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Na®/K"-AT®aza oGecrieunBaer momiepkaHie MOTEHIMANA TOKOS B HEHPOHE 1
TpaHcMeM6paHHoOro Tpamyenta katnoHoB K 1 Na™, Bosneiictsyst Takim o6pasom Ha
WOHHBII TPAHCIIOPT W PETyJIUpysl KJIETOYHbBII 00beM. MyTaliuy TeHOB Na+/K+—ATCDa3b1,
ocnabssonme ee GyHKIMOHUPOBAHUE, €CII HE SIBJISIIOTCS JIETAIbHBIMU, MOTYT MPU-
BOIUTH K CYIIECTBEHHBIM HapyHICHUSIM (PYHKIIMOHUPOBAHUSI HEPBHOW CUCTEMBI, B
TOM YHCJIe K Pa3BUTUIO SMUJIETICUU. B pa3HbIX Kjlaccax HEMPOHOB 3KCIIPECCUPYIOTCS
pasmansie popmel Na® /K -AT®asbl, pasnnyaioimecs 1o CBOMM XapaKTePUCTUKAM.
TMostomy ocnabnenne dyukimii Na* /K -ATdass MOXeT 1o-pasHOMY CKa3bIBATHCS
Ha (PyHKIIMOHUPOBAHUY TOPMO3HBIX M BO30YXKIAIOIIMX HeMpoHOB. B maHHoOi1 paboTte
Mbl HCCJIENOBAIM, KaKUe JIeKTPODU3MOIOIMUECKUE XapaKTEPUCTUKU MUPAMUIHbBIX
KJIETOK M OBICTPOPAa3PSIKAIOIINXCS MHTEPHEHPOHOB M3MEHSIIOTCSI IO/ IEMCTBUEM aH-
TaroHMUCTa Na*/ K*t-AT®azst yabanHa 1 KaK OH BJIMSIET Ha CUHAIITUYECKYIO Tiepeaayvy.
MBI BBISIBWIM, YTO 5 MKM yabGauHa NernoJisipu3yeT MeMOpaHHbIM MOTEHILMaT MOKOS
000UX TUTIOB HEMPOHOB, YMEHBIIIAET AMITIUTYIY U YBETNINBACT IJTUTETbHOCTD TTOTEH-
Lyaia AeMCTBUSI IMPAMUIHBIX HEMPOHOB. Y OBICTPOPAa3PsSIKAIONINXCSI MTHTEPHEMPOHOB
yabauH yMeHbIIaJI aMIUTUTYAY CJI€IOBOI ruIepnoasipuzaunu. ¥ obomux TUMOB HEWPO-
HOB TTOHIKAJICS TTIOPOT TeHepallnuy MOTeHIINaIa IeCTBUS Y TOK, TTPU KOTOPOM BO3HM -
KaeT Nenoyisipu3alluoHHbIi 010K. [Ipoune anekTpodusrnosornyeckue xapakTrepucTu-
KU1 HEipOHOB HEe MEHSUTMCH MPpU J00aBiIeHn yabanHa. Kpome Toro, yabauH mpuBOINIT
K 6picTpOoMy ocabiennto FAM Keprudeckoii iepenayn, mpy 3TOM Ha BO30YKIAIOTIYIO
CUHANTUYECKYIO Mepenady OH He OKa3bIBaJl BIUSIHUSA. DTU HOBBIE TaHHbBIE 00 3 dek-
Tax AeiicTBUS yabanHa Ha BO30yXIawolle MMpaMUIHble HEHPOHBI U TOPMO3HbIE UH-
TepHEWPOHBI TOMOTAIOT JIy4llle TTOHSATh MEXaHW3M U3MEHEeHUsT OasaHca BO30YKICHUST
¥ TOPMOXKEHMUSI B HEPBHBIX CETSX IPU OcaabaeHUN HyHKIMIA Na't / Kt-AT®aszsr.

Karouegvle cnosa: yabauH, Na+/K+—AT<Da3a, SHTOPUHAJIbHASI KOpa, NMUpaMUIHbIE
KJIETKU, OBICTPOPA3PsDKAIOIINECS MHTEPHEWPOHBI, TIOTEHIINA JeUCTBUS
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BBEAEHUE

B KjeTKax XMBOTHBIX, B TOM 4Mc/Ie HeiipoHax, akcnpeccupyercs Nat /K -AT®aza, obecrie-
YUBAIONIAsT TPANMECHT NOHOB HATPHS M KaIWsI BHYTPH U CHApYX! KJIeTKU. Pa3HMIIA KOH-
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LEHTPAIUI 3TUX MOHOBAJIECHTHBIX MIOHOB HEOOXOAMMAa JUIs TMOAIepKaHUSI MEMOPAHHOTO
MOTEeHLIMaJIa MMOKOSI U peaiu3aluy Takux GyHKIMI HeiipoHa, KaK reHepaiivsi MoTeHIua-
Jla AefcTBUsI, MONAEepXXaHUe UOHHOTO roMeocTasa, peryjsiuusi Merabosam3mMa, ocMoca,
o6beMa KJIETKM U Xu3HeHHoro mukia [1, 2]. Na*/K -AT®a3a apasercss U 9H3UMOM,
AT®asz0it, 1 HOHHOI TIOMTTOM. OHA COCTOUT M3 TpeX cyobhenuHuIL — o, B 1y [3, 4]. Cyon-
€IVMHUILIA O, OTBETCTBEHHA 32 MOHHBIN TPAHCIIOPT, COAEPKUT CAUT CBS3BIBAHUST MOJIEKY-
bl AT® u caiit pochopunupoBaHusi. BHeKJIETOUHbBI JOMEH U TepexoaHast 00JacTh
cozepXaT caiiThl CBA3bIBaHUS crienubuueckoro antaronncta Nat /K -AT®a3pr yada-

WHA U OPYTUX KapIUOTIMKO3MIOB, KOTOpBIe TopMo3AT pabory Na'/K'-AT®a3kr.
Cy6benununa f ycunnbaeT 3¢ (GeKTUBHOCTD TPAHCIISIIMU W CTAGUITBHOCTD Ol-CyOheIn-
HULBI, a Y-CyObeanHULa BaMsieT Ha adduHHOCTL i uoHoB Na*, K™ u mosexyisl
AT®, Ha KMHETUKY U TPaAHCIOPT, a Takxke crabmmmsupyer Nat/KT-AT®dazy [3, 4].
B HelipoHax MJIEKOMUTAIONINX 3KCIpeccupyorest ol-, a3- u B2-cy6bennHUIIbI, TOTIA
Kak B iiu — o 1-, 02- u B1-cyGbhenuuuiibl. [TokazaHo, 4TO O-CyObeTMHUIIBI PA3THYAIOT-
cs1 1o cpoAcTBY K MoHaM Na™ u k ya6auny. Y kpbic ol -uzodopma Nat /K -ATdassl 06-
JagaeT HeOOBIYHO HU3KUM CPOACTBOM K yabauWHy IT0 CpaBHEHUIO ¢ O.2- Wi O.3-n3odop-
Mamiu [5, 6]. Paccuurannbie 3HaueHust IC50 coctaBisieT >10 MKM miist ol - 1 Tosibko 10—
500 HM g o2- u o3-uzodopm [5]. TloBbIlIeHWEe BHYTPUKIIETOYHON KOHIIEHTPALIMU
noHoB Na' yBennuusaer aktuBHocTh Na't/K*-AT®as3b1, onHako o.3-uzodopma mMeer
Gostee HU3KYIO adGUHHOCTD K noHaM Nat — Ky s = 25-50 MM, nnst npyrux uszodopm
Kos =10 MM [4, 7, 8]. Takum obpaszom, o.3-uzodopma OyneT MOAKIIOYATHCS MPU BBICO-
KOl aKTUBHOCTH HEMPOHOB, HAOIIOAaeMOIi, HAITIPUMeED, TIPY SIMUJIETITUYECKON aKTUBHO -
ctu. Ilpennonaraercsi, yro 03-u3odopma MOXeET IMpeobsanaTb B HelipoHax, KOTOpbIe
MOTYT MOAAEPKUBATh BEICOKYIO YaCcTOTy pa3psiaoB [9, 10].

