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T'uGepHUpylOlIMe MICKOITUTAIONIME CITOCOOHBI CHUXKATh TEMITEpaTypy CBOETO TeJja 10
3HaueHuit, omskux K 0°C. [1pu 3ToM uX cepalie Ype3BbIYaiflHO YCTOMYMBO K Pa3BUTHIO
apUTMMIA, BBI3BAHHBIX CHUKEHHMEM TeMIlepaTypbl. B maHHO# paGoTe BriepBble ObLIN
HCCJIeIOBaHbl KaJlMeBble TOKM B MUOKap/e 3UMOCTISIIIIETO MJICKOIMTAIOIIETO Ha MpH-
Mepe IIMHHOXBocToro cyciuka (Citellus undulatus) u nX I3MeHeHUE IPU TMOEPHALIUN.
C 1OMOLIBI0O MeTOAa MATY-KJIaMIT ObLIM MCCIIEAOBAHBI TPAH3UTOPHBIN BBIXOISIIUIA
TOK /i, ¥ DOHOBBIIT TOK BXOASAIIETO BHIMPSIMIEHUS /| B U30JIMPOBAHHBIX XKEJIYI0YKO-
BBbIX U MPEACEePAHBIX KApAUOMMOLIMTAX JETHUX (aKTUBHBIX) U 3UMHUX (TMOEPHUPYIO-
LX) CYCIMKOB. B paGoTe BBISIBIIEHO, YTO MPU KOMHATHOM TeMmIleparype, Mpu IMojo-
SKUTEJIbHBIX TOIIEPXKMUBAEMbIX NOTEHIIMATAaX MUKOBAs aMIUIUTYIa Toka [, B Kapano-
MMOLIMTaX THOSPHUPYIOLIEH TPYIIbI )KMBOTHBIX CTATUCTUYECKU 3HAUUMO HUXE, YeM
TakoBas y jieTHeit rpynmnsl. [TonasineHue toka /i, npyu ruGepHaLuy GbUIO BBIPAKEHO
CUJIbHEE B XKeJyIOYKOBOM MUOKap/e Mo CPaBHEHMIO ¢ NpeacepaHbiM. POHOBBIN TOK
BXOJISIILIETO BBIMPSIMIIEHUS [y | IPYU afanTaluuy K ribepHaLMM YCUJIMBAJICS B XKeTyq04-
KOBOM MUOKap/ie 3UMHEMN IpYITIbl XXKMBOTHBIX. B ripeacepaHoM MUOKapae cTaTUCTUYe-
CKM 3HAYMMBIX Pa3JINuMii ToKa [¢; MEXIy rpynmnaMu He GblJI0 oOHapyxeHo. Takxke B
paboTe perucTpupoBaiy MOTEHLMAIbl JSHCTBUSI B U30JMPOBAHHBIX KEJIYyIOUYKOBBIX
KapIrMoMuouuTax. JIuTebHOCTh MOTEHLIMAIOB ASHCTBUSI HA YPOBHSIX peroJisipu3a-
uvu 50 1 90% He pasnanyanach MeXy Ipyrmnamu, Takxke He ObLJIO BbISIBJICHO pa3iniuii
B MaKCUMaJIbHOM CKOPOCTU HapacTaHMsI iepeaHero (ppoHTa MOTEHIIUAIOB IeUCTBUS U
YPOBHE TTOTEHIIMANa MOKOsI. B COBOKYITHOCTH, BBISIBJIEHHBIE PA3JIMUUS B aMIUTUTYIE
TOKOB iy 1 | MeXIy aKTUBHBIMU ¥ TMOEPHUPYIOIIMMU CYCIMKAMU MOTYT CIIOCO0-
CTBOBaTh YBEJIMUCHUIO TUTEIILHOCTU pedpaKTepHOro nepuoaa u noaaepkaHuio no-
TeHILMaJia TIOKOsI TPYU HU3KOM TeMIiepaType.
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BBEAEHUE

B ymepeHHBIX 1IMpoTax aganTtanuusi K HU3KMM TeMIlepaTypaM B 3MMHUI IEPUO], SIBJISI-
€TCSl Cepbe3HbIM UCIIBITAHUEM IJISI BCEX OpraHu3MoB. HekoTopbie BUAbI MJIEKOMUTAIO-
IIUX pa3BUJIM YHUKAJIbHYIO CTPATETUIO BBDKMBAHUSI — @ UMEHHO CITOCOOHOCTD BNaaaTh B
CIISTuKy Win rubepHupoBats [1]. [Tpu aToM TemnepaTypa ux Teja CHUXKaeTcst OT (pusro-
Jiornueckoro ypoBHs (36—38°C) no 3HaueHwmit, 61u3kux K 0°C 1 B HEKOTOPBIX CIydasiX Hu-
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ke [2], a Oosblias 4yacTh (pU3MOJIOTMUYECKUX TIPOLIECCOB U META0O0JIM3M 3aMEJISIFOTCST —
TaK, MOTpebJieHNe KUCIOpoda MOXKET mafaTh 10 2—3% OT ypOBHSI ero moTpebiieHus
0oAPCTBYIOIIMM XUBOTHBIM. Cepille TMOEpHUPYIOIIETro KMBOTHOTO, OIHAKO, MPOAOJI-
KaeT (yHKIIMOHUPOBATh U COKPAIIIAThCS — XOTSI M C MEHBIIIE YaCTOTOM: Yy MEJIKUX BU-
OB TMOEPHUPYIOLIUX KUBOTHBIX (HampuMmep, CYCIMKOB) 4acTOTa COKpallleHWi cepala
cHmxaercst ot 200—300 mo 3—10 yu./muH [3]. CriocoOHOCTh MOAACPXKMBATH HOPMAJIBHYIO
paboTy cep/lia MpU HU3KUX TeMIlepaTypax sIBJISIETCSl YHUKAJIbHOM JJ11 TUOEPHUPYIOLINX
BUIOB CPEIU MJIEKOIMUTAIOIIUX. Y TTPOYUX BUIOB MJIEKOITUTAIOIINX TTPU CHUKEHUU TEM-
neparypsl Tena (WM cepaua in situ) Huxe 27°C pa3BUBalOTCS pasjWYHbIE apUTMUU,
BIUIOTh 10 (pUOpWLISILIUM XKelyaoukoB [4, 5], a nmpu Temneparype Huxe 17°C paGorta
cepmiia ipekpaiaercs [6]. HampoTus, cepmiie TMOSpHUPYIOIINX BUIOB XKMBOTHBIX BECh-
Ma yCTOWYMBO K TaK Ha3bIBA€MbIM XOJIOJOBbIM apUTMUSIM, B TOM YMCJIE€ TIPU CHUKEHUU
TeMIlepaTypbl BO BpeMsI BXO[a B TMOEPHALIMIO U MPU €€ TTOBBIIIIEHUU BO BpeMsl TIPpoOyX-
JIEHUST XKMBOTHOTO [4, 7].

