN OoJiee CXOMHbBI ¢ 3a00JIeBaHMEM Y UeJIoBeKa.

MpblllieyHasi TKaHb SIBJISIETCSI OCHOBHBIM TMOTPEOUTENIeM SHEPTUU, TAe XUMUYecKast
9HEPTrUs XKUPHBIX KUCJIOT U TIIIOKO3bI TTpeoOpasyeTrcst B MexaHudeckyo [8]. Kpowme Toro,
MBIIIEYHBIE KJIETKU TPU COKPAIIEHUU CIOCOOHBI MPOAYLIMPOBATh OEJIKOBbIE CUTHAJb-
HbIE MOJIEKYJIbl — MUOKUHBI. CTIEKTp BbIpabaThIBaEMbIX MUOKMHOB U UX POJIb B META00-
JIMYECKUX Tpolieccax TO0CTaTOYHO pa3HOOOpa3Ha. MUOKHMHBI ¢ TOMOIIbIO TPOTHBOBOC-
MaJIUTEIbHOTO BO3IEUCTBUS Ha CAMU MBILILBI MOTYT MPOTUBOAEHCTBOBATh PE3UCTEHT-
HOCTHU K UHCYJMHY [9]. KpoMe Toro, mpu u3nIecKuX YIpaK HEHUSIX 3KCITPECCUPYIOTCS
OeJIKOBbIE MOJIEKYJIbI, BOBJICUEHHBIE B MPOLIECCHl NIMKOJIM3a U MeTab0oJIM3M aMUHOKUC-
aot [10]. CiaenyeT OTMETUTh, UYTO (pM3MUeCKasi aKTMBHOCTh OKAa3bIBaeT €CTECTBEHHOE
MPOTUBOBOCMAIUTEIbHOE e ICTBME U CIIOCOOCTBYET aKTUBALIMU METa0OIUUYECKUX MTPO-
neccoB [11]. IToaToMy MBIIIEUHOI TKAaHM MOXET IpUHAMIeXaTh 3HAUUTEIbHasl pOJib B
KOppeKIMU MeTaboJIMYecKUX HapylleHui. B mpeaplnymiux uccieaoBaHusIX HaMu ObLITO
JIOKa3aHO, YTO COAepKaHUEe B KPOBU HEKOTOPBIX HUTOKMHOB (IL-6, 1L-8, 1L-15, LIF)
Mpu pa3IudyHbIX GUMYECKUX HArpy3kax M3MeHsieTcsl HeogmHakoBo [12, 13]. [Toatomy
MpeanojaraeTcs, YTo SHAOKPUHHBIE 3((MEKTHI MBIIIIEYHON TKAHU TaKXe pa3HOOOpa3HbI
B 3aBUCHMMOCTHU OT PEXMMOB MBIIIIEYHOTO COKpPAIIICHMUSI.

OnHaKo MeXaHU3MbI BIUSHUS (PU3NYECKON aKTUBHOCTH Ha PE3UCTEHTHOCTh MbIIIEU-
Hot TKaHM K mHcynuHy npu CJI 11 mo cux mop ocratorcs npenmerom auckyccuu. Ilpm
9TOM BHUMaHMUE UCCIieloBaTeNel Bce 00bliie MPUBJIEKAET POJIb ONHOBAJIEHTHBIX KATHO-
HOB B 3TUX Ipolieccax. B MHOrouncieHHbIX UCCIEA0BAHUSX ObLIO MOKAa3aHO, YTO KaK Y
YyeJIoBeKa, TaK U Y 9KCIIEPUMEHTAIbHBIX XKUBOTHBIX MHTEHCUBHBIC (PU3UYECKUE YITPaXK-
HEHUs CrocobCTByIOT yBenuuenuto [Na']; B 3—4 pasa u ymenbenuio [K*]; no 50% B
CKeJIETHBIX MBIIIIIAX 32 CUET aKTUBALIMU MOHHBIX KAaHAJIOB. BbLIO Takke MponeMOHCTpU-
poBaHo, uTo BbIxoA K* 13 MBIIIIEYHBIX KIIETOK BO BpeMs! YIIPaKHEHUIi TPUBOINT K TTOBBI-

mreHnto [K1] B MHTEpCTHIINATBHOI KIIKOCTH CKEJIETHBIX MBI OT 4—5 1o 11—15 MM.
V moneit THTEHCUBHBIEC TMHAMWYECKHE Y CTAaTUYECKUE YITPAXKHEHWS TIPUBOISAT K 2-KpaTHO-

My moBbiieHno ypoBHS [K'] B BeHO3HOIT KpOBM WM3-3a €ro BBIXOJA M3 CKEIETHBIX
MBI, KOTOPBIE ABJIAIOTCS OCHOBHBIM MCTOYHMKOM BHyTpukieroyHoro K* B opranus-
me [14—20].

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

YCIOBUEM U3MEHEHUS] TPAHCKPUIILIMU JECSITKOB YHUBEPCAJIbHBIX U COTEH TKaHECIeLU-
duueckux reHoB [21]. B psiae ciyyaeB 3T UBMEHEHUST TPAHCKPUITLIMU HE CBSI3aHbI C BO3-

MOXHBIM IIPUPOCTOM [Ca2+],-. bbu10 mokazaHo, 4TO B yCIOBUSIX TUIIOKCUU HAOIIOMAeTCs
yBesmaeHne cooTHomeHus [Na'] /[K*];, 4TO MOXET GbITh TOCTATOUHBIM YCTOBUEM LISl

M3MEHEeHMsI TpaHCKpUIITOMa 3TUX KJIeToK [21]. Bbuto oGHapyXeHO, UYTO AMCCUITIAlIUS
TPaHCMEMOPAHHOTO IPagfveHTa OAHOBAJIEHTHBIX KATUOHOB, BbI3BAHHASI UHTMOUPOBAHU -

em Nat/K"-AT®a3bl, MPUBOIUT K YBEIUUEHUIO TPAHCKPUTILIMY reHOB PTGS2 u NR4A1
¢ nomotipio Ca-KajabMOMYJIMH-0TIOCPETIOBaHHOTO (hocOopuaInupoBaHUs TPAHCKPUITIIV-
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oHHoro (akTopa, crmocooHoro cBsi3biBaTh CRE-nocnenosarensHoctn JIHK (CREB) u
OTOCPENOBaHHOTO KaJlblIMHEHpUHOM nedochopuinpoBaHus siIepHOTO (hakTopa akTH-
BupoBaHHEIX T-kieTok (NFAT) coorBeTcTBeHHO [21]. B Hammx npenplomymmnx padorax
[22—24] moka3zaHO BIMSHUE OMCCUMNAIMU TPAIUEHTOB OMHOBAJIEHTHBIX KAaTMOHOB Ha
9KCIIPECCUIO TEHOB U MTPOAYKIIMIO0 MUOKHWHOB.

B nuteparype ormeuaeTcst cHikeHMe akTuBHOcTH Na't/Kt-AT®assr y 60mpHEX CJ1
M0 CPaBHEHUIO C JMLIaMU 0e3 nuabeTa. DTO CHUXKEHHE OMUCAHO KaK B KJIETKaxX CKeJeT-
HBIX MBI [25], Tak 1 Muokapaa [26] u spurpouutoB [27]. TIpu 3TOM aKTMBHOCTD
Na*/K"-AT®a3bl He MMena 3aBUCUMOCTHM OT BO3pacTa M MoJja 00C/IeqOBAHHBIX JIMIL,
ocTaBajlaCch HU3KOi IPU BCEX CpOKax 3a00JieBaHUS U HEIOCTOBEPHO CHUXKAJIACh C YBEIU-
YeHUEM TMPOIOJKUTEIBHOCTU 1rabeTa. B To ke BpeMst naHHbII MoKa3aTeIb MMeJl 00par-
HYIO 3aBUCUMOCTB OT ypoBH:I HbAlc.