Hapymenue pynkumit Nat/KY-AT®a3sl B pesyabraTe MyTaluii MOXeT IPUBOANUTH K
CYIIECTBEHHBIM HapyILICHUSIM (PYHKIIUIT HEPBHOI CUCTEMbI U B TOM YMCJIe BOSHUKHOBE-
HUIO 3nujencuu y uejsoBeka [11—13]. ¥V mbliiieii amuaun Myk/+ myranust ISION, kotopast
nenaeT HeaKTUBHON 03-ATda3y, HabGIIOHAI0TCA CIOXKHbBIE TaplMaIbHble U BTOPUYHO-
reHepaJlu30BaHHbIC MPUITAIKUA, 3HAYMTEbHOE CHIDKEHWE ITOpOora THITIOKAMITAIbHBIX
CyIOpOT in Vitro, TIOCTTeTaHWYECKAasT BO30yIMMOCTh runnokamnaabHoro mytu CA3—CAl
M JereHepanus HelpoHOB B rumnnokammne [14]. OnHako KOHKpPETHbIE MOJEKYISIpHbIE U
KJIETOYHBIE MEXaHU3MBbI TUTIEPBO30YIMMOCTU HEMPOHHBIX ceTeit MpU ocabaeHUM (hyHK-
umit Nat/K"-AT®a3bl Tpe6yIoT NabHEHIIIEr0o U3YUeHMS.

OIMH 13 4acTo NMPUMEHSIeMbIX (hapMaKOJOTrMYeCKUX IOAXOM0B IS U3y4EeHUsI POJIU
Na*/K"-AT®a3el — 3T0 ucrnonb3oBaHue uHru6uTopos Na'/K*-AT®asbl. B cpesax
CEHCOMOTOPHOI KOPbl FOBEHUJIbHBIX KPbIC ObLIO MOKA3aHO, YTO KaK MMPaMUIHbIE KJIEeT-
KM, TaK M ObICTpOpa3psiKarmolrecss MHTEPHEMPOHBI Aeroisipusyiores Ha 3—10 MB B oT-
BeT Ha 30-cexyHaHyo mnepdysuto guruapyoamda (100 MmxM), yacTuaHoro OJioKaTOopa
Na*/K*-AT®aszwl [15]. Bblto BeIsiBIEHO, uTo MHrnouposanne Na™ /K -AT®a3bl ¢ no-
MOIIIbIO TUTUIPOYyabaHa He BIMSIET HAa BXOMHOE COMMPOTUBIIEHUE HEMPOHOB. OCHOBHBIM
K€ OTKPBITUEM OBIJIO TO, YTO B COCTOSTHUM TMOKOSI TIJIOTHOCTh TOKA, XapaKTepU3YIolast
aktuBHOCTh Nat/K'-AT®a3e1, GBICTpOpa3psIKAIONINXCS MHTEPHEHPOHOB ObIIa B 3—
7 pa3 BbIlIIe, YeM MUPAMUIHBIX HEMPOHOB. [TJI0THOCTH TOKa pacCYUTHIBAJIACH KaK OTHO-
HIEeHWEe IeTNOsSIPU3alli, BBI3BAHHOM AUTMAPOYOAMHOM, K BXOIHOMY COMPOTUBIICHUIO U
eMKOCTHU MeMOpaHsI [15].

Ha nepBuuHOIt KyJIbTYpe HepOHOB KOPbI KPbIChI ObUIO MOKa3aHo, yto Na' /K™ -AT®aza B
OCHOBHOM KOJIOKQJIM30BaHa ¢ BO30YXIamIIUMU ImocTcuHarncamu [16]. Beuto onpenene-

HO HanuuMe cBs3u Mexay ol-nzodopmoit Nat/KY-AT®azer u GluA2-cybbenuHuleit
AMPA-peuenTopa. Takxe ObLJIO TTOKa3aHO, YTO cItycTs 1 4 mocnie anmaukauuu S0 MkM
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yaGanHa ymeHbInaetcst KoandectBo GluAl Ha 56% v GluA2/3 na 80%. YabauH mpuBoO-
AT TaKXKe K TOITOBpeMeHHOIT nenpeccun AMPA-cuHaNTHYeCKOi Iiepenaymn.

OnHako B HacTosiiee BpeMsl 3pdekThl aHTaroHucra Nat /K -AT®aspl yabanHa Ha
MHOTHE 3JeKTPOGU3NOIOTMYeCKIEe CBOMCTBA BO30YKIAIOIINX U TOPMO3HBIX HEMPOHOB
o cux nop He onmcaHbl. [loaToMy B maHHOIT paboTe MbI u3ydmian 3¢ eKT yabaHa Ha
2JIEKTPODU3NOTOTHUYECKNE CBOMCTBA MUPAMUAHBIX KJIETOK M OBICTPOPa3pSIKAIOIINXCS
WHTEPHEMPOHOB SHTOPUHAJIBHOI KOPBI, a TakKKe HA CUHANITUYECKYIO repenayvy.

METOAbI MCCIIEAOBAHUA

IIpucomoenenue nepexcusarouux cpe3oe SHMOPUHAALHOU KOPbL U SUNNOKAMAA

B skcrneprMeHTe MCTIOMB30BaIA B3pOCTBIX MEIreit C57BL/6 (n = 16), a st olleHKN
KO3 dUIMeHTa TTApHBIX UMITYJILCOB — 21-ITHEBHBIX KpbIc Buctap (7 = 6). 2KWBOTHBIX
cofiepXajiid B CTAaHAAPTHBIX YCJIOBUSX (COOTHOIIIEHUE AeHb/HOYb cOCTaBuiIO 12 u/12 u,
temmeparypa 24 = 4°C) co cBOGOIHBIM IOCTYIIOM K KOPMY U BoJe. DKCIIEPUMEHTHI BbI-
MOJIHSUIU B COOTBETCTBUU ¢ TpeboBaHussMu Komutera mo 6uostuke MDD PAH, paspa-
OOTaHHBIMU Ha OCHOBE MEXIyHapomHbIX pekoMeHaanmii European Communities Council Di-
rective 1986 (86/609/EEC).

MeTon pUTroTOBJIEHUS TOPU30HTAJIBHBIX CPE30B SHTOPMHAIBHON KOPHI U THITITIOKAM -
na rmoapo6Ho onucaH paHee [17]. KpaTko: mociie aHecTe3nn MbIlieii (KphIC) OeKAIUTH -
pOBaJIM, 3aTeM OBICTPO U3BJIEKAIM TOJOBHOM MO3T M TIOMEIIAIM €r0 B OXJIAKIESHHYIO 10
0°C HM3KOHATPUEBYIO UCKYCCTBEHHYIO CITIMHHOMO3roBy10 Xuakocts (MCM2K), aspupy-
eMYI0 Ta3oBoii cMechlo 95% O, + 5% CO,, cneaymoiero coctasa (B MM): 110 N-meTu-
D-pmokamuH, 2.5 KCI, 1.2 NaH,PO,, 10 MgSO,, 0.5 CaCl,, 25 NaHCO;, 25 D-nmoko3sbl.
Cpesbl Mo3ra TomiuHoi 300 MkM Hapes3anu Ha BuOporome MicromHM 650V (Ther-
moFisher Scientific, CIILIA) u nomeianau B aspupyemyo MCMXK npu 35°C. UCMX co-
nepana ciaemyromnme KoMImoHeHTs! (B MM): 126 NaCl, 2.5 KCl, 1.25 NaH,PO,, 1 MgSO,,
2 CaCl,, 24 NaHCOs;, 10 D-rmoko3sl.