dusnonornyeckre MEXaHU3MbI, CTOSIIIIME 32 3TUM, SIBIISIIOTCS TPEAMETOM Pa3HOCTO-
poHHUX uccienoBaHuii. [lokazaHo, 4To ogHMM U3 (AKTOPOB, MPOBOLMPYIOIIUX (HUO-
PWUISILIAIO XEeJIyTO0YKOB MPU TUTIOTEPMUM SIBJISIETCSI TETEPOTE€HHOCTh 3JIEKTPUYECKOM aK-
TUBHOCTH, a TaKXKe HepaBHOMEpPHOE 3aMellJIeHUEe CKOPOCTH TpOBeIeHUsT BO30YKICHMSI,
YTO 3HAYUTEIBLHO CUJIbHEE BhIPaXXEHO B MUOKaplie He TMOEPHUPYIOIIMX XUBOTHBIX [8].
OnHUM U3 MEXaHU3MOB, TTPOTUBOJAEUCTBYIOIINX 3TOMY, MOXET ObITh YBEJIUUYCHUE YPOB-
HsI 9KCIIPECCUU KOHHEKCUHOB B MUOKape ruOepHUPYIOIINX XKUBOTHBIX [9] — 3TO Aenaer
3JIEKTPUYECKUE CBOIICTBA MMOKapAa 60jiee TOMOTEHHBIMU.

Euie omHUM BO3MOXHBIM MPOTUBOAPUTMUYECKUM MEXaHU3MOM, TPEIIOXKEHHBIM B
KauyecTBe BO3MOXHOI 3alIMThI OT XOJIOAOBBIX APUTMUIA TTpU TMOEepHAIIUY, SIBJISIETCS DKC-
TpeMaJIbHOE YBeJIMYeHMe ITUTeIbHOCTU pedpakTepHoro nepuoaa. [lokasaHo, uro y ru-
OEpHUPYIOLIMX MJIEKOMUTAIOLIMUX IJIUTEbHOCTh pedpakTEPHOTO MEPUOIa MOXKET Mpe-
BbILIATh [JIUTEJIbHOCTb MMOTEHLUAIOB AEWUCTBUSI, YTO, MPEAIOJOXUTEIbHO, MOXET
MpenoTBpalliaTh 3aMblKaHUE KOHTYPOB LIMPKYJISILIMUA BO30YXIEHMUSI U TPEISITCTBOBATh
pa3BUTHIO GUOPUILISILIMHY KETYTOYKOB ITPpU HU3KMX TeMneparypax [10, 11].

Takum obpazomM, pernoysipu3aliisi MUOKap/Ja U €€ BO3MOXHOE peMOJeIMpOBaHUE, 11O
BCEil BUIMMOCTH, UTPAIOT POJib B alanTaluu K ycaoBusiM rudepHauuu. [Mpenbiayiive
UCCIIeIOBAHMS TTOKA3aIi U3MeHeHe aMiuuTyabl Ca?t Toka L-Tuma B MUOKapae CyclIy-
KOB IIpuY Bxoje B rudepHaiuio [12]. OgHako npoyre MOHHbIE TOKM, BKIIOUasl KaJueBhIe,
BHOCSIIIIME OCHOBHOM BKJIAJl B PEIOJISIpU3allMI0 MUOKap/a, Y TMOEpHUPYIOIIUX BUIOB HE
ObLTM M3y4yeHbl. JlaHHOEe ucclienoBaHWe CTaBUJIO CBOEH 1Iebl0 M3yYeHUE BO3MOXKHOTO
U3MEHEHUS B HAOOpe KaJMeBbIX TOKOB, YYaCTBYIOIIMX B PEIOJISIpU3allui MUoOKapaa 3u-
MOCTISIIIIMX XKUBOTHBIX, MIPU aAalTalluy K YCJIOBUSM TMOEpHALIMU.

