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Ilpoananizoeano aimepamypri daui w000 Mexanizmie i peeyasauii nacueHoeo ma aKmueH020 MpPAHC-
nopmy Ca** ¢ miomempii. Ocobausy yeaey npudineno cGM P-3anencnum ma nezanexnchum winsxam oii okcu-
dy azomy (NO) abo tioeo noxionux na ewympimnvokaimunnut Ca’*-zomeocmas 2aadenvko2o m’13a mamku
ma ii ckopomaugy akmueuicmoe. Y nopieHsabHOMY acnekmi HagedeHi eidomocmi cmocoeHo eénausy NO Ha
Ca?*-mpancnopmyeanvri cucmemu [HWUX munie eaadeHokux m’a3ie. Ha ocroei earacHux excnepumenmans-
HUX pe3yabmamie ma O0aHux aimepamypu 3anponoHosaro cxemy 0ii NO e miomempii, 3eidno 3 sakorw NO
abo Uoeo noxioni cnpuyunioroms Ca’*-3anexcry noaspusayiro capkoasemu. Ak ceiduamv Hawii pe3yivma-
Mmu, 6 0CHOBI Ub020 epexmy Moxce aexcamu 3pocmanHs nponuxknocmi capkosemu oas Ca®t 3a 0ii NO abo
11020 NOXIOHUX Ma CMUMYASAYIS, NPUHAIMHI NOYAMKO08A, NACUBHOZ0 MPAHCNOPMY KAMIOHA V Mioyumu Kpi3b
dueidponipudunuymauei kanaiu. Jlooamkosumu paxmopamu, Ki CHpUSOMb ROAAPUIAYTT MeMOPAHU, MOICYMb
Oymu noCuneHHs mpaHcnopmy npomowie i3 mioyumie ma cmumyaauis Na*,K*-ATP-azu. Jlirouu Ha capko-
NAA3MAMUYHUL PeMUKYAYM, HIMPO3AKMUBHI CHOAYKU NOCUAIOIOMb eHEPe03aANeIHCHE GKAIOYEHHS Kaabyilo 8 yell
Komnapmmenm ma npueriuyiomo Ca’*-indykoseane suginvhenns kamiona. Ocmanni epexmu 30amui 3abe3ne-
yumu komnencayiro NO-indykosanoeo naoxoodxcenns Ca’* ¢ mioyumu ma npueHivyeamu eaeKmpomexaniute
cnpancents Ha emani suginvenns Ca®t 3 pemuyayma. Ioxioni NO makodc ineiyromos Kalo408y AGHKY 3a-
NYcKy KOHMPAKmuaAbH020 aKmy 6 eAadeHvKoMy m a3l — gopmyeanns komnaekcy Ca’*t—KkaabmooyiiH.

Kawuoei caoea: okcud azomy, Kaivyill, en1adeHbki M 93U, miomempill, eAeKmpoMexXaHiuHe CAPAICCHHS.

JIaJICHbKMM M’$13aM HaJIeXUTb Tepuioyep-

ropa poJjib y IiATPUMaHHI HOPMaJIbHO-

ro (pyHKIIOHYBaHHS OpraHi3aMy B 3B’SI3KY
i3 3a0e3neyeHHsIM CKOPOTJIMBOI ~ aKTMBHOCTI
BHYTpiluHiX opraHiB [1, 2]. Ockinbku OAaHi€IO 3
TOJIOBHUX MPUUYUH CMEPTHOCTI B KpaiHax €Bponu
i IliBHiyHOI AMEpMKHN € CepLeBO-CYIMHHI 3a-
XBOploBaHHS [3], 3HauHYy yBary JIOCJiJHUKIB
CIIPSIMOBAHO Ha BMBYEHHsS Oioximii i iziosorii
KapaioBacKyJISIpHOT cucTteMu opraHizamy. IIpo6-
JIeMU, TIOB’s3aHi i3 (YHKIIOHYBaHHSM KMIII-
KOBO-IIJIYHKOBOTO i YpOreHiTaJbHOTO TpPaKTiB

BUPILIYIOTBCS 3HAYHO MEHII iHTeHCHBHO. Oue-
BUJHUM HaCiJKOM L€l AUCOPONOPLIl € Te, 1110
iHpopMalliss CTOCOBHO MeXaHi3MiB 1 peryssiii
CKOPOTJIMBOI aKTUBHOCTI MIafeHbKOIO M’si3a Mat-
Ku (MiomeTpis) € BimHOCHO oOMexeHa [4—6]. ¥V
PO3BUHYTUX KpaiHax IepeayacHi IMOJOTU i 3puUB
BaritHOCTi 00yMOBIIOIOTL 10 80% HeoHATabHOI
CMEPTHOCTI, sKa HE MOB’s3aHa i3 BPOMKEHHU-
MU Bagamu po3BUTKY [7, 8]. B VYkpaini ugacrto-
Ta TepeayacHUX TIOJOTiB CKJIaJa€ 3a pPi3HUMU
migpaxyHkamu Bin 12 go 46% [9]. Otxe, moiyk
HOBHUX TIpenapaTiB TOKOJITUYHOI Jii, TOOTO pevo-

Cuncok ymoBHuX ckopodenb: NO — MoHookcu[ asoty; NO® — karioH HiTposoHilo; NO_— okucau azory; NPS —
Hitponpycus Harpilo; NS (NaNO,) — mnirpur narpito; SNAP — S-nirposo-N-auerunneniumnnamin; SIN-1 —
3-mopdonincunaoHimin; TMK — rmamenbkom’si30Bi kitituHu; [IM — nnasmaruuna MmemOpana; CP — capkoruiazma-
TUYHUI peTukyaym; MX — mitoxoHapii; PMCA — kanbuieBa nommna rmiazMarnuHoi Mmemopanu; SERCA — kanblieBa
nomia capkoriadmatuuHoro petukyiyma; NCX — Na*/Ca?"-o6minHuk; CICR — calcium induced calcium release,
Ca**-innpykoBaHe BuBiJibHeHHs1 Ca?"; STOCs — spontaneous transient outward currents; SOCCs — store-operated Ca
channels; TRP — transient receptor potential; STIM 1 — stromal interaction molecule 1; Orai 1 — calcium release-
activated calcium channel protein 1; PKA — nporeinkinaza A; PKC — nporeinkinaza C; PKG — nporeinkinasa G;
PLC — docdoninasa C; AT — miaumnrniuepon; IP, — inosuron-1,4,5-tpudocdar.
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BUH, Ki 3HUXYIOTb CKOPOTIMBY aKTUBHICTh MaT-
KU, € BKpail HeoOximHuM. [IpupomHO, roJOBHOIO
YMOBOIO 1IbOT'O € AOKJaJHe BUBYEHHS Oi0XiMiYHMX
MEXaHi3MiB KOHTPOJIIO CKOPOTJIMBOI aKTHUBHOCTI
MaTKu, J€ BUpilllaJibHA pOJib HaJEXUTh iOHAM
KaJblito [6].

V 3B’13Ky 3 TUM, 110 Ha 1mo4yatky 90-x pp. XX
CT. OyJIO OCTaTOYHO BCTAaHOBJIEHO JOMiHYIOU€ 3Ha-
yeHHSs okcuay a3oty (NO) B MexaHi3Max po3ciiad-
JIHHSI ThaJeHbKux M’g3iB [11], okpeMi HayKoBi
KOJIEKTUBU Ttovay BuB4YaTh posib NO B peryisuii
KOHTPAKTUJIbHOI aKTUBHOCTI MioMeTpisg. OcTraHHi
JOCTiIKEHHSI T03BOJISIIOTh BUCYHYTHU TPUITYILEH-
Hs cTocoBHO 3HaueHHsT NO B mpoiiecax, sIKi mo-
nepeaxaTh KOHTPAKTUJIbHY BIAIIOBiAb Ha PO3-
TSTyBaHHS CTiHOK MaTKM IIiJ 4yac pocTy eMOpioHa
Ta 3MEHIIEHHS YYyTJIUBOCTI MiOMETpisl IO yTepo-
KOHCTPUKTOPHUX areHTiB (3a MiABUILEHOIO PiBHS
MpPOreCcTepoOHY B TKAHMHAX MaTKM). Y creliaabHili
MEIWYHIN JiTepaTypi Le sSBUILE OAepxKajlo Ha3By
nporectepoHoBa 6nokana [4, 5, 12, 13]. fAx npo-
aykyBaHHs1 NO, Tak i YyTJIIMBICTh 1O HHOTO 3HU-
JKYIOThCSI HAIIPMKIiHIIi BariTHOCTI i epeay0oTh MO-
YyaTKYy MOJIOrOBOi aKTUBHOCTI [4, 5, 14—16]. JloHOpHM
NO CcOpuUuMHIOIOTH peakcallilo MioMeTpist sK
HEBariTHMUX XiHOK, TaK i XiHOK i3 pi3HUMMU CTPO-
Kamu BaritHocTi [17—20]. BignoBigHe 3HMIKCHHS
KOHTPAKTUJIbHOI 3JaTHOCTI TIJIaJIcCHbKOM SI30BUX
kiituH ('MK) MaTKn mponeMOHCTPOBAHO TAKOX i
JUJISI pi3HUX BUJiB TBApUH, Y TOMY YMCIIi IJISI LLYPiB
Ta MpUMAaTiB, Y pi3Hi Iepiogu (yHKIiOHAJIbHOL
aKTUBHOCTI opraHa [21—27]. VY KIiHIYHUX
JOCITiIKEHHSIX TPOAEMOHCTPOBAHO, IO JIOHOP
NO — HiTporiileprH — 3MEHIIY€E YacTOTy Tepea-
yacHUX TonoriB [28]. BomHouac MmexaHi3mu, 3a
IKUMU NO KOHTPOJIIOE CKOPOTIUBY aKTHUBHICTh
MiOMETpisl Ha CbOTOHI OCTATOYHO He3’sicoBaHO. B
I'MK cyauH OOMiHYIOUMM LUISIXOM pelakKCylouyoi
Jil € KJIACMYHUWU JIaHUIIOT, 110 TPU3BOAUTH 10
3HUKEHHsI KoHleHTpauii Ca?>* B Miomjaaswmi:
aKTHUBallisl pO3UYMHHOI T'yaHIJIAaTLUKJIA3u — 3pO-
craHHg BMicty ¢cGMP y kiitTmHi — akTuBaLis
npoteinkiHazu G (PKG) — dochopunioBanHs
e(eKTOpHUX IPOTEiHiB, 110 3a0e3Meuy€e 3HUKEH-
Hs HagxomkeHHs1 Ca?" B MiomjasMmy i CTUMYITIOE
BUBEIEHHS KaTioHa 3 KJITUHU Ta aKyMYJSIilo
Oro y BHYTPIIIHBOKJIITUHHUX gero [11, 29,
30]. Pesyabratm 9K paHHIX, TaK i Ii3HIIINAX
JOCIIiIXEeHb NEMOHCTPYIOTh 3aJeXHICTh e€(EeKTiB
NO B MiomeTpii BiJ 3poctaHHs piBHsI cGMP. Posb
LIMKJIIYHOTO HYKJCOTUOY BUSBJICHO B EKCIEpH-
MEHTaX, IIPOBEACHMUX Ha MIOMETpil XKiHOK Ta LIYPiB
y pi3Hi mepiogmn BariTHocti [20, 22—25]. BriMm, y
3HAYHilf 4YacTUHiI poOOIT CTaBUTBHCS IIiJ CYMHIB
KJaCMYHMI MexaHi3M peaJjizawlii OioxiMiuHOL
akTuBHOcTi NO B Wiil TKaHUHIi. 30Kpema, Ipo-

JeMoHcTpoBaHo, 1110 NO 3yMOBIIIOE peJlakcalliro
MioMeTpist HesasiexkHo Bigm cGMP. 3HaueHHSs
c¢GMP nocTaBiieHo 1ig CyMHIB y poOoTax, IpoBe-
JIEHUX Ha MioMeTpil HeBariTHUX i BariTHUX KiHOK
[17—19], mpumariB [26], mypiB [21], MypuakiB
(MOpPCBKMX CBUHOK) [27]. ¥V mocnimax Ha Mypuya-
Kax jpoHopu NO CIpUYMHIOIOTH pelakcallilo He-
3aJIEXKHO BiJl IPUCYTHOCTI iHTiOiTOpa pO34YMHHOIL
IyaHiJaTUMKJIa3d — METUJICHOBOIO CHUHBOIO
[27]. Jlo Toro X HeoOxigHa [JISI PO3CJIabJCHHS
KOHIIEHTpaLlisl MPOHUKHOTo aHajnory cGMP Oyna
JIIy>Ke BHUCOKOIO. ¥ MioMmeTpii >KiHOK Ta IpHUMarTiB
B3araJii He BUSIBJICHO peJlakcallii 3a Ail aHaJIOriB
cGMP [17, 26]. OTxe, xoua 3a nii goHopiB NO
1 CIIOCTePiraeThbCsl 3pOCTaHHS BMICTY LIUKJIIYHOTO
HYKJICOTUAY B MioOIlJIa3Mi, OCTaHHE He €
HEOO0XiaJHOI YMOBOIO 115 (Di3i0J0riyHOI BiANOBidi.
AJbTepHaTUBHUM MexaHizMoM aii NO B rinaaeHb-
KMX M’g3aX, 30KpeMa MioMeTpii, Moxe OyTu 0e3-
rnocepeaHs xiMiuyHa Moau@ikallisl ioHHUX KaHaJliB
ta nomn [4, 31—33], s1ka Bege MO 3MiHU iXHBOL
aKTUBHOCTI 1 MoOXe 3[ilCHIOBAaTUCh 30KpeMa Ta-
KUM BUCOKOpPEaKIiHHO3JaTHUM HIiTPO3UIIOIYUM
noxitHuM NO K KaTioH HiTpo3oHilo (NOY).
Ax cGMP-3anexHi MexaHi3MM, TaK 1 ILIISIXU,
3B’13aHi 3 TIPSIMOI0 MOAVJISIIIEID AaKTUBHOCTI
1OHTPaAHCIOPTYBAJbHUX CTPYKTYP JIeKaTh B OCHOBI
perynsuii kKoHueHTpawii Ca?>" B Mioruia3Mi, 3MiHU
SIKOI 3a0e3MmeuyloTh eaeKTpo(hapMako)MexaHiuHe
CITPSIXKEHHS B TJaJeHbKUX M’g3ax [1-2].

OT1xe, MeTOIO POoOOTHU OyJIO TIpoaHali3yBaTu
CyyacHi BIiJIOMOCTi CTOCOBHO (DyHKIIIOHYBaHHSI
KaJIbLiATPpaHCIIOPTYBAJbHUX CUCTEM Yy TJIaJeHb-
KUX M’s3aX, IepeayciM MioMmeTpist, i3 3aJydeH-
HSIM BJACHUX €KCIEpPUMEHTAJbHUX JaHUX Ta
3aMpOIIOHYBATU MOXJIMBI 1IsIXU perynsnii Ca’*-
roMeocrasy B IJajieHbKOMY M’s13i maTtku NO.
3HauHy yBary npupiieHo cGMP-3anexHum Ta
cGMP-ne3anexxnum mexaHizmaM aii NO.