Pecucmpayus omeemos neiipona memodom namu-kaamn “yeaas kremka”

M3roToBiieHHbIE Cpe3bl MepeMelliain B Iepdy3upyeMylo Kamepy, HeHpOHBI ITyOOKUX
CJIOEB SHTOPUHAIBHOM KOPHI BU3YyaIM3NUPOBAJIM ¢ MOMOIIBI0 MuKpockoria Nikon Eclipse
FN1 (Nikon, flmoHMs), OCHAIIIEHHOTO BOTHO-UMMEPCUOHHBIM 00beKTUBOM (40X), oI1-
TUYECKUM OJIOKOM Wis1 nucdepeHInaaIbHOro KoHTpacta u unugpoBoii kamepoit Grass-
hopper3 GS3-U3-23S6M-C (FLIR, CIIIA). DiaeKTpodr3n0IOTHYECKYI0 PETUCTPALIAIO
npoBoawiu ¢ nomMoiisio yeunuresiss HEKA EPC-10 USB (HEKA Electronic, I'epmanust)
u mporpaMmHoro obecnieueHust PatchMaster v2x90.4 (HEKA Electronic).

3anuch aKTUBHOCTU HEWpOHA 3HTOPUHAIBHON KOPHI MMPOW3BOAMIN METOIOM TMaTd-
KJ1aMIl “uenasi Kjietka” B pexxume ukcaluy ToKa, MOCTCUHANTUYEeCKEe TOKW 3aluChl-
BaJIM METOIOM TaTY-KJIaMIT “IieJiasl KJIeTKa” B pexkuMe (pukcalmy IoTeHIana Ha —77 win
+3 MB. g 3anuceii B pexxuMme (puKcalliu TOKa MCII0Jb30BajICs BHYTPUKIIETOUHbBIN Ka-
JIM-TIIOKOHATHBII pacTBop cienymoliero coctaBa (B MM): 135 K-rmokonar, 10 NaCl,
5 EGTA, 10 HEPES, 4 ATP-Mgu 0.3 GTP (pH 6511 noBeaeH no 7.25 ¢ nomousio KOH).
Jlnsa 3amuvceit B pexkuMe (pUKCallMU TTOTEHIIMAIa UCITOIb30BaJICS IIe3nii-MeTaHCYIb(hO-
HaTHBIN pacTBOp (B MM): 127 CsMeS, 10 NaCl, 5 EGTA, 10 HEPES, 6 QX314, 4 ATP-Mg
u 0.3 GTP (pH 6511 noBenex no 7.25 ¢ nomoiipio CsOH).

Kpumepuu noucka nupamudnvix kaemox u 6bicmpopaspaNCAowuxcsi UHMeEPHelupoHO8

[MupamMunHble KJIETKA B IYOOKUX CJIOSIX KOPbI BEIOMPAJIU 110 CJIEAYIOIIMM KPUTEPU-
SIM: TeJI0 HelipoHa MUpaMUIATbHON (POPMBI, XOPOIIIO PA3IMYUM alMKATbHBIA AEHIPUT
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HCﬁpOHa, a Ha CTYIICHBKY TOKa HCﬁpOH OTBCYACT PETryJAPHBIMU IMadyKaMM IOTCHILINMAJIOB
neiicTBUSl ¢ BhIpaXXeHHOM 4yacToTHoit amantanueit. Koadduument aganrauuu (Cad),
PaccUYUTBHIBAEMBII KaK OTHOLIEHUE MOCIEAHETNO MEXCNANKOBOIO UHTEpPBaJia B OTBETE Ha
CTYNIEHBKY TOKA K TIEPBOMY, BCEX TMPAMUIHBIX HEMPOHOB B IPYTINE COCTABIISI HE MEHEE
1.6. BeicTpopaspsikalolnecss THTepHEUPOHBI OTOMPAIH 10 CIIEAYIOIINM KPUTEPUSIM: Te-
JIO HEMpOHA KPYIJIOE WJIM B BUAE BEPTUKAIIBHOTO OBaJla, PACIIOJIOXKEHO MPEUMYIIECTBEH-
HO B CJIOSIX 2—3 KOpbI, IEHAPUTHOE IEPEBO MYJIBTUIIOJISIPHOE, a Ha CTYTIEHbKY TOKA Heii-
POH JaeT BBICOKOYACTOTHBIN CITAaiKOBBIN OTBET 0e3 amanTanuu. LllupuHa craiika ObICT-
popa3spsKarollerocss MTHTepHeiipoHa Ha motyBbicoTe Oblia He 6osee 0.7 mc.

DnekmpogusuonocureckKue XapaKmepucmurky Heupoa

DnekTpodU3noIoruuecKrue CBoiicTBa HelpoHa U3yJyaiy ¢ TOMOIIbIO TPOTOKOJA, CO-
IJIACHO KOTOPOMY TTOJIaBaJIN CTYTIEHBKY TUTIEPTIOISIPU3YIONIETO U JICTIONSIPU3YIOIIETo TO-
Ka HapacTalome aMIUIMTYObl U JJIUTEAbHOCTBIO 1.5—2 ¢. MeMOpaHHBIiT MOTeHIIAI I10-
ko (RMP) uamepsiim Kak cpenHuii MeMOpaHHBINM ITOTSHIIMATI HEMpOHA IIPU HYJICBOM
CTyIeHbKE TOKa cpasy Iocje npopbiBa MeMOpaHbl. Peo6a3a (Rb) — 310 MuHMManbHas
aMIUIMTYyJa TOKa, MPU KOTOPOI TeHepupyeTcs MOTeHIUANI AeHCTBUS, NETOASIpU3alluUOH-
HbIH 610K (DB) — 3T0O MMHUMAJIBHBIN TOK, IMPYU KOTOPOM IPOMCXOIUT CPHIB TeHEpalluK
noTeHIMaNnoB neictBusi. BxomqHoe conpotupieHue (Rin) paccuutsiBanu Kak koaddu-
IIMEHT HaKJIOHA BOJIBT-aMITEpHOI XapaKTepuCTUKU B MHTepBaje oT —60 mo 0 mA. Craim-
OHapHas 4YacToTa CHAalKOB OIpenesisiach KaK YMCJIO CIaliKOB 3a TOCIEIHIO CEeKYHIY
OTBETa Ha CTYNeHbKy ToKa, FRmax — 3To mMakcumanbHasi cralldoHapHasi yactoTa JUIst
HelipoHa. KoadduumeHT anantauun cnaitkoB CAd paccuuThIBajICsl KAK OTHOLLIEHUE MO~
CJIeTHETO MEXCMalKOBOro MHTEpBaJia K IMEPBOMY B 3allUCU ¢ MAaKCUMAJIbHOM 4acTOTOi
cnaiikoB. [Topor reHepanuu noreHuuana neicteus (V1) onpenensiyicss Kak Touka, e
MPUPOCT MOTEeHIIMAasa TpeBbiiai 3HaueHue 10 MmB/Mc. AMIuMTyna, mmpuHa v cjienoBast
TUTEPIIONISIPU3ALIMS U3MEPSTUCH 711 TIEPBOTO CIaiika MpU TOKe peobasbl. AMILIUTYIA
crnaiika (APA) onpenesnsiiach Kak pa3HUIIAa MeXIy IMMKOM M MOPOTOM, IIMPHHA Craiika
(APD) usmepsinach Ha MOJyBBICOTE, clienoBas runepnojspusanus (AHP) paccuntbeiBa-
Jlach KaK pasHuIla MeXIay ITOpOroM U MUHUMAaJIbHBIM MMOTEHIIMAJIOM TIOC/Ie craiika.