METOAbI UCCIIEAOBAHUWA

Kusomnuwie

Huxue mmuaHoxBocTeie cycauku (Citellus undulatus) o60ux II0JIOB OBLIN MOMMAaHBI B
ropax AJTasi U TpaHCIIOPTUPOBaHEKI B JabopaTtopuio B Mockse. C aBrycra o KOHell CeH-
TAOPS XKUBOTHBIX CONEP3KAIN B MHAWBUAYATbHBIX KJIETKAX MTPY CBETOBOM niepuone 12 : 12
u temriepatype 18 + 1°C. JKuBoTHbIX KopMuiu ad libitum 3epHOBOIT CMEChIO C CEeMEHaMU
MOICOJTHEYHUKA ¢ TOOGaBJIeHNEM CBeXUX oBollleil. C Havyala OKTSAOPS IJisl BXoaa B THGep-
HAIIMIO CYCJIMKOB COIEePKa B METAJUIMIECKUX OOKCaxX, HATOJJHEHHBIX CEHOM, KOTOPBIE
TMOMENIAIN B XOJIOMHYIO KOMHATY ¢ KOHTPOJIEM TeMIepaTyphl. TeMIiepaTypy MocTerieHHO
cHrxanu (o 1°C B neHb) 10 moctvkeHus ypoBHs 2°C nipu dpotorepuosae 2 : 22. IMocie
OIHOM Henenu coaepkaHus rpu 2°C ocBellleHre MOJIHOCThIO BBIKITIOUaIu. TeMneparypy
TeJla JKUBOTHBIX U3MEPSUIM C TTIOMOIIBIO OECKOHTAKTHOTO TEPMOMETpa. DKCITEPUMEHTHI
Ha 3UMHUX T'MOEPHUPYIOIINX CYCIMKaX IMTPOBOIMINCH, KOTIA SKUBOTHBIE ObLITH B COCTOSI -
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HUM [JIyOOKOoM rubepHauuu. Kaxmoe XMBOTHOE M3 3MMHEMN I'PYMITbl UCIIOJb30Balu He
paHee, yeM depe3 10 qHeli rmociie nmocueaHero anu3ona 6oapcreoBaHus. Cycianku U3 JieT-
Hel rpynnbl umesu Macey tesia 400—450 r (n = 4), B 3umHeit rpynne — 350—400 r (n = 4).

Bbioeaenue kapouomuoyumog

KaparoMuonuTsl BBIAEISIM C UCIIOJb30BaHUEM METONUKU, ONMUCAHHOM paHee [13].
KuBoTHBIX aHecTe3upoBanu nzodaypanoM (3.5% unzodaypaHa B CMECU € KUCIOPOIOM
CO CKOPOCTBIO 2 JI/MUH) U NeKAITMTUPOBAJIN. [ PyIHYIO KIETKY BCKPBIBAJIU, CEPALIEC ObICT-
PO BbIpe3ayin 1 moMelany Ha anmapat Jlanrenaopda. Cepaile petporpamHo nepdysmupo-
BaJIM 4epes3 aopTy OecKallbIMEBLIM pacTBOpoM, coaepkamnM (B MM): NaCl 116; KCl 4;
NaH,PO, 1.7; NaHCO; 25; MgCl, 0.55; nupysar HaTpus 5; TaypuH 20; rmoko3sa 11; 6b1-
YMii CBIBOPOTOYHBIN anboymuH 1 r/mit; pH 7.4 monnepxxuBaiu myTemM aspalimu Kapoore-
HOM (95% O,, 5% CO,) ipu 37°C. ITocne 10 MuH nepdy3nu U BEIMBIBAHUS KPOBH CEPII-
11ebreHne octaHaBiIuBaioch. [lepdysuio nepexitoyan Ha pacTBOp aHAJIOTUYHOTO CO-
craBa ¢ no6asieHuem 0.5 mr/mi kosutareHassl 11 tuma (Worthington, CILIA), 0.035 mr/mn
npoteasbl XIV tuna (Sigma Aldrich, CIIHA) u 7.5 MxM CaCl,. ITocie 40—60 MmuH obpa-
6oTkM (hepmeHTaMu nepdy3uto octaHaBnuBaIU. [Ipencepnust u KeayaouKy pa3nelisiiu,
pas3pe3aii Ha Mejikue (pparMeHThl U MUIIETUPOBAIU, BHICBOOOXKIAsl U30JIMPOBAHHbIE Kap-
nuomuounTel B pactBop Kraftbrithe conepxamuit (8 MM): MgSO, 3; KCI 30; KH,PO, 30;
BOI'TA 0.5; myramar kanmus 50; HEPES 20; taypun 20; nmoxko3a 10; pH 7.2 moBomwmiu ¢
nomoiupio KOH [14]. M3oaupoBaHHBIE MUOLIUTEL XpaHwiu B pactBope Kraftbrithe mpu
KOMHATHOI1 TeMreparype 1 UCITOJb30Bau ISl paboThl B TeUeHUE 8 4.

Peeucmpauuﬂ UOHHbBIX MOKO06

WoHHBIe TOKU U TIOTEHIINAIBI IEUCTBUS PETUCTPUPOBAIIA B M30JIUPOBAHHBIX KapaHuO-
MMOIIUTAaX CYCJIWKA, WCMOJNb3ys CTaHOAPTHBI METON TIMAITY-KJIaMIT B KOHMUTYpaIuu
whole-cell B pexxume momnepkaHusi moreHlMana (voltage-clamp) miam Toka (current-
clamp), COOTBETCTBEHHO. 3aIMCH OBLIU IIOJYyUCHBI C UCIToib3oBaHueM ycmTeass HEKA
EPC 800 (HEKA Elektronik, 'epmanust) u iporpamMmmHoro o6ecrieueHrust WinWCP 4.8.7
(University of Strathclyde, Bemukoopurtanusi). HeOoJbliyio ITOpILio CYyCIIEH3UM KJIETOK
MOMeIIaan B dKCIepuMeHTabHyo Kamepy (RC-26; Warner Instrument Corporation,
CIIA; 06beM 150 MKIT), MOHTUPOBaHHYIO Ha MTHBEPTUPOBAHHOM MUKPOCKOIIE, U Iepdy-
3UPOBAJIM CO CKOPOCTBIO OKOJIO 1.5 MJI/MMH BHEIIHUM (PU3UOJIOTUYECKUM PAaCTBOPOM,
conepxawmm (B MM): NaCl 150; KC1 3; CaCl, 1.8; rmokosa 10; HEPES 10; pH 7.4 noso-
nuu ¢ momonbio NaOH. Toku 1 moTeHIabl AeCTBUSI pErMCTPUPOBAIN TTPU KOMHAT -
Hoit temmnieparype (24°C). Ipu peructpaimu TokoB /i, 1 I K BHEIIHEMY pacTBOpY 100aB-