Takum 06pa3oM, TOCKOJIbKY COKpATUTENIbHASI aKTUBHOCTD MBIIIIEYHBIX KJIETOK COMPO-
BOXIAeTCsl NMCCUTIALIMEl TPaaMeHTOB OXHOBAJICHTHBIX KaTMOHOB, KOTOpasl SIBJISIETCS
MYCKOBBIM (PAaKTOPOM M3MEHEHUSI TPAHCKPUIIIIUY TeHOB [28—31], 3TOT MexaHU3M MOX-
HO paccMaTpuBaTh KaK OAWH M3 BapMaHTOB IYTHU peaau3aluu 3(p¢eKToB (pusndecKoi
aKTUMBHOCTU TIPU caXxapHOM auabeTe.

B cBs131 CO BCEM MBJIOKEHHBIM 1I€JIbIO HAIIIeTo UCClIeNOBaHMe ObIJIO U3YYUTh BIUSIHUC
(busMyecknx Harpy3ok Ha conepxkaHue nzopopm Nat/K'-AT®asel 1 MOHOBAJIEHTHBIX
KaTMOHOB B CKEJIETHBIX MBIIIIAX MBIIIEH ¢ MOJIeIbIo caxapHoro nuatdera 11 tumna.

METOAbI UCCIEJOBAHUA

B kadecTBe 00BbeKTa MCCIIEIOBAaHUS UCITOIb30BAIMUCH MBIIIM-caMIIbl JMHUU C57b1/6.
Mpbiu OblTM MOJyYeHbl U3 BUBapusi TOMCKOro HAllMOHAJIBHOTO MCCIIEN0BaTEIbCKOTO
MeIULIMHCKOTO 1ieHTpa Poccuiickoit akamemuu Hayk, HaydyHo-ucciaenoBaTeIbCKuii MH-
CTUTYT (hapMaKkojioruu u pereHepatuBHoit meauimHbl uM. E.J1. Tonea6epra. Pexum co-
Jep>KaHUsl XKUBOTHBIX: J€Hb/HOYb: 12/12 4, cBeTOBOI IeHb HaumHaics ¢ 6:00, cBo6OI-
HBII JOCTYT K MUIIIE U BOJe, TeMIlepaTypa B moMelieHuu 24°C.

Cxema 3KcIiepMMeHTa MpencTasiieHa Ha puc. 1. bt chopMupoBaHbl SKCTiepuMeH-
TaJIbHbIE TPYIIBI MBIl pa3IMIHOTO Bo3pacta. [pynra MoJIoabIX XXMBOTHBIX BKJTIOYA-
Jlach B 3KCMEPUMEHT B Bo3pacTe 4-X Hell., TpyIia BO3pAaCTHBIX XXMBOTHBIX BKJIIOUAIACh B
9KCHEPUMEHT B Bo3pacTe 32-X Hell.

DKCIepuMeHT Tponorkajicsa 16 Hen. o 12-it Hegenu MBIIIKA KaXXAoil BO3pacTHOM
TPYIIIBI ObUIM pa3nesieHbl Ha 2 moArpynIisl (puc. 1):

— XKMBOTHbIE, HAXOIMBIIIMECS HA XXMPOBO ueTe — 28 MBIIIEi;

— XKMBOTHBIE, TTOJTyYaBIINE CTAHIAPTHBINM pAllMOH — 28 MBIIIEI;

st popmupoBanus moaeau caxapHoro nuadeta 11 tuma (C/I 11) ncrmonbp3oBaiach BBI-
COKOXXMPOBasl nuera B TeueHue 12 Hem., KoTopasi Oblia pa3paboTaHa CIeUAIbHO IS
naHHoro akcnepumMeHTa. KopMm st mepBoit rpymniibl ObLT MTPUTOTOBJIEH HA OCHOBE OIU-
caHHoro Beiire kopma “Ilpokopm” (50%) ¢ BKIIOYEHMEM KUBOTHOIO (CBUHOM KUP)
(20%) u pactutenbHoro (rmoacoiaHedyHoe Maciio) (10%) xupa, caxapa (15%), cyxoro Mo-
soka (5%); kanopuitHocTb — 5100 KKaj/Kr, B TOM YUCJie Ha JOJIIO KUPOB MTPUXOIUIOCH
59% xanopwuitHocTH. [TpOAYKTHI U3MENBUATTUCH B OJIEHIEpe B TOMOTEHHYIO CMECh, TIOCITe
yero macca ¢popMupoBagachk B rpaHysbl AuameTpom a0 10 MM 1 BeICylIMBaIach B TyXO-
BoM 1kady npu 300°C. Kopm mnpurotoBisiica Ha 5 gHeit u xpaHwics npu —20°C.
B npenBapuTeabHBIX MCCIEIOBAHMX, OITyOIMKOBAaHHBIX HaMU paHHee [32], ObL10 ImoKa-
3aHO, YTO MCIIOJIb30BAHUE BBICOKOXUPOBOI AMETHI Y MblllIEH TPUBOJUT K YBEJTUUYEHUIO
Macchl TeJ1a 1 (QOPMUPOBAHUIO OXKUPEHUSI, TUTIEPTIIUKEMU U, CHUXKEHUIO TOJIEPaHTHOCTU
K TJTI0OKO3€ Y TUIIepUHCYJIUHEeMUU. Bce 3To CBUAETENBCTBYET O BHICOKOM CTEIIEHU aaeK-
BaTHOCTU pa3pabOTaHHON SKCIEPUMEHTAIBHOI Moeu 3abosieBanuio nruabetom 11 tumna.



BIIMAHUE MMPUHYAUTEJIBbHBIX BETOBBIX HAI'PY30K 1923

[ Experimental animals — mice C57b1/6 — 112 |
Young-age mice — 56 | [ Old-age mice — 56 |
%
g High fat diet — 28 Chow diet — 28 High fat diet — 28 Chow diet — 28
(]

Without forced exercise

I 7 | 7 | 7 | 7 |
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- decapitation mice

- isolation of m. gastrocnemius

exercise

- sample preparation

1 day after

Puc. 1. Inzaiin sKcriepyuMeHTa.

Bropass rpynma nuTamach KOpMOM IS JIaOOpaTOpPHBIX KMBOTHBIX “IIpokopm”™
(3A0 buornpo, HoBocubupck): miineHuiia, s4MeHb, OTpyOu, IIIOTeH KYKYpY3HbIii, MyKa
pbIOHAasI, GeJIKOBasi KOPMOCMECh, MAaCJIO MOICOJHEYHOE, IIPOT COEBBIi; KAJIOPUHOCTh —
3000 KKaJj/KT, B TOM YUCJIe Ha JOJIO XXUPOB MPUXOANIOCH 18% KalopuitHOCTH.

HauuHas ¢ 12-0if Hefenn Kaxaast TpyIia XXMBOTHBIX OblJ1a TToIeJieHa Ha TIOATPYITIbI —
MOIBepraBIINXcsi (OCHOBHASI — 21 XMBOTHOE) 1 HE TTOOBEPraBIINXCs (KOHTPOIbHAS — 7 KU~
BOTHBIX) IIPUHYINTEIbHBIM OSTOBBIM Harpy3kam (puc. 1).