Tecm napuvix umnyavcoe

JIBa 3JeKTpUUYEeCKMX MMIIyJIbca ¢ aMIUIMTynoil Toka 50—150 MKA IJIUTeIbHOCTHIO
100 Mxc ¢ uHTepBasioM 50 MC MOJaBaJUCh MOCPEACTBOM BHEKJIETOYHOI'O OUITOJISIPHOTO
HHUXPOMOBOTO 3JIEKTPO/ia, YCTAHOBJIEHHOIO B ITYOOKMX CJIOSIX SHTOPWHAJIBbHOI KODHI.
B panuyce 100—200 MKM OT CTUMYJIMPYIOIIETO 3JIEKTPO/Ia OCYIIECTBIIsIaCh pErucTpalus
MOCTCUHATNITUYECKUX TOKOB IMUPAMUIHOTO HEMpPOHA METONOM MaT4Y-KjiIaMI B KOHDUTY-
panuu “lenas KJieTka” B pexuMe UKcauy noTeHana. Jjis aHan3a Bo30yKIalonx
MOCTCUHAIITUYECKUX TOKOB IMOTEHIIMAJ yaepxuBajcsa Ha —77 MB, njs aHaim3a TOpMO3-
HBbIX — Ha +3 MB. AMIUIMTyIa 1epBOro oTBeTa M3Mepsiiach Kak pa3HuUIa MeXay 0a30Boit
JIMHYE 1 MaKCUMaJIbHBIM 3HaueHreM. ba3oBasi IMHUS orpenesisijach Kak cpenHee 3Ha-
YyeHwue 3a TMoCceaHUE 5 MC nepea UMIMyibcoM. B 3aBepiiieHnu paccuuthiBaics: Koadhu-
mueHT napHbIX UMITyIbcoB (KITHM) Kak oTHOIIEHNE CpeaHE aMIUTUTYIBI BTOPOIO OTBETa
K CpeAHelt aMIIMTYy/ie IEPBOTO OTBETA.

Peaxmuewt

Bce peakTuBBI, MCITOIB30BaHHBIE B paboTe, ObLUTM MPOM3BEACHBI KOMMaHueil Sigma-
Aldrich (CIIA). dns 6nokansl Na*/K*-AT®a3el ncrionb3osaics yadanH (5 MKM).
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Cmamucmuueckas 06pabomka 0aHHbIX

AHaIn3 MepBUYHBIX 3JEKTPOGU3NOIOTMYECKUX JAHHBIX MTPOU3BOAUIICS C UCITOJb30-
BanueM rporpammbl Clampfit 10.5.2.6 (MolecularDevices, CIIIA). 151 cTaTUCTUYECKOM
00paboTKM NaHHBIX UcTIoNib30Banachk cpena R-Studio2022.02.2 (R-ToolsTechnology, Ka-
Hama). HopMmanbsHOCTB pactipeneieHusT TaHHBIX OIIeHUBaJIach 1o Kputepuio Koixmoropo-
Ba—CmMupHoOBa. D¢pdeKT neiicTBUs 610KaTopa OLEHUBAJCI C ITIOMOIIBIO ITAPHOIO 7-Te-
cta. Bce 3HaueHUs1 mpuUBeNeHBI Kak cpenHee *+ cTaHAapTHas OlIMOKa CpeaHero.

PE3VJIIbTATbBI UCCIEJOBAHUA

1. Bausinue yabaurna Ha 31eKkmpoghuzuonoeuteckue XapaKmepucmuky nUpamuoHsixX HellpoHo8
U ObICMPOPAPANCAIOULUXCS UHMEPHEIPOHO8 SHMOPUHANLHOU KOPbL MbIULU

JIns1 TOro 4To6bl onpeneanTh 3¢dekT nHrubuposanuss Nat/K*-AT®a3el Ha 31eK-
TpodU3noIoTHIeCKe CBOMCTBA HEMPOHOB, OBIIM 3aMCcaHbl OTBEThI HEMPOHA SHTOPHU-
HaJILHOM KOPBI B Cpe3ax MO3ra B3pOCJIOi MBIIIIM Ha CTYIMIEHbKM TOKA Pa3HOM aMIUTUTYIbI
IUIMTEJIbHOCTBIO 2 C METOIOM IaT4y-KJIaMIl “lieasi KJieTKa” B KOHTPOJBHBIX YCIOBUSIX
(pactBOop PuHrepa) u mocie anmiukaiuu yadanmHa (5 MkM). Mbl cpaBHWIM OeiCTBUE
unruoutopa Na'/K'-AT®a3pl Ha BO3OYXHAIOLIMEe M TOPMO3HBIE HHTEPHEIPOHBI.
B rpymniy Bo30yXaaroix HEMPpOHOB ObLIM BKJIIOUYEHBI TMPaAMUIHbIE KJIETKU C PEryJisip-
HOIi cniaiikoBo akTUBHOCTHIO (Pyr), a B Tpynity TOpMO3HBIX HEMPOHOB — OBICTpOpPA3PSsI-
XKaromuecst nHTepHepoHsl (FS).

1.1. Yabaun denoaspuzyem memOpaHublii NOMEHYUAN HElPOHO8,
HO He eausiem Ha 6X00HOe CONPOMUBAEHUE MeMOPAHbL

BxonHoe conpoTuBieHUe, ONpeaessieMoe KaK yrojl HakJIOHa BOJIBT-aMIIEPHOI Xapak-
TepuCTUKU (pUC. 1), B KOHTPOJIBHBIX YCJIOBUSIX cocTaBujio 175 = 22 MOwm (n = 8) miist nu-
paMUIHBIX KJIIeToK 1 271 + 50 MOwM (n = 5) misa GBICTpOpa3psKaIOIINXCSI MHTePHEMPO-
HOB. YabauH 5 MKM He MOBJIMSJ Ha BXOAHOE COMPOTHUBIIEHNE 000MX TUITOB KJIETOK (T1ap-
HbIi t-TecT, Pyr: p = 0.16, n = 8; FS: p = 0.6, n = 5). MeMOpaHHBIii MIOTEHIIUAJ TTOKOS
(RMP) nupamuaHbix HeiipoHOB MoBbicuics Ha S MB (p < 0.01), a FS untepHeiipoHOB Ha
3 MB (p <0.05) non nefictBueM yabauHa.

1.2. Xapakmepucmuku nammepHa nomeHuuan08 oelicmausi HelipoHo8

Pernpe3eHTaTUBHBIE PUMEPHI CITATKOBOI aKTUBHOCTU HEMPOHOB B OTBET Ha CTYNEHb-
Ky TOKa IpuBeleHbl Ha puc. 2a, b. Ha puc. 2c, d oTpaxkeHbl 4aCTOTHO-TOKOBBIE KPUBbIE
9TUX HEHPOHOB COOTBETCTBEHHO. [TpamMuaHbIe KJIETKU SHTOPUHAIBHOMN KOPHI MO CBO-
UM 3JeKTpO(GU3MOIOTMYECKUM CBOMCTBAM IMOApAa3eIsUIMCh Ha JBa Kjacca, Kak ObLIO
MmokasaHo paHee [18]: KilaccuyecKkue peryyIsipHO pa3pspKarolirecss HepOHBI ¢ BHICOKUM
K03 GUIIMEHTOM afanTaiiy U HeMPOHBI C IJTUTEILHOM 3aIepKKOil MOTeHIINAIOB JIeii-
ctBus. B cpemnem koadbdunment amantamuu (ISIlast/ISI1) mis mupaMuIHBIX KIETOK
coctaBui 2.1 + 0.3 (n = 7), a MakcMMaJibHas CTallMOHapHas yacToTa cnaiikos 19 £ 4 I
(n = 8). beicTpopaspsxaloiiyecss MHTepHeHpOHbI 00J1anaad BEICOKOM YaCTOTOM CITaiikoB
98 £ 15 T'u (n = 15) u cinaboit amanranueit 1.42 + 0.05 (n = 7). YabanH He U3BMeHUJT KO3~
dbuuMeHT aganTanuu HelipoHoB (TIapHblii 7-TecT, Pyr: p=0.2, n=7; FS: p=0.14, n = 4,
puc. 2e), a MaKCUMAJIbHYIO 9acTOTY Pa3psIoB YMEHBIIWI y MMMPaMUIHBIX KileTok (Pyr:
p <0.05; FS: p =0.14, puc. 2f).