nsm 6mokatop Ca?t kaHanoB HudenumvH (20 MkM) wist onasiennst Ca2t Toka L-Trra,
a Takxe 4-amuHorupuarH (100 MkM) mj1st 6;10KMpOBaHUS YABTPAOBICTPOIO TOKA 3a/IeP-
>KaHHOTO BBINPSIMIIEHUS [k ,,. [I3TY-NTUMNETKN BBITSTUBAIM U3 OOPOCUIMKATHBIX CTEK-
JITHHBIX KanujuisipoB 6e3 ¢pumamenTa (Sutter Instrument, CIITA) v 3amoJIHSUIM TUIIETOY-
HBIM pacTBopoM. COTIpOTUBIICHHE 3aIIOJITHEHHBIX ITUITETOK cocTanisiiio 2—3 MQ. TTumne-
TOUHBII pacTBop st peructpanym Kt tokos mmern crenyromntmii cocras (8 MM): KC1 140;
MgCl, 1; BT'TA 5; MgATP 4; Na,GTP 0.3; HEPES 10; pH 7.2 noBoannu ¢ nomoriusto KOH.
JIist 3anucy MOTEHIUAIOB ICUCTBUS B PEXUME TIONACPXKAHUS TOKA MCMOJb30BaIn TUIIe-
TOYHBIIA PaCTBOP CXOMHOTO COCTaBa, HO CO CHIKeHHOM KoH1eHTpauueit DI TA (0.025 MM),
COOTBETCTBYyIOLIIEll OydepHOl eMKOCTH LIMTOMJIa3Mbl U OoJiee MOAXOMSIIEH ISl peru-
cTpauuy MeMOpaHHOTO TTIOTeHIIMaIa.
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CmamucmuuecKkuii anaaus

AHaJIN3 JaHHBIX OCYIIECTBIISUIM C WCITOJb30BAaHWEM IPOTPAMMHOTO OOeCTieYeHMUS
Clampfit 10.3 (Molecular Devices, CIIIA); cTatuctTudeckuii aHaJInu3 NPOBOIWIN C UC-
nosb3oBaHueM obecrieueHust GraphPad Prism 8.0 (GraphPad Software, CIIIA). Pe3ynb-
TaThl MPENCTaBJIEHbI KaK cpeaHee + cTaHaapTHasl OolMOKa CpeaHero sl # KJIETOK. AM-
TUTUTYLy TOKOB HOPMHUPOBaJIM Ha eMKOCTh KJIETOK U BbIpaxanu B TA/® (pA/pF). Hop-
MaJIbHOCTh pacrpeniesieHnust BEIOOPOK OIEHWBAIU ¢ TToMolbio Tecta Lllanmmpo—Yunka.
CpaBHeHHE MEXIY ABYMST 9KCITIEPUMEHTATbHBIMU TPYIIIaMU TTPOBOIUIN C TIOMOIIIBIO
t-tecta CThiofgeHTa. Paznuuus cuuTanm ctaTucTiudeck 3HauuMbiMu ripu p < 0.05.