PaznuuHbIe TTOATPYIITBI OCHOBHOM TPYITITBI MBIIIIEH TTOABEPTaJINCH OETOBOI HArpy3Kke
B pPa3HOE BpeMsI CyTOK.

Ipynma A — moaBeprajivch 6eroBoii Harpy3ke B cBeTsioe BpeMs cyTok (¢ 8-00 mo 10-00 u) —
7 XXUBOTHBIX;

I'pynma B — nmonBepranuck 6eroBoii Harpy3ke B TeMHoe Bpemsi cyTok (¢ 19-00 no 21-00 ) —
7 XUBOTHBIX;

I'pyrnma C — BpeMsI IpUHYIUTETBLHOM GETOBOI Harpy3KM 4yepenoBajioch (TlepeMeHHbIi
PeXKrM): MEPBYIO U TPETHIO HeeIu B TeMHOe BpeMmsi cyTok (¢ 19-00 no 21-00 u), BTOpY!IO 1
YeTBEePTYIO Hedeau — B cBeT0e BpeMs cyTok (¢ 8-00 mo 10-00 4) — 7 XUBOTHBIX.

st HopMUpOBaHUSI HAarpy3Ku OblJ1a UCITOJb30BaHa pa3paboTaHHas MO HallleMy 3aKa-
3y 6eroBast nopoxka st Mbitieit BMELAB SID-TM 10 [33]. ITpunyxneHue K 6ery ocy-
LIECTBIISIIIOCH SJIEKTPUUECKHUM pasapaskeHHueM, HallpsoKeHYe TToAaBajloch Ha MeTaJlTJe-
CKYIO CETKY, PacCITOJIOXKeHHYIO Ha 3aJHeil cTeHKe KaMepbl. JlIopoxkka mmesna TyMmOJep
BKJIIOUCHUS JIEHTBI, TYMOJIEp BKIIIOUEHUSI TOKA, PETYJISTOP CKOPOCTU IBUXKEHUS JIEHTHI,
PEeryJsITOp CUJIbI TOKA, pPhlYar MU3MEHEHMS YIJia HAaKJIOHA JIEHThl. MBI Ha TOPOXKE ObI-
JIM U30JIMPOBAHBI IPYT OT Jpyra CTeHKaMU U3 oprcTekiia. [TokpbiTue IBYXKYIIEHCS JICHTbI
MMeJIO PE3MHOBYIO IIEPOXOBATYI0 MOBEPXHOCTh. CBepxy MOpOXKa 3aKpbiBajaCch MpO-
3payHOi KPBILIKOMN U3 OPrcTeKIa.
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IMpuHynouTenbHbIE GErOBbIE HATPY3KU MTPOBOIMINUCH B TeueHUE 4 Hel. 6 pa3 B HEOEIO,
MPOIOJIKUTETBHOCTh HArPy3KH MOCTENIEHHO 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 Helesto U3MEHsICS YToJT TTIoIbeMa MoJIOTHA 6eroBoit TOPOXKKHU (OT
0 1o 10°) u ckopocTb ee BpaiieHus (ot 15 1o 18 M/MuH). OnuH pa3 B HEIEJI0 HArpy3Ku
HE BBIIOJHSIUCH (Ha 7-11 IeHb).

YMeplIBieHUEe 3KCIIEPUMEHTAIBHBIX XWBOTHBIX MPOBOIWIOCH METONOM JAcKaruTa-
1M yepe3 24 4 nocne nocieaHeit Harpy3ku. C o6enx 3aqHUX KOHEYHOCTE BhIIEISIIIUCH
m. gastrocnemius, MbIIIICYHAsT TKAHb OYUIIATIACH OT COSNMHUTEIBHOM 1 XKMPOBOI TKAaHM.

Onpedenenue Na*/K*-AT®a3zer 6 mbiuwe ol mxanu

ToMoreHu3al1Io MBILLIEYHOM TKAHU JJIs1 BECTEPH-OJIOTTUHTA MPOBOAMIIM CJICAYIOLIUM
o0paszoM: Tepes JU3UCOM TKaHb CHauajla paspe3ayiu CKajibleJeM Ha CTeKJISTHHOI Iia-
CTUHE, HaXOsIeics Ha Jiboy, Ha HEOOJbIINe KyCOUKM pa3MepoM ~1 MM. 3atem ux mne-
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 Mkr/mi neitnen-
tuHa, 0.2 [IMC®, 10 NaF, 1 DATA, 1 ATT, 5 nupodocdara Hatpusi, 100 6eH3aMuanHa)
B CIleLMaJbHble MTPOOMPKU JUISI TOMOT€HU3alMU C 3aKPyYMBAIOIIMMUCS KPBIIIKAMU U
yTouieHHbIMU cTeHKaMu. Mcnonb3oBanu 50 Mkt 6ydepa Ha 20 Mr BIaXXHOI MbILLIEYHO
TKaHu. Bo Bpemst 06paboTKY MaTepuall XpaHWUJICS Ha JIbIy. 3aTeM B IPOOUPKH MTOMeIa-
JIM MeTaJUIMYecKue mapuku nuamerpoM 5 mum (Qiagen, I'epmanwms). [1podbupku momenia-
M B BUXpeBoit maboparopHbiii Mmukcep Digital Vortex-Genie 2 (Scientific Industries,
Inc., CIIIA) Ha 15 muH npu 4°C. 3aTeM OCTaBISIM Ha MUHU-poTOp-1ieiikepe (MP-1,
Biosan, JlatBust) B xosioguiibHUKe Ha 1 4. Janee ueHTpudyrupoBanu mnpu 13000 06/MuH
B TeyeHue 5 MuH npu 4°C 1 TIepeHOCUIIU ITPO3PavYHbIil CyIIepHATAHT B HOBbIE UETKO Map-
KMpoBaHHbIe MPoOMpKU. OTOMpanoch 20 MKII U151 ONIpeeieHUs] KOHLIEHTPpAllMX OOIIeTO
Oenka B oOpasiie (Meton bpandopna).