3araybHa XapaKTepucTHKa Ca?*-
TPAHCTIOPTYBAJBHUX HLIAXIB Y INIaJeHBKOM SI30BHUX
KiaitTuHax. B ocHOBI Ipouecy 3pocTaHHS
KOHILIEHTpallil i0OHiB KaJIbllil0 B MioIlJIa3Mi JIEXXUTh
loro macMBHUIA TPAHCIOPT 3a KOHLUEHTPALIiTHUM
rpaji€HTOM i3 Mo3a- Ta BHYTPilLIHbOKJIITUHHUX
MnyJiB BHACJIiA0K B3a€EMOY3TOIKEHOTO
(YHKIIOHYBAaHHSI KaHaJbHUX CTPYKTYp CapKo-
JeMu (riasMatudHoi MemOpanu, IIM), capko-
nnaasMaruuHoro perukyayma (CP) i, MoxXnuBo,
miToxoHapit (MX) [6, 10, 34—38]. CroromHi Ha-
KOITMYEHO JOCTATHIO KiJIbKiCTh €KCIIepUMEHTAJIb-
HMX JaHMUX, SIKI CBigyaTb MHpO CKJAAHY YacoBY
i mpoctopoBy KapTtuHy nepemaui Ca?"-curHany
(Ca?*-ocumnsuii, Ca?"-xBuJi). PesynbraTu
JOCHiIXEeHb i3 BUKOPUCTAHHSIM KOH(OKAJIbHOI
Mikpockorii Ta Ca*" -uyTnuBux (ayopecleHTHUX
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10. B. JAHMUJIOBUY

30HAIB [OAalOTh IIiACTaBUM TOBOPUTHU MpPO 3HAYHI
JIOKAJIbHi 3MiHM KOHLIeHTpauii Ca?" B Mioruia3mi,
SIKi MOXYTh 3a0e3MeuruTd KoMIapTMeHTasli3allilo
Ca?"-3ajeXXHUX TOAiN y KJITWHI (OUB., HaNpu-
kian, [33, 36, 39]).

YV pasi eneKTpoMexaHIiYHOIo CIIPSIXKEHHS
3MiHM MEMOpPaHHOIr0 NOTeHIiay (IermoJisIpu3allis)
OpUBOALATL [0 aKTHMBALil ITOTeHIiaJ3aIeXHUX
Ca?"-xaHaJliB (B pi3HUX TUIIAX M’SI31B IIPeICTaBICHI
ixHi L- a6o T-tunwm). Kanbuiii, ssKuii yBiiIlIOB
y MioIuiasaMy 3a TpaJi€eHTOM KOHIIGHTpallii, €
NpUUMHOIO TakK 3BaHoro «Ca?"-iHIyKOBaHOIO
BuBinbHeHHs1 Ca?*» (CICR, calcium induced
calcium release) uepe3 KaHajIu pPiaHOTMHOBOIO
peuerntopa (YyTIMBI [0 aJKOJIOIAy piaHOOUHY).
Lle BuBiJIbHEHHS BiIOYBA€ETHCSI B MexXax JIOKadb-
Hux perioHiB CP, mepeBaxkHO po3MillieHUX Oils
CapKoJIeMM, 1 Bi3yalli3yeTbCS B €KCIEpUMEHTax
i3 BUKOPUCTAHHSIM (PIyOpeCUeHTHUX 30HIIB Y
BUINISAAI «cHapKiB». BupinbHeHHs1 ioHiB Ca’" i3
nepudepuyHUX OiJITHOK pPeTUKYJyMa iHililoe
MHOSIBy TpaHCCAapKOJIEMHUX CTPYMiB KaJlieBOi Ta
xJjopHoi npupoau (STOCs, spontaneous transient
outward currents). ¥ meskux 'MK 3o0kpema, cy-
JWH, JIOKaJlbHi 3pocTaHHsI KoHLeHTpauii Ca?*
B3noBxX CP yrBopiorors Ca?*-xpumo [10, 31, 33,
35, 36, 39—41].

3a jgii Ha MIOLIUTU AaUETUJIXOJiHY, OKCH-
TOLIMHY, (akKTopiB pocTy ((hapmMakoMexaHiuHe
CITPSIXKEHHST) MMAaCUBHUI  TPaHCHOPT Ca?*
3 CP inpykyereca IP,  (inosuron-1,4,5-
TpudocdaroM), SKUHA YTBOPIOETHCSI BHACIIIOK
rizponisy docharunauninosuTon-4,5-gudocdary
dochoninazoro C (PLC, 3amigni B- abo
y-i3ohopmu 3a7ieXKHO BiJl XapaKTepy CTUMYJSLLIT).
BusinbHenHs Ca?* kpi3b KaHaJIM PiaHOOMHOBOTO i
IP,-peuientopiB — B3a€MO3aJIeXKHI IPOLECH, KPiM
Toro Buxij KatioHa 3 CP perynwoe iioro TpaHc-
nopt y capkosieMi [36, 40—44]. 3pocraHHs piBHS
IP, snmxye xonuenrpauio Ca** B momeni CP,
IO iHILIIOE TaK 3BaHUN <«ITYJIKEPOBAHMUI» BXif
KarioHa B Mioruiasmy [45—47].

Crumynsuis aronicramu I'MK Bkiiouae B
cebe nBi (ha3u: MIBUIKE 3POCTAHHSI KOHILEHTpAaLlil
Ca?* B wMmiomia3Mi 3 HacTymHUM (ochopuiio-
BaHHSM JIETKUX JAaHIIOriB MiOo3MHY Ta (a3olo
OiATPUMAHHSI CKOPOYEHHSI, IO CIOCTEPira€ThbCs
Ha TJIi 3HMKEHOT KOHIIEHTpallii KaTioHa. 3pocTaH-
H$ KOHLIEHTpallil KaTioHa B MioIlJla3Mi IPUBOAUTH
JI0 YTBOPEHHSI MOro KOMILIEKCY 3i crerupiuHuM
pELUEeNTOPHUM IIPOTEIHOM — KaJbMOIYJIiHOM.
Y nopanbimioMy KoMmiuieke Ca? —KaJabMOmYJiH
aKTUBYE KiHa3y JIETKMX JaHLIOTiB Mio3uHy. LI
KiHa3a 6e3nocepeaHbo (OCHOPUIIIOE PETYISITOPHI
Jierki naHimioru (Maca ~ 20 x/la), HacjaiAKOM 4Oro
€ B3a€EMOJIisl BaXXKUX JAHIIIOTIB 3 aKTUHOM i3 TO-
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JaJbIIMM 3allyCKOM CTPUKIIii. 3BOPOTHIiil mpo-
uec aedocdopuiitoBaHHs 3ailicHIOE docdaTasa
JIETKWX JIAHIIOTiB MiosuHy [6, 48, 49]. Ilpomec
necdochopuatoBaHHST  J0JAaTKOBO  PEryJIEThCs
Rho-kxiHa3zolo, dgka npurHiuye ¢ocdara3ny
AKTMBHICTh LLISIXOM (boCchOpUIIOBAaHHSI €H3UMY
3a 3aJMIIKAMKM TUPO3WHY. 3a3HayeHMI Ipoliec
MOXe€ iHilLliI0OBaTUCh arOHiCTaMM, PELEIITOPHU SIKUX
crpsikeHi 3 Maaum G-niporeiHoM RhoA [50, 51].
OcTaHHE 3yMOBJIIOE T10AaTKOBY aKTUBALIil0 aKTUH-
Mi03MHOBOI MAallIMHMU, 1110 JIEXXUTh B OCHOBI SIBUIIA
KaJbIi€BOI CEHCUTM3ALIil — PO3BUTKY CKOPOYEH-
Hs OiJbIIOro, HiX 1€ 3YMOBJICHO BiANOBiAHUM
MiABUIIICHHAM KoHIeHTpalii Ca?" B MioriasMi.
3HmxkeHHsS KoHIeHTpalii Ca’?t B Miomna3mi
00yMOBJICHE npoiecamu €Hepro3aJie’k Horo
TpaHCIIOPTY KaTioHa, J¢ 3adisiHi iOHHi ITOMIOM
ta oominauku [IM, CP i MX [6, 10, 34—37, 52].
Capkonema Mictutb Ca?", Mg**-ATP-azy (PMCA)
ta Na'/Ca’*-ooMiHHuK (NCX) — TepeHOCHUK,
SIKMI Mpalloe 3a paXyHOK eHeprii rpaaieHTa Na®.
Ha piBni CP nokanizoBaHa 1ie ogHa TpaHCIOPT-
Ha Ca’*, Mg?*-ATP-a3a (SERCA-nomma) [10, 34,
35, 44]. B MX poaramoBanuii Ca?"-yHinopTtep,
akuit Tpancrnoptye Ca?" B MaTpMKC 3a €JIeKTpO-
¢dopeTnyHuM MexaHi3MoM [52—54]. 3a3HaueHi
CUCTEMM MpalIOIOTh B3aEMOY3TOMXEHO, 30Kpe-
Ma BUBIJIBHEHHSI KaTiOHAa 3 pPETUKYJIyMa MOXKe
OyTH KOMIIGHCOBaHE MOro HaKOMUWUYEHHSIM y MX,
a TpaHCHOpPT KarioHa B MX MoxXe peryiaroBa-
™ ¢yHKUioHyBaHHs1 Ca’"-KaHalliB capKoJieMUu
i CP. Hampuknan, mocuyienHs akymynsmii Ca?t
B MX MoXe CTUMMYJIOBaTM MOr0 BUBIJbHEHHS
uyepe3 kaHanmm [P -penentopa CP [36, 54, 55].
Buiezasnaueni Ca*"-TpaHCIOpTyBajbHi CUCTEMU
[JIaIcHbKMX M’SI3iB 3a3HauyeHo Ha cxeMi (puc. 1).
Otxe, 3pocTaHHs KoHHeHTpauii Ca?* B
MioIlJIa3Mi € Tepllol0 i OCHOBHOIO YMOBOIO pO3-
BUTKY KOHCTpUMKIIii. Ipyroro yMOBOIO € YyTBO-
peHHs KoMmIuiekey Ca’"—KaJbMOAYJiH i3 MOgaJIb-
1I0I0 AaKTUBALLi€I0 KOHTPAKTUJBHOIO amapary.
BiamoBimHO 10 HBOTO CHUCTEMHU IMiATPUMaHHS
Ca?"-roMmeocTa3y pa3oM i3 MpoTeiHaMU, SIKi KOH-
TPOJIIOIOTh B3AaEMO/Iil0 aKTUHY 3 MiO3WMHOM, Ma-
I0Th OyTM OCHOBHMMHU MimeHIMu aii NO gk
Miopesakcytouoro dakropa. Ha piBHiI capkosemu
NO Moxe 3HMXYyBaTHU NpoBigHicTs Ca’*-KaHaliB
abo crumynaoBatu PMCA Tta NCX. He MeHIl
BaXXJIMBUM € BiporigHa aktuBauis K'-kanainis,
sKa CYIPOBOJXYETHCS TileprnoJisipu3alielo MeM-
OpaHU 3 BiIMOBIIHUM iHTiOyYBaHHSIM TPAHCIOPTY
Ca’" yepe3 nmoTeH1iaJKepoBaHi KaHamu. Y CP NO
MOX€ 3HUXYBaTu e(QEeKTUBHICTb BUBiJbHEHHS
KaTioHa 4Yepe3 KaHadd piaHOAMHOBOTO  Ta
IP,-peuenropiB, a TaKOX CTUMYJIIOBATH pPO-
6oty SERCA-nomnu. Brume Ha MX, okpiMm
Oe3rnocepeHbOl 3MiHU IxHbO1 Ca?"-aKyMyITI0040il
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Puc. 1. PMCA — kanavyicéa nomna naasmamuunoi membpanu, SERCA — kaavuicéa nomna capxonaasma-
muunoeo pemuxysyma, VGCC — nomenuianrxeposani (6opomui) kaavyiesi kanaau, SOCC — denoxeposaHi
Kaavyiesi kanaau, VGSC — nomenuiaskepogani (6éopomui) nampiesi kanasu, PKC — npomeinxinaza C,
PLC — ¢pocgponinaza C, PIP, — chochamuoduninozumon-4,5-oupocpam, IP, — inozumom-1,4, 5-mpuccpocgpam,
DAG — Oiayunenivepon, K., — Ca’**-3anexcni kanieei kanau, K'-xanieei kananu, Cl,, — Ca**-3aremxcni
xaopui kanaau, CICR — kanvyitiindykoseane eusinvhenus xaavyito, NCX — Na*/Ca’*-obminnuk. Braszani
i30popmu npomeinie xapaxkmepri 0as miomempis

31aTHOCTi, OOYMOBUTb MOMAYJIIOBaHHS  €Hep- JIETKMX JIaHIIOTiB Mio3WHY. BianoBingHO 10 HaBe-

TeTUYHOro 3abe3reyeHHs MIOIMTIB, a OTXe i
(ynkuionyBanHs Bcix ATP-3anexHux TpaHc-
nopryBaJibHUX cucteM. Hapewri, JI0LiJBHO
npunyctutu BIUIMB NO Ha npouec YTBOPEHHS
komiutekcy Ca**—KajabMOnmyiiH, TIPUTHIYCHHS
aKTUBHOCTI KiHa3uW Ta CTUMYJALi0 ¢ocdara3u

JEHUX MipKyBaHb HMXXYe MU aKIIECHTYEMO YBary
Ha posi NO B mintpumanHi Ca’*-romeocTa3sy ria-
JIEHbKUX M’S13iB, MEpPeNyCiM MiOMETpisl, B 3B’I3KY 3
IXHbOIO (PYHKIIOHAJbHOKO aKTUBHICTIO.