PE3VIIBTATHI UCCIIEAOBAHHMA

Tpanzumopnwiii vixodauuii mox I,

[Mpu nenonsipuzaumnu ot nomaepkruBaeMoro noreHmana —80 MB no —40 mMB u 6osee
MOJIOXKUTETbHBIX MOTEHIIMAIIOB B MPEACEPIHBIX U XKEJITYJI0UKOBBIX KapAMOMHUOIIUTAX CyC-
JIMKa aKTUBUPOBAJICS BBIXOASIINI, OBICTPO MHAKTUBUPYIOLIMIACS TOK, YyBCTBUTEIbHBIN
K 4-amMuHOnupuauHy (3 MM) 1 oIpeneeHHBIN KaK KaJIUeBbIid TPAH3UTOPHBIN BBIXOIS -
wuit ToK /i, (nanee ob6o3HayaeMblil Kak /). BO3MOXHO NMpPUCYTCTBYIOLLMI XJIOPHBII
KaIbLIU3aBUCUMBIIL TOK /;,; B 9KCIIEPUMEHTE HE PETUCTPUPOBAIU, T.K. BXOI KaJIbLIUS B
KapJIMOMUOLIMTHI ObLI MOAaBIeH HUMEAUTTMHOM BO BHelrHeM pactBope [15]. Takke npu
NeTIOJIApU3allii aKTUBUPOBAJICS YJIBTPAOBICTPBIN KaJIMEBBbI TOK 3aep>XaHHOTO BbI-
npsamieHus Iy, 4yBcTBATENbHBIN K 100 MKM 4-amMuHONMMpPUAMHA — OBHAKO TOK [y,
“MeJ KpaliHe HU3KYIO aMIUIUTYAy IO CPAaBHEHUIO C TOKOM I, M ObLT MCKIJIIOYEH U3 aHa-
am3a. Ha puc. 1 npencrasieHbl penpe3eHTaTUBHbIE 3aIMCH TOKa /i, MPOTOKOJI U3BMEHEHMS
MEMOpPAHHOTIO MOTEHLIMANIA, & TAKXKE BOJIBT-aMIIEPHBIE XapAKTEPUCTUKH I, B TPENCEPIHBIX
M KETYIOYKOBBIX KapIMOMHUOLIMTAaX CycliMKa. B mpencepaHbIX KJIeTKax, MoJlydeHHbIX Kak
OT JIETHUX aKTUBHBIX (SA) CyCIIMKOB, TaK 1 OT 3UMHUX TnoepHupyiomux (WH) XXUBOTHBIX,
aMIUIMTyJa TOKa Obljia BBIIIE, YeM B XKEJIYIOYKOBBIX, TPU OOJBIIMHCTBE TECTOBBIX IMO-
TeHUMaIoB (puc. 1b, 1c). AganTanus K HU3KUM TeMIrepaTypaM 1 ruOepHaus IpuBOIr-
JIU K CYLLIECTBEHHOMY CHVKEHMIO TMKOBOW aMIUIMTY bl /i, — IPUYEM B XKEIYAOYKAX OHO
OBIJIO BBIPAXKEHO CUJIbHEE (CTAaTUCTUYECKU 3HAUMMbIE OTJIUYMS HAOTI01aIUCh TIPU MEHee
TOJIOXKUTEIbHBIX TTOTEHLIMAJAX), YeM B MPEICcepausiX.

DoHoeblil Mok 6xodaujeeo guinpamaenus Iy

DOHOBBIN TOK BXOMSIIETO BBIIPSIMIICHUS [, PETUCTPUPOBAIN C MCITONH30BAHUEM
MWJIO00Pa3HOro NPOTOKoA (CM. pUC. 2) ITocsie MOAaBIeHUs TOKOB I, 1 Iy, (3 MM 4-amuHoO-
NUpUaMHA BO BHEIIHEM pacTtBope). B npencepmubix muorurax SA u WH cyciukoB am-
mmtyna I, (Kak BXOZSIIEH, TaK U BBIXOLSIIEH KOMITOHEHTbI) Oblla CTaTUCTUYECKH
3HAUYMMO HIKE, YeM B JKETYIOYKOBBIX KJIeTKaX. B 3Keyn0uyKoBbIX MUOILIMTaX THOEPHUPY-
JOIMX CYCIIMKOB aMIUIUTYIA [y ObLIa CTATUCTUYECKU 3HAUYMMO BBIIIE TIO0 CPABHEHUIO C
I, B XenynoukoBbIX KjeTkax SA rpynnbl (puc. 2a). OqHako B NpencepaHbIX Kapauo-
MMOLUTAX Mbl HE BBISIBUJIM CTATUCTUYECKU 3HAYMMBIX PA3IUUUil B aMIUIUTYE KaK BXO-
Nsiueid, Tak v BbIxoasiei aMrnTyasl I, mexay SA u WH rpynnamu (puc. 2b).

Ilomenyuano: deiicmeus

W3-3a pa3HULbl B ILIOTHOCTA (POHOBOTO TOKA BXOISILIETO BHINIPSAMIEHUS [, OTBET-
CTBEHHOTO 3a TOIepKaHWe MOTeHIIMAaIa TTOKOsI B CepAeUYHO TKaHW TTO3BOHOYHBIX [16],
3apeructpupoBarhb noteHuuansl neiicteus (I1J1) B pexxmme mommepkaHWsI TOKa OBLIO
BO3MOXHO TOJIBKO B JKEJIYJOUYKOBBIX KAPAMOMUOIIUTAX, IAe TOK [ ; ObUT Oosiee BEIpaXeH
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Puc. 1. Bnusanue rubepHaumy Ha TPAaH3UTOPHBIN BBIXOAALIMI TOK /i, PempesenTaTnBHbIC 3anmcy Toka I, B
JKEJTYTOUYKOBBIX KapIMOMMOLIMTAX CYCJIMKa (a), a TaKXKe ero BOJIbT-aMIIEpPHbIE XapaKTePUCTUKU B KEJTyI0YKO-
BBIX (b) M TIpeacepaHbIX (C) KapAMOMUOLMTaX cyciuka. [IpoToKoi u3MeHeH!sI MeMOpaHHOTO MOTeHIMala Mo~
Ka3aH Ha Bpeske. * — p < 0.05, paznuuus mexny SA 1 WH rpynmamu, -tect CTbloneHTa; # — p <0.05, paznu-
YUsI MEXIY KeJYI0YKOBBIMU U TTpeacepAHbIMU MUOLIUTaMU B SA rpyrne, f-tect CteloaeHTa; & — p < 0.05, pas-
JIMYMST MEXKITY XKeTyIOUKOBBIMM U TIpencepaHbIMU MuonutamMu B WH rpynne, 7-tect CtblofeHTa.

(cM. puc. 2). AHAIM3NPOBAJIM TaKKe ITapaMeTphl, KaK IInMTeIbHOCTh [1/] Ha ypoBHsIXx 50
90% penonspuzanuu (ATTA50 u ATT190 cooTBETCTBEHHO), a TakKkKe MaKCUMAaJbHYIO
CKOpocCTh HapactaHus nepenHero ¢dponta I10. Ha puc. 3 npencraBiaeHbl pernpe3eHTa-
TuBHBIE 3anucH [1[1, a Takke rMCTOrpaMMbl, OTpaKalolue CpaBHEHUE aHAJTM3UPYEMbIX
napameTpoB.