Jns ompenenenust KoHueHTpauuu uzodopm Nat /K -AT®a3bl B MbILIeUHOI TKAHU
MPOBOAWIIM 3JIEKTpOdOpe3 B MOJIMAKPUIAMUIHOM Tejie B IeHATYPUPYIOIINX YCIOBUSX
cornacHo metony Laemmli (1970), ucrionb3yst 5%-Hblit KOHLIEHTPUPYIOIIUI (MIPUTOTOB-
JieH Ha OydepHoM pacTBope, conepxateM 0.5 M tpuc-HCI, pH 6.8, 0.4% SDS) u 10%-Hblit
paznensiolnii (MpuroToBjieH Ha OydepHoM pactBope, conepxaiieM 1.5 M tpuc-HCI,
pH 8.8, 0.4% SDS) reau. Kamepy mist ainexTpodopesa 3aroaHsun 6yhepoM, KOTOPhIi
conepxan 1.92 M mmununa, 250 MM Tris-HCI (pH 8.6) 1 1% SDS. CtokoBbiit pacTBOp
nonuakpuiamuaa cogepxan 30% akpunamuna u 0.8% N,N-MeTueH-0Mc-aKpyiIaMuaa.
O06pa3siibl 6enka st 2JeKTpodope3a TOTOBWIN U3 O0IIEro roMoreHara MbIIIIIbI, UCTIOJb-
3ys1 4-kpaTHblii Oydep (250 MM Tpuc-HCI, pH 6.8, 8% SDS, 40% caxapossr, 0.05%
O6poMdeHOIOBOTO CUHETO, 5% B-MepKanTosTaHoIa) U WHKYOUPOBAIN B TeYeHUE HOYU
MpY KOMHATHOM TemItepatype. JIJIst KOHTpOJIST MOJIEKYIIPHOI MacChl 6eTka UCTIOTh30Ba-
JIMCh MapKephbl MoJieKyisipHoit Macchl (Bio-Rad, CIIIA). Dnekrpodopes mpoBoamin,
ncnoiab3ysa Kamepy Mini-Protean 111 (Bio-Rad, CIIIA), HaunHas mipu cuiie Toka 25 MA.
Ilocne BxoxneHust 0O0pa3lioB B pa3dessIolInii Tejib CUIy TOKa yBeanuuBaiu 10 50 MA.
KommyecTBO 00111eTO GeiKa, HAaHECEHHOTO B KaXKIYIo JIYHKY, cocTanisiiio 10 Mxr. ITocie
aneKkTpodopesa 6enku repeHocuau us rejst Ha PVDF mem6pany (Bio-Rad, CIIIA) B 6y-
depe ws nepeHoca (25 MM Ttpuca, 192 MM muumHa (pH 8.3), 20% sTaHoa) B TeUeHHE
1.5 9 mpu cuire Toka 400 MA. 1151 moaroTOBKM MeMOpaHbl K UMMYHOXMMHYECKOMY OKpa-
IIMBAHUIO €€ IIPOMBIBAIM HECKOJIBLKO pa3 B pactBope TBS (50 MM Tpuc, pH 7.4, 150 MM
NaCl). Hanee npoBOAWIM OJIOKUpPOBaHUE 5%-HBIM CyXUM OOE3XKMPEHHBIM MOJIOKOM
(Bio-Rad, CIIIA), npurotosieHHoM Ha PBSt (PBS c¢ mo6asnenuem TBun-20 0.1%).
bysiokupoBanu B TeueHUe Yyaca NMpu KOMHATHOM TeMreparype U Mpu IMOCTOSTHHOM Tiepe-
MEIIMBaHUU.
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Benku-MullieH! ONnpenessuiv IMyTeM MHKyOauuu B TeueHrue Houu rnpu 4°C B 5%-HoM
cyxoM Mojioke B TBSt (100 MM Tpuc, 1.5 M NaCl, 1% Tsuu-20) B pazBenenuu 1 : 1000 ¢
MEePBUYHBIMU KPOJIUIbUMMU TTOJTUKIOHATBHBIMU aHTUTEJIAMU TIPOTUB allb(ha-2-cyobeam-
Huuel Nat /K -AT®azer (kat. Ne AB9094-1, Sigma-Aldrich, CLLIA) u npoTtus anbda-1-
cy6benuaunbl Nat /K -AT®aser (kat. Ne 05-369, Sigma-Aldrich, CILIA). 3atem obpa-
3el] MHKYOMPOBaIM CO BTOPUYHBIMU aHTUTEIAMU, KOHBIOTMPOBAHHBIMU C MIEPOKCUIA-
3011 XxpeHa (aHTUMBILIKMHbBIE, KaT. No 1706516, antukponuubu, kat. No 1706515, BioRad,
CIIIA) B TeueHue 1 4 mpu KOMHaATHOM Temreparype B 5%-HoM cyxoM MoJioke B TBSt.

KoMmiekchl aHTUTreH-aHTUTEI0 BU3yaI3upoBain ¢ momoinbio Habopa ECL (Super-
Signal West Dura, Thermo Scientific, CIIIA) u cuctemsl mokymeHTUpoBaHus (Chemi-
Doc-1It 2, UVP, BenukoOputanus). JleHCUTOMETpUYECKUIT aHAINU3 TIPOBOIUIIN C TIOMO-
1IIbI0 TporpaMMHoro o6ecriedeHust Imagel. JlaHHbIe BECTEpH-OJIOTTUHTA MPEACTaBIEHBI
B OTHOCUTEJIbHBIX €IWHUIIAX 110 CPAaBHEHUIO C KOHTpoJieM. B kauyecTBe pedepeHCHOTO
Oenka 6pay onuH obpasell 6eKa Y )KMBOTHOTO KOHTPOJILHOM TPYMIIbI, U OH CITYKWUJI pe-
¢depeHCHBIM OeJTKOM 71T BCEX OCTANIbHBIX orpeneyieHuit. KoHTpobHbIe 3HAYEHUS TIPU-
HuMaIuch 3a 100%.

Onpedenenue konyenmpayuu uoroé Nat u K é mouueunoii mxanu

[MpenapupoBaHyie MBI npoBoawiv ¢ PBS 6ydepoM Ha by, mocie BelaeIeHNsT 00-
paslibl noMellany B IpoMbiBouHbI pactBop (100 MM MgCl,, 10 MM Tris-HCI, pH 7.4)
Ha JIbIy M MHKYOMpPOBaJU B TeYeHUE 15 MUH, 3aTeM pacTBOP MEHSIJIM Ha CBEXMUIA, JaHHYIO
npolienypy NoBTopsiiv 4 pa3a. M3Bie4eHHYO MBIIIILY B3BELIMBAIU U pa3pe3ajiu Ha MeJl-
KW€ 4acTH, MOCJIe Yero MoMeIaii B MUKPOIPOOUPKY, comepKallyo 5%-Hblii pacTBOP
TpuxIopyKcycHou KucaoThl (TXY), st MoHOTO U3BJIeUYeHUS MOHOB 13 TKAHMU.

Yepes cyTKr coaepkKMoe MUKPOIIPOOUPOK TOMOTEHU3UPOBAIIU B CTEKJISTHHOM TOMO-
rean3arope [loTrepa ¢ TehIOHOBBIM IeCTUKOM. [Tocie 3TOro HOMOTHUTEHLHO MTPOBOIAM -
JIW YIBTPa3BYKOBYIO IE3MHTETpaliIo 00pa31ioB ¢ ucrnojb3oBaHueM “Bradson 450 Digital
Sonifier” (Marshall Scientific) B TeueHue 30 ¢ ¢ MOITHOCTBIO 15% OT MaKCUMaJIbHOM aM-
TUTUTYIIbI, TIOBTOPSIIM MPOLIEAYPY 3 pa3a 10 MOJHOW TOMOTeHHOCTH cycrieH3uu. [lomy-
yeHHbI obpa3zell neHTpudyrupobanu npu 18000 g B TeueHue 10 MUH, cyniepHaATaHT Tie-
PEHOCUJIU B TIPOOMPKY [JIsI TMOCJIEAYIOIETO M3MepeHUs KOHIIeHTpaiuu noHoB. K ocan-
KaM noOaBisim jmsupyomuii RIPA O6ydep, comepxkamuii KOKTEIIb MHTHOUTOPOB
nporeas. [1pu onpeneaeHNN KOHIEHTpAIIUM GelKa UCTIOb30BaI MOIUMDUIIMPOBAHHBIN
meton Jloypu.

Conepxanne Na' u K* B skctpakTax TXY ompenesuii METOIOM IDTAMEHHOM aTOM-
HO-a0COpPOILIMOHHOM CIIEKTPOMETPUM C MCIOJb30BaHMEM crekTpoMeTpa “Ksant-2m1”
(Koptek, Poccus) co cmechbio nipormaH—Bo3ayX. J1Jist KamOpoBKY UCIIOIb30BaId PaCTBO-
pst KCI (0.5—4 mr/n K) u NaCl (0.05—2 mr/1 Na*), conepsxamie 5% TXY. Comepxa-

Hue Na* u K* kaxnoit mpo6bl HOPMaIM30BaIK O BIaXHOMY BECY COOTBETCTBYIOLIE
MBI, Bce pacTBOPBI TOTOBWIIM C UCTIOIb30BaHUEM IBAXKIbl I€MOHU30BAaHHOM BOIHI.

