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SAnpa eykapiOTMYHMX KIITHH OTOYEHl JBOIIAPOBOIO OOOJOHKOIO, sKa
CKJIQJAETHCS 13 30BHINIHBOI Ta BHYTPIIIHbOI MeMOpaH. KpiM cTpyKTypHUX OUIKIB 1
AJIEPHUX TIOP, Y CKIIa1 A/IepHOi MeMOpaHU MOXKHA BIJJ3HAYUTH HASIBHICTh 1HO3UTOJI-
tpudochatnux (IP;R) Ta pianogunosux kanamis (RyR), Ca’**-AT®asu, a Takox
KaieBi Ta xjopHi kanamd. OnocepenkoBane IP;R ta RyR BubinbHenns Ca®’ 3
KJIITUHHUX JIeN0, 30Kpema, 3 eHjaomuasmatuyHoro pertukyiaymy (EIIP) Ta
NEPUHYKJIEAPHOTO POCTOPY, 00’ €AHAHUX MIK COOOI0, CYITPOBOIKYETHCSI 3MIHOIO
CJIEKTPOXIMIYHOTO TPAJIIEHTy Ta HAOIMKEeHHAM MeMOpanHoro notenuiany EINP mno
piBHOBaxkHOrO moTeHiiany Ca®', mo mpoTuaie MOJANBIIOMY BMBIILHEHHIO IIUX
iomiB. Kommnencanis 3minu 3apsamy MemOpanu mig wac pyxy Ca’" i3 meno
3a0e3Meuy€eThCs  OJHOYACHUM  TOKOM  TO3MTHBHO  3apsSDKEHUX  10HIB Y
OPOTWICKHOMY HAaMpsIMKy, BCEPEIUHY PETUKYIyMy Ta MEpUHYKICapHOTO
npocTopy. BojmHowac, TONpM BaXJIMBICTH Takoro mpotuToky s Ca’'-
OTIOCEPEKOBAHOT BHYTPIMIHBOKIITUHHOT ~CHUTHANI3aIlii, Ha JaHUA MOMEHT
3QJIMIIAETHCS TUCKYCIMHUM, K1 KaHaJd Horo 3abe3nedyroTh. Ha ix poisib Oyiio
3aIMpPONOHOBAHO TPUMEPHI BHYTPINTHBOKIITHHHI KaTioHHI kaHamu (TRIC-kananm)
Ta BUcOKonpoBiaHi KaTioHHI kaHanu (LCC-xanamm). IIpu nupomy TRIC-kananu €
Maiike HermpoBiHUMH /10 10HIB Cs”, 1110 CTABHUTS il CYMHIB iX y4acTh y CTBOPEHHI
NPOTUTOKY MO3UTUBHUX 10HIB Yy e€KclepuMeHTax i3 BuBiIbHeHHaM Ca®’ y
cepemoBuini i3 3aminoro K* B murozom na Cs’. LCC-kaHamm, BomHOYac, €

npoBimaumu sk g0 K', tak i mo Cs', mo mo3Bomsuio O iM 3a0e3nedyBaru



KOMIIEHCATOPHUI CTpyM y IuX yMoBax. KpiM 1bOro, IIUJIBHICTh PO3TAllyBaHHS
LCC-kananiB y saepHiii MemOpaHi Kopenroe 31 muibHIicTIO IP3R, momatkoBo
HAIITOBXYIOUU Ha TyMKY MPO iX KOEKCIPECIIO Ta OB’ SI3aHICTh (PYHKIIIH.

Opnak, nornpu MoxiauBy ydact LCC-kanainiB y BuBinbHeHHi Ca’" 3 K THHHUX
Jeno, ocoOJMBOCTI (DYHKIIIOHYBAaHHS Ta MOMYJIAIII IMX KaHATIB 3aJHIIAIOTHCS
ManoBUBUEeHUMH. Panime Oyno Moka3aHO, MO0 Taki H-XOJIHOMOIYJSTOPH, SIK
HIKOTHH Ta HeHpoTOoKcUH II, MOXyTh MposBIsATH 1HTIOYBasbHUM edekT o0 LCC-
KaHaJiB, TOXX HAyKOBHH IHTEpPEC CTAaHOBUTH MEpPEBipKa TOTo, YW MpHUTaMaHHA
nmodiOHa i 1 1HIIMM CIIOJIyKaM IhOTO KJacy, a TaKoXX YM € IS 3JIaTHICTh
YVHIKQJILHOI0O caMe Il XOJIHOMOJYJISITOPIB, II0 MOTJI0O O HAIITOBXYBaTH Ha
NPUMYILIEHHS MPO MOMIOHICTh peryssmii xoniHopeuentopiB 1 LCC-kanamiB, 4u
CIIOCTEPITAETHCS TAKOXK 1 B CIOJYK, 10 HAJEXKATh JI0 1HIIMX KJIACIB.