CucreMd TOTEHIiaJIKEPOBAHOTO  NACHBHO-
ro tpancmopty Ca?" B capkoyemi Ta Iis HA HUX
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NO. IloreH1ian CnoKow KJITUH MiOMETpisl cTa-
HOBUTH Bix -35 mo -80 MB i csgrae Ginpur He-
raTUBHUX 3HAa4YeHb MiJ 4Yac BaritHocTi [56].
30yIIMBICTh MIOLMTIB MaTKM, SIK M iHIIUX eJieK-
TpO30yIIMBUX TKAaHUH, 3a0€3IMeuyeThCcsl KaHalo-
nocepenkoBaHuM pyxoM ioHiB Ca?", Na*, CI i3
MO3aKJITUHHOIO CepeJoBMIlla B MiomjaasMy 3a
rpajiEHTOM KOHUEHTpaLlil i MPOTUJIEXXHO CIps-
MoBaHUM TpaHcropToMm K [6, 56]. KiatouoBy poisb
y 3abe3mneyeHHi IMOTEHIIialy CIOKOIO BidirpaimoTh
Ca’-zanexHi K'-kananmu [57, 58]. Ha Biaminy
Bigm iHmmx I'MK y wmiomerpii iCTOTHY pojib y
BUHUKHEHHi i pO3MOBCIOMXEHHI MOTeHLiany il
BiIirpaloThb He JIMIIE KaJIblLi€Bi, aje i HaTpieBi
KaHaju, ekcrpecid i ¢pyHKIliOHaJlbHA aKTUBHICTb
SIKMX 3aPEECTPOBAHI SIK y )KiHOUOMY MiOMeTpii, Tak
1 B LIIypiB y pi3Hi (pyHKILIOHAIBHI ITepioau [59, 60].
JoMiHYIOYMM TUIIOM MOTeHLiajdkepoBaHux Ca’*-
KaHaJIiB y MioMeTpil € IUTigpoIipuauHYyTIUBi
KaHaiu L-tuny, sKi BiIKpUBaIOTbCS 3a HOCSI-
HEHHS$ piBHSA Jenojsipu3auii npuonausHo -40 mB
Ta OOYMOBIIOIOTH TpHBaje i MacoBaHe HaIXO-
JIXKEHHSI KaTioHa B MIOLUMTH, 10 3a0e3Ieuye BU-
KOHAaHHSI HUM MeceHXepHoi ¢GyHKLii [10, 56].
IlepenbavaeTnes, 10 came Lii CTPYKTypu 3abe3-
MEeYyIOTh MIiOT€HHY KOHTPAKTUJIbHY aKTUBHICTh
MaTKu. Y MiOMeTpil MpeAcTaBleHI TaKOX
i3oopMu i cmjaiic-BapiaHTU KaHajiiB T-tumy,
SIKi aKTUBYIOTbCS Y pa3i HeTaTUBHUX MOTEHIIiaiB,
XapaKTepu3ylOThCsl MNPUCKOPEHOI KIiHETHUKOWO i
BUSBJSIOTh MOPIiBHSIHO BHUIIY TPOBIJIHICTb, HiX
kaHamu L-tumy [61, 62]. [IpumyckaioTh, 10 T0-
yaTKoBa JIeNoJisipu3alliss oOyMOBJIIOE aKTHBALIilO
T-kaHaniB, mo 3abesneuye 3MiHY NOTEHIialy,
JOCTaTHIO JJis BigkpuTTa L-KaHamis [6].
MexaHi3Mu, SKi MOXYTb 3a0€3IEeUUTU TpU-
Bajie 3HMKEHHS KoHIeHTpalii Ca’" B mioruiasMmi
3a #ii NO abo oro moxigHMWX HE 3aBXIU 3BO-
ISTbCSL 10 Oe3IMocepeaHbOro OJIOKYBaHHSI Hal-
XOMKEHHS$ KaTioHa B MIiOLIMTU, BUBIJIbHEHHS 1OTr0
13 BHYTPILIHBOKJIITUHHUX IMYJiB a00 CTUMYJISILiL
eHepro3ajexkK HuX Ca?"-TpaHCIOpTyBaJbHUX
cuctreM. B TI'MK wMaTtku MypyakiB dOHO-
pu NO 3yMOBIIOBaJIM ITOYAaTKOBE 3POCTaH-
Hs KoHueHTpauii Ca?" B wmiorrasmi [63]. Lleit
e(eKT TIIOSICHIOETbCS aBTOpaMMU CTUMYJISLIEIO
3BiJIbHeHHs KaTioHa i3 CP [4, 63]. B ekcriepu-
MEHTax, IPOBEJEHMUX Ha MioMeTpil LIypiB, HAMU
JEMOHCTpYBajacsa CTUMYJSALiSI MAaCUBHOTO TPaHC-
nopry Ca?" B miouuTu 3a #aii Hirputy (NS) Ta
HiTporpycuay Hatpito (NPS) B ymoBax KajieBoi
nenonsipu3anii [64] (puc. 2). OcrtaHHE criocTe-
peXeHHsI Y3rOIXYETbCs i3 (pakKToM 3pOoCTaHHS
HPOHUKHOCTI capKoJeMM s KaTioHa ITiJ BILJIM-
BOM HITPO3aKTUBHUX CIOJYK [65]. ¥V 3a3Haue-
HUX JOCHIJKEHHSIX JiI04Ol0 PEUYOBUHOIO MOXE
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Buctyraru He caMm NO, a ioro pemokc-gopmu,
Hacamrepea NO™, OCKiJIbKM BUKOPUCTaHi SIK J0O-
Hopu SNAP (S-Hirpo3o-N-aleruineHinumaamMiH)
[63] Ta NPS [64] 3marHi mpoayKyBaTH KaTioH
HiTpo30oHil0 [33, 63], BomHOYac IiHIIUA HO-
Hop SIN-1 (3-Mop¢OJiHOCUHAOHIMIH), SKWUIA
npoaykye came NO, He CIIpUYMHIOBAB 3pOCTaHHS
KoHueHTpalii Ca’" i He 3yMOBJIIOBaB pejakcaililo,
X04ya i MpUBOIMB OO0 MiABUIlLEHHS piBHSI cGMP
B Miomurtax [63]. Tlomi6Hy niro moHopiB NO
MPOAEMOHCTPOBAHO TaKOX Yy HOCHigax, IpOBe-
neaux Ha I'MK mnoBiTpoHOCHMX UIIAXiB [66].
IlikxaBo, 110 3pOCTaHHS IIPOHUKHOCTI CapKo-
nemu go Ca?" Ta CTUMYJSLiS HOro TPaHCIOPTY
B MIOLIUTU CIOCTEPIiraeTbcs Takox i 3a mii NS
[64, 65]. Hitput-anionu nponykyioth NO rmepe-
Ba>KHO B KUCJIOMY CEpEeIOBUILi, aje 3AaTHI YTBO-
proBatu NO Ta HoOro pemokc-moxiJHi TakoxX i y
MPUCYTHOCTI T€MOBMX IpyIl Ta 3a]i30-CipyaHUX
KoMrutekciB [67]. TlepenbavaeTbes, 10 HACITiIKOM
MiIBUILIEHHS KOHIIEHTpallii KaTioHa, HacaMIle-
pel B cyOCapKoJIEeMHOMY perioHi, € akTuBalis
Ca?*-zanexHux K'-xkaHaiiB, BignoBigHe 3HU-
KeHHs1 piBHS Aenojspusanii I[IM i 3MeHIIeHHS
MPOBiAHOCTI ToTeHiaiKepoBaHux Ca?*-kaHaiB,
nepenycim L-tuny [4]. Ille omHuUM MOXJIH-
BUM ILIJISIXOM TIABUILIEHHSI KoHUeHTpauii Ca’*
B MioIUla3Mi € IIOCUJIEHHSI TPaHCIIOPTY KaTioHa
i3 CP BHacnimok 3poctaHHs piBHS CcADP-
pu6o3u 3a nii NO. Lleit eHIOreHHUW aKTUBa-
TOop BUBiNbHeHHS Ca’" CHHTE3YEThCS 3a Y4acTiO
ADP-pubo3ninukiaasy, €H3MMYy acollilioBaHOI'O
i3 KaBeoJaMM KJIITMH MiOMEeTpisl i 34aTHOIO 10
cTuMyJsLii S-HiTposunoBaHHIM. [Tpunyckaiors,
110 BeKTOpHe BUBiIbHeHHST Ca?" 3 CP y Hamnpsm-
Ky CapKoJIeMU € HeOOXiJTHOIO YMOBOIO 3HUXKEH-
Hs 30yIJIMBOCTI i CKOpouyeHHsT Miometrpisg [10].
Bzarani Baxxko ysIBUTH, 110 Y (Pi3i0JOTiYHUX YMO-
Bax OyIb-sIKMI €HJIOreHHUi (haKTop peaakcallii
I'MK npu3BoauTh OO0 TOTaJIbHOIO, HE3BOPOTHO-
ro i TpUBajoOro 3HUXXKEHHS KoHleHTpauii Ca’* B
Miora3Mmi. Ile 3HaXonuThes y IpOTUPivYi 3 100pe
BiZIOMOIO 3aJIEXXHICTIO KJIIOUOBUX €H3UMiB OCHOB-
HUX Meradboniuaux uoiaxis Big Ca?'. Hasenmeui
MIpKYBaHHSI OCOOJIMBO CTOCYIOTbCSI MiOMETpis,
SIKMI 3HAUHUI Yac MPOTSIroM BariTHOCTi BUSIBIISIE
3HMXXEHY 3JaTHICTbh A0 KOHCTpUKIIii. JloriuHiiie
MPUITYCTUTHU, W10 3a IIMX YMOB MAalOTh Miclie
TpUBajJi IIPOLECHM 3MEHIIeHHS 30YyIJMBOCTI
CapKoJIeMM, JECEHCUTM3allil IIpOTeiHiB KOH-
TPAaKTUJIBHOIO amapary, 3MiHM aKTMBHOCTI abo
eKCIIpecil acoliliOBaHUX 13 HUMHU PEryJsiTop-
HUX KiHa3/pocdaTas Touo. CTOCOBHO peryisiii
MiopenakcaHTamMmu, 30kpema NO, mnpouecis
Ca?"-curHamizauii HEOoOXiIHO MIPUITYCTUTU
CKJAAHIILY I AMHAMIYHILIY KapTUHY, aHiX MHpo-
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Puc. 2. Jlia 0,1 mM NPS (cmoenuux 1) ma 10uM NS
(cmosnuuk 2) Ha akmueosanuii K*-denoaspuszayicio
6xio Ca®* ¢ mioyumu mamxu wypie. 3a 100% npu-
tiHamo pieensv axymyaauii ® Ca’* kaimunamu 3a 00-
dasanus 40 mM KCI. Tparcnopmuuii npouec 3ynu-
Hsau uepe3 30 ¢ (M = m, n = 5)

cTe 30iJIbIIeHHSI—3MEHILEeHHSI 3araJibHOro piBHS
iOHIB Kallbllil0 B LMTOIJIA3Mi, sika OM BKJIIOYa-
Jla TiCHU# (PyHKLIOHAJIBbHUI B3a€EMO3B’I30K MixX
TpaHcnopTHuMu cucremamu I[IM, CP i MX, a
TaKOX HOITyCKaja MOXJIMBICTH MHPOCTOPOBOrO i
B 4Yaci OOMEXEHOro IIiABUILNEHHSI KOHIEHTpallii
Ca?* B Mionasmi.

Ha BigMiHy Big MaTKu B CEpLIEBO-CYAUHHIMI
cucteMi posb NO B perynsuii npoHukHocTi [TM
anst ioHiB Ca?" JoCHigXyeThCsl IHTEHCUBHIlle
(muB., HaTIpUKJIad, orisiaoBi podortu [31, 32, 68]).
Okcup a3oTy UYMHUTH MOABiKHY airo Ha Ca’*-
KaHaJu L-Tumy B KapaioMiouuTax NpaBoro IIy-
Houka Txopa [69]. cGMP-3anexHuii eexr, sIKuit
BiITBOPIOETHCS 13 BUKOpUCTaHHSIM 8-Br-cGMP
(ananor cGMP, gakuii He 3a3Ha€ TiApoiizy), BU-
SIBUBCSl 1HTiOITOpHMM, TOAI K Oe3mocepemHii
BriuB NO abo #oro mMoxXiZHMX Ha KaHaJbHi
CTPYKTYpHM Beme 0 iXHboi aktuBauii. Cruig 3a-
3HAYMUTH, 10 B LIMTOBaHiii pobori [69] cTumy-
JIIoIUnid eeKT J0cIraBcs B pas3i 3aCTOCYBaHHS
HITpO30TiONiB, fAKi 3marHi mnpoaykyBaTu NOY,
ITpuuomy ix nist He 3ayexara Big GyHKIIOHYBaHHS
Ca?"-tpaHcrioptyBajibHux cucteM CP, akTuBauii
KiHa3, iHrioyBaHHs1 ¢ocdaraz Ta 3MiH piBHSI
cGMP. bioximiuHuM MexaHi3MoM akTuBalii Ca?*-
KaHajiB Moxe OyTU IXHE S-HIiTpO3UJIIOBaHHS,
OCKIJIbKM  MpPOTEKTOp  TIiOJbHUX  3aJMIIKiB
OUTIOTPEITON  TepelukoakaB akTuBarii  [69].
S-HiTpO3UTIOBAHHS a-CyOONMHMIII  KaHaJliB
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MOB’I3YIOTh 3 ilIEMiYHUM IPEKOHAUIiIOBAHHSIM
i po3riggalTh K MPOTEKTOPHUN MeXaHi3M
mono  pernepdys3iiHOrO  MOIIKOIKEHHS,  Of-
HaK TiMEPHITPO3WIIOBAaHHS TIPU3BOINTH 10 BU-
HUKHEHHST QiOpmidLii Ta apuTMil Tniepeacep-
ast [32]. TIpotuiaexHi pe3yabTaTh oJepXaHi B
eKCHpecCiiiHili cucTeMi KIITMH eMOpioHaJbHOL
Hupku moauau (HEK293). ITpoaneMoHCcTpoBaHoO,
mo S-HiTpo3oTtionn cGMP-He3aneXxHUM YMHOM
iarioyBamm Ba?'-ctpym Kpi3b cyoommaMI Ca’t-
kaHajiB L-tumy xapaiomiounutiB [70]. B cepue-
BOMY, SIK i B TJIaJicHbKOMY M’$I13i, eHIOTesiajbHa
NO-cuHTaza (3 TUIly) po3TallloBaHa B KaBeO-
Jlax capkojieMu, 110 3a0e3nevye 1i Jiokasizallilo
B OesmocepenHiit 6ausbKocTi i3 Ca’*-kaHanamMu
[71]. ¥ MK apTtepiii MO3KYy IOTeHIiaJ3alexHi
KanblieBi kKaHanu [IM OnokyroTbest NPS 3HauHO
edekTuBHille, HiX apriHiHoMm (cyoctpatom NO-
cunrasu). 3a aii NPS nocumororses K -ctpymu,
1110 € IpuuKHOIO rinepnoiaspusaiii [TM. Oounsa
eeKTHU BiITBOPIOIOTHC i BIJiMBoM 8-Br-cGMP
[72]. Hitpo3orinyTaTtioH B eKCHpeciiiHili cucTemi
HEK?293 edekTuBHO NpUTHiUyBaB MPOBiIAHICTb
Ca’*-kananis 'MK L-tumny, npuyoMmy aBTOpH
MPUITYCKAIOTh, 110 B OCHOBI LILOI0 €(heKTY JIeXKUTh
HITPO3WJIIOBAaHHS CYJbQriIpUIbHUX TPYIl, BaX-
JIMBUX JJ1s1 QYHKIIOHYBaHHS KaHaJiB [73].

Hani npo BnanB NO Ha Ca*'-xkananu I[1M
HEM’SI30BUX TKaHMH Takox cynepeuausi. [lo-
Ka3zaHo, 1o NPS mnpurHiyyBaB TpaH3i€HTHY i
CTallioHapHy  KOMIIOHEHTH  BHMCOKOIIOPOTIOBO-
ro KaJbI[iEBOTO CTPYMY B HEHMpOHAX YepeBHO-
ro ranmiisg mnraxiB [74]. L-ApriHiH BUSIBISB
aHaJIOTiYHUM edekT Ha 1ill camiit Mojaesi, KU
ycyBaBcst Ojokatopamu NO-cuHTa3u. 3 iHILOrO
00Ky, B HEiipoHaxX KOpPY T'OJJOBHOTO MO3KY MUILIEH
NO ingykye Bxig Ca’* kpi3b KaHanu L- i P-tuny,
asie iHrioye kanaau N-tuny [75]. NPS i SNAP
30impIIyIOTh amIuTiTyny Ca’t-cTpyMy B HelipoHax
IIWITHOTO TaHTIig 1ypiB [76]. Ha i3ompoBaHMX
XpoMaiHHUX KJITMHAX HAJHUPKOBUX 3aJI03
Ouka mokasaHo, 1o L-aprinin i NPS He3HauHo
niaBUIIYIOTh BXig Ca?" y KIIITUHY, TPUIOMY BigoMi
omokatopn Ca’"-cTpyMmy Bepamamig i IUiaTiazeM
He BIUIMBalOThL Ha Lei mnpouec. IHridyBaHHS
NO-cunTa3m 3Himae edexT L-apriHiny, BOmHO-
yac Bxig Ca’", iHAYKOBaHWMI AalLlETHJIXOJiHOM,
migcumoetbest NPS [77].

Takum uywmHOM, B MioMmerpii NO abo
Moro moXiAHi 3JaTHI IiABUINYBaTU IIaCUBHY
MPOHUKHICTL capkojemu st Ca’" i cTumysroBa-
T HOTO TPaHCIOPT Y MIOLIMTH, 1O MOXE MpU-
BOAUTU OO MPUHAWMHiI MOYATKOBOIO 3pOCTAaHHSI
KOHIIEHTpallil KaTioHa B MioImJja3Mi cydbcapKojeM-
Horo perioHy. ITogiOHi pe3ybTaTu CIIOCTEpirajuch
TAKOX B OKPEMUX JOCJiIKEHH X, TTPOBEIEHUX Ha
KapaioMionuTax Ta HEPBOBIi TKAHMHI.
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IlacuBuumii Tpancmopr Ca?" i3 capkomia3ma-
THYHOTO PETUKYJYMa IJIaJieHbKOM’SI30BUX KJITHH
Ta iioro 3mind mix BmmBoM NO. TpurepHuii BXim
Ca? 3 MO3akJITMHHOIO cepeloBUlla abo mdis
cneun@piuyHUX aroHiCTiB MiOMETpisl, peLenTo-
pu akux cropsokeHi i3 PLCP yepes cucremy re-
teporpuMepHuXx G-mpoTeiHiB, NPU3BOAUTHL 10
BUBiJIbHEHHsT aKyMmyiboBaHoro B CP kariona. CP
I'MK maTku 3aiimae ~ 6% 3araJibHOTO KJIITUHHOTO
00’eMy 1 sIBJIsIE COOOIO HEMEPEPBHY CUCTEMY MEM-
OpaHHMX TYOYJI i HUCTepH. PO3pi3HAIOTh AiASIHKU
CP, nokanizoBaHi B cyOCapKoJIEMHOMY peErioHi B
TicHomy kKoHTakTi i3 IIM i Ti, $IKi po3TalloBaHi
nobausy sapa [78, 79]. 3rinHo 3 «OydepHo0» MO-
gennto iHterpauii Ca?*-nynis y 'MK, ningHku
nepuepruyHOro  PeTUKYJIyMa  aKyMYJIIOIOTh
KaTioH, {KM HaAXOOMTh 13 TMO3aKJiTUHHOIO
CepeloBUIlla OJHOYACHO, SK BXE 3raayBajio-
Ccs HaMH paHilue, 3a0e3neuyylound MOro «BeKTOp-
HUil» TpaHcnopT o IIM. BoagHoyac ninstHKU
CP, posramoBaHi B miuMOuHi MioluTa, 3abe3re-
yyloTh HaaxoaxeHHs Ca?* 10 KOHTPaKTUJILHO-
ro amapaty [80]. OkpiMm TOro, mnepemdadya€TbCs
HasIBHICTb JIOKAJbHUX MIJISTHOK KJACTepi30BaHUX
piaHoguHoBMX Ta IP,-peuenTopis, sKi BUKOHY-
10T cneuudiuHy curHanabHy poib [81]. TToxiGHa
(¢yHKIiOHA/JbHA BIAMiHHICTb pi3HUX PErioHiB
peTuKyjayMa mnepeadadyaeTbCcsl 1 JJIS1I  KIITUH
miomeTpia [78, 79]. O6’em CP 3pocrae mig yac
BariTHOCTI, 1110 I€PEKOHJIMBO CBiIYUTh IIPO MOrO
(pizionoriuHy 3HauyiicTh [78].