Memodbt cmamucmuueckoeo ananusa

Craructnyeckyr 00padboTKy AJaHHBIX ITPOBOAMIIN C UCITOJIb30BaHUeM mnakera Graph-
Pad Prism. YpoBeHb 3HAUMMOCTH IIPU IIPOBEPKE TUITOTE3bI MPUHAIICKHOCTU IBYX BbI-
OOPOK K OMHOI TeHepabHO# cCOBOKynHOCTH olieHuBaM o Kruskal—Wallis ANOVA test.
Bce nanHble nMenM HEHOPMaJbHOE pacnpenefieHue npusHaka. Jist cpaBHeHUs TPy
WCITOJIb30BAJICS IBYCTOPOHHUM TUCIIEPCUOHHBIN aHAIN3 C KPpUTEpUEM MHOXKXECTBEHHOTO
cpaBHeHUs Trloku u nornpaBkoii Xonma—Cunaka. JlaHHbIE TIpeCTaBIeHbl B BUIE CPEll-
HEro 3HAYCHMS U CPEHETO KBaIpaTUYHOTO OTKJIOHEHMSI.
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Puc. 2. KoHieHTparys n30¢hopMbl Na+/K+—AT(Da3b1 anbda | B MbILIIEUHOM TKaHU Mblleit. [TaHens (a) — Mo-
JIoZIbIe MBIIIN; MTaHe b (b) — Bo3pacTHbIE MBI, JlaHHBIE TTPEACTABIeHBI KaK cpenHee + cpenHee KBaaIpaTuaHOe
OTKJIOHEHUeE. * — MocToBepHOCTD pasnuuuii (p < 0.05) ¢ rpynmoii co cTaHmapTHOM AMETOM; # — JOCTOBEPHOCTh
pasmuumii (p < 0.05) ¢ TpyImoit MOJIOABIX MbITIIEiT; @ — nocToBepHOCTD paznuunii (p < 0.05) ¢ KoHTposieM.

PE3VJIIbTATBI UCCJIIEJOBAHMUA

B rmiepBoil 4acTH paGOTEI METOIOM BECTEPH-OIOTTHHTA OIPENEIISIOCh COTEpPXKAHUE
uzodopm anbda 1 1 ansda 2 Nat/KH-ATdas.

Ha puc. 2 npeacrasiaeHo coaepxaHue nzopopmsl anbda 1 Na* /K -AT®a3sl B MbI-
LIEYHOM TKaHU SKCTIEPMMEHTAbHBIX XKMBOTHBIX. Pe3ybTaThl MpeacTaBIeHbl B IPOLIEH-
Tax OT KOHTPOJs, 3a 100% NpuHATO coaepXaHWe TaHHOrO OejKa B MBIIIEYHON TKaHU
MOJIOJIBIX MBIIICH, HAXOASIIUXCA Ha OOBIYHON JUETE W He MOABEPraBIIMXCS TMPUHYIU-
TEJILHOMY Oery.

Kax BunmHO 13 puc. 2a, XUpoBas T1eTa y MOJOJIbIX XKMBOTHBIX CITOCOOCTBYET YBeJINYe-
HUIO comepxxaHus nzodpopMsl anbda 1 Nat /K -AT®Dassl B MelmeuHoit TKaHU. [1puHy-
IUTeNbHbIE OEroBble HArPy3KM CIIOCOOCTBOBAIN YBEJIMUEHUIO COACPKAHWS JAHHOTO Oe-
Ka KaK y XMBOTHBIX, TTOJy4aBIIMX CTAHIAPTHYIO TUETY, TaK U XXKUPOBYIO, HO BO BTOPOM
cllyyae — 10CTOBepHO Bbilie. Hanbonbimit 3¢ dekT oKa3biBaJIv 3aHSITUSI B IEPEMEHHOM
pexuMe, coaepxkanue nzobopmsl anbda 1 Na*/KH-AT®a3pl B MBIILIEUHOI TKAHU MPU
3TOM BO3pacTalio B 4 pa3a. DddeKTsl 3aHITUI B TEMHYIO U CBETYIO a3y pa3inyaiuch
HE3HAYUTEIbHO, OCOOCHHO Y MBIIIIEH, TTOyYaBIIUX XUPOBYIO IUETY. Y XUBOTHBIX, TO-
JIyY4aBIIMX CTAHIAPTHYIO OUETY, BIUSHHME MPUHYIUTEIbHBIX OETOBBIX HArpy30K Ha CO-
nepxkaHue TaHHOTO (pepMeHTa ObIJIO BBIPAKEHO CUIbHEE, €CJIU MPUMEHSJIOCHh B TEMHYIO
¢dasy, B CpaBHEHNU CO CBETJIOM.

Kax BugHO 13 puc. 2b, y BO3paCTHBIX JXUBOTHBIX KOHTPOJIBHOM TPYITITLI CoepKaHe
nzodopmsl abda 1 Nat /K -ATdazkl B MBIIIEYHOI TKAHU 3HAYUTETHLHO BhILIE 110 CPaB-
HEHMIO C MOJIOIBIMM XUBOTHBIMU. [Ipy 3TOM NHUTaHKWE XKUPOBOIT AUETOM Y BO3PACTHBIX
JKMBOTHBIX CTTIOCOOCTBYET CHMXKEHUIO CONMepKaHUsI TaHHOTO ¢depMeHTa. [TpuHYIUTEH-
HbIe OeroBbIe HArpy3KM CIIOCOOCTBOBAIM CHMXKEHUIO COAEPKaHMs JAaHHOIO OeIKa y XKM-
BOTHBIX, MOJIy4aBIIUX CTAHIAPTHYIO IUETY HE3aBUCUMO OT pexkrma Harpy3ok. Ho conep-
JKaHUE €ro BCe PaBHO OCTaBaJIOCh BBIIIIE, YEM Y MOJIOABIX XKMBOTHBIX, MOIBEPraBIIIXCS
aHaJIOTMYHBIM Harpy3kam. HampoTus, y KMBOTHBIX, MOJy4YaBIIUX XKUPOBYIO IUETY, CO-
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Puc. 3. Konuenrpauust uzodopmsl Na ' /K ' -ATDa3bl anbha 2 B MbIlIeYHON TKaHU MbIeii. [TaHensb (a) — Mo-
JIOIBIE MBI, TIaHeb (b) — Bo3pacTHbIE MbILIN. JlaHHBIE TIPEACTaBIEHBI KaK cpeaHee + cpeaHee KBaapaTuIHOe
OTKJIOHEHMeE. * — TocTOBepHOCTD pazinuuii (p < 0.05) ¢ rpynmoii co cTaHmapTHOM AMETOM; # — JOCTOBEPHOCTh

pazmuuuii (p < 0.05) ¢ rpynmoit MoJIOABIX MbllIeit; @ — nocToBepHOCTh paznuuuii (p < 0.05) ¢ KoHTposieM.

nepxkaHue nzodopmsl anbda 1 Nat/KT-ATdasbl B MbIILIEYHOI TKAHU YBEIMYMBAIOCH,
€CJIM Harpy3Ka MpUMEHSIach B CBETJYIO WM TEMHYIO (da3y, HO He B IEPEMEHHOM pPeXH-
Me. OmHaAKO 3TO yBeJIWYeHne ObLTO MeHee BBIpaXkeHO, YeM Y MOJIOABIX XKMBOTHBIX. B 11e-
JIoM Ha (poHe IPUHYIUTEIBHBIX OSTOBBIX HArpy30K coaepxkaHue m30popMbl albda 1
Na*/K*-AT®a3bl B MBIILIEYHOIT TKAHU MbIlLEl ¢ Moaebio CJI yBeTMUMBAIOCh Y MOJIO-
IIBIX 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 KOHTpouis, 3a 100% MpUHSITO cofepskaHKWe TAHHOTO GelIKa B MBIIIEYHON TKaHU
MOJIOJIBIX MBIIIIEH, HAXOASIIIMXCSl Ha CTAHAAPTHOM OUETe U HE TTOABEPraBIIMXCS MPUHY-
IUTEeJIbHOMY Oery.