[3 ypaxyBaHHSIM 3a3HAYEHOr0, METOIO LI€i poOOTH OyJIO OXapaKTepu3yBaTU
BIUIMB aIpEHOMOMYJISITOPIB, @ TAKOK MOIYJIATOPIB HIKOTHHOBUX Ta MYyCKapHHOBHX
xominopenentopiB Ha LCC-kananu sngepHoi MemOpaHu HeupoHiB I[lypkinbe
MO304YKa HIypiB. BiAMmoBigHO A0 HaBeIEHOI METH, OyJO IMOCTABJICHO 3aBAaHHS
nocmiauTu  enexrpodizionoriyni BaactuBocTi LCC-kaHamiB 3a Aii MOIYJISTOPIB
HIKOTMHOBUX 1 MYCKapMHOBHUX XOJIIHOPELIENTOPIB, aIPEHOPEIENTOPIB, a TaKOX
MOPIBHATH BIUIMB JOCIHIJIKEHUX CIOJYK 1 BU3HAUMUTH, SIKI PEUOBUHM € HAUOLIbII
edextuBHuMU Moaysitopamu LCC-kanamiB. O6’ektom mocimimkenus 0ynu LCC-
KaHaJIM s/iepHOoi MeMOpaHu HelpoHiB Ilypkinbe Mo3ouka urypiB miHii Wistar, a
MPEAMETOM JIOCHTIKEHH — elekTpodizionoriuni xapakrepuctukun LCC-kananis
I1]T BIUTMBOM MOJYJISTOPIB XOJIIHO- Ta aJIpEHOPEIETITOPIB.

OcHOBHMM MeTOZOM JochikeHb OyB patch clamp y koHiryparii nucleus
attached ta B pexxumi voltage clamp. 3HadeHHS TOTEHIATy SACPHOI MeMOpaHH
¢ikcyBanmu noueproso npu -40 mB, +40 mB, -60 MB ta +60 MB, Ta peectpyBanu
10HHUI CTpyM, IO NPOXOJMB Kpi3b MNeTy-AuUIIHKY. Ha mifctaBl oTpuMaHux
peecTpalliii BU3HAYaIM Takl mapameTpu enektpodizionoriunoi aktuBHocTi LCC-
KaHaJIIB, K aMIUTITy/]a I0HHOTO CTPYMY Kpi3b HUX, Ta IX KIMOBIPHICTh Nepe0yBaHHs

y Biakpuromy crati (P,) 3a BkazaHUX 3HaUY€Hb MEMOpPAHHOTO MOTEHIIIaTy B yMOBaxX



KOHTPOJIIO Ta NPU J0JaBaHHI MEKaMUJIAMIH T1IPOXJIOPUAY, alleTUIXOJIH XJIOPHUIY,
KapOaxoiH XJOpUAY, IMaHKYpOHi Opomiay, BEKypoHidl Opomiay, aTpormiH
cynbdaTy, MUIOKApIiH TIAPOXIOPUAY, TIATU(IIIH TiApOTapTaTy, HOpeniHehpHH
TAPOXJIOpUIY, emiHePpHH TIAPOXJIOPUIY, MPOINPAHOION TIIPOXJIOPHAY Ta
130TIpEeHATIH T1IPOXJIOPHUIY.