Y wmiomertpii 3HAACHO 1 IIpalLIoloTh
npuHaiMHi B jgochiimax in  vitro Bci Ca?*-
TPAHCIIOPTYBaJbHI CUCTEMM, XapaKTepHi JIs
I'MK, xoua i BigMiuaioTbCsl MEBHi crelupiyHi
ocobyimBocTi. JJoMiHy04Ye 3HAYEHHS AJ1sI PO3BUT-
Ky Ca**-curnany B 'MK marku Bimirpae IP,-
3ajiexxHe BuBiIbHeHHS Ca?t [6, 82]. ¥V miomerpii
3HaiJeHO Tpu Bimomi izodopmu kanani IP,-
peuentopa [83]. 3okpeMa, OKCUTOLMH CIIPUUYNHIOE
rigponi3 ¢gocdoinozutuaiB B 'MK kiHo4oi MaT-
ku muaxom aktusaudii Gaq ta Go,, cybonuHuub
rereporpuMepHuX G-MPOTEIHIB 3 MNOJAJBIINM
yrBopeHHam P, i BusinbHenHsam Ca®* i3 CP
[84]. 3HaueHHS APYroro BTOPMHHOTO MeCEeHIXe-
pa — nmianuariiuepony (JIAI) — B MioMeTpii no-
CTEMEHHO He3’ICOBaHO, Xoua IlepeadavyaeThes,
1110 BiH 3a0e3reuye iHTepHaJi3alilo i Aerpagauiio
pPELEeNTOpiB OKCUTOLIMHY, a TAKOX 3HUXKYE PiBEHb
tpaHckpunuii ixupboi MPHK. IcHye aymka, 110
ocTaHHI pyHKILiI 3yMoB0I0THCS JIAT-3a/1€KHOI0
AKTUBALII€I0 KJACUMYHUX Ta HOBUX i30opm PKC
[6, 85].

MoxnauBicTh excrpecii i (yHKIIOHaJIbHa
aKTUBHICTh KaHaJliB piaHOAMHOBOIO pelenTopa
B MioMeTpii Takox moBeaeHo [86—88]. bimbiie
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Toro, Bigyanizauiga CP i3 BHUKOpUCTAaHHSIM
JIa3epHOI KOH(OKAJIbHOI MiKPOCKOIMil B MioMeTpii
30IACHIOETBCSI 3a JONOMOIOI0  (bJIyOPECLICHT-
HUX TIOXimHUX piaHoguHy [79, 82]. ¥V ccaBiiB
ineHTU(diKOBaHO 3 TeHU, SIKi KOOYIOTh CKeJeT-
Hy (1), cepueBy (2) Ta Mo3koBy (3) izodopmu
piaHOOMHOBOrO peLenTopa, IS BCix i3ogopMm
XapaKTEepHU I aJbTepPHATUBHUIA CIUIAMCUHT.
PiaHonuHOBMII peLienTop — KaHajld 3 KiJbKoMa
piBHAMU npoBigHocTi g Ca?*, 3maTHUN aKTUBY-
Batuca Ca?*, cADP-pu6o3oto (pizionoriuni akTu-
BaTopH), KO(EIHOM Ta MiCLIEBUMU aHECTETUKAMMU.
VY oinbmocti 'MK npucyrthiit Ca**-kaHal, 3a xa-
pakTepUCTUKAMU MOAiIOHUI 1- Ta 2-ii i3odopmam.
Mo3skoBa i3oopma 3B’I3ye piaHOAMH, aje He
aKTUBYeTbcsd Ko(peinoM. CepueBa i3ogopma
yyTauBilIa (ITOPIiBHSHO 3i CKEJIETHOW) IO
akTuBaTopHOI Aii Ca?* y HU3bKMX KOHLEHTpPALIisIX,
aJie MeHII Yy TJIMBa 10 iHTi0y 10401 Aii Ca’" y BUCOKUX
KOHIIEHTpaLlisgx, Mg?* Ta pyTeHi€BOro 4epBOHOTIO,
BUSIBJISIE OiJIbIIY CIIOPIAHEHICTh OO piaHOAUHY
[41, 44]. Bci Tpu i30popMU PiaHOAMHOBOIO pe-
uenropa igeHtudikoBaHi B MioMeTpii [86—88].
3 iHImIOro ©OOKY, XapaKTepHOI OCOOJIUBICTIO
MIOMETpisl € BIICYTHICTh KO(eIHOBOI KOHTpaK-
Typu (CKOPOTJIMBOI aKTHUBHOCTI, 3yMOBJICHOL
arulikauieo Kopeiny), 1o A0BeIeHO YUCTEHHUMM
(dizionoriuHumMu gocuigxkeHuamu [37, 44, 82]. ¥V
HU3LI poOIT IEeMOHCTPYETHCS TAKOX, IO KOeiH
HE3JaTHUIA CTUMYJIIOBaTU BUBinbHeHHsT Ca?* i3
BHYTPILIHbOKJIITUHHUX MYyAiB y MioMmeTpii Jito-
nuHU Ta 1ypiB [37, 44]. Annikauis kodeiny ao
HaTuBHUX I'MK Moxe cnpuuyMHIOBaTU 3HUXKEH-
Hs KoHuUeHTpanii Ca?* B MioIuia3Mmi, 110 MOX-
Ha MOSICHUTHU iHTIOITOpHOIO Hi€l0 KodeiHy Ha
docdomiecTepasdy  LUKIIYHUX  HYKJIEOTUIB;
BignoBigHe 3pocTtaHHs piBHSI cGMP i cAMP Gyne
ctumMmyitoBatu akymyisiio Ca** B CP i eHepro-
3aJieXXHuit TpaHcropt kariona PMCA [89]. On-
HOYacHO 3 IIMM, iCHYE MAacUB MPOTUJIEKHUX Ha-
HUX. 30KpeMa, B XiMiYHO CKiHOBaHUX MiOIIMTax
i3 MaTKM BariTHUX XIHOK, KOodeiH CTUMYJIOBaB
nacuBHe BuBibHeHHs Ca?* [90]. Ananiz MPHK y
CMY>KKaxX MiOMeTpisl BariTHUX ILIYypiB JEMOHCTPYE
HasIBHICTb YCiX TpboX i30(pOpM piaHOOZMHOBOIO
peLenTopa B MiOLMTax, ajie IMepeBaka€ MO3KO-
Ba i3odopma [87, 91]. Ilomanbiui mocaimgXeHHS
3MiH KoHlleHTpamii Ca’* B MiomjgasMi 3 BHMKO-
puUCTaHHSIM (DJIYOPECLEHTHUX 30HAIB BUSIBUIU
iCHyBaHHSI UYTJIMBUX JO piaHOOMHY/KOodeiny
nyniB CP y 30% nociimkeHux mionuris [87]. AB-
Topu [91] MPUITYCTUIIM HASIBHICTb BapiaHTiB ajib-
TePHATUBHOIO CILUIAMCHUHIY MO3KOBOI i30(hopMu,
SgKa € YyTIUBOIO 10 Kodeiny. B iHmiit podori [86]
JIOBEIEHO HAaSBHICTb JMIIE MO3KOBOI i30(hopMU
B MaTlli HEBariTHUX IMypiB. AKTHUBAllis 1€l
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i3oopMu  KogeiHOM 1 BIAIOBiAHE 3pPOCTaH-
Hg KoHueHTpawlii Ca?" y Miora3mi cTae MOX-
JUBUM B YMOBaxX TMOINEpeaHbOr0 HaBaHTaXKeH-
Hsg CP kartionom. Ha nymKky mociigHukiB [86],
aJIbTEPHATUBHUM TOSICHEHHSIM uyTiauBocti CP
10 KodeiHy B LIbOMY pasi € ekcrpecist 1- ta 2-i
i30(hopM piaHOAMHOBOIO pelenTopa. Y XiHOUOMY
MiOMeTpii  MO3KoBa  i3oopmMa  BUSIBUIACH
MOCTITHO €KCIIPEeCOBAHOI0, TOAI SIK 2-a i30gopma
eKcrpecyBajach 3a yMOBU BariTHocTi. B ocrtaH-
HbOMY pa3i KoeiH COpUYMHIOBAB BUBLIBHEHHS
nomnepenHbo akymyjiaboBaHoro Ca’" i3 CP [88].
ABTOpM 1€l poOOTU TOSCHIOIOTH ITOCUJICH-
Hg ekcrpecii 2-1 i30popMHU 3POCTAHHSM piBHS
LUTOKiHIB i pOCTOBUX (DaKTOPiB y MaTILli, a TAKOX
BIIMOBIAHMX PELENTOPiB HAa MioLUTaX, B IEpIIy
4yepry, TpaHc(opMylouoro poctoBoro ¢dakropa p,
10 € HACIIIKOM CIeIM(iYyHOr0 rOpMOHAJIbHOIO
cTaTycy 3a BariTHocTi. Hapeluti HaBomsITbCsl O-
Ka3y TOro, 110 B MiOMEeTpii MMUIII €KCIIPECYEThCSI
He (YHKIIIOHAJbHUI CIUIalic-BapiaHT MO3KOBOIL
i30popMU, SKMIi1 10 TOr'O XK 30aTHUI iHTiOyBaTH 2-y
i3odopMmy [92]. ¥ mocrigax, mpoBeneHUX HAMU Ha
cycrieH3il mepMealdili3oBaHUX KJIITMH MioMeTpis
€CTPOreHi30BaHMUX HEBariTHUX 1IYpiB, Oyj10 mpo-
JEMOHCTPOBAHO, 10 MacuBHe BHUBiJIbHeHHS Ca?*
i3 CP, morepeqHbO aKyMYJIbOBAaHOTO B €HEprosa-
JIEXKHOMY TIpolLieci, aKTHUBYBAJIOCS pPiaHOAMHOM,
JIiTIOKaIHOM, HM3bKMMHW KOHLIEHTPALisIMU 10OHIiB
KaJbllil0 i IMPUTHiYyBajJoCh iOHAMM MarHilo Ta
Ca?" y BUCOKMX KOHLEeHTpalisix [93].

ITutaHHS CTOCOBHO ifeHTUdIKAaLlil CTTapKOBOI
AKTUBHOCTI Ta BCTaHOBJIEHHS (eHomeHy Ca?*-
XBWJIb Yy MioMeTpil 3aJuINalOThCS BiAKPUTUMU.
Xoya B KyJbTYypi MIiOLIMTIB KiHOYOI MaTKHU [e-
MOHCTpyIoThcst  Ca’’-xBMUJi,  oOmocepeaKOBaHi
¢ynkuionansHoo aktuBHicTio CP (CICR a6o/i
IP,-innykoBane BuBinbHeHHa Ca?) [94], B
MioMeTpii SK BariTHMUX, TaK i HEBariTHUX IIYpPiB
[95] Ta muieii [86] crlapku He cIOCTepirajucs.
BonHouac B OKpeMMX €KCIepUMEHTaX CIOCTe-
piranuce STOCs [79]. OnHUM i3 MOXJMBMX IIO-
SICHEHb HEBIAJIMX E€KCIIEPUMEHTIB i3 BUSBJIECHHS
CIAapKOBOI aKTUBHOCTI MOXe OyTHM HeIOCTaTHS
knactepusanist Ca’*-kaHaniB piaHOAUHOBOIO pe-
uenTopa [79]. OTxe, xoua CTPYKTypH, sIKi 3a0e3-
neuyioTh Ca’’-iHgykoBaHe BHBiJbHeHHS Ca’* B
MIiOMETpil IPUCYTHI, 1 camMa MOXJIMBICTb 1LILOIO
SIBUIIA IPOAEMOHCTPOBAHA B 10C/Ii1axX in vitro, 1Oro
(piziosoriuHe 3HAUEHHSI OCTATOYHO HE3’sICOBaHE.
Y 3B’I3Ky 3 UM 3a3HAuMMO, IO B JOCHiIax,
IpPOBENEHUX Ha  CyCeH3il  CBIXKOBUIiJIEHUX
nepMeadili3oBaHMX MIiOLMTIB HEBariTHUX LIYPiB
HaMM TokazaHo, 1mo NPS ta NS mpurniuyBanu
Ca?*-3anexHe BuBinbHeHHsa Ca?* i3 CP [96].
B poGortax iHIIMX aBTOpPiB JAEMOHCTPYETHCS,
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10 HIiTPO3UJIOBAHHS CYJAbQriIpUIbHUX TPYII
piaHoguHOBoro peuentopa NO MOXIUBE B cep-
LIEBOMY i CKEJIETHOMY M’s3aX, a HampsIMOK BILIM-
By (aKkTuBallig 4M iHTiOYBaHHS) 3HAUHOIO MipOIO
3aJIEKUTh BiJl KOHLEHTpaulii moHopiB NO [32].
B ekcnepumeHTax, IpoOBEeIEHMX Ha IHTAKTHUX
MiOLIMTaX apTepiil MypuakiB MmokasaHo, 1o NPS
iHriOyBaB HOpaJpeHaliHaKTMBOBAaHE 3POCTAHHS
KoHueHTpawii Ca?* B Miomnia3mi, mnpuuoMmy epexkT
OyB He3allexXkHUM Big cGMP i cynpoBomKyBaBcs
3HUXKEHHSIM crnapkoBoi akTuBHOCTI [33]. B TMK
Tpaxei cBuHI NO Takox MNPUTHIYYE BUBIJIBHCHHS
Ca?" i3 CP yepe3 KaHaIM piaHOAUHOBOIO PELIETITO-
pa [97]. HaBeneHi pe3ysnbTaTv He MiATBEPIKYIOTh
rinoresy 1po te, 1o B ' MK cynuH, MOBITpOHOCHUX
LIgXiB i, MOXJIMBO, MaTku [4, 63, 67, 98] NO
abo MOoro MoXiJgHi CTUMYIIOIOTh BUBLILHHS Ca?t i3
CP, npuBonsiun no aktuBauii Ca?"-3anexnux K-
kaHaniB. Ponb NO, 9K MM NPUNYCKAEMO, MOXE
HoJisiraT y MNpUTHIYeHHi OioXiMIYHMX IIPOLECiB
cIpsiKeHHsT Mix BxomoM Ca?* i3 To3aKJIITUHHOTO
cepenoBuIa i foro BuBilbHeHHsM i3 CP. OTxke,
X04a EKCIepUMEHTAJIbHO ITOBEAEHO MOXKJIMBICTh
3pOCTaHHS TPOHUKHOCTI Ta TIOCHUJIEHHSI TACUB-
Horo TpaHcropty Ca’* B capkojieMi MioMeTpis 3a
nii NO [64, 65], ue, BiporigHo, He CIPUYUHUTH
BuBinbHeHHsT Ca?" 3 CP.