Kax BuaHoO 13 puc. 3a, XUpoBas AUeTa y MOJOIBIX (KUBOTHBIX CITIOCOOCTBYET HEKOTO-
POMY CHIDKEHHMIO coIepkaHus n30popMsl ambda 2 Nat /K -AT®as3s!l B MBIIIEYHOI TKA-
Hu. [IpuHynuTenbHbIe GeroBble HArpy3KW He BIUSIIM Ha colepKaHWe TaHHOTO Oenka y
MOJIOZIBIX XKMBOTHBIX, MOJYYaBIIUX CTAHAAPTHYIO OUETy. B TO ke BpeMsl y KUBOTHBIX,
MOJIy4aBIINX XKMUPOBYIO TUETY, MPUHYIUTEIbHBIC OCrOBble HArpy3Ku CITOCOOCTBOBAJIU
CHIXKEHMIO coiepkaHus n3odopmel anbda 2 Na* /K -ATdassl B MbIlIeUHOI TKaHHU, eC-
JIM Harpy3ka NMpUMeHsUIach B CBeTIylo (pa3y uiau B riepeMeHHOM pexkume. [IpumeHeHue
Harpy3ku B TeMHYIO a3y He oKa3bIBaio addeKTa Ha comepkaHue JaHHOTO (hepMeHTa y
MOJIOIBIX JKUBOTHBIX.

Kax BugHO u3 puc. 3b, y BO3pacTHBIX XXUBOTHBIX KOHTPOJIbHOM TPYIIIBI COAepXKaHUe
nzodopmsl atbda 2 Nat /K -ATdazkr B MBITIIeYHOI TKAHU GBUIO BIBOE HITXE IO CPaB-
HEHMIO C MOJIOIBIMU XUBOTHBIMU. [1py 3TOM MUTaHUE XKUPOBOI NTHETON Y BO3PACTHBIX
>KMBOTHBIX HE BJIMSIJIO HA cofiepXkKaHue JaHHOTO (hepMEeHTa B MBIIIIEYHOI TKAHU.

[MpuHynuTenbHbIe OETrOBble HArpy3kKud CIIOCOOCTBOBAIM YBEJIMYEHUIO COMEpKaHWUS

nzodopmsl anbda 2 Na*/K*-AT®a3bl B MBIIIEYHOI TKAHU y BO3PACTHBIX XUBOTHBIX.
BT1oT 3(hhekT ObUT BhIpakeH KaK y XUBOTHBIX, MOJYyYaBIINX CTAHIAPTHYIO TUETY (eCau
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Puc. 4. Konuenrpanus Na* B MbIIIeuHOl TKaHNU MblLueit (HM/mr 6enka). [TaHens (a) — MOJIOIBIE MBIIIH; TTA-
HeJb (b) — Bo3pacTHbIe MbIIIK. JlaHHBIe TIpeacTaBIeHbI KaK cpelHee + cpelHee KBaApaTUYHOE OTKIOHEHHUE.
* — mocToBepHOCTH paznmnuuii (p < 0.05) ¢ TpynIoit co ctaHAapTHOM AUETO; # — TOCTOBEPHOCTh pa3INInii
(p < 0.05) ¢ rpynmoit MoJIOABIX MbIlIei; @ — nocToBepHOCTD paszyinuuii (p < 0.05) ¢ KoHTpoJIEeM.

Harpy3Ku MpUMEHSUTUCh B CBETJYIO UM TEMHYIO a3y, HO HEe B TIEPEMEHHOM pexXUMe),
TaK U y XXKUBOTHBIX, MOJYYaBIINX XXUPOBYIO JUETY (BO BCEX PEKMMaX MPUMEHEHUS Harpy-
30K, HO B HauOOJIbIlIeH cCTeneHU — B CBeTIyIO (pa3y). B 1iesjom Ha hoHe MPpUHYIUTETbHBIX
0eroBbIX Harpy30K y XMBOTHBIX, MTOJy4aBIINX XXUPOBYIO JUETY, COAEPKaHUE U30(DOPMBI
anbda 2 Nat /K -AT®a3el B MBIIIEYHOIT TKAHU BO3PACTHBIX MbIILIEIl OBUIO 3aMETHO BbI-
111€, YeM Y MOJIOJIbIX.

Bo BTOpOI1 yactTu paboThl KOHIIEHTPALIMS KATUOHOB HATPUSl M KaIUsl B MbIILIEYHOMN
TKaHMU OTpeaesisiyiacb METOJIOM aTOMHOI a0COPOLIMOHHOM CIEKTPOCKOIUH.

Ha puc. 4 npencraBiieHa KOHLIEHTpallMsl KATUOHOB HATPUSI B MBILLIEUHOI TKAHU 9KC-
MeprUMeHTaIbHBIX XXUBOTHBIX. Pe3ynbTaThl mpencTaBieHbsl B HM /MT Genka.

Kaxk BumHO 13 puc. 4a, >KUpoBasi IMeTa y MOJIOABIX XKUBOTHBIX HE BIUSIET HA KOHIIEH-
TpalMIO MOHOB HATPUs B MblllIeUHOU TKaHU. [IpuHynuTenbHble OeroBble HArpy3Ku TakK-
K€ JOCTOBEPHO HE MOBJIUSJIM Ha 3TOT MOKa3aTelb HU B ONHOM TpyINe MbIIIei, MOTy4YaB-
IIMX CTaHAApTHYIO nueTy. Hebonbloe yBeandeHe KOHIIEHTPAllMU HaTpus B TPYIIIE MO-
JIONBIX MBIIIEH, TTOJIyJ4aBIINX XXKUPOBYIO TUETY, ObLJIO OTMEYEHO TIPU MPUHYIUTETbHBIX
0eroBbIX HAarpy3Kax B TeMHY10 a3y 1 Mpu MOrepeMeHHOM PEeXXKUME.

Kak BunHo u3 puc. 4b, xxupoBasi AueTa y BO3PacCTHBIX XKMBOTHBIX CIIOCOOCTBOBajia
YBEJIMYEHUIO KOHLIEHTPAllMM MOHOB HAaTPUs B MbILLIeYHOU TKaHU. [IpuHynuTenbHble Oe-
TOBbIE€ Harpy3ku MpUBOIWINA K CHUXKEHWIO JAaHHOTO IToKa3aTesl, €CId MPUMEHSUIMChH B
TeMHYI0 a3y Wir B IEPEMEHHOM pEeXHUME.

Ha puc. 5 npencraBieHa KOHLIEHTpalLMsI KATUOHOB KaJiisl B MBIIIIEYHOI TKAHU DKCIIe-
PUMEHTAIBHBIX XKMBOTHBIX. Pe3yJIbTaThl IpencTaBieHbl B HM/MT Oeka.