3rigHO 3 TPOBEACHUMH AOCTIIKEHHSMHU OYyJO0 BCTAaHOBJICHO, IIO 3-TIOMIXK
BUBYCHUX  MOJAYJATOPIB  HIKOTHHOBHUX  XOJIIHOpELENTOpiB  (MEKaMHJIaMiH,
alleTUIIXOMIH, KapOaxoJliH, TMAaHKYpPOHii, BEKypOHiH) HaWOULIbI BUpaKEeHE
3HWKEHHS aMIUTITYy i cTpyMy Kpi3b LCC-kaHanu 3a yMOBHU J07aBaHHs pEYOBUHU
JI0 BAHHOYKHU Ma€ BEKypoOHiH (3HMKEHHS napameTrpy Ha 50,9% npu -60 MB), a npu
JI0/IaBaHH1 yepe3 MeTy-MINeTKy — aleTHUIXO0JIH (3HMxKeHHs Ha 25,4% mpu -40 MB).
HaitepexTuBHiimie 3MeHIIye WMOBIPHICTh BIAKPUTOTO CTaHy IMX KaHAIIB TPHU
JI0/laBaHH1 Yy BAHHOUYKY Mekamuiamin (Ha 44,9% npu -40 mB), a ripu 3acToCcyBaHHI
pPEUOBMH Uepe3 METU-MIMEeTKy JKOAHA 31 CIONYK HE 3HWXKY€E 3HAYCHHS IIHOTO
napameTpy, TO/l SK alleTWIXouiH Horo niasuurye (Ha 106,7% mpu -60 MB). Cepen
BUBYEHHX MOJYJIATOPIB MYCKapUHOBUX XOJIHOPELENTOPIB (ATPOIiH, MIaTU(LIIH,
MJOKapMiH) HalleeKTUBHINIE 3HUXKYE aMIuliTydy cTtpymy kpizb LCC-kanamu
aTPOITiH SIK TPH J0JiaBaHH1 10 BaHHOUkHU (Ha 19,8% mpu -40 mB), Tak 1 g0 neTy-
ninetku (Ha 23,5% npu +40 mMB), BogHouac mpu arumikaiii dyepe3 MmeTd-mineTky
mIaTUGUIIH TIABUILYE 3HA4YeHHS [boro mapamerpy (Ha 20,9% mpu -40 mB).
Haii6inbmoro miporo P, LCC-kaHamniB 3MEHIIY€ThCS TP 10AaBaHHI MIATUDLIIHY Y
BaHHOYKY (Ha 52,6% npu -40 MB), Ta mijiokapmiHy Opu arutikaiii po34uHy CIIOTYKH
yepe3 mneru-minetky (Ha 68,3% mnpu-40 mMB). HailiedbexkTuBHime 3HUKEHHS
amIuiTyau crpymy Kpizb LCC-kaHanmum npu BUKOPUCTaHHI aJpeHOMOAYJSTOPIB
(mopeninedpuH, emiHeppPUH, MPOMPAHOJON, 130MPEHAiH) 3a X JJO0JaBaHHA Y
BAaHHOYKY CIOCTEpIra€TbCs NpPH 3aCTOCYBAaHHI 13ompeHaniny (Ha 52,7% npu
-60 MB). 3menmenns P, LCC-kaHaniB npu 1boMy HalOUIBIIO MIpOIO 3yMOBIIIOE
HopemniaeppuH (Ha 53,8% npu -40 MB), BoiHOYAC 130TTPEHANTIH € €IMHOIO CIIOJTYKOIO
IBOTO Kjacy, sika MiJBUINY€E 3HA4YE€HHS BKazaHoro napamerpa (Ha 72,7% npu

-60 MB). Kpim mporo, BmiMB MekaMuiiaMiHy, aTpomiHy Ta i3onpenaniny Ha LCC-



KaHaJIM CYTIPOBOJIKY€ETHCS €(PEKTOM MUTOTIHHS LIUX KaHaIB, 0COOIMBO BUPAKEHUM
3a JIii 130MpeHainy.

[TincymMoByrOuM 1 MOPIBHIOIOYHM CIIOJYKH PI3HHMX KJIaciB Mik c00010, MOXKHA
KOHCTaTYyBaTH, 1110 3-TIOM1X YCIX JTOCIKEHUX PEUOBUH Halle(PEKTUBHIIIIEC 3MEHIITY€E
amMIuniTyny crpymy kpisb LCC-kaHamy mpu J0JIaBaHHI y BaHHOYKY 31 3pa3KOM
BEKYpOHI OpoMiJ Ta 130MpEHaNliH, a MpPU J0JaBaHHI PEYOBUHU Y TMINETKY —
alleTWIIXOMIH. 3HIKEHHS WMOBIPHOCTI BIJKPUTOTO CTaHy IMX KaHaliB TIpH
J0JJaBaHHI PEYOBHHHM y BAaHHOYKY € HAWOUIbII BHUpPaXEHUM MPU BUKOPHCTAHHI
HOpemiHeppUHY, a MPHU J0JaBaHHI PO3UYMHY uYepe3 MINETKYy — MPU BUKOPUCTAHHI
nijokapmiHy. B Tol jke Yac MiJBUINEHHS aMIUIITyId CTPyMy IpH JI0JaBaHHI
PEYOBHHM JI0 BAHHOYKH CITOCTEPIra€ThCS JIUIIE TIPU BUKOPUCTAHHI MEKaMHIJIaMiHY,
a TIpH JTI0JaBaHH1 JI0 MMNETKU — Juie maatudiuniny. 36isirye P, LCC-kanamniB npu
J0/IaBaHH1 0 BAaHHOYKU TUIbKM 130IPEHAIH, a IPH 3aCTOCYBaHHI 4epe3 IeTd-
MIMETKY — TUIBKU all€THUIIXOJIIH.