MbI He OOHaApPYKUJIA CTAaTUCTUYECKU 3HAYMMBIX pazanuunii mexay SA u WH rpynmnamu B
koHpurypaumu [1]1. MeMOpaHHBII HOTeHLIMAJ IIOKOSI TAK3Ke He pa3ImJaics MEXITy TpyIa-
MM 1 cocTaBIsT —82.66 + 0.72 MB B KapmromMuornrax ot SA cycimkoB 1 —81.25 £ 0.93 MB y
‘WH cycaukos (p = 0.3, t-tect CTblOAeHTA).

OBCYXIEHMUE PE3YJIBTATOB

ﬂ,aHHOC HUCCICaOBaHUEC, ITIOMUMO PaCCMOTPCHUS BJIUAHUA FI/I6epHaI_[I/II/I, BIICPBbIC 3a-
TparuBacT N3Yy4CHUEC KAaJINCBbIX TOKOB B MMUOKapA€ OOJHOTO U3 HauboJiee U3BECTHBIX TH-
6€pHI/IpyIOHII/IX BHUIOB MJICKOITUTAIOINX — JJIIMHHOXBOCTOTO CyCJIMKaA. Mb1 BIICPBLIC ITO-
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Puc. 2. Biuanue rubepHaumy Ha ()OHOBBIN TOK BXOIAILETO BeINpsAMIeHNUs [ |. BomsT-amniepHble xapakTepu-
CTUMKM TOKa [y | B XeJyIOUKOBBIX (a) U npencepaHbix (b) KapamoMuouuTax cycinmka. Ha Bpeske nokasaHsl pas-
JIMYMs B BBIXOIAIIEH KOMIOHEHTe [y | B KeJNYIOYKOBBIX KieTkax. * — p < 0.05, paznmuuus mexny SA u WH
rpynmnamu, -tecT CThIOIEHTa; #_ p < 0.05, pa3nnuuust MEXIIy XeJTyIOYKOBBIMU U TIPEACEPIHBIMU MUOLIUTAMU B
SA rpynre, -tect CtbioneHTta; & — p < 0.05, pasnuyust MeXIy KeJ1yqOYKOBBIMU U MPEACEPIHBIMU MUOLIMTAMU
B WH rpyrne, 7-tect CThlofeHTA.

Ka3aJii MPUCYTCTBUE B MUOKAp/E CyCIMKa BBICOKOAMIUIUTYIHOTO ToKa /,; TIpovyure ma-
>KOpHBIE KaJIUeBbIe TOKHU 3aIeP>KaHHOTO BRIMPSIMICHUS, TaKUe Kak [, 1 I, B MUOKape
cycirkKa oOHapyXXeHbl He ObUTU. DTO NEeaeT 21eKTPodU3NO0IOruuecKuii heHoTrn cepa-
11a CYCJIMKOB BE€ChMa CXOIHBIM C TAKOBBIM JIJISI MUOKapaa J1abopaTOPHBIX I'PhI3yHOB — B
YaCTHOCTH KPBIC, JIs KOTOPBIX TakXe XapaKTepHBl O0JIbIIOI TOK [, U HU3KOAMIUIUTYI-
Hbli [y, [17]. TakuM obpa3om, BBUAY TOTO YTO JJIS pa3HBIX KAJIUEBBIX TOKOB XapaKTepHa
pasnyHas CTerneHb TeMIIepaTypHOl 3aBUCHMOCTH, MBI TTojlaraeM, 4To HauboJjiee Kop-
PEKTHO TIPY CPaBHEHUM C CYCIIMKAMM B KayeCTBE TPYIITbI HE 3UMOCIISIIIMX KUBOTHBIX
HCITOJTb30BaTh UMEHHO KPBIC.