Kaxk BumHoO 13 puc. 5a, XKMpoBasi AUeTa y MOJIOIBIX XKUBOTHBIX CITIOCOOCTBYET yBeIUYE-
HUIO KOHIIEHTPALM UOHOB KaJIUsl B MbIIIIEYHOU TKaHU. [IpruHyauTenbHble OeroBble Ha-
TPY3KH TIPUBOIWIUN K BO3PACTAHWIO KOHILIEHTPAIMY MOHOB KaJvs B TPYMIIaxX MbIIIEH, MO~
JIyY4aBIIIMX CTAaHAAPTHYIO IUETY, €CJIM Harpy3ka BBIMOJHSIACH B CBETVIYIO MJIM TEMHYIO
dazy. Y MblIeit, nmojiyyaBlinux KUPOBYIO IUETY, U3MEHEHWI CO CTOPOHBI KOHLIEHTPALlUU
VIOHOB KaJIUsI B MBILIIEUHOI TKAHU I1OJ BJIMSIHUEM Harpy30K Mbl He 3a()MKCUPOBAJIH.

Kak BumHO 13 puc. Sb, XupoBasi n1MeTa y BO3PACTHBIX KUBOTHBIX CITOCOOCTBOBAJIa
3HAYUTEJIbHOMY YBEJIMYEHUIO KOHLIEHTPALIMY MOHOB KaJIusl B MbIIIEUHOU TKaHU. [Tpu-
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Puc. 5. Konuenrpauust K' B MbllieqyHO# TKaHU Mbiieir (HM/Mr 6enka). [Tanesns (a) - Mosiofble MbILIN; Ma-
Henb (b) — Bo3pacTHbIe MBI, JlaHHBIE MPEACTaBICHbI KaK cpeHee + cpenHee KBaJpaTUIHOE OTKIOHEHHUE.
* — noctoBepHOCTh paznuuuit (p < 0.05) ¢ rpymnmoit co cTaHIapTHON AUETOi; # — MOCTOBEPHOCTh pa3Iuuuil

(p < 0.05) c rpynmoit MoJoOABIX MBIILIEH; @ — nocToBepHOCTH pasnuuuii (p < 0.05) c KOHTposIeM.

Hy)ll/lTeJ'leble 6CFOBbIC Harpy3kuv npmuBOAWJIN K CHUKCHUIO JAHHOTO ITOKa3aTeJisl HE3a-
BUCHUMO OT CXEMBI MX MPUMEHEHUs. Y XKMBOTHBIX, ITOJIy4aBIIMX CTAHAAPTHYIO ITHETY,
KOHILIEHTpALUSI HOHOB KaJIMs B MBILLIEUHOM TKAHU HEe U3MEHSUIACH MO/ BIUSHUEM (DU~
YeCKUX HAarpy3oK.

B 3axiroueHne MOXHO OTMETUTD, YTO Y MOJIOABIX XXUBOTHBIX ¢ Mozebio CJI n3meHe-
HUA KOHLleHTpaLll/lﬁ OJHOBAJICHTHBIX KATUOHOB HAaTpUs U KaJlvud IOCJIC IMPUHYANTECIb-
HBIX OETOBBIX HArPy30K OB BbIPAaKeHbI B MEHbIIIEH CTETIEHN. Y BO3PACTHBIX MBIIIEI C
mopenbio CJI Ha ¢poHe IPpUHYIUTEILHBIX HArPY30K HA0II0Ia10Ch BO3pacTaHue coaepKa-
HUS HATPUS U CHUDKEHUE CONEPKAHUS KAJUs B MBIIIIEYHON TKAHU.

OBCYXIEHMUE PE3VJIBTATOB

IMonBomst UTOr CKa3aHHOMY, CJIEyeT OTMETUTh, YTO (POPMUPOBAHUE METAOOTINIYECKUX
paccrpoiictB, aHanornuHbix CJ0 11, y MbllIeii cormpoBoxXaaeTcsi U3MEHEHUEM COepKa-
Hust uzodopmsl anbda 1 Nat /K -AT®a3zel B MbIlIeUHOI TKAHU M. gastrocnemius. Y Mo-
JIONIBIX XXKMBOTHBIX OTMEYaEeTCsl YBEJIMUCHUE, Y BO3PACTHBIX — HAINpOTUB, CHIXeHue. Co-
nepxkaHue nzodopmsl anbda 2 Nat /K -ATdazbl B MBILIEYHOM TKAHU m. gastrocnemius
cHmxaetrcs 1pu popmupoBanuu C/ 11 y Moonpix mpimeit. DddeKT IpuHyIUTEeIbHBIX
6eroBbIX Harpy3ok Ha cojepxaHue uzopopm Na'/K'-ATdaspl B MbIIIEYHONH TKaHU
m. gastrocnemius BbIpaXXeH 3HAYWUTEIbLHO M TIPEXKIE BCETO Pa3MJaeTcss B BO3PACTHBIX
rpyniax. Y MOJIOAbIX XXKUBOTHBIX OTMEYaeTCsl YBEJIMUeHUe cofepKaHusi 30(hOpMbI ajlb-
da 1 Na™/K"-AT®as3bl B MBILIEYHOIT TKAHU M. gastrocnemius U CHIKEHNE COmepKaHUs
nzodopmbl anbda 2 Nat/K*-ATdasel B cpaBHEHUN ¢ BETMYMHAMU 10 TPUMEHEHNS Ge-
TOBBIX Harpy3oK. ¥ BO3pacTHBIX XUBOTHBIX OTMeUaeTCsl YBEJIMUEeHUE COMePXKaHMS U30-
dopmnsl ambda 2 Nat/K-AT a3l B MbITIEUHOI TKAHW M. gastrocnemius B CPaBHEHUY C
BEJIMYMHAMU JI0 TIPUMEHEHUST 6ETOBBIX HArpy30K.

IMonydyeHHbIEe pe3yabTaThl, OCOOEHHO B IPYIINE MOJIOIBIX XKUBOTHBIX, BCTYIAIOT B HEKO-
TOpOE MPOTUBOPEYHE C IUTepaTypHbIMU JaHHBIMU. B yactHocTr, Clausen [34] yTBepkna-
€T, 4TO UccefoBaHus U30(opMbl anbha 2 cydbenuuibl Nat /K -ATdasb! BbISIBUIN OT-
HOCHUTEIbHOE YBEJIMYEHUE €€ KOJTMYECTBa B OTBET Ha (PpM3MUYECKYIO HAarpy3Ky U MPUEM IJTI0-
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KOKOpPTHMKOMAA JeKcaMmeTa3oHa. MOXHO mpennojiaraTh, YTO B HAIIMX 3KCIEPUMEHTaxX
dusnyeckue Harpy3Ku MPUMEHSUTUCh B TeYEHUE JJIUTEJILHOTO BpeMeHU (4 Henenu), 4To
MPUBOIUJIO K aAallTUBHBIM U3MEHEHUSIM. Takke MOXHO OTMETUTbH OTPENeJICHHYIO 3aBU-
CUMOCTD BIIMSIHUSI TIPUHYIMTETBbHBIX OETOBBIX HATPY30K Ha COJIepXKaHUE JaHHOTO (hepMeH-
Ta OT BpeMEHM UX MpruMeHeHus. B 6oblieii cterneHn oka3pIBaloT 3 eKT Harpy3Ku, Mpu-
MeHsIEMbI€ B IEpHO CHA (B CBETJIYIO (ha3y AHS), a TAKKe IMPU YepeaoBaHuU ¢as.