Toxk, nocTaTouHbI OJIs1 TeHepalluy IoTeHInalla neiicTBus (ToK peobdasnl, Rb), B KoH-
TPOJIBHBIX yCcJI0BUSIX ObLT 91 + 11 A (n = 8) 11 nupaMUIHbBIX KIeTOK U 73 £ 23 A (n = 4)
st FS. YabauH yMeHbIIMI TOK peo6a3bl ObICTpOpa3psiKaoIUuXcss MHTEPHEMPOHOB, HO
He M3MEHWJI ero JIJIsI TMpaMUIHBIX KJIETOK (pyc. 2g, TapHblit #-tect, Pyr: p = 0.2; FS: p <0.05).
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Puc. 1. Bnusinue ya6auHa (5 MKM) Ha rmaccuBHbIe MeMOpaHHbIE CBOMCTB MUpPaMUAHBIX HeiipoHOB (Pyr) u
ObICTpOpaspsKamIuxcs nHTepHeiipoHoB (FS) sHTOpMHATBbHOI KOpBI. (a) — MEMOpaHHBINM MOTEHITAA IS
3aJaHHOTO 3HA4YeHMsI TOKa OMpejesisyicsl B Havyajie NeCTBUSI TOKA, KaK MOKa3aHO Ha penpe3eHTaTUBHOM
npumepe. (b—c) — BOJIbT-aMIIepHBbIE XapaKTEPUCTUKK MUPAMUIHBIX KJIeTOK (b) U GhICTpOpa3psKalommMXCst
uHTepHeipoHoB (c) B KoHTpose (Ringer, kpykoK) u mocie nobasneHust yabanHa (Ouabain, TpeyroibHUK).
JlaHHbIe MPUBEACHBI KaK CpeHee 3HaueHue t cTaHmapTHas omnoka. (d—e) — craTucTuyeckue JaHHble s
BXOITHOTO COTPOTHMBJIeHUsT MeMOpaHbl (Rin) 1 MemOpaHHoro moreHmnuana mokoss (RMP), mapHsIit 7-Tecr,
*p < 0.05, **p < 0.01.

I1pu sToM nmemonsipu3animoHHBIN 610K (DB) Bo3HMKA py CyIIeCTBEHHO MEHBIIIEM TO-
ke rocie uHru6uposanus Na* /K -AT®asb1 y o6oux Tunos kietok (Pyr: p < 0.001; FS:
p < 0.01, puc. 2h). Takum obpa3om, yabanH IOAEICTBOBAJ CXOXMM 00pa3oM Ha BXOI-
Hble-BBIXOAHBIE (DYHKIIMU BO30YKAAIOIINX U TOPMO3HBIX HEHPOHOB, 8 UMEHHO COKPaTHJI
Nuana3oH MepesaTouyHol PYyHKIIMM.

1.3. Yabaun ougpgpepenyuanvro usmensem gpopmy nomenyuana oeicmaeust
Y RUPAMUOHBIX KAeMOK U UHMEPHEUPOHO8

ITocne mpuMeHeHUs yabanHa, (popMa moTeHIIMaaa AeHCTBUS Y MUPaMUIHBIX HEWPO-
HOB CYILIECTBEHHO M3MEHWJIACK: TTOIYIIMPHUHA yBeauumiach Ha 20% (napHslii -tecr, p < 0.001,
n =8, puc. 3a, ¢), aMIIMTy1a yMeHbIuaach Ha 15% (puc. 3d), mopor reHepayu MoTeH-
uMana AeMCTBUSI MOHU3WIICS mocie nobaBieHUs: yabarHa Ha 1.5 MB (puc. 3e), ogHako
clieoBast TUTIeproJsipu3aivs He n3meHuiach (puc. 3f). Y GbicTpopaspsiKarolnuxcst MH-
TepHEUPOHOB (7 = 5) Mbl HE BBISIBUWIY 3HAUMMbIX U3MEHEHWIA MOIYILMPUHBI U aMIUTATYIbI
(puc. 3c—d), omHaKO MOPOT TeHepaluy MOoTeHIMala ASUCTBUSA moHuU3uiIcd Ha 2.7 MB
(puc. 3e), a ciremoBasi TUIlepIIoIsipu3anys yMmeHbInmiaach Ha 5 MB (puc. 3f). Takum o6pa-
30M, yabauH CyIIeCTBEHHO U3MEHSIET (DOPMY CITAMKOB KaK MUPAMUIHOTO, TaK U OBICTPO-
paspseKaronerocs HEMpPoOHOB.

1.4. Bausinue yabauna Ha CUHANMUUECKYIO nepeoayy

,Z[JTH OLI€CHKHU BJIUAHUSA ya6aI/IHa Ha CMHaNITUYECKYIO Iepcaadyy Mbl ITPUMEHNIIN METOL
r[apHoﬁ CTUMYJIALINUA. CHauaja MBI 3aperucTprupoBaii BbI3BBAHHBLIC CUHAIITUYECKUE TO-
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Puc. 2. Oddexr yabanHa Ha craiikoByI0 aKTUBHOCTb HEHPOHOB. (a—b) — pernpe3eHTaTUBHbIE TPUMEPBI OTBE-
TOB MMUPAMUIHOTO (a) U 6bIcTpopaspsixkalolerocs (b) HEPOHOB Ha CTYIEHBKY TOKa B KOHTPOJIbHBIX YCIOBH -
sax (Ringer) u mocie mo6apneHus yabanHa. (c—d) — 4aCTOTHO-TOKOBBIE KPUBBIE COOTBETCTBYIOIINX HEWPO-
HOB. (e—h) — cTaTucTuueckue naHHble s koadduimenTa aganranuu (CAd), MaKCUMaTbHOM CTallMOHAPHON
JacToThl pa3psanoB HeiipoHa (FRmax), Toka peo6a3sl (Rb) u aenonsipusanronHoro 6joka (DB), mapHbIit

f-Tect, * p < 0.05, ** p < 0.01, *** p < 0.001.



1254 IMTPOCKYPHHA u np.

bor @ Fs (b)

1 ms 1 ms

20 mV 20 mV

Ouabain

Ouabain
Ringer
Ringer
(©) (d)
5L FS Pyr 150 1 FS Pyr
EEE *
a2t > 100 -
Eﬁ 2 / e
: < f
< 1+ < 50 L
0F 1 i_l 1 1 0F 1 1 1 1
Ringer Ouabain Ringer Ouabain Ringer Ouabain Ringer Ouabain
(e ®
FS Pyr ES Pyr
=25+ * EE 40 *
_30 - 30 L

> _35L
S S

_45| \ B ol ﬁ ._..—-—"‘
—50 L L 0 1 1 1

AHP, mV
—_ [\

(=}

T

Ringer Ouabain Ringer Ouabain Ringer Ouabain Ringer Ouabain

Puc. 3. Yabaun usmensier popmy cnaiika nupamugHoro (Pyr) m 6eictpopaspsikatomierocsi (FS) HelipoHOB.
(a) — mpuMep NepBoro craiika NMupaMUIHON KJIETKU MPU TOKe peodasbl B KoHTposie (Ringer) u mocie nobasiie-
Hus yabanHa (Ouabain); (b) — mist FS uHTepHeiipoHa aHaorndHo (a); (c—f) — craTucTuyeckue qaHHbIE IS
9NIEKTPODUZNOTOTNIECKHUX XapaKTEPUCTUK OBICTPOPAa3psKAIOMIMXCSI UHTEPHEMPOHOB Y MUPaMUIHBIX KJIETOK
IIo ¥ Tlocyie 1o0aBaeHus yabanHa, ;nTeabHoCcTh (APD) u ammnutyna (APA) moTeHIMana neicTBusi, mopor re-
Hepalmy noTeHuana aeiicteus VT u ciaenoBas runeproisipusanust (AHP) coorBercTBeHHO. [lapHBblii 7-TecT
*p <0.05, ** p <0.01, *** p <0.001.