IlyakepoBanuii pancnopt Ca?* Kpisb capko.Jie-
My. MoOKJIMBiCTh iOro peryiasuii HITpO3aKTHUBHUMH
cnoaykamu. BukopucTaHHSI areHTiB, SKi CIIyCTO-
wywoTth Ca?*-nyn CP abo muisixoM iHriOyBaHHS
SERCA-nmomMnu (Tamcuraprid, LIUKJIOIia30HieBa
KHCIIOTa), a00 CTUMYJISLI€I0 MACUBHOIO TpaHC-
nopty karioHa i3 CP uepe3 30iJblICHHSI LIUTO-
301bHOrO piBHA I[P, (OKCHUTOLMH), CIPUYMHIOE
3pocTaHHs KoHUeHTpawlii Ca?>" B Miorasmi
KJIITUH MIOMETpis 1 BiAIIOBIZHO PO3BUTOK CKO-
poueHHs1 [47, 82]. bymo poBemeHo, 1O 1L 3pO-
cTaHHS oOymoBjieHe TpaHcrmoptom Ca?* 3
MO3aKJITUHHOIO CepeJoBUIlla Kpi3b TaK 3BaHi
SOCCs-kananu (store-operated Ca channels), sKi,
SIK MPUITYCKAlOTh, YTBOPEHI IMpOTeIHAMU POAMHU
TRP (transient receptor potential) [82, 99, 100].
Brim € pokasu Toro, 1o IyJKepOBaHUI TpaHC-
nmopt Ca?’* 00yMoBJIeHUI (YHKLIOHYBAaHHSIM
JIBOX TIpoTeiHOBUX cTpyKTyp: STIM 1 (stromal
interection molecule 1) Ta Orai 1 (calcium release-
activated calcium chanel protein 1), mepmwmii 3
akux € Ca’"-3B’13yBaJIbHUM IIPOTEIHOM — CEHCO-
poM ciryctoiieHHst CP moMeny, a Ipyruii popMye,
BJacHe, KaHaJabHY cTpyKTypy [31, 82]. 3a3HaueHi
nporeinu 3HailgeHo B I'MK mnoBiTpoHOCHMX
uuiaxiB [101] Ta mioMeTtpii BaritHuX XiHok [102].
BiporigHo, 1o Mix o0oMa CTpPyKTypaMH iCHYE
mopdogoriununii 38’130k [31]. IIpomemoHcTpoBa-
Ha 4YacTKOBO BuiocHelu@iyHa eKCIpecis pizHUX
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TRP (TRP 1-7) B miomeTtpii xinku ta I'MK
Matku 1rypiB [82, 99]. dizionoriuHe 3HAYEHHS
nyiakepoBaHoro Ca’?" BXooy MoOXe ITOCHUIIOBA-
TUCbh HalpuKiHIi BarirHocTi. HaBonsiTbca nokasu
TOro, IO B LIeil mepiod 3pOCTa€ eKCIIpecisi OKpe-
mux izopopm TRP Ta 3pocrae pons SOCCs [82].
Came ueit BapianT Ca’*-CUTHaJIIHTY, BipOriIHO,
OOYMOBJIIOE [Iil0 OKCUTOLMHY B MioMmeTpii
LIypiB Ha Mi3HIM cTadil BariTHOCTi, BogHOYacC y
HEBariTHUX TBAapUH OOMiIHYE IISIX, OINOCEPEIKO-
BaHUI ToTeHliankKepoBaHuMMU Ca’"-KaHaiaMu
[82]. InTepneiikiH-1B, BMIiCcT SIKOrO B TKaHMHaxX
MATKU 3pOCTA€ HANPUKIHLI BariTHOCTI, MMiJABULLYE
ekcripecito TRP 3 B MiomeTpii 3KiHOK Ta MOCHUJIIOE
nynkepoBanuit Ca?"-tpancrnopt [103]. Ha upo-
My caMOMY OO’€KTi MOKa3aHO, 10 MeXaHiuHe
postaryBanHg MK ctumyntoe cunte3 TRP 3 i
BignmoBigHe HamxomxkeHHs1 Ca?* B miouutu [104].
VY 3B’93KY 3 MOXJIUBUM (DYHKIIOHAJTBHUM 3HAa-
YeHHSIM ITyJKepoBaHoro Ca’*-Bxony B MeXaHi3Max
3aIlyCKy CKOPOTJIMBOI aKTMBHOCTI MIOMETpis
MiJl 4Yac TOJOTiB BaXJWBUM € JOCHiAKEHHS
poai NO B mpomy mpoueci. Ha Momeni cycnesii
CBIXKOBUIIJIGHMX MIOLUTIB MaTKM IIypiB HaMu
MPOAEMOHCTPOBAHO, 10 TIACUBHUI TpPaHCIIOPT
Ca?" i3 N03aKJITUHHOTIO CepelOBUIIA B MiOILJIa3MYy,
IHIYKOBaHU JogaBaHHSIM TallCUrapriny,
e(EeKTUBHO MPUTHIYYETHCI MIiKPOMOISIPHUMU
KOHIIEHTpALliSIMU JIAHTaHy, ajiec € HEUYTJIMBUM 10
HipeaUITiHy, 110 AO3BOJISIE iIeHTU(PIKYyBaTU HOro
K TakKWi, 110 OOYMOBJIEHUI IIyJKEpOBaHUMU
Ca?"-xkaHanamu. JlocmigKyBaHU TPaHCIIOPTHUI
npouec rnpurHiuyerbest NPS [64]. OckibK1 BUKO-
puctanuii foHop NO, K 3a3HaYaa0Cs, CTUMYJTIOE
TpaHcnopt Ca?* B yMOBaX KaJli€BOi IeMoJsipu3allii,
MPUITYCKAEMO, 110 HampsMoK BBy NO 3ane-
KUTh BiJi KOHKPETHUX MEXaHi3MiB HaJIXOIXKEH-
Hg Ca?* B miouuTH. Y Jgociinax, MpoOBeIeHUX Ha
npenaparax ' MK aoptu Kposst, Muiili Ta OrMyadoi
JIETEHEBO1 apTepii mpomeMoHCTpoBaHO, 10 NO
3MaTHUN CIPUYMHIOBATU peJlaKcallilo IISIXOM
iHTiOyBaHHS myJiKepoBaHoro Bxoay Ca?" uepes
cGMP-ne3anexny crumynsuiio SERCA-nomnu
1 BiAIIOBigHE OJIOKYBaHHS MPOLECY CITYCTOLICHHS
CP-niyny cnpy4MHEHOro aroHictamu, siKi CTUMY-
nmoTh dpocdoninazy C (PLC) [105, 106]. B TMK
CYIVWH KJITUHHOI JiHii A7r5 JIeMOHCTPYETbCS
iHriOyBaHHSI TaIlCUTAPTiHIHIYKOBAHOIO TpaHC-
nopry Ca?* min miero NO, aje mepenbayaeTbcs,
10 BOHO 3ailicHeTheas 3a cGMP/PKG-
3ayiexkHUM MexaHizMoM [107]. TTokazanHo, o NPS
NPUTHIYYE HECEJeKTUBHUI  MYyJaKTUBOBAHUIA
KaTIOHHUI CTPYM B BiAXiZHUKOBO-KYTPUKOBUX
I'MK wmwuii, npuyoMy edeKT TaKoX BUSIBUB-
ca cGMP-zanexnum [108]. Lnsixom cGMP-
3aJIeKHOI akTuBalii TpaHcriopryBaHHs Ca?* B
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CP NO Ttakox iHrioye emuicHuii Ca?*-Bxig y
KJIiTUHAX cyquHHOro eHgorenito [109]. LlikaBum €
dakt ctumynsainii NS mynakepoBaHoro Ca’"-Bxomy
B MiomeTpii [64]. OcTaHHE MiATBEPAXYE AYMKY
nmpo Te, 1o pi3Hi noxigHi NO MOXYTb BUSIBIS-
TH BiAMiHHY (YHKIIOHAJAbHY aKTUBHIcThb. lle
Ma€ HeaOusIKe 3HAYeHHs B CUTYallii, sika CIpUSIE
reHepalii IIKXPOKOIO CIEKTpa CHOJYK i3 pi3HUM
CTyIIEHEeM OKUCJICHHS a30Ty, HalpuKjiad, B yMO-
BaxX HIiTPO3aTUBHOI0/OKCUAATUBHOIO CTPECIiB.

3rigHo 3 HAIIMMM eKCIIepUMEHTAJIbHUMMU pe-
synbratamu [64, 65] Hanpsmok BrinBy NO a6o
MOro MOXiMHUX Ha TMacuBHUK TpaHcnopt Ca’* B
KJITUHU MIiOMETpisl 3ajeXUThb Bil TOro, SIKUM
YMHOM iHILIIOBAJOCh HAAXOIXXEHHS KaTioHa
B MiouuTu (KajieBa JemnoJisipusallis, o0poOka
TaricuraprinoMm). MoxHa 3pOOUTH MPUITYILIECHHS
npo 3ajexHicts il NO Big (pyHKIIIOHAJIBHOTO CTa-
HYy caMoi TKaHWHH, 110 3a0e3Me4ye peiakcallilo 3a
pi3HUMU, x04a i 3B’s13aHUMH i3 Ca?*-curHajJiHroM
MeXaHi3MaMU.

Eneprosanexnuii tpancmopr Ca?* Ha piBHi
MJa3MaTHIHOI MeMOpaHH i ioro 3MiHM 3a Iii JOHOpIB
NO. Heo0xigHOI0 YMOBOO pO3CIadJieHHS TaaeHb-
KOro M’si3a MaTKHU € 3HUXKeHHS KoHLeHTpauii Ca?*
B Miomia3Mmi. K Oyjio 3a3HaUY€HO, 1ie JOCSITaEThCS
yepe3 (PyHKILIOHYBAaHHS CUCTEM €HEepro3ajieskHo-
ro TpaHCIOPTY, JOKaJli30BaHUX MepeBaKHO Ha
piBai IIM Ta CP. IloTyXHi cucTeMu eHeprosa-
JIEXKHOIO TPAHCIIOPTY KaTioHa 30CepelXeHi Ha
piBHi capkoisemu i B I'MK, 30Kkpema MioMeTpii,
npeactaBieHi PMCA Tta NCX [110]. PMCA
3aCTOCOBYE €HEPrilo TiApoJjily OmHiel MOJEKYIU
ATP nng 3abesrnieueHHsT TpaHcnopTyBaHHS Ca?t i3
MioIlJIa3MU MPOTU TpadieHTa KOoHUeHTpawlii. On-
HOYACHO TPAHCIIOPTYETHCS B MPOTUJICXKHOMY Ha-
NPSIMKY OAMH i0H BOIAHIO, LIO JO3BOJISIE PO3IJIsi-
gatu PMCA gk enekTporeHHy cuctemy [34, 52,
111]. ®yHKUiOHYBaHHSI TIOMIIM  3a0e3neuye
KOMIIEHCallil0o TacuBHOro TtpaHcrnoprty Ca?* B
MIOLIUTU B CIIOKOI Ta 3HUKEHHSI KOHLEHTpallii
KaTioHa B MiOILIa3Mi IiC/IsI M’I30BOTO CKOPOYEH-
Ha [112, 113]. B ekcnepumeHTaqbHUX poOOTAX,
MpOBEeAEHUX HAa MiOMETpii 11ypiB, HABOASTHCS A0-
Kasu Toro, 1o 10 70% Ca?' miciist TpaH3iEHTHOTO
3pOCTaHHS MOro KOHLEHTpalil B Miomnja3Mi BU-
BOOMTHCS i3 KIIITUHM 3a yuacTio PMCA [114].
EnexktporenHictb PMCA Moxke OyTu 10AaTKOBUM
¢akTopoM 3abe3nedyeHHsI MOTEHIiady CIIOKOI Ha
IIM, a tpancnopt H" i3 mo3akjiTUHHOIO cepe-
JOBUIILIA CIIPUSIE CTBOPEHHIO JIOKAJbHUX cybcap-
KOJIEMHMX IiIJITHOK 3i 3HuxeHuM pH [6]. 3a-
raJibHOpO3MOBCIOMKEHUMU € 1- Ta 4-a i3odopmu
PMCA, Tomi gk nasg MioMeTpisl xapakTepHa
2b-i3oopma [6, 110]. PMCA gk ATP-aza P-tumy
BKJIIOYAE B ce0€ XapakKTepHi LMTOIJIa3MaTUYHI
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OUISTHKM, a caMme TMOJINeNnTUAHY TeTIlo, sKa
3abe3rneuye TpaHciokauiro Ca?* Tta  MicTUTB
bochoniniguyTiuBuil 1O0MeH, i BEIUKY IMETIIO,
110 Ma€ caTu (opMyBaHHS TPOMiXHOro ¢oc-
¢dopunboBaHOIrO iHTEPMEIiaTy Ta AJs 3B’I3yBaHHS
ATP. VYHiKaJIbHOIO OCOOJMBICTIO €H3MMY, sKa
BigpisHsie ioro Binx SERCA-nommnu, € HasiBHICTb
KapOOKCUTEPMiHAJIBHOIO ILIMTO30JbHOTO JIOME-
HY, IKU{ MICTUTb IiJSIHKU PEeryjsiTopHoro ¢oc-
(opusitoBaHHSI Ta KaJbMOAYJiH3B’I3yBaJbHUM
moTuB. OcTaHHil 3a BiJICYTHOCTi KaJbMOIYJiHY
aBroiHrioye PMCA u4epe3 B3aemomito i3 oboma
LHUTOMIAa3MAaTUUHUMU NeTIsaMu [114]. AKTUBHICTD
MOMIIM TECTYETHCS B CApPKOJIEMi MiOMETpPisl CBUHEM
Ta KopiB. [T KiHeTMUHi Ta KaTajniTHYHi XapakTepu-
CTUKU MOMIOHI TMM, SKi MamOTh MiCle¢ B IHIINX
maaeHbKux M’s3ax [34, 115—118]. Poab TionbHMX
3aInIKiB y ¢yHKHioHyBaHHI PMCA, gxi 6 Oyian
noteHuitHo©O MilmeHHIO cGMP-He3anexHoi aii
NO, oueBMAgHa 3 AOCHiAiB, mpoBeaeHUX 3 SH-
peareHToM  K1-XJIOpMEPKYypibeH3oaToM,  SKUK
e(eKTUBHO i HEOOOPOTHO MPUTHIYYE eH3UMaTHUY-
Hy akTuBHicTb [118]. Excnpecis PMCA 3poctae
HaIpUKiHIi BariTHOCTi, 11O BKa3y€ Ha 3HAYEHHS
MOMIIM B 3a0e3MeYeHHi MeXaHi3MiB IT0JOroBoi
akTuBHOCTI [119].

NO abo 1iioro moxigHi  e(peKTUBHO
npurHiuytoTe ATP-azny aktuBHictTb PMCA vy
(pakuii capkosemu miomerpist cBuHi [120]. Lleit
edekT OyB 3apeecTpoBaHuil HaMu 3a 1ii 10+ M NPS
ta 10-3—10° M NS i, BoueBUIb, OOYMOBITIOBABCS
oe3nocepenHiMm (cGMP-He3aexXkHUM) BILUIMBOM
Ha eH3uM. Bcyneped LbOMYy BiZHOCHO BMCOKI
KoHUeHTpalii NS (MiJiMOJSIpHi) CIpUYMHIOBA-
JIM MaiixKe IBOpa30Be 30iJIbIIEHHS €H3MMaTUYHOI
aktuBHocTi [120]. BigmoBigHi JaHi CTOCOBHO
iHIIMX OO0’€KTiB BKpail oOMexeHi. Y mociimax,
MpPOBEICHUX HA KYJIbTYpi eHA0TeiaJIbHUX KIIITUH
CyIMH OMKa, BUSIBJIEHO TPUTHIYEHHS POOOTHU
nomnu 3a aii NPS [109]. 3azHaueHuii epeKT aBTO-
pUY TIOB’I3Y10Th i3 MiaBuIleHHSIM piBHSI cGMP. Lle
MPUITYLIEHHS CYNepeuyuTh JaHUM, 3TiJTHO 3 SKUMU
cGMP-3anexHe dochopuiitoBaHHSI CTUMYJIIOE
PMCA [121]. IeMOHCTPYEThCS TAKOX HEOOOPOTHE
OPUTHIYEHHS IIOMIIY MNEPOKCUHITPUTOM Yy CUHAaM-
TocoMax MO3Ky 1ypiB [122]. B ocHOBi mpsiMoro
BBy NO Ha PMCA mioMerpiss Moxe JexaTu
XiMiuHa Monudikanis GyHKIiOHAJIbLHO BasKJIMBUX
TiOBHUX 3aJIMINKIB, OCKIiJbKMW Yy IIPUCYTHOCTIi
OPOTEKTYIOUOro  IX  areHTa  JIUTIOTpeiTony
iHTiOITOPHUI BMNJMB MaliXe MOBHICTIO 3HUKAE
[120] (puc. 3).