OnucaHHble U3MEHEHUSI COMIEP>XKaHUsI OCHOBHOTO (hepMeHTa, TPaHCIOPTUPYIOIIETO
OHOBAJIEHTHbIE KATUOHBI YEPE3 KIETOUHYI0 MEMOpPaHy, MOTYT SIBJISITbCS ONHOM U3 MPpHU-
YUH U3MEHEHUs KOHIICHTPAIIUW HATPUSI U KaJus B MBIIIIEYHON TKAHU. Y MOJIOIBIX KU-
BOTHBIX aOCOJIFOTHBIE UI3MEHEHMSI 3TUX KOHLIEHTPAIU I TTOC)Ie TIPUHYANTETbHBIX OETOBBIX
Harpy3oK ObLIM BBIpaXKEHBI B MEHBIIICH CTENIEHU, HO U3MEHEHUE UX COOTHOIIIEHUS ObLITO
0OoJiee 3HAYUTENIBHBIM. Y BO3PACTHBIX MbIlIeil Ha (DOHE TIPUHYAUTEIbHBIX HArpy30K Ha-
OJro1a]TI0Ch BO3pacTaHUeE COIePXKaHUS HAaTPUSI U KaJlusl B MBILLIEYHOU TKAaHU, HO COOTHO-
1IEHUE KOHLIEHTPALUi U3MEHSJIOCh HE3HAYUTEJIBHO.

OOHapyXeHHble U3MEHEeHUsI OOMEHa OJHOBAJIEHTHBIX KATUOHOB B MBILLIEYHO TKaHU
mblei ipu CJ 11 mon BAMsTHMEM NPUHYIUTEIbHBIX OETOBBIX HAarpy30K MOTYT UTpaTh
poJib B peain3anuu Metadbosnyeckux 3¢hdekToB pusndeckoit akTuBHOCTU. OHU MOTYT
OBITH CBSI3aHBI C OCOOEHHOCTSIMU [Na+]i/[K+]i—3aBMCI/IMle MyTeiA BHYTPUKJIETOUHOMU
curHaim3zauuu. Moaudukanus 3TUMX MeEXaHU3MOB TIO/] BJIUSIHUEM MeTaboJIMYecKUX pac-
CTPOMCTB U (PUBUYECKUX HATPY30K MPEACTABIISIET 3HAUYUTEJIbHBII MHTEPEC, TaK Kak SIBJIsSI-
eTCsl TIePCIIEKTUBHBIM ITyTeM BO3IEUCTBUSI Ha TPOILECChl MeTaboM3Ma KaK Ha KJIETOU-
HOM, TaK ¥ Ha CUCTEMHOM YPOBHE, YTO BeCbMa aKTyaJIbHO JIJIsI TOMCKA HOBBIX ITyTeil KOp-
peknuu Metabonmdeckux paccrpoiicts pu CJI 11.

[TosydeHHBIE pe3yabTaThl JAIOT OCHOBAaHUSI pacCMaTpUBaTh CUCTEMY OTHOBAJIEHTHBIX
KaTMOHOB KaK OIWH U3 BapMaHTOB BO3MOXHBIX MEXaHU3MOB BIUSHUS (PU3NIECKON aK-
TUBHOCTH Ha PE3UCTEHTHOCTD MBIIIIeYHOM TKaHU K nHCynHy rpu CI0 11. JlanHbIi Mexa-
HU3M MOXET OBITh CBSI3aH C OCOOEHHOCTSIMU PETY/ISILIMU IIPOLIECCOB TpaHCKpuItuu. I1o-
Ka3aHo, YTO TPAHCKPUIILIMOHHbIE U3MEHEHUS MPU COKpPaIllEHUX MBI HauboJiee BbIpa-
JKEHBI B OBICTPO COKpAIIAIOIINXCST MBILIIEUHBIX BOJIOKHaX Tuna Ila [35], mosst KoTophix y
6onbHbIX C/1 11 yBenuuuBaercsi.

Bo30yXIneHre MUOILIMTOB COMPOBOXAAETCS U3BMEHEHUEM TPaHCMEMOpPaHHOTO Tpaau-
€HTa OMHOBAJIEHTHBIX KATUOHOB BeieacTBUe mpuToka Na™ u ortoka K uepes noteHuu-
an-3aBucumble 1 Ca2t-4yBCTBUTETbHbBIE MOHHBIE KAHATBI. B MBIIIEUHBIX KJIETKAX YEJIO0-
BeKa 1 3KCMEePUMEHTATbHBIX XKUBOTHBIX JUTUTEIbHBIE YITPAXKHEHUS TIPUBOJISIT K YBEIUUYC-

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

MeTaboIMYeCKHe TTIePEeCTPOMKI B MBIIIIEYHBIX BOJIOKHAX, B TOM YMCJIE, CTOCOOHOCTD YTH -
nu3upoBaTh moko3y [30, 31]. B HEKOTOPHIX TUMAX KJIETOK IOBHIIIEHE COOTHOIIEHUS

[Na™]/[K*]; npuBoauio k sxcnpeccut mRNA Le/10ro psifia peryasTopHbIX Moeky1 [37].

BbIBO/IbI

1. ®opmupoBanue CJI 11 y mbllIeit cONpoBOXIAeTCS UBMEHEHUEM COJIEPKAHUST U30-
dopMm anbda 1 u 2 Na™/K -ATdaspl B MbILIeuHO TKaHU. DhDOEKT TPUHYIUTETBHBIX
6eroBhBIX HArpy30K Ha conepxaHnue usodopm Na™/K -ATdDa3bl B MBIIIEUHOI TKAHU BBI-
paxkeH 3HAaYUTEbHO U pa3inyaeTcsl B BO3pacTHhIX Ipyrnmnax. Ha ¢oHe npuHyIuTeabHbIX
0eroBbIX Harpy30K y XKMBOTHBIX, TTOJIy4aBIIUX KMPOBYIO AUETY, COolepXXaHue U30(DOPMbI
anbda 2 Nat /K -AT®a3el B MbIIIEYHOIT TKAHU BO3PACTHBIX MbIILIEIl OBUTO 3aMETHO BbI-
111e, YeM Y MOJIOBIX.
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2. OGHapyxXeHa 3aBUCMMOCTb BJIMSHUSI MPUHYIUTEIbHBIX OETOBBIX HAarpy3oK Ha CO-
nepxXXaHue TaHHOTO ¢epMeHTa OT BPEMEHM MX MPUMEHEHUs. Y MOJIOABIX XMBOTHBIX
MPUHYAUTEIbHBIE OETOBbIE HArpy3KM CIOCOOCTBOBAIM CHWXXEHUWIO COAEPKAHUS W30-

dopMmel anbda 2 Nat /K -ATda3kl B MbIIIEUHOI TKAHU, €CJIM HArpy3Ka MPUMEHSUIAch B
CBeTNIyIO (ha3y WM B TEPEMEHHOM peXuMe. Y BO3PACTHBIX XKUBOTHBIX 3(PdeKT peru-
CTPUPOBAJICS TIPU BCEX PeXXMMax MPUMEHEHMST Harpy30K, HO B HAMOOJIbIIIeit CTeTIEHN — B
cBeTIyIO (hasy.

3. Y MoonbIX (KMBOTHBIX ¢ MoJie/ibio CJ1 M3MeHEeHMsI KOHLICHTPaLMii OMHOBAJEHTHBIX
KaTMOHOB HATPUs U KaJusl MOCJie MPUHYAUTEIbHBIX 0€TOBBIX HArPY30K ObLIN BhIPAXKEHbI
B MEHBIIIEH CTereHU. Y BO3pAaCTHBIX MbIleit ¢ Moaenabio CII Ha (hoHe MPUHYIUTETbHBIX
Harpy3oK HabJIIoajoch Bo3pacTaHUe COAepKaHWs HATPUS U CHYDKCHUE COepKaHMsT Ka-
JIVST B MBIIIIEYHOM TKaHU.
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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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