Taxcke B naHHOI pabOTe MBI BIIEpBbIE MTOKA3JIU, YTO TMOEpHALIMS TPUBOAUT K CHUXE-
HUIO aMIUIUTYABI TPAH3UTOPHOTO BBIXOISILETO TOKA /i, — KOTOPBIiA, NUCXOAS U3 ETO OOJIb-
1I0¥1 aMIUTUTYIbl U CXOAHOCTH 3J1€KTPOGU3NOIOTMYECKUX PEHOTUIIOB MUOKAp/a KPbICHI
U CyCJIMKA, MOXET ObITb OCHOBHBIM PEMOJISIPU3YIOIIMM TOKOM B MUOKapJe cycinuka. [1pu
9TOM, OIHAKO, JTUTeIbHOCTD [1][] Ha pa3nnuHbIX YPOBHSX penossipusaiuu B rpyrne WH
ocrajiach HeM3MeHHOU. boJiee paHHUE MccenoBaHUs TTIOKa3aJIv, YTO afanTaius K 3uM-
HEMY MepUoly U rMOepHalus MPUBOMAT K CHUKEHUIO aMIUIMTYIbl KaJlblIMEBOTO TOKa
L-Tyna B XeJynouykKoBOM MUOKapie cycaukoB [12]. [TockonbKy KalblIMEBbI TOK y4acT-
ByeT B ¢opmupoBaHuu ¢dassl miato 11 [18], a I, B MMOKapae CycIMKOB MPeaIoaoXKu-
TeJIbHO (AHAJIOTMYHO POJIU B MUOKAap/ie KPbIChl) BHOCUT OCHOBHOM BKJIa B PEIoJisipu3a-
umio [17], To B COBOKYIMTHOCTH 3TU pa3HOHAIPaBIEHHbIE U3BMEHEHUS BBIPAXXEHHOCTU Iyp
U I, MOTYT IPUBECTU K TOMY, UTO IIUTeIbHOCT [1/] npakTuuecku He udmeHsiercs. Eciu
CHMXXEHME KaJIbIIMeBOr0 TOKA IMPU r'MOepHalIMU MOXKET MPeA0TBpallaTh Meperpy3Ky Kap-
JTMOMMOLIMTOB KaJbLIUEM, TO CHUXXEHUE aMIUTUTYIBl i, MOXET CIYXUTb MEXaHU3MOM,
npenoTBpaliaiMM upe3mepHoe ykopoueHue [1J v cokpalieHue IJIUTEIBHOCTU pe-
dpakrepHoro nepuona. B cBolo ouepenp, yBeJnuyeHUE MIUTEIbHOCTU pedpakTepHOro
Mepuoa, BIJIOTh 10 pa3BUTHSI MOCTPENOISIpU3ALIMOHHON pepakTepHOCTH, MOXET ObITh
OJHUM W3 MEXaHU3MOB, MPEAOTBpaIAIOIX BOSHUKHOBEHUI apUTMUII MPU CHUKEHUM
Temrnepatypsbl [10]. [TomuMo npsiMoro BAMSIHUS Ha IIUTeNbHOCTH I1/1, n3MeHeHue aM-
TUIMTYABL [, Yy TMOEPHUPYIOLIMX XUBOTHBIX MOXET TaKXe ONPENessiTb YPOBEHb MEM-
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Puc. 3. BiusiHue rubepHaiiim Ha KOHGUrypauuio NoTeHLMAJIOB AeCTBUS B XKEJIyI0YKOBBIX KapAMOMUOLUTAX
cycnuka. PenpeseHratuBHble 3anucu [1]1 (a), cpaBHeHue mutenbHocty 1] Ha ypoBHe 50% (b) 1 90% (c) pe-
MOJISIpU3allii U MaKCUMAaJIbHOM CKOpOCcTU HapacTaHus nepentero dponra 11 (d). NS — orcyrcTBue craTu-

CTUYECKU 3HAYMMBIX pa3inyuii, -rect CThIOAEHTA.

OpaHHoOTrO NoreHIMana B dase 1maaro [19] — u, COoTBETCTBEHHO, OTIOCPEIOBAHHO BJIUSIThH
Ha BXOJ KaJbIIUs Y IJIUTEIbHOCTh MEMOPaHHOTO MoTeHIUaia. Takke B JaHHOI paboTe
MBI TIOKa3aJI1, YTO TMOepHAaLIMs BeleT K pa3HOHAMPaBIeHHBIM U3MEHEHUSIM B aMILIUTY-
J1ax TOKOB [, U Iy — 4TO TakKe MOXKET ObITb MPUUMHOI OTCYTCTBUSI UBMEHEHUIA B JJIU-
tenbHOCTU [1]1, peructpupyembix B Muokapae rpynn WH u SA.

MpbI Takxke BriepBble MOKa3ajiv, 4TO IO KpailHeit Mepe B KEeTyJOYKOBOM MUOKap/e
cyciauKa rMOepHaLMsl MPUBOLUT K YCUJIEHUIO TOKa [ . JlaHHas amanTtauusi MOXeT ObITb
BaxKHa Ui MOMIAEPXaHWS HOPMaJIbHOTO YPOBHSI MOTEHIIMAla TOKOS MPU CHUXXEHUM
TeMIiepaTyphbl Teja BO Bpems rubepHanuu. B camom nene, npenbiayiiye uccienoBaHus
MOoKa3aJiv, YTO B MUOKap/ie CyC/UKa MPpU CHIKEHUU TeMIepaTypbl MeMOpaHa JeoJIsipy-
3yeTcs 110 KpaiiHeil Mepe B 3HaUMTEIbHO MEHbIIIeil CTeNeH! 110 CpaBHEHHWIO C TAKOBBIM B
MUOKap/e He ThoepHUpYoux XkuBoTHbIX [ 11, 20]. C apyroit CTopoHbI, MpY aHAIN3E 3a-
PETMCTPUPOBAHHBIX HAMU MOTEHIIUMAIOB NENUCTBUS Mbl HE OOHAPYXWJU 3aMETHOM TH-
Meprosipu3aliuy MeMOpaHbl KapIMOMUOLIMTOB, TTOJyYeHHBIX OT XMBOTHBIX B COCTOSI-
HUU TMOEpHALIMM — YEro MOXHO ObLIO OBl OXMIATh MPU yCWJIEHUM ToKa [i;. MoXHO
MPETOI0XUTh, YTO UBMEHEHUS B aMIUIUTYIe ToKa [k, BBI3BaHHbIE TMOEepHALIUE, OKa-
3aJIUCh HETOCTATOYHBI JUISI 3HAUMMOTO M3MEHEHMST YPOBHSI MEMOPaHHOTO MOTEHIIMAA.
OnHako BBUIY TOTO, YTO PETMCTPUPYEMBbIil TIOTEHIIMAJ TTOKOsI TIpu peructpanuu [1]1 me-
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TOJOM TI3TY-KJIAMIT B 3HAUYMTEILHOI CTENEHU 3aBUCUT OT KauyeCTBa KOHTAKTa MEXIY
MeMOpaHOI KJIETKHU U MA3TY-TIUIIETKU, YTO, B CBOIO OYEPE/Ib, 3aBUCUT OT MpPOLiecca BblIe-
JICHUSI M KauyecTBa M30JUPOBAHHBIX KapAMOMHUOLMTOB [21], pe3yabTaThl TaHHOW YacTu
HCCIIEIOBAHUS TOJKHBI OBITh MHTEPITPETUPOBAHBI C OCTOPOXKHOCTBIO.