KM B OTBET Ha MApHYIO BHEKJIETOUHYIO CTUMYJISILIAIO 1O M CITycTsl 10 MUH mocie anruinka-
1M yabauHa (5 MkM) B niepdysupyroliuii pactBop. Perucrpainio oTBeTOB MPOBOININ
npu noTeHiane —77 MB, 4To IIprMepHO COOTBETCTBYET IMOTEHIIMATY PEBEPCUU TOKOB Yepe3
T'AMKa-peueniropsl, 1 Iipu IoTeHIMaie +3 MB, 9To mpuMepHO COOTBETCTBYET ITOTEHITUATY
peBepcrr TOKOB 4Yepe3 MOHOTPOIMHbBIE IIyTaMaTHBIE PELENTOPbl. DTO TO3BOJIMIO HaM
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Puc. 4. Tect napHbIX UMITYJIbCOB yKa3ajl Ha IENPEeCCHUI0 TOPMO3HOM CUHATITUYESCKOM Mepeaayu Moj IeiicTBUeM
yabauHa. (a) — MpuMMepbl TOKOB, BbI3BAHHBIX ABYMSI 2JIEKTPUUECKUMU CTYIIEHbKAMU, PENPE3eHTATUBHOIO HEeil-
poHa npu pukcauuu noreHurana Ha yposHe —77 MB (EPSC) B koHTpobHBIX yenoBusix (Ringer) u mocie no-
GaBieHus yabanHa; (b) — aHaJJOTUYHO JJISI TOPMO3HBIX TTocTcHanTuyeckux Tokos (IPSC) mpu dukcaumu no-
TeHuMana Ha +3 MB. (c—d) — cratucTuyeckue naHHbIe U1 aMIUIUTYAbI IEPBOTO OTBETa U KoaddulireHTa nap-

Hbeix ummysibeoB (KITU, PPR) cootBeTcTBeHHO. * p < 0.05, ** p < 0.01.

MpoaHaJIM3UupPOBaTh IeCTBUE yabanHa OTAEIbHO Ha BO30YXXIAIOIIYI0 1 TOPMO3HYIO CU-
HanTUYeCcKylo repeaayvy.

MBI He BBISBWJIM 3HAYMMOTO BIIMSTHUSI yabarHa Ha BO30YKIAIOIIYI0 CUHATITUYECKYIO
nepenavyy Ipyv aHAIM3€ BBI3BaHHBIX OTBETOB IIpu —77 MB, He ObLIO M3MEHEHUIT aMILIN -
Tynbl 1-ro oTBeTa (mapHbliit -tecT, n = 8, p = 0.4) unu KIIN (p = 0.14, puc. 4). OnHako
MpUMEHEeHNe yabarHa MPUBEJIO K YMEHBIIIEHHIO aMILTUTYIbI iepBoro oreeta Ha 47% (p < 0.01,
n= 7), korga perucrpauusi ocyuectsisuiachk npu +3 MB. KITM ymenbimics Ha 22%
(p < 0.05). ODtu naHHbBIe MOKa3bIBalOT, yTo [AMKepruueckast cuHanTudeckas nepenada

ocnabnsiercs mpu uHrnonposannu Nat/K+-ATda3pr.

OBCYXIEHMUE PE3VJIBTATOB

B nanHoit pa6ote ¢ momomrsio antaronucta Nat /K -ATda3sl yabarHa GBUT BEISIBICH
DS UBMEHEHMI B 2JIEKTPODU3NOTOTUUECKNX XapaKTepUCTUKAX BO3OYKAAIOIINX U TOP-
MO3HBIX HEMPOHOB, a Takxke oOHapykeHo ocnadieHue TAMKepruueckoii, Ho He miyTa-
MaTepruyeckoil CHHANTUYECKOM nepeaadyr. DTu TaHHbIe MOTYT MOMOYb JIy4llle TTOHSITh
MEXaHU3MBbl HapylleHUuil GamaHca BO30YXIEHHUSI M TOPMOXKEHUSI B HEMPOHHBIX CETSIX,
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BBISIBJICHHBIE TIpU ociabineHnn ¢yHkuuun Nat/K -ATdasbl B pesyiabraTe MyTaluii.
Crenyert, omHAaKO, MOAYEPKHYTh, YTO JAHHOE MCCIeIOBAHUE UMEET OIpee/IeHHOe orpa-
HUYEHUE, KOTOPOE HEOOXOAMMO YUMTHIBATh TIPU MHTEPIIPETALIUU MOJYYEHHBIX Pe3yJib-
TaToB. ONMCaHHbBIE B JaHHOI pabOTe N3MEHEHUSI OTHOCSITCS K OBICTPO pa3BUBAIOIIMMCS
peakiuaM HeiipoHoB Ha 6iokany Nat /K -AT®a3kl, Bce 0HU GbUTH 3aperUCTPUPOBAHBI
B TeuecHUe 10—15 MUH mocie Bo3neiicTBUs yabamHa. Tak Kak yabanmH MOXeET BIUATH Ha
BHYTPUKJIETOUYHBIN CUTHAJIMHT, PETYJIMPYs pa3jiuuyHble KieTouHble ¢GyHkuuu [19, 20],
MBIl HE MOXEM YBEPEHHO TOBOPUTH O TOM, YTO 3TU U3MEHEHMUS SBJSIOTCS CTAaOUJIbHBIMU
BO BPEMEHMU.

B nanHoit pabote Mbl cpaBHWIM 3¢deKThl yabanHa Ha ObICTpOpa3psiKaonecs UH-
TepHEMUPOHBI U MUPaMUIHbBIE KIETKU. YabauH obnanaeT pa3Hoit ahdruHHOCTHIO K Ol - 1
03-n3odopmam Nat/K*-ATdasel [5, 6]. PaHee Taicke GbUIO TOKA3aHO, 4To CLl- M G13-M30-
dopmel Na* /K" -ATda3b1 HepaBHOMEPHO pacrpeieieHbl MEXITy PA3TMYHBIMU KJIaccaMy Heii-
POHOB B pa3HBIX OTIENax HEpBHOI cucTeMbl [6, 21—23]. Hanmpumep, B TUnmokamIie u Kope
OCHOBHOI 0.3-3Kcnpeccupyloliieil monyssuueil SBiasoTcs napBalbOyMUH-COAepXKallue
nHTepHeupoHsl [9, 23]. Tak, Murata 1 coaBT. U3y4nIu pacripesienieHre u3odopm O-cyobeam-
Huel Nat/KT-AT®a3pl B pasHBIX TUMAX KIETOK, OLEHHUB SKCIIPECCHIO MATPUUYHOIM
PHK renoB Atplal, Atpla2, n Atpla3. B napBaab0yMUH-TIOJOXUTEIbHBIX MHTEPHEHPO-
Hax TUIIIOKaMIa 1 COMaTOCEHCOPHOM KOPbI aBTOPHI 3aperucTpUpOBaIM HU3KUI YPOBEHD
9KCIpeccuu reHa Ol -cyObeIMHULIBI M BBICOKMM YpOBeHb 03-cyOobenuuulibl [23]. Richards
U COABT. UCIOJIb30BAIM yabauH B pa3HbIX KOHLIEHTPALIUSIX, YTOOBI OINIPEAEIUTh pacrpee-
JieHUEe Ol-M30(OPM MO pPa3HbIM TUTAM KJIETOK CyOMKYTyMa. ABTOPBI TTOKA3aIu C ITOMOIIBIO
(hapMaKoJIOTUYECKUX 1 MMMYHHOTMCTOXMMMYECKUX METOMOB, 4To (ll-m3odopma yaiie
MPUCYTCTBYET B MMUPAMUIHBIX KJIETKAX CYOMKyIyMa, a o.3-n3odopma — B GAD-65 unTep-
HelipoHax [22]. BoabIIMHCTBO TTapBaIbOyMUH -COEPKAIUX MHTEPHEMPOHOB KOPHI TOJIOB-
HOTO MO3Ta OTHOCUTCS K OBICTpOPA3PsSIKAOIIIUMCS MHTepHEHpOHaM, a ObICTpopaspsikaro-
LIMECS UHTEPHENPOHBI OOBIYHO SIBJISIFOTCS MTApBaIbOyMUH-TIO3UTUBHBIMU [24—26].