ITpurnivennss PMCA NO abo iioro
NOXiTHMMU Pa3oM i3 3POCTAaHHSIM ITPOHMKHOCTI
capkonemu gng  Ca** B I'MK wmartku 3a
(piziosoriyHUX YMOB 37aTHi CIPUUYMHIOBATHU
30inbleHHs KoHueHTpanii Ca’>* B cyOmia3ma-
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BigHocHa eH3uMaTn4Ha akTUBHICTb, %
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Puc. 3. Ineibimopni epexmu Himpo3aKmueHux cno-
ayk na Ca®t, Mg**-ATP-a3uy axmuenicmo capxone-
MU Miomempisa C8UHI 8 KOHMPOAL ma Y NPUCYMHOCMI
dumiompeimony (M £ m, n = 7—8)

JIEeMHOMY PpErioHi MiomJja3MH, IO MOXE B IIO-
JanbiioMy akTuByBatu Ca?*-3ajexHi Ipoiiecu,
30KpeMa, TPaHCIOPT MOHOBAJIEHTHMX KaTiOHiB.
AJle, K CBiIuaTh pe3yJbTaTH HAIIMX AOCHiIXEHb
[120], 3a BiZHOCHO BHUCOKMX KOHIEHTpALiil
HITPO3aKTUBHUX CHOJYK (Hampukiam, Yy pasi
BUKOpUCTaHHS NS B KOHLEHTpalii, BUIiil 3a
10> M) PMCA Moxe e(heKTUBHO TPaHCIIOPTYBAaTH
KaTiOH NMPOTHM KOHLEHTPAaUifHOro rpaiieHTa, 110
3aXUCTUTH MionUTH Bix Ca?*-TrepeBaHTaXKeHHS.
Xoya pe3yabTaTu OKPEeMUX EKCIePUMEHTIB
CBiguyaTh, 11O B MioMeTpii IiCjas TpaH3i€EHTY MO
30% Ca’>" BUBOOUTLCS i3 KITITUHM 3a MEXaHi3MOM,
MOB’s13aHUM i3 pyHKLioHyBaHHSIM NCX [110, 114],
JlaHi 1100 OCOOJMBOCTEN IbOrO OOMiHHMKA B
I'MK marku noBoji odMmexeHi. Y gociigax, mpo-
Be/IeHMX Ha BE3WKYJbOBaHill (hpakliii capkosemMu
MPOJAEMOHCTPOBAHO, 10 IpaaieHT Na' BruBae
Ha TtpaHcrnopt Ca?", npuuomy Na*-3allexkHMI
tpaHciopt Ca?" xapaKTepu3yeTbcsl 0OOPOTHICTIO
1 HacMYyBaHICTIO cyOcTpaTamMu mepeHocy. Ha
Bigminy Big MK inmux opraniB NCX mionuTiB
MaTKU Mpalloe B eJeKTPOHEHTPATbHOMY PEXUMI
[34]. Brtim, 3a pesyabraraMyd KiHETUYHUX
€KCIIepUMEHTIB HOro IOTYKHIiCTb MOCTYIAETHCS
Tiii, 9Ky 3HalijeHo B iHIIMX o0’ekTax [34].
IMopanbii  gocHigXeHHs,  COpsSMOBaHi  Ha
3’IcyBaHHSI BjJacTuBOCTeid Ta podi NCX vy
MIiOMETpii, a TaKOX MOXJIMBOI pPerysiii i€l
TpaHcnopTHOi cucteMu NO, € 10BOJIi Tepcrek-
TUBHUMU MPUHANMHI 3 1BOX mpuunH. [Ipumycka-
10Tb, 110 B MK Marku icHye (yHKIiOHaIbHUI
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400 7
350 T
300 T
250 1
200
150 A
100 A

45Ca?* NnMonb/5 XB-MJTH. KIiTUH

0 1 T 1
-5 -4 -3

IgINPS], M

310 -
290 ~
270 -+
250 -
230 -

210 0-/

190 -

170

45Ca?* NMonb/5 XB-MJH. KITiTUH

150 T T 1
-7 -6 -5

Ig[NaNO,], M

Puc. 4. Eunepeoszanencna axymynauis Ca’" nepmeabinizosanumu mioyumamu mamxu wypie (0,1 me/ma
dueimowniny) y npucymnocmi NPS ma NS (M = m, n = 5)

3B’130K Mix mnepudepuunuMm CP i NCX, a came
Ca?", axkuit BuUBiNBHIOETHC i3 CP, Moxke TpaHC-
HOPTYBATHUCS 3a MEXi KJITUHU 3aBOSIKUA POOOTi
oominnuka [110]. Oxpim Toro, ginsg I'MK cynun
HaBOJSIThCSI JOKA3U MOXJIMBOIO CIIPSI)KEHHS MiX
okpemumu Bumamu TRP-kananiB, 30kpema myi-
HeKkepoBaHUMMU, Ta poboToro NCX [31].

Poan SERCA-nomnu B MexaHizmMax
miarpumannsa  Ca’*-romeocrasy Ta  MOAYJsALis
JoHopamu  NO  eHepro3ajie;kHOr0  TPAaHCHOPTY

KaTiona B peTukyiyMm. EHeprozanexHuil TpaHc-
nopt Ca? B moMeH CP 31iliCHIOEThCSI 3aBISIKU
¢ynkuionyBanHio SERCA-moMmu, sika Takox
HaJlexXXuTh 10 ponuHu ATP-a3 P-tumy [123—125].
Tigponiz onniei monekyau ATP cnpsikeHuit 3
aKyMyJsiieto ABox ioHiB Ca, 1110 CyITPOBOIKYETHCS
KOTPaHCIIOPTOM JBOX IIPOTOHIB i BKa3yE Ha MOX-
JIUBY eJIEKTPOreHHicTh mpotecy [44, 111]. TIpuH-
HumnoBo BiaMiHHicTIO cTpykTypu SERCA Bin
PMCA € BigcyTHICTh KapOOKCUTEPMiHaJIbLHOTO
KaJIbMOAYJIiH3B 13yBaJILHOTO MOTHBY i, BOZHOYAC,
HasBHICTb CIELiaJbHOIO0 HU3bKOMOJEKYISPHOTO
peryasTopHOro mpotreiny Qocdonambany, SIKuit
B nedocdopuiaboBaHiii ¢opMi 3MEHIIYE YSIB-
Hy criopigHeHicTh 1o Ca?* Ta iHrioye ATP-a3ny
akTUBHICTH [44, 82, 123]. ¥V miomerpii HoOKayT-
HUX 3a ¢ochonraMbaHOM MMILIEH CIIOCTEPira€Tbes
JEII0 3MEHIIIeHa 3a aMILTITyI00 CIIOHTaHHA CKO-
pPOTJIMBA aKTUBHICTh, BOMHOYAC CKOPOUYCHHS Ha0y-
BalOTh OiJIbIIOI TPUBAJOCTI Ta YAaCTOTH, 110 MOXE
OyTM TOSICHEHE 3MiHaMU 10HHOI TMPOHMKHOCTI
capkojiemMn [82]. YV MioMeTpii eKcIpecyloThcs
SERCA 2a, SERCA 2b (cepuesi) Ta SERCA 3
(xapakTepHa AJs emiTeJioLUTiB) i30(pOpMU €H-
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3umy [82, 123]. Tloka3aHo, 1110 eKCIIpecis MoMITU
2-ro Tumny 3pocta€e 3a BariTHocti B MK Mar-
KU JIIOOVHU Ta WYpiB, MIPUYOMY CUHTE3 €H3UMY
MMOCUJIIOEThCS TIiJ BILUIMBOM ecTporeHiB [82, 119,
123, 126]. I3 BukopuctanuaMm cremudiagamx Ca’t-
30HIiB JEMOHCTPYETHCS 3POCTAHHS KOHIIEHTpALlii
KaTioHa B PEeTUKYJISIPHOMY JIIOMEHi B yMOBax
BHICOKOKAJIIEBOI Oemojisipu3aliii Ta Ail aroHiCTiB,
110 BKa3ye Ha 3gatHicTb CP 3abe3neuyBaTu 3HU-
KeHHS KoHmeHTpamii Ca?" B Miomiasmi micis
CIIPUYMHEHOro muMu areHtamu Ca?"-TpaH3i€HTy.
Ilopsim 3 uuM, 3MiHM BMICTy KaTiOHa B JIIOMEHI
B mpoueci (ha3HOI KOHTPAKTUJIBbHOI aKTMBHOCTI
MiOreHHOI MNpPUPOOM 3apeecTpyBaTM He BAAJIO-
cs [82, 127]. Perynsauis po6otu SERCA-nomnu
dochonrambaHoM 3anekUTh Bin IIpoleciB doc-
¢opunoBaHHI—IeGOCHOPUIIOBAHHSI OCTAaHHBO-
ro [44, 82]. Ilporein mnepebyBae B AWHaAMiuHii
piBHOBAa3i MiXX MOHO- i IEeHTaAaMepHUMU (PopMaMHu,
npuyomy came Inepiua 3B’s13yeTbesl i3 SERCA Ta
iHTiOye i1 akTuBHICTH [44, 82]. DochoputoBaH-
Hs 3 TomajblIoK Aucolialieo ¢ochoaambaHy
3aiicHioeTbes PKA (mpoteinkiHazoro A), PKC,
KajnbpMmonyJiH3ajiexkHoto KiHazoro II ta PKG [82,
123, 128—130]. OTxXe, peryiasTOPHUI BIJIUB Ha
ITOMITY MOXYTb UNMHUTH areHTH, SKi ITiIABUIIYIOTh
piBeHb cGMP y Mionnaswmi, nepenycim NO [129,
130]. Iopsn 3 uuM, HasBHicTh y ckjamxi SERCA
(byHKIIIOHAJILHO BaXXJMBUX TiOAbHUX 3aJUIIKiB
[31, 32, 131] 3abe3mneuye MOXJIUBICThL Oe3rocepe-
Hboro BrauBy NO (abo ioro noxiiHWX) Ha eH3UM
LIUIIXOM iX HiTpo3uwiaoBaHHS. B mocmimax, mpo-
BEIEHMX HaMHM Ha CYCIIeH3il IlepMeadili3oBaHUX
MIiOLMTIB MaTKu 1ypiB (puc. 4), noHopu NO cTu-
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MYJIIOBaJId €HeprosajexHy akymyisuiio Ca?* B
CP [96]. B TMK cynun NO ctumymoe SERCA
LIJITXOM HIiTPO3MJIIOBAHHS 3aJIUIIKY [UCTEIHY-674
[105, 106, 131, 132]. [1IepOKCHUHITPUT, POJIb SIKOTO
3pOCTa€E B yMOBaxX HiTPO3aTMBHOI'0/OKCUIATUBHO-
ro cTpecy, TaKoX CIPUUYMHIOBAB aKTUBALIilO TTOM-
OY LUISIXOM IpsSMOl XiMiuHOI Moaudikallii 1boro
sanuiuky [133]. [Ipote MepOKCUHITPUT 3AaTHUM i
IO MPUTHIYEHHSI POOOTU TPAHCIOPTHOI CUCTEMU
yepe3 HITPO3WJIIOBAHHS 3a 3aJIMIIKaMyd THPO-
3uHy [134]. [esaki aBTOpU 3allepeuyloTh 3HAUYEH-
HS S-HITPO3UIIOBAHHS B MOXJIUBIN peryssiii
nomru NO [32]. ¥V kJniTuHaAx eHA0TeNil0 CYIuH
aktuBaliss SERCA peanisyerbes uepe3 cGMP-
zajexHuit MexaHizm [109]. Y I'MK cynun i xui-
KOBO-LIJIYHKOBOro Tpakty NO ctumymnwoe ¢doc-
¢opunoBaHHs (ocdonrambaHy 3a MexaHizMaMu,
nop’ssi3aHuMHu i3 PKG Ta kanbMomyJliH3a1eXXHOI0
nporeinkinazorwo 11 [129, 130].

3MaTHICTh OKCUAY a30Ty MOCHUJIIOBATH €Hep-
rozanexHuit tpaHcnopt Ca?>* B CP kiitun
MIOMETpisl MOXe MaTM 3HayeHHs B MexaHi3Max
KOMIIeHcallii macuBHoro HamxomxkeHHs1 Ca?>* B
MioIJIa3My i3 MO3aKJIITUHHOIO CepedoBUILA, SIKE
CTUMYJIIOETHCS HITPO3aKTUBHUMU CITOJTYKaMU.

Xapakrepuctuka K'-kaHajiB SK MOXKJM-
Boro oo0’ekra perymamii NO. VY wmiomeTpii Jio-
IWHM Ta TBapuH igeHTU(iIKOBaHI  KiJbKa
nigTunis K'-xananiB, 3okpema Ca?"-3allexXHi
BUCOKOI Ta HM3bKOI IIpoBimgHOCTI, ATP-3aexHi,
HoTeHIliaj3aJieXXHi (IKi € JYYTJIMBUMHU O
KaJbllilo), a Takox Aeski iHmi [57, 58, 135—137].
PeyoBnHU, sKi cripusiioTh BiakpuTTio K'-KaHamiB
3yMOBJIIOIOTH rinepnoispuzauiro IIM 1 3HH-
XKYIOTb 30yIJIMBICTh KJITUH, CIPUYMHIOOYU
3MillleHHsI MeMOpaHHOro IIOTeHIiajy BiA #oro
MOPOroBUX 3HAU€Hb, HEOOXiAHUX AJs aKTHUBallii
iOHTpaHCIOpTyBaJdbHUX  cucteM. Iligm  yac
BariTHOCTI y JIIOOMHU i LIYpiB CIOCTEpiraeThcs
3CYB IIOTEHIIiaJly Ha IJ1a3MOJIeMi KJIITUH MiOMETpis
B OiK IO3UTHUBHILIMX BEJIMYMH, IIO MOXe OyTU
3yMOBJIeHe akTuBalielo K'-KaHaJbHUX CTpPyMiB
[57, 135]. OcHOBHUM MexaHi3MoOM, 3a SkuM NO
B 0araThbOX BHMMAIKaX CIPUYMHIOE peJlakcallilo
mIageHbKUX M’s13iB € ¢cGMP-3anexHa abo He-
3ajiexxHa aktuBauisgs K'-kananis [4, 57, 138]. B
JIETeHeBill apTepii 1ypiB Ta OMYadiili KOpOHAPHiK
aprepii NO crumynioe BignoBigHo Ca?"-3aliexkHi
Ta rnoreHUian3anexHi K-kanamu; NO akTuUBye
ATP-3anexni K'-kaHaium B Me3eHTepiajbHil
aprepii KpoJiB, a Takox Ca?*-3anexHi K-kaHnanu
B JIET€HEeBil aprTepil MypuyakiB Ta KapOTUIHIi
aptepii kpoais [139—142].