OTpumani pe3yJabTaTh poOJISITH MOXKIUBUM T101p MoayJisiTopiB LCC-kananiB
BIIMOBITHO /10 BU3HAUEHOrO 3aBJaHHSMHM MaHOyTHIX JOCIIJKEHb I[IJIbOBOTO
edeKTy, pO3KpUBAIOTH CHEHMU(PIYHICTh iX PErymsili 3ajJeXHO BiJ CTOPOHU
MeMOpaHH, 110 MOXX€ CBIQYUTH Mpo TreTeporeHHicts OynoBu LCC-kanamiB 3
BHYTPIITHBOSIEPHOTO Ta MEPUHYKICAPHOTO OOKIB, a TAKOXK 3aKJIAJAt0Th OCHOBY IS
MalOyTHHOTO aHaNI3y 3aKOHOMIPHOCTEH XIMIYHOI OyJ0BH, sIKi 3a0€3MeUyIOTh
3IaTHICTh CIIOJIYK MOAYJIFOBATA OKPEMIi BJIACTUBOCTI IIMX KaHAJIB.

KitouoBi crnoBa: 1oHHI KaHamu, patch clamp, Momymsiis, eleKTpUYHA
aKTHBHICTh, HEHPOHM, KaJblli€Ba CHUTHATI3aIlSA, IOTCHINAI-3aJICKHUN CTPyM,
anepHa MemOpaHa,  eleKTpo(di3ionoris, MOIYJATOPH  XOJIHOPELEeNTOopiB,

MOIYJISITOPY aJPEHOPEIIENITOPIB.



SUMMARY
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Eucaryotic cells’ nuclei are enclosed by a two-layer envelope, which consists
of the outer and the inner nuclear membranes. Besides structural proteins and nuclear
pores, inositol triphosphate (IP3Rs) and ryanodine receptors (RyRs), Ca*>*-ATPases,
potassium, and chloride channels can also be present in the nuclear membrane. IP;R-
and RyR-mediated Ca** release from the cellular stores, specifically from the
interconnected endoplasmic reticulum (ER) and perinuclear space, is accompanied
by the change of the electrochemical gradient, shifting the membrane potential of
ER to the Ca®" equilibrium potential and hindering further release of these ions.
Compensation of the charge changes during the movement of Ca?" from the stores
is provided by the simultaneous flow of positively charged ions in the opposite
direction, into the reticulum and perinuclear space. At the same time, despite the
importance of this countercurrent for Ca**-mediated intracellular signaling, it is still
debatable which channels may provide it. Trimeric intracellular cation channels
(TRIC-channels) and large-conductance cation channels (LCC-channels) were
proposed for this role. However, TRIC-channels are almost nonconductive to Cs*
ions, making their involvement in the cation countercurrent arguable in the
experiments where Ca** release was observed under conditions in which cytosolic
K" was substituted with Cs*. LCC-channels, meanwhile, are conductive for both K*
and Cs', allowing these channels to provide compensatory current under the
described conditions. Moreover, the density of LCC-channels in the nuclear
membrane corresponds with the density of IP3;R, suggesting the possibility of

coexpression and functional connection.



But, despite the probable involvement of LCC-channels in Ca*" release from
the intracellular stores, the functioning and modulation of these channels remain
understudied. It was previously shown that such n-choline receptor modulators as
nicotine and neurotoxin II exhibit an inhibitory influence on LCC-channels, thus,
there is a scientific interest in verifying whether such effect is intrinsic to the other
compounds of this class, and whether this feature is unique to cholinergic receptor
modulators, which could suggest possible similarities in regulation of cholinergic
receptors and LCC-channels, or it may be found among the compounds that belong
to other classes too.