B aT0ii paboTe MBI HUCITOJB30BaIM KOHIIEHTpaluIo yabanHa 5 MKM, KoTopasi ITOJIHO-
CTBIO TIOJAB/IAAAa aKTUBHOCTb 02— Wi 0o3-u3opopM Na* /K -AT®asbl, HO, BEpOSITHO,
OTHOCHUTENIbHO c1abo Bo3meiicTBoBana Ha ol-mzodpopmy Nat /K -ATdazwr [5]. Yautsi-
Basl TO, MbI MpearoJarajiu, 4to 3p¢eKT yabanHa Ha 3JIEKTPO(PU3UOJIOTNIECKUE CBOT-
CcTBa OBICTPOpPA3PSIKAIOIIMXCS UHTEPHEHPOHOB OyneT 6oJiee BBIpAXXEHHBIM IO CpaBHE-
HUIO C ero JeiicCTBUEM Ha MMpaMUIHbIe KJIeTKU. Haim npenmnonoxeHust, onHaKo, Moy~
YWIN JIMIIb YaCTUYHOE ToATBepxXkaeHue. ComiacHO TMOJIydYeHHbIM JaHHBIM, yabauH He
BJIMSIET HA BXOIHOE COMPOTUBJIEHUE HU MUPAMUIHBIX HEUPOHOB, HU OBICTPOpPA3PSKAIO-
IIMXCS MHTePHEHPOHOB SHTOPUHAIBLHOM KOPHI B3pOCIOid Mbl. K TakoMy ke BBIBOIY
npuii Anderson u coaBT. [15], u3yuuB 3ddekT nuruapoyadbavHa Ha MUpaMUIHbIE
KJIETKM 1 OBICTpOpa3psLKAIOIIMEcs] MHTePHEHPOHBI CEHCOMOTOPHOM KOPBI FOBEHUJIbHBIX
Kpbic. OIHAKO B IPYTOM MCCIEOOBAHUU OTMEYAJIOCh, YTO KapIMOTIMKO3UIbI CTpodhaH-
TUAWH U IUTUAPOyaOauH YBEJIUYMBAIU BXOIHOE COMPOTHMBJIEHUE TTMPAMUIHBIX HEHPO-
HoB CAl runmokammna Ha 12% [27]. B aT0ii ke paboTe aBTOPHI OMIPENETUIIA, YTO Kapano-
TJIMKO3UIbI JEMOISIPU30BAIM MEMOPaHHbIN MOTEHLIMAJ TTOKOSI MUPAMUIHBIX HEMPOHOB
Ha 6 MB. ComacHO HaIlMM JaHHBIM, yaGauH JeNOJISIpU3YeT MUpaMUIHbIE HEHPOHBI DH-
TOpUHAIBLHO# KOpbl Ha 5 MB, a GpicTpopaspsikatolecs: MHTepHepoHbI Ha 3 MB, uTo,
BEPOSITHO, OTpaXkaeT 3JIEKTPOTEHHYIO COCTaBJISIONIYI0 MEMOpaHHOTO MOTEHIIMaNa TMo-
kos1. CormnacHo pacuetaMm Dobretsov 1 Stimers ot 9 1o 45% 3HaYeHUsT MEMOPaHHOTO TIO-
TEHLIMANIA ITOKOSI 0OYCIIOBIEHO 3JIEKTPOreHHOI akTuBHOCThIo Na* /K -AT®aswl [10].

I1pu neiicTBuu yabarHa yMEHBIIWJICS TOK pe00a3bl MHTEPHEMPOHOB M MaKCUMaIbHas
4yacToTa CIailkoB MMPaMUIHBIX KJIETOK, a TAKXKe YMEHBIIWJIOCh 3HAYeHUE TOKA, MPU KO-
TOPOM MPOUCXOAUT IEMONSIPU3ALIMOHHbII OJI0K y 060MX TUITOB KJieToK. ITopor reHepa-
LIMM OTeHIIMaIa IeUCTBUSI TAKXKe TTOHU3WICS Y 000UX TUTOB KiieToK. Kpome Toro, yaba-
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WH yMEHbIIIAJI aMIJIUTYAY U yBEJUUYUBaJ LIMPUHY CITaiika MMpaMUIHOIO HeiipoHa, a TakK-
K€ YMEHbILAJ CIEIOBYIO TUTEPIOJSIPUALINIO OBICTPOPA3PSIKAIOIIETOCs] MHTEpHENPOHa.
B 1iesiom, yabauH cuibHee MOBJIUSLT Ha (hopMy craiika mMupaMUuIHOM KJIETKU, YeM ObICT-
POPAa3PSTKAIOIINXCS WHTEPHEMPOHOB. DTH U3MEHEHMST JIEKTPOMU3NOIOTHIESCKUX Xa-
PAKTEepUCTUK HEMPOHOB MOTYT OBITh OOYCJIOBJIEHBI HECKOJIBKMMHU MpUIMHamMu. [ToMrumo
JaCTUIHOI IeToNsIpu3ay MeM6paHsl, 6irokana Na* /K -AT®as3s! Bener K M3MEHEHHUIO
aKTUBHOCTM NIPYTUX MOHHBIX KaHAJOB M TPAaHCIIOPTEPOB B HeHpOHaX KOPHI TOJOBHOTO
Mo3ra u Tummnokamma. Hampumep, 65010 mokasaHo, urto 6;1okana Na™ /K -AT®as3s1 Mo-
KeT HapylaTh akTuBHOCTb Na'/Ca?t-06MeHHMKa 110 ciienyolemMy MexaHusmy. THruou-
posanne Nat/K+-AT®a3b1 IpUBOINT K TIOBBIIEHHIO YPoBHSI Na™ B IIMTOIIIA3Me, UTO pe-
Bepcupyer padory Na't/Ca?t-o6menHunka. TToBbIlIeHHE BHYTPUKIETOUHOM KOHLIEHTpA-
mn Ca®>" BeI3bIBaeT BeICBOGOXIeHNe Ca’t U3 BHYTPUKIIETOUHBIX KATBLUEBBIX IEII0, YTO
TMPUBOIUT K JAJIbHEUIIIEMY YBEJIMUYEHUIO YPOBHS 3TOTO KaTUOHA B LIMTOIIa3me [28, 29].
Tak Kak ucnojb3yeMas HaMM KOHIIEHTpaIlMsl yabanHa MoaaBisijia B OOIbIIei CTeNeHN
03-uzodopmy Na* /K" -AT®a3s1 o cpaBHeHMUIO ¢ 0.1 -130(OpMOit, To 1 3dekT yaban-
Ha JOJDKEH IIPOSIBIISITHCS B YCIOBHSIX, KOTHa MpeodaagaeT akTUBHOCTDL O.3-n30(hOpMBEL.