Y MiomeTpii HeBariTHUX 1ypiB Ca’ -3ajexHi
Kf-kaHanu BHCOKOI IIPOBIMHOCTI 34aTHi 3a0e3-
meyutH Ginblie Hix 30% penonsipusyiodyoro K-
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CTpyMy, BoAHoYac (pyHKIiOHAJIbHE 3HAYEeHHS
iX 3HMKYETHCS B IIi3HI CTPOKM BariTHocTi [57].
Baxnuso, mo Ca’"-kaHanu L-Tumy po3sraiioBaHi
pa3oM i3 Ca?*-3anexHumu K'-kaHallaMy BHCOKOL
MPOBIJAHOCTI B JiIgHKAax Kapeona [143]. 3HukeH-
Hsl piBHSI XOJIECTEpOJly B MeMOpaHHMX padTax
MPU3BOAUTH JO 3MEHIIEHHS AaKTHUBHOCTI IIhO-
ro tuny K'-kaHaiB, 3pocTaHHSI KOHIEHTpallii
Ca?" B MiomnJja3Mi Ta MOCUJIEHHSI KOHTPAKTUJIbHOI
akTUBHOCTi [144]. I3 T1OYaTKOM TIOJIOrOBOI
akTuBHOCTI Ca?*-uyTIMUBICTh 3a3HAYECHUX CTPYK-
Typ BTpaudaeThcsl [58], a ekcrpeciss 3HMKYEThCS
[145]. NO 3pmarHuii 3abesreuyBaTU peJlakcallilo
I'MK Marku LIISIXOM aKTHUBallil LIMX KaHalliB,
30KpeMa  CHocTepirajy  3pOCTaHHS  IXHBOIL
MpPOBIAHOCTI B MioLMTaX BariTHUX XXiHOK 3a il
npoHopiB NO [146]. Ane uytnusicth 1o NO 3ae-
KUTh Bill (pyHKIIOHAJIBHOTO IMepioay i B gociigax
Ha IIypaxX € BUPAXEHIIOI B CEepeauHi TepMiHYy
BariTHOCTI, HiX HampukiHmi [138]. IcHye Touka
30py, o aktuBaiig Ca’"-zanexxHux K'-kaHaniB
BHICOKOI IIPOBITHOCTI 3aJIeKUTh HE BiJl 3pOCTaHHS
ix ekcrmpecii, a Bia ¢ochopuitoBaHHS, HacaMIIe-
pen crupuunHeHoro PKG ta PKA [57]. Cnin 3a-
3HAYMUTHU, 110 B AOCIigaX Ha MiOMeTpil HEBATriTHUX
LIYPiB HAMU IIPOJEMOHCTPOBAHO 3POCTAaHHSI PiBHS
gk ¢cGMP, tak i cCAMP y npucyTHOCTi JOHOpiB
NO [147, 148]. OTxe, MOXKJIUBICTb PETYISITOPHOTO
BILIMBY NpOTeiHKiHA3 € BiporimHow. Cnenudika
LIbOTO MeXaHi3My 3 (PYHKUIOHAJIBHOI TOYKU 30DPYy
MOxKe 0OyMOBJIIOBAaTHUCh TUM, 1110 I'yaHiJIaTUMKJIa3a
eKCIPEeCYEThCS IIPOTSAIOM BCi€l BariTHOCTI, TOMi
K CHHTE3 aJeHIiNIaTIUKJa3d TIOCUJIIOEThCSI B
KiHLi 2-r0 — Ha moyarky 3-ro TpuMmecTtpiB [57].
BoaHouac BiaMiyaeTbcs TaKOX MOXJIMBICTH 0€3-
nocepenHboro BrmBy NO Ha Ca’"-3anexHi K-
KaHaJI1 BUCOKOI MPOBiAHOCTI, 30KpeMa ILISIXOM
ix S-niTposmmoBanHg [138, 146].

Inmu tunu K'-kaHalliB TakoxX MOXYTb BU-
cTynaTu 00’€KTOM BILJIMBY OKCUIY a30Ty abo Horo
noxigHuXx. IcHY10Th oKa3u Toro, 1o Ca’"-3anexHi
K*-kaHanu HU3bKOI IIPOBITHOCTI BiIirparoThb
CYTTEBY POJIb Y HiATPUMAHHI KJITUH MioMeTpis
BariTHUX LIYPiB y CTaHi HU3bKOI 30yIJIMBOCTIi, a
PiBEHb 1X €KCIIpECii Iepea mojaoraMu 3HUXKYEThCS
[4, 57, 137]. Y pesKuX AOCTiIXXEHHSX 3a3HavyeHi
CTPYKTYPH BUSIBUIUCH YyTAuBUMHU 10 Aii NO. 30-
KpeMa, peiakcallisi MioOMeTpisl SIK HeBariTHUX, Tak
i BariTHUX XiHOK, cnpuurHeHa NO, Oyjia 4yTiIu-
Ba 10 crneuudiuyHoro iHridiropa Ca?*-3ajexxHux
K*-xananiB — amaminy [149]. ¥ mioMeTpii 11ypiB
Ha IMi3HIX CTpOKax BariTHOCTI JIEMOHCTPYETHCS
penakcaiisi, oOyMmoBJieHa akTuBauiero ATP-
yyTauBux K'-kaHaJliB y BiilOBi1b HA CTUMYJISILLi O
K ajJeHijaT-, Tak i ryadinatuukiasu [150]. 3
iHmoro Ooky, NO CcHpuMYMHIOE pPO3CIa0JIeHH S
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MaTKM HEBaTiTHUX XiHOK 3a MeXaHi3MaMH, SIKi He
MnoB’sa3aHi 3i 3poctaHHIM BMicTy cGMP [151].

Sxmo NO abo ioro moxigHi IigBUILYIOThH
MNPOHUKHICTL capkojieMu MiomeTpis jgo Ca?*,
30aTHi CTUMYJIIOBaTU HAJAXOIKEHHS KaTioHa
B KiaituHM Ta iHrioyBatu PMCA, BoHM MoO-
XKyTh 30iJblIyBaTU IpPUHAAMHI Ha KOPOTKUIA
yac KOHIIEHTpallil0 KaTioHa B cyOILIa3MajieM-
HOMY perioHi Mmiomja3mu. BiAIoBigHO 10 LbOro
HITPO3aKTUBHI CIOJYKHM, BipOTigHO, 30iMICHIOIOTH
penoasgpusdyrounii BmiuMB Ha IIM Ta 3HUXKY-
I0Thb piBeHb 30YIJIMBOCTI MIOLMTIB ILISIXOM
aKTHUBallil YYTIMBUX [0 Kajblilo K'-kaHaib.
HiiicHo, B HallMX JOCJIigax, IIPOBEIEHUX Ha
CyCIleH3il MiOUUMTIB MaTKM HEBariTHUX IIypiB,
JIeMOHCTPYETbhCSI MOJIsIpU3allisl capKoJeMM 3a il
NPS Ta NS, npuyomy 1eil edekT 3ajexaB Bil
npucyTHocTi ioHiB Ca B cepeloBMILI iHKyOalii
(puc. 5), [152]. B ymoBax aenonspusyrodoi il
iHrioitopiB K'-kaHajiB TeTpaeTMJIAMOHIIO Ta
4-amiHomnipuIuHY (pUC. 6), a TAKOX Y IIPUCYTHOCTI
aurigporipuanHiB (puc. 7) noHopu NO He crnipu-
YUHIOIOTh IIOMITHY MOJSpPU3allil0 CapKOJEMMU.
3pocranHsl K'-MpoOHMKHOCTI MeMOpaHU B yMO-
BaxX CIIOKOIO PO3MJISIIAETHCS K BaKJIUBUN (hak-
TOp MiATPUMAHHSI BIIHOCHOI HE30YyIJIMBOCTI
MioMeTpis minx yac BaritHocTi [58].

MoxnuBa TakoX aKTuUBAalligd W IHIIUX TUIIIB
Kt-kananiB 3a nii NO, OCKiJIbKM TOJSIpU3aLlis
BE3UKYJIbOBAaHUX IIpemapaTiB  capKoJieMHu i3

21 7

19
1,7 -

1,54

K?

1,3
11

F./F, B.O.

0,9
0,7 4

MIOMETpisl HEBariTHUX CBUHEU CIOCTEPiraeThbCcs
B HaIllMX eKCIepMMEHTax IIiJ BIUJIMBOM  #Oro
JIOHOPIB 3a BigcyTHOCTi B cepemobuii Ca’* [153].
OueBUIHO, 110 B OCTAaHHBOMY BMIIAAKY e(heKTU
oynu cGMP-He3anexkHUMMU.

VY Toii Xe yac mnoJjisipusallilo capkoJaeMu 3a Iii
NO MOXHa JOCITTH i ormocepenkoBaHo. 30Kpema,
HaMU 1eMOHCTpyeThbest cGMP-3as1exHa akTuBalis
nin BrvBoM noHopiB NO Na*, K'-ATP-azu 1M
mioMeTpig [154] — KIIIOYOBOTO €H3UMY, SIKUIA
3a0e3neuye iCHYBaHHS 1 MiATPUMaHHS I'palieHTa
MOTEHIiaJyTBOPIOIOYMX iOHIB Ha MeMOpaHi.
3 iHmoro OOKy, 3a3HAayeHi CIIOJyKM B HAIIUX
JOCTiIKEHHSIX CTUMYJIIOBAIM TPaHCIOPTYBaHHS
MIPOTOHIB Yy capKojieMi Ta 3abe3rnedyyBajd 3pO-
craHHs pH wmiomnazmu [155]. TpaHcnopTyBaHHS
H* moxe 3abe3neyuTH AOJATKOBY IOJISIpU3ALIiIO0
IIM abGo KoMIeHCYBaTy BILUIMB IEHOJISPU3YIOUNX
areHTiB, BOMHOYAC 3aJyXKEHHSI CepeloBUIlA € aK-
tuBatopoM K*-KaHaJIbHOI IIPOBITHOCTI.

HageneHi TyT pe3yjbraTu AOCIIAXKEHb Hepe-
KOHJIMBO CBigyaTh IIPO BaXKJIMBY POJIb aKTHUBallil
K*-kananiB y 6ioxiMiunux mposiax nii NO. On-
Hak ix cGMP-3anexHicTb/He3aneXKHICTh, a Ta-
KOX MOXJIMBICTb OMOCEPEIKOBAHOIO BILJIMBY Ha
piBeHb IIOJIsIpU3allil capKoJIeMM HaJIeKUTh OO0
BaXXJMBUX NMHUTaHb, SIKi MOTPEOYIOTh MOAANBIINX
JIOCJTiIKEHb.

Kanbuiii-TpancnopTyBajibHi  CUCTEMH MiTO-
XOHApi. Y OOCTYyNHIN Ham JitepaTypi BiICYTHi

—&— 6e3 Ca?*, 1 MM ElTA
—— 30 mkM Ca?
—— 1,26 MM Ca?*

0,5 T T

4 5

Yac, xB

Puc. 5. Ioaspuszayisn capkosemu kaimutn miomempis wiypie y npucymuocmi 10-* M NS ma 1,26 mM Ca**. Jlas
YCYHEeHHA 6nAUEY MIMOXOHOpIll KaimuHnu nepedinkyboeani 5 xé 3 5 mM asudom nampiro. F_ — ¢ayopecyenmuuti
cuenan y kowmponi 3a eidcymrwocmi NS, F, ¢ — ¢ayopecuenuia y npucymnocmi NS, 6.0. — eionocki o0unuui
(M £ m, n=206). Tym i na puc. 6, 7 012 oyiHI08aHHS 3MIH NOAAPU3AYI] MeMOPAHU BUKOPUCIOBYBaAU GaYo-

pecuernmuutl 3010 DiOC(3) ak onucano ¢ pobomi [152]
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6. 3minu noaspuszauyii capxosemu Mmiouyumie mamku wypie 3a 0ii 6Gaokamopie K-nposidnocmi

mempaemunamorito i 4-aminonipuouny (TEA ma 4-AP eionosiono a ma 6), NPS ma NS, 10-* M. Jlas
VCYHEHHS 8NAUBY MImOXoHOpiu KaimuHuu nepedinkybosarni 5 xé 3 5 mM azudom mampir. F — ayopecyenm-
Ha 6i0noeidb Ha Oito docaidxcyeanux pewosun, F,— aemognayopecuenyis kaimun, 6.0. — 6I0HOCHI 00UHUUI

(Mtm,n=235)

BiZoMOCTi cTOCOBHO BIUIMBY NO Ha piBeHb
nojspu3alii ~ BHYTpIIIHBOI ~ MeMOpaHM  Ta
dyHkuionyBanHs Ca?"-TpaHCIOPTYBaJbHUX CHUC-
TeM M X MioMeTpis. Y Toit caMuil yac OCTaHHI MO-
KYTh BiirpaBaTu HeaOUSIKY POJb Yy IiATPUMaHHI
Ca*'-romeoctasy 'MK wmarku, 30Kkpema, 3a0e3-
MeYylour €Hepro3aiekHy aKyMyJsIilo KaTioHa i3
MIiOIJIa3MH ITiCJISl TPAH3i€EHTY, Ta, 3 iHIIOro OOKY,
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migTpuMyioun KoHueHTpauito Ca?>* B MaTpukci
Ha HU3bKOMY (pi3iosoriyHOMY piBHi, SIKUIA 37aT-
HMH 3a0e3MeYnuTH ONTHMAaJIbHYy poOOTYy €H3UMiB
MX [34, 53, 156]. Ilepma 3 umux (yHKIi 00y-
MOBJIEHa poboTo yHimoprepy MX, a nmpyra —
enekrpoHeiiTpanbHuM Ca’t/H*-o0MinHUKOM. B
YMOBax IepeBaHTaXXEHHSI MaTPUKCY KaJbIieM
BUXiJ KaTioHa B LIMTO30/b MOXHa AOCSraTu 3a-
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BASIKM aKTUBallili LMKJIOCIOPUHYYTIMBOI ITOpU
MX [34, 53, 156, 157]. Na*/Ca’"-0OMiHHUK, Xa-
pakTepHuil a1 MX eaeKTpo30yaIuBUX TKAHUH,
y miometpii Ta iHmux 'MK He igeHTUdikOBaHUMIT
[34, 156]. MX mioMeTpis He3IaTHI HAKOITMYyBa-
™ Ca’" 3a BimcyTHocTi ATP, xapakTepusyoThes
HU3bKOIO CITOPiJHEHICTIO 10 KaTioHa (BiAIOBigHA
KOHCTaHTa gocsirae 25 MKM) i3 0IHOYaCHOI BU-
COKOI0 aKyMYJIIOIOUOI0 3[JaTHICTIO (HAKOMUUYIOTh
1m0 1 mxmours Ca’t/MT TIpoTeiHy) i 3HAYHOI0 MaK-
CHUMAaJIbHOIO IIBMUAKICTIO TpaHCHOPTYBaHHS (110
600 umonp Ca?'/1 xB - Mr Tiporeiny) [34, 156,
158]. EdexkTuBHUMU iHTiOiTOpaMM aKyMyJsiuii
Ca? B MX MioMeTpisd € areHTH, sKi 3arobiraloTb
(hopmyBaHHIO abo pyliHYIOTb rpajieHT H* Ha
BHYTpPillIHiNA MeMOpaHi, a caMe iHTiOiTOpU eJieK-
TPOHHO-TPAHCIIOPTHOTO JIaHIIIOra Ta MPOTOHO(O-
pY, a TaKOX pyTeHieBUIT yepBoHMi1 [34, 156, 158].
Icaye Touka 30py, mo MX 3maTHiI 3a0e3neYynTH
3HUXKEHHs KoHleHTpalii Ca?t B Mioruiasmi, sIKe
HeoOxigHe aag po3ciabjieHHd 3a (i3ionoriyHo
3HAUMMUN Yac, a TaKoX 3aXUIIAl0Th BiJl LIUTOTOK-
CUYHUX e(deKTiB KaTioHa y pasi Horo HaIJIMIIKO-
BOTO HAJIXOJKEHHS 3 MO3aKJITUHHOIO CepeloBU-
ma [34, 53, 160].