OTcyTcTBUE pa3anduii B mmutenbHocTy [1/] Ha pa3siUdHBIX YPOBHSIX PEMOISIPU3AlINT B
JKETYTOYKOBBIX KapIMOMHUOIIMNTAX XOPOIIIO COTIACYeTCs C MOJIydeHHBIMU paHee TaHHbBI-
mu o aauteabHocTy [0 B Muokapne SA u WH cycnukoB, a Takke Kpbic [11]. C apyroit
CTOPOHBI, aHAJIOTUYHbIE NCCIIEOBaHMSI, BHITIOJTHEHHbBIE HA MPEACEPIHOM MUOKap/e Cyc-
JIMKOB, TIOKa3aJ HEKOTOpoe yBeaundyeHue aaureabHoct 111 B Muokapae TuGepHUpYO-
11Ie¥i TPYMITBI TPU paBHO TeMIlepaType U JUIMHe uKJa ctumyisiuu [10] — npenmosno-
JKUTETBHO, 3TO MOXKET OBITh CBA3aHO C U3BMEHEHUEM aMILTMTYIbI YIBTPaOBICTPOTO TOKA
3aIep>KaHHOTO BHITIPpSIMIICHUS i, KOTOPBI HE paccMaTpUBAJICS B JAHHOM HCCIIEIO-
BaHUU. MBI B JaHHOI paboTe MmoKa3ajii, YTO U3MEHEeHHE aMIJIUTYIbl Ma>KOPHBIX KaJIu -
eBbIX TOKOB, YYaCTBYIOIIMX B PENOJISPU3ANH U TIONACPKaHUM ITOTEHIIMAla TTOKos (a
nuMeHHO [, u Ig ), B pa3HOI CTETIEHN BBIPAXKEHO B KEIYIOYKOBOM W TIPEIACEPIHOM
MuoKapze. B COBOKyITHOCTH 3TO MOXET yKa3biBaTh Ha TO, YTO MPU TMOEepHAILIMU PEMO-
NEeTUPOBAHKE INEKTPUUIECKON aKTUBHOCTH MUOKapaa MPEeACePauil U KeJTyT0IKOB MTPO-
WCXOIUT TTO-Pa3HOMY.

Takum o6pa3oM, TaHHOE UCCIIeTOBaHME BIIEPBBIC paCCMaTPUBAET U3MEHEHUS B BbIpa-
JKEHHOCTU PETONISIPU3YIONINX KaJIMEeBbIX TOKOB TIPU aJanTalluu K rubepHanuu. BuisB-
JIGHHBIE pa3jinyusl B aMIUIUTYE TOKOB /i, U [ | MEXAY aKTUBHBIMU U TUOCPHUPYIOIIUMU
CyCIMKaMU MOTYT MPEAITOIOXUTEIbHO BHOCUTD BKJIaJ B YBEJIMYEHUE JUTUTETBHOCTH pe-
dpakTepHOro nepuoaa u nojaepkaHue MoTeHIrana MoKos Mpyu HU3KKUX TeMIiepaTypax,
MpenoTBpalliasi pa3BUTHE apUTMUIA 1 CTTOCOOCTBYSI BBDKUBAHUIO XKMBOTHBIX.
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BbIMU akTaMu P®, npuHuumnam basenbckoit nexknapanuu, aupektuse 2010/63/EC no o6paiieHno
¢ 1abOpaTOPHBIMU KUBOTHBIMU. [IpOTOKOJIBI MccienoBaHMsl ObIIM ONOOPEHbl OMOATUYECKUM KO-
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The Influence of Hibernation on Electrical Activity and Potassium
Currents in Myocardium of Long-Tailed Ground Squirrel

T. S. Filatova? and D. V. Abramochkin?® *

4 Department of Human and Animal Physiology, Biological Faculty, Lomonosov Moscow State University,
Moscow, Russia

*e-mail: abram340@mail.ru

Hibernating mammals are capable of reducing the temperature of their bodies down to
0°C. During this process, their heart is highly resistant to the occurrence of arrhyth-
mias caused by temperature fall. In this research we have for the first-time studied po-
tassium currents in the myocardium of a hibernating mammal on the example of long-
tailed ground squirrel (Citellus undulatus) and its change upon hibernation. Using
patch clamp method, we studied transient outward current /;; and background inward
rectifier current /i in isolated ventricular and atrial myocytes from summer (active)
and winter (hibernating) ground squirrels. The study revealed, that at room tempera-
ture and at positive holding potentials peak amplitude of /, in cardiomyocytes from
hibernating group of animals is lower than that of the summer group. The downregula-
tion of I;, upon hibernation was more pronounced in ventricular myocardium in com-
parison to that in atrial. Background inward rectifier current /; was enhanced in ven-
tricular myocardium of winter group of animals, upon the adaptation to hibernation.
In atrial myocardium there were no statistically significant differences of /i between
the two groups. We also recorded action potentials in isolated ventricular cardiomyo-
cytes. The duration of action potentials at the levels of 50 and 90% repolarization did
not differ between the groups, we also did not find significant differences in maximum
upstroke velocity and in the level of resting membrane potential. Taken together, the
revealed differences in the amplitude of /;, and I, between active and hibernating
ground squirrels can serve as mechanisms increasing the duration of refractory period
and to maintaining the level of resting membrane potential at low temperatures.

Keywords: heart, hibernation, action potential, patch clamp, ionic currents, [, /i
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