Tak kak o3-uzodopma uMeeT HU3KYIO adduHHOCTb K moHam Nat — K 5 = 25—50 MM

[4, 7, 8], To aTa usodopma Na*/K*-ATdDassl 3¢HeKTUBHO paboTaeT MPU BHICOKOI aK-
TUBHOCTU HelipoHOB. [loaToMy mpu mayeyHoit aKTUBHOCTM HEHPOHOB B YCJIOBUSIX Ua-
cTnyHoit 6rokansl Na™/K*-ATMa3bl MoBbIIEHUE BHYTPUKIETOUHOTO KaIbLIUs MOXKET
okaszaTbcsl 0oJiee CyIIeCTBEHHBIM, U HapyLICHUS! KaJbIIUi-3aBUCUMbBIX MEXaHU3MOB B
HEeMpOoHEe MOTYT OBITh 00Jiee BHIPAXKCHHBIMU. DTU IIPUYUHBI MOTYT O0OyC/IaBIMBaTh OoJee
paHHee BOZHMKHOBEHHE NIETOJISIPU3ALIMOHHOTO OJI0Ka y HEMPOHOB MpU IEMCTBUM yabau-
Ha. AHAJIOTMYHBII MEXaHU3M MOXET JieXaTb B OCHOBE U3MEHEHUIT CUHANTUYECKUX (hyHK-
11, TaK KaK BhIIEJIEHUE MeaaTopa — 3TO Kallblnii-3aBrucuMbIii riporiecc [30]. Kpome To-
ro, omucaH elle OJWH MHTEepecHbI MexaHu3M Biammoneiictus Na'/K'-AT®aszbl u
MOHOTPOTTHBIX INIyTaMaTHBIX pelenTopoB. Tak kak akTuBaist AMPA- 1 NMDA-pernen-
TOPOB MPUBOAMT KO BXONY B KJIETKY KaTMoHOB Na‘*, To 3To MOXeT ycunupaTh paboTy
Na*/K*-AT®a3p1. JIorMuyHO MpeanoaoXuTh HalUudMe B3aMMOAEHCTBUSI MEXIY 3TUMU
peuentopamu u Nat/K*-AT®a3zoii. MuTepecHo, uto Nat/K*-AT®a3za B u3o6unuu npu-
CYTCTBYET B CUHAIITUYECKMX yJacTKax U KojioKajan3oBaHa ¢ AMPA-penenropamu [16]. Ya-
0auH MOXET HapyliaTh 3TO B3aUMOJEUCTBUE, YTO CKOpee Bcero OyneT 0COOeHHO CUITBHO
TMPOSIBIATHCS MPU NMAaYeYHON aKTUBHOCTU HeilpoHOB. OQHAKO B JaHHOW paboTe 3TU U3-
MEHEHMUS 9KCIMEPUMEHTAIBLHO HE U3YYaJIUCh.

Ocna6nerne dyakumit Na*/KY-AT®a3sr MOXET CONPOBOXIATHCS PA3BUTHEM SIIH-
Jnerncuu y yeaoBeka [11—13], Torma Kak IOJOXUTEIbHAsT MOIYIILMS (GyHKIMOHATIBHOMI
aktuBHocTu Na'/K*-AT®a3bl, cormacHO YMCICHHBIM pacdeTaM Ha MaTeMaTH9ecKOi
mopaeau dnuiaenTtop-2 [31], MoxeT oka3bIBaTh IIPOTUBOAMMIENITHYEeCKUIT 3¢hdekT. Harra
SKCMIEpUMEHTATbHAS paboTa TOKa3bIBaeT, uTo yacThuyHas oimokama Na't/Kt-AT®azer
NefiCTBUTEIbHO BBI3bIBACT CYIIECTBEHHOE UBMEHEHHUE DJIEKTPODU3UOIOTrMUECKUX XapaK-
TEPUCTUK, TIPUBOJSIIINX K IMOBBILICHUIO BO30YIUMOCTH HEMPOHOB B SHTOPUHAIBHO KO-
pe 1 cMelamuX 6ajaHc BO30YXIeHNUSI 1 TOPMOXKEHUsI B HEMPOHHBIX CETSIX. DTU AaH-
HbIe TO3BOJISIIOT JIy4Ille MOHATh MEXaHU3MBbI SITWJICNTU3AllMU MO3Ta TpU OCIabIeHUN
dynkmit Nat /K -AT®asbl.

COBJIIOAEHUE 5TUYECKHUX CTAHOAPTOB

Bce npuMeHUMBbIE MeXIyHapOIHbIE, HALIMOHAIbHBIE /WM UHCTUTYLIMOHAIbHBIE TIPUHLIUITHI
yXoJa 1 MCITOJIb30BaHMsI )KUBOTHBIX ObUIH COOTI0AeHBI. Bee npolieaypbl, BHITOJTHEHHBIE B UCCIEI0-
BaHMSIX C Y4aCTUEM KUBOTHBIX, COOTBETCTBOBAIM 3TUYECKUM CTaHIapTaM, YTBEPXKIEHHBIM MPaBo-
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BbIMU akTaMu P®, npuHumnam basenbckoii nekjiapauuu U pekoMmeHaauusiMm Komurera no 6mos-
tKe MHcTUuTyTa 3BOIOLIMOHHO# husnonoruu u 6moxumuu uM. U.M. Ceuenoa PAH.
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The Na™* /K+-ATPase Inhibitor Ouabain Has Different Effects on the Electrophysiological
Properties of Excitatory and Inhibitory Neurons in the Entorhinal Cortex E

E. Yu. Proskurina® % *, D. S. Sinyak®, and A. V. Zaitsev’

?Almazov National Medical Research Centre, Saint Petersburg, Russia
bSechenov Institute of Evolutionary Physiology and Biochemistry of RAS, Saint Petersburg, Russia
*e-mail: elena.yu.proskurina@gmail.com

Na*/K*—ATPase maintains the neuron’s resting potential and the transmembrane gra-
dient of K* and Na™ cations, thus regulating ion transport and cellular volume. Muta-
tions in Na+/K+-ATPase genes that impair its function can cause significant impair-
ments in the nervous system function, including the development of epilepsy, if not le-
thal. Different forms of Na*/K*-ATPase are expressed in various classes of neurons and
exhibit different characteristics. Thus, the impaired function of Na*/K*-ATPase may
differentially affect the functioning of inhibitory and excitatory neurons. This study aims
to determine the effects of the Na™ /K™ -ATPase antagonist ouabain on the electrophysi-
ological characteristics of pyramidal cells and fast-spiking interneurons, as well as its im-
pact on synaptic transmission. The results indicate that exposure to 5 uM ouabain results
in depolarization of the resting membrane potential by 5 mV, as well as decreased ampli-
tude and increased duration of the action potential of pyramidal neurons. Furthermore,
ouabain caused a decrease in the amplitude of afterhyperpolarization in fast-spiking
interneurons. Moreover, both types of neurons exhibited a decrease in the threshold of
action potential generation and the current at which depolarization block occurs. The
addition of ouabain did not alter other electrophysiological characteristics of neurons.
Furthermore, ouabain rapidly attenuates GABAergic transmission without affecting
excitatory synaptic transmission. These new findings on the effects of ouabain on excit-
atory pyramidal neurons and inhibitory interneurons contribute to the understanding of
the mechanism underlying changes in the balance of excitation and inhibition in neural
networks under Na*/K*-ATPase function impairment.

Keywords: ouabain, Na't /K" -ATPase, entorhinal cortex, pyramidal neurons, fast-spiking
interneurons, action potential
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