Taking it into account, this study aims to assess the impact of adrenergic, as
well as nicotinic and muscarinic cholinergic receptor modulators on LCC-channels
of the nuclear membrane of the rats’ cerebellar Purkinje neurons. In accordance with
this goal, the tasks were set to study the electrophysiological properties of LCC-
channels under the effects of nicotinic and muscarinic cholinergic receptor
modulators, adrenergic receptor modulators, to compare the influence of the studied
substances, and to identify the most effective LCC-channels modulators. The objects
of the study were LCC-channels of the nuclear membrane of Wistar rat’s Purkinje
neurons, and the subject of the study — electrophysiological properties of LCC-
channels under the impact of cholinergic and adrenergic receptor modulators.

The main method employed in the study was patch clamp technique in the
nucleus attached configuration and voltage clamp mode. The nuclear membrane
potential was consecutively fixed at -40 mV, +40 mV, -60 mV and +60 mV, and the
currents through the patch site were recorded. Such parameters of the
electrophysiological activity of LCC-channels as the current amplitude and the
probability of the channels being in an open state (P,) were evaluated at the
aforementioned membrane potentials under control conditions and after the
application of mecamylamine hydrochloride, acetylcholine chloride, carbachol
chloride, pancuronium bromide, vecuronium bromide, atropine sulfate, pilocarpine

hydrochloride, platyphylline hydrotartate, norepinephrine  hydrochloride,



epinephrine  hydrochloride, propranolol hydrochloride and isoprenaline
hydrochloride.

According to the conducted studies, it was found that among the researched
modulators of nicotinic cholinergic receptors (mecamylamine, acetylcholine,
carbachol, pancuronium, vecuronium), the most prominent decrease of the
amplitude of the current through LCC-channels when the substance was added to
the bath manifested after the application of vecuronium (a decrease by 50.9% at
-60 mV), and after the application of acetylcholine when the substance was added
via a patch pipette (a decrease by 25.4% at -40 mV). The most effective compound
for decreasing the open-state probability of these channels was mecamylamine when
added to the bath (by 44.9% at -40 mV)), meanwhile when substances were applied
via a patch pipette, none of the compounds reduced P,, and acetylcholine caused an
increase of this parameter (by 106.7% at -60 mV). Among the studied muscarinic
cholinergic receptor modulators (atropine, platyphylline, pilocarpine), atropine was
the most effective in reducing the amplitude of the currents through LCC-channels
both when added to the bath (reduction by 19.8% at -40 mV) and to a patch pipette
(reduction by 23.5% at +40 mV), whereas platyphylline increased the amplitude
when applied through a patch pipette (by 20.9% at -40 mV). The decrease in P, of
LCC-channels was most prominent under the impact of platyphylline added to the
bath (by 52.6% at -40 mV), and under the impact of pilocarpine when the solution
was applied through a patch pipette (by 68.3% at -40 mV). The most effective
reduction in the amplitude of the currents through LCC-channels during the studies
of adrenergic receptor modulators (norepinephrine, epinephrine, propranolol,
isoprenaline) was observed when isoprenaline was added to the bath (by 52.7% at
-60 mV). The decrease in P, of LCC-channels was the most pronounced under the
effect of norepinephrine (by 53.8% at -40 mV), while isoprenaline was the only
compound of this class that increased the value of the mentioned parameter
(by 72.7% at -60 mV). Additionally, the influence of mecamylamine, atropine and
isoprenaline on LCC-channels was accompanied by the channels’ flickering effect,

especially prominent under the impact of isoprenaline.



When summarizing the results and comparing the substances with each other,
it can be inferred that among all the researched compounds vecuronium bromide and
isoprenaline were the most effective in reducing current amplitude when applied to
the bath with a sample, and acetylcholine — when applied to the patch pipette. The
decrease in open-state probability was the most pronounced in the configuration with
the substance added to the bath when norepinephrine solution was applied, and in
the case of the application via a patch pipette — under the impact of pilocarpine
solution. At the same time, the increase in current amplitude was registered only
when mecamylamine was added to the bath or platyphylline was applied via a patch
pipette. The increase in P, was observed when the substance was added to the bath
only under the impact of isoprenaline, and when applied via a patch pipette — only
under the influence of acetylcholine.

The obtained results make it possible to select a specific LCC-channel
modulator with a desired effect according to the needs of future studies, reveal the
specificity of their regulation depending on the side of the membrane, suggesting the
heterogeneity of the LCC-channels structure between the intranuclear and
perinuclear sides, and lay the foundation for future analysis of the chemical patterns
that enable compounds to modulate specific characteristics of these channels.

Keywords: ion channels, patch clamp, modulation, electrical activity, neurons,
calcium  signaling, voltage-dependent  currents, nuclear = membrane,

electrophysiology, cholinergic receptor modulator, adrenergic receptor modulator.
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