NO, B3aeMonilouu i3 KOMIIOHEHTAMM eJIeK-
TPOHHO-TPAHCHOPTHOIO JiaHuora MX, 3part-
HUI TPUTHIYYBaTU OKHUCHE ochopuItoBaH-
Hs. IlepeaymoBoro edekTuBHOI B3aemonii NO
i3 MX € HasgBHICTb B HHUX 3HAYHOI KiJIbKOCTi
Moro  MOJIEKYJSIDHMX  MillleHel, Hacammepen
3aJli30CipuaHMX LEHTPIiB Ta reMOBUX TIpyn. 30-

ISSN 0201 — 8470. Ykp. bioxim. xcypn., 2012 m. §4, Ne 3

KpeMa, iHTiOyBaHHS IIUTOXPOM C-OKCHOA3W €
000poTHUM 3a (¢i3ioJoriyHnX KoHUeHTpawiit NO
i HeoOOpPOTHMM 3a ¥oro rimeprponykirii [161].
Hanmipna xinpkicts NO, ocobnmmBo Ha (GOHI 1T0-
CHJIEHHSI YTBOPEHHS CyIlepoKcuaaHioHa B MX,
€ TOTYXHUM TMOIIKOIXYIOUUM areHTOM, SIKUI
CIIPUUYMHIOE KoOJIallC MEeMOpaHHOro TMOTeHLiany
MX i npu3BOOWTH A0 BUBIJIbHEHHS B IIMTO30Jb
anonTOTUYHUX (PaKTOpiB, TMepeAyciM BHAC/iJOK
nii mepokcuHiTputy. BomHouac NO, BiporigHo,
MOXXe BUCTYMAaTU TaKOX i (Di3iojJoriyHuM peryJs-
TopoM MX, 30KpemMa MOAYJIOKYM CIOXMBAHHS
O, [30, 161].

Y 3B’3KY 3 BHUCOKOIO IMOTYXHIiCTIO CUCTeMU
aKyMYJIS1Iil KaTioHiB Kajblito MX i MOXJIUBICTIO
NO 000pOoTHO BMIJIMBATUM Ha KOMIIOHEHTHU e€JIeK-
TPOHHO-TPAHCHOPTHOIO JIaHLOra, a oOTXe i
eHepretuky MX, mocnimxkeHHst nii NO Ta iioro
MOXIMTHMUX Ha IIOJSIpM3AIlil0 BHYTPIIIHBOI MEM-
O6pann MX Ta TpaHcnopryBaHHS Ca’" B IIbOMY
KOMMOApPTMEHTI € IepCNeKTUBHUMM JIJ151 3°ICYy BaHH I
pOJIi HITPO3aKTUBHUX CIOJYK Y (PYHKIIIOHYBaHHI
MiOMeTpisl.

NO 1K MOXJIUBHA PEryasaTop KOHTPAKTHJIb-
HOro amapaty miomeTtpisa. Bigomo, 110 KJII0YOBUM
erarioM 3amycky ckopoyeHHs I'MK € yTBopeH-
Hsa Komriekcy Ca?’—kanbpMonyiiH. Po3BUTOK
KOHCTPUKIIII 3aJIeXXKUTh BiJ aKTUBallil LIUM KOM-
IJEKCOM KiHa3W JIETKUX JIAHIIOTIB MiO3WHY
i3 momanblMM iX ¢ochopmmoBaHHaM. Hamu
MpoleMOHCTpoBaHo, 1o NS (10% M) 3HUXKYE
3B’13yBaHHg Ca’" i3 BHCOKOOUMIIEHUM IIpe-
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mapaToM KaJIbMOAYJIiHY 3 MO3KYy OMKa Oijibliie
HiX y nBa pas3u [162]. 3Baxaiouyud Ha BHUCOKY
KOHCEpBaTUBHICTh HOCJiAXKYBAaHOIO IIPOTEIHY,
olepxKaHi pe3yJbTaTH CBigyaTb IIpO 3AaTHICTb
HITPO3aKTUBHMX CIIOJYK BIJIMBATH Ha IPOLIECH
KOMILJIeKCOYyTBOpeHHsT Ca’" i3 KaJabMOAYJIiHOM Y
rIageHbKoMy M’s13i. BogHouac HaBOOSITbCA JOOKa-
31 TOro, 1o B MiomeTpii NO abo iioro pemokc-
dopmu aktuByloTh PKG, iHilLil0OIOUM B3a€EMOMIiIO
OCTaHHBOI 3 ¢ocdarazor JEerkux JAHLIOTIB
MIO3MHY, 110 IPU3BOIUTD 10 AehoChOpUIIOBaHHS
PEryasTOPHUX JAHIIOTiB 1 3HUXKEHH ST KOHCTPUKIIiT
[4]. BaxxnuBo, 1110 3pocTtanHs piBHsI cGMP B TMK
MaTKM MOXe OyTu IIOB’sI3aHe 3i CTUMYIISILIEI0
He PpPO3UMHHOI, a MeMOpaHO3B’s13aHOi (opMU
ryaHijlaTUUKJIa3u. AKTHBAaTOp OCTaHHbOI —
ypOryaHiJliH — 3HMXXYBaB OKCUTOLMHIHAYKOBaHE
CKOpOYeHHsT MiomeTpis [4, 163].

BcraHoBieHO, 110 OKCUTOIIMH  PETYJII0E
YyTJIUBICTh KOHTPAKTUJILHOIO alapaTy MioMeTpis,
O010Kkyoun Rho-kiHaszHMIT MexaHi3M, HAacjigKoM
YOro € IMPUTHIYeHHSI KOHTPAKTUIbHOI aKTUBHOCTI
[164, 165]. Ockinbku Ca?'-KaJdbMOLYJIIH 3aiy-
yeHuil o aktuBauii Rho-kinasu [51], NO moxe
OPUTHIYYBaTU 1 Lel LIISX aKTUBalil CKOPOTIM-
Boro amapary. s IiaTBepIXXeHHS OCTaHHbOIO
MOPUITYIIEHHS HeOOXiIHi oAbl JOCIiIKEeHHSI.

IcHyoTh ¥ iHIOI  WIISIXM  peryJssiii
(pyHKIIIOHAJILHOI AKTUBHOCTI MiOMETpisl 3a IOIO-
moroio NO. 30kpeMa, eKcrpecis JMMeTuJIapriHiH
JIUMETUJIaMiHOTiApoja3u —  €H3UMy, SIKHUI
3abe3Ieuye Tigpori3 eHaoreHHoro iHridiropa NO-
CMHTa3, 3pOCTA€E B CEPEeAHI CTPOKU BariTHOCTI i
3HUKYETBCS TIepel MOYaTKOM II0JIOTiB, TIPUUYOMY
CIIOCTEpiraThesd BiaMoBigHi 3MiHU piBHSI cGMP
y MioMeTpii [166].

OueBUAHO, 11O TIOIIYK Ta BUBYEHHS HO-
BUX LIJISIXiB i MexaHi3MiB peryisuii NO Ta iioro
noxigHuMu Ca?"-romeocrtasy i KOHTPaKTUJILHOL
(yHK1IiT MioMeTpisl € IOBOJI TEePCHEKTUBHUM i3
ypaxyBaHHSIM (YyHKIiOHaJbHOI creludiky TKa-
HUHMU i ocobnuBocTeii Ca?"-CUrHAJIiHTy B Hild.

OTxXe, HA OCHOBI aHaJli3y JaHUX JiTepaTypu
1 BJACHUX €KCIIEpMMEHTaJbHUX pe3yJbTaTiB 3
BUBYEHHS IOHHUX, MOJIEKYJISIPHUX i MEMOpaHHUX
mexaHi3MiB nii NO Ha BHYTPIilIHbOKJIITUHHUIA

Ca’-roMeocTad MiOMeTpisi, MOXHa  3ampo-
MOHYBaTU TINOTeTUYHY  MOAEJb  peajisalii
(yHkuioHanbHoi akTuBHOCTI NO abo iioro

noxigHux. Jliroun Ha piBHi IIM, HiTpo3aKTHBHi
CIIOJIYKM IiABUILYIOTh i MpOHUKHIcTh s Ca’*
LIJISIXOM CTUMYJIALIT MoTeHIiaakepoBanux Ca’*-
KaHajiB Ta TIpUTHiYeHHsS akTuBHOCTI PMCA.
HacainkoMm 1bporo Moxe OyTHM MHOYaTKOBE 3pO-
ctaHHs KoHHeHTpauii Ca?>" B cyOIuia3MalieMHOMY
perioHi MioriasamMm 3 IIOAAJIBIIOID AaKTUBAli€IO
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Ca?"-3anexHux K-kaHalliB Ta 3HUKEHHSIM PiBHS
30yIJIMBOCTI capkoyiemMu. JlomaTkoBUMHU (aKTo-
paMu, SKi CHpUSIOTH ToJsgpu3alil MeMmMOpaHWu,
MOXYTb BUCTYIATHU IOCUJIEHHSI Kpi3b Hel TpaHC-
MOPTYBaHHSI IPOTOHIB Ta cTuMyJsauisgs Na*, K-
ATP-a3u, mo cnpuunHioTbes NO.

3a gmii NO 3pocrae  eHeprosajexHa
akymynsauiss Ca?>" CP Tta 3MeHIIYEThCS HMOro ma-
CHBHE BMBIJIbHEHHS 3 1ILOIO KOMIApTMEHTa, IO
MOXe 3a0e3MeUYrTU KOMIIeHCAllil0 aKTUBOBAHOIO
NO HanxomxkeHHs Ca’" B MiOLIMTU Ta 3HU3UTU
epekTuBHicTh Ca?"-iHIYKOBAHOTO BUBiJIbHCHHS
KarioHa.

IMoximni NO iHTiOyIOTH KIJIIOYOBY JIAH-
Ky 3alycKy KOHTPaKTUJILHOIO aKTy B IJIaJieHb-
KoMy M’s13i — dopmyBaHHS Komiuiekcy Ca?t—
KaJIbMOOYJIiH.

3a3HavyeHy cxeMy HeoOXiqHO B MalilOyTHbOMY
HiATBEPAUTU €KCIIEpUMEHTAJIbHO, IIepeayciM i3
3aCTOCYBaHHSIM METOIMKHU OAHOYACHOI peecTpallii
3MiH BMicty BinbHoro Ca?* B wmiormiasmi, CP ta
MX paszoMm i3 HOpOBEAEHHSIM TEH30METPUUHUX
JIOCJTiIKEHb.

Aemop eucaoearwe nodsky: k.0.n. I. B. Jla-
Hunoeuy, acn. O. B. Koaomieyp 3a donomo-
2y ¥y npogedeHHi eKcnepumeHmis; a.-Kop., npog.
C. 0. Kocmepiny — 3a naione 062060peHHs 00epica-
HUX pe3y1bmamise, 3ay8alNceHHs ma peKomMeHOauii;
I'. B. Jlanunosuy 3a dusaiin pucynka 1.

OKCHUJ A3OTA KAK PEI'VIIATOP
BHYTPUKJIETOYHOI'O TOMEOCTA3A
B MUOLUTAX MATKH

10. B. Jlanunosuu

Wuctutyt ouoxumuu um. A. B. [lannaguna
HAH VYkpaunsl, Kues;
e-mail: danylovych@biochem.kiev.ua

[Npoananu3npoBaHbl TUTEPATypPHBIC JaHHBIE
MO0 MeXaHW3MaM W PETYJISIUU TacCUBHOTO M aK-
TiBHOTO TpaHcmopTta Ca?" B Mmuomerpun. Ocoboe
BHMMaHUe yaeieHo nl M®-3aBUCMMBIM U He3a-
BUCUMBIM TYTSIM JeHCTBUS OKCHAA a30Ta WIN
€ro TIPOM3BONHBIX Ha BHYTPUKJIETOUHBIN Ca’*-
roMeocTa3 TJIaJKOU MBITIIIL MATKHA U €€ COKpaTH-
TeJbHYIO aKTUBHOCTb. B cpaBHUTETBHOM acreKkTe
MPUBEICHBI CBEACHUS MO BIMSHUIO OKCUIA a30-
ta Ha Ca’'-TpaHCIOPTHEBIE CHCTEMBI APYTUX TH-
MoB TJaaKuX Mbliil. Ha ocHoBaHMM COOCTBEH-
HBIX 9KCIIepPUMEHTAJBHBIX Pe3yJBTaTOB M JaHHBIX
JIUTepaTypbl TpeAioxeHa cxemMa gaeicTtBusi NO
B MHOMETPHUM, TI0 KOTOPOI OKCHI a3oTa, JMOOo
€ro TIPOM3BOAHBIC, BEI3BIBalOT Ca’'-3aBHCHMYIO
MOJISIPU3AIINIO CapKoJeMMBl. B cOOTBeTCTBHUM C
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HallMMU pe3yabTaTaMU, B OCHOBE 3TOro 3ddex-
Ta MOXET JIeXKaThb ITOBBILIEHUE MPOHUIIAEMOCTH
capkonemMMbl K Ca?" mon geiictBueM NO MM e€ro
NPOU3BOMHBIX U CTUMYJISALMSA, 10 KpaliHEel mMepe
HayajbHasl, MACCHBHOIO TpaHCIOpTa KaTHOHA
B MUOLMTHI OIOCPEIOBAHHOIO AUTUAPOIMPH-
IUH-YYBCTBUTEJIbHBIMU KaHajdaMH. JlOMOJHU-
TeJIbHBIMU (baKTOpaMU, KOTOpPbIe CHOCOOCTBY-
0T TOJISIpM3allMM MEeMOpaHBbI, MOTYT BBICTYIIATh
yCUJIGHHE TpaHCIoOpTa IPOTOHOB M3 MUOIUTOB
u ctumynsauuss Na®, K'-ATPaspl. JlelicTBys Ha
CapKOIUIa3MaTUYECKUN PETUKYIYyM, HUTPO3aK-
TUBHBIC COEAMHEHUST aKTUBUPYIOT SHEPro3aBUCH-
MO€ BKJIIOUCHME KaJbLMs B 3TOT KOMIApTMEHT U
yraeraior Ca'-MHAYLUMPOBAHHOE OCBOOOXIECHUE
katuoHa. Ilocnegnue >(p@deKTh CrIOCOOHBI 0bec-
neuyuTh KomrmeHcanuio NO-MHAYIMPOBAHHOTO
yeuaeHus: nocryrieHus Ca?t B MUOLMTBI U yI-
HeTaThb 2JEKTPO-MEXaHWUYeCKOe COMNpsIKEeHHe Ha
ararie ocBoboxaeHust Ca?* uz peruxkyiayma. I1po-
n3BogHbele NO Takke WHTHOMPYIOT KITIOUEBOE
3BEHO 3amycka KOHTPAKTUJILHOTO aKTa B TIJal-
KOi MblIlIle — (opMupoBaHue KomIuiekca Ca?*-
KaJbMOIYJIMH.

KniodyeBbie clToBa: OKCHI a30Ta, Kallb-
LA, TJIaJKWe MBIIIIL, MUOMETPHIA, 3JIEKTPO-Me-
XaHMYECKOEe COIpPsTKEeHNE.

NITRIC OXIDE AS THE REGULATOR
OF INTRACELLULAR HOMEOSTASIS
IN THE UTERUS MYOCYTES

Yu. V. Danylovych

Palladin Institute of Biochemistry, National
Academy of Sciences, Kyiv, Ukraine;
e-mail: danylovych@biochem.kiev.ua

Summary

The published data on the mechanisms and
regulation of active and passive Ca?* transport in
the myometrium have been analyzed. Particular
attention is paid to the cGMP-dependent and in-
dependent pathways of action of nitric oxide or
its derivatives on intracellular Ca?>" homeostasis of
uterine smooth muscle and its contractile activity.
Information on the effect of nitric oxide on Ca?*-
transport systems of other types of smooth muscles
is provided in a comparative aspect. Based on own
experimental results and literature data a scheme
of NO action in the myometrium is suggested in
which nitric oxide or its derivatives cause Ca?*-
dependent polarization of the sarcolemma. In ac-
cordance with our results, this effect may be based
on the increase of sarcolemma Ca?" permeabili-
ty under the influence of NO or its derivatives
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and the stimulation of at least the initial passive
transport of the cation in the myocytes mediated
by dihydropyridine-sensitive channels. Additional
factors that contribute to the polarization of the
membrane are the increase of protons transport
from the muscle cells and stimulation of Na*, K-
ATPase. Acting on the sarcoplasmic reticulum,
nitrosactive compounds activate the inclusion of
calcium in this compartment and inhibit Ca?"-
induced release of the cation. The latter effects
are able to provide compensation for NO-induced
Ca?" increase in myocytes and supress the electro-
mechanical coupling at Ca?* release from the re-
ticulum. NO-derivates also inhibit a key link in
the smooth muscle contractile act — the formation
of the Ca?"-calmodulin complex.

Key words: nitric oxide, calcium, smooth
muscle, myometrium, electro-mechanical cou-

pling.
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