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F1E Fif

DRIEEBICIEERRSE SR TOKREIZE->THY . £ERBLETS. 25 OMHBIE
DELGBROREOREF. EEYOREZMRICIKEFELTEY . DREEEANTRLEELSR
BED 1 DTHD, B EOBMEFETNTNEROFMEEFTHRAZAL TS, DIEICE
BYEICEELHD, —RISDBAREFERITHEETIERLIHY . DEBOS VL EMIZEHF
MmAEWEVNSERLH D, 1 DEOBEEBIERTIE 20 B, EFTIE 60 [, AAERBREMTH
DINEVWTIRTIE 600 ETHDH, CNIFEREIBEIZENHDENITEIE, £ D EEPOUNHE
DAL RELEVDHDIET THD,

F- DEOME XBMEL T TH REERE. RROBELGLEICEISTHELGY | #nE
MEOLEYICHTIEELHRATHD, DEBEFIHOEIRTHIXERBREDIZENE
noradrenaline (. [FEAEDEMFET p FBAREZNLTLDBARBLPDIREHEBREIES, C
NIZHLT. AREDORETHS o REERENLEZIEEEL. DY F. BILEYS SUb IORY
ERRGEHMETELGY FIIVRATEEERBICFITERENELS, BHARETIEEE
IRFEHEBOTRL T o SBRFBCEDORELELIEEL, BLEYMOTIREZANTE
HEITOTE . INFETIE. BEIVEHEEL o DERFHICEOFKEL LT 2 IS T
EM. FAF BB IEHBELRIBCEOBIZRIMNBEEELAH LD TIELELNEEZ, TR
EMTELTIY o SRRFIHIGEDOFHELELZ. RIBGELBEEIEEEORESRETHRT
BETIVERZ. IR RELIZ, COKSITILFHD ZHMELEBMMEICSOVTHET ST LI,
IMBEDEBRIIBEIC DM BEEZTINVS,

REIERE D SRt

IDAUIRMBDBIEERELDNILY I LAF 2 (Ca2HIE, MIRRIEDR A BIZK>THRAOLI-ELLIK
FHEO L B CaFrrILHoHIBRNTRAT S, BELEMRAADEFDISE . FHFICHELS
ML ERICAA S THRALTLS T EEDIZE L B Ca¥ FrrNSBEEICHFELTHEY.
ZIHBRALTz Ca? hi5|E & LY f/ME{A (sarcoplasmic reticulum: SR)YD S5 T & L E i iR
TxHIEFLTLVS junctional SR DY) 7 /%R {K(ryanodine receptor: RyR)Z B OS5, YNHEHF
DA CaRE LR IEELLTID SR MM Ca?* i (Ca> -induced Ca?'-release: CICR)IZ &
YEEEDEEN TS, Ca?' [FUIER NI DT IF 745400 LDIORZY C EFEEL. CH
[C&YSALDUTATAVNEDHEERANELTIRIEBAFESINS, TDE Ca?'[d. £IZ SR @
ATP R 7ZEM4E Ca2*7R> 7 (Sarco(endo)plasmic reticulum Ca2*-ATPase: SERCA)IZ&k>TREREIC
o> THIYRAASINSH ., Na'/Ca? S (Na'/Ca?* exchanger: NCX)IZ&k> THiRE M HE
HeEh, ZOHRE. MlgR Ca RENBDL, DHFETMET 5, COLIIC HlaR CaREE
EICE#EST S L B Ca*FrRIL, SR BEU NCX [FIDBLS R THEEE# LIRS LT
FID#EEIZIESTLNVS,



SHIT. LB Ca?Fy )L, SR BXU NCX (&, BMMIFEOHKZEEMEICKVUMN Ca REEL
[CHEETHEENELGDIEEZAONTLS DEHITENT, Hlas s Ca2RASES L & Ca?*
FrrRIVIERAMBICKYEMEIL T HMEZEF D, LIz S TUEBBRO TS —HOKRES. §
b BBV E AL IR (action potential duration: APD)E L B Ca>* FrRILHM LD Ca2iRAE
(THEHIEEMETEHEEZLN.APD ORVEBEMEHFDOOLHIFE. L & Ca¥ FrRILDFH
IRFEICK T B2HFENREVEHAISND, BE. 200 ms FIEOBAELTS—HEZLDEILEYE
IDEHETIF—HBERKBEARTVRDEFHOUIMEIC L B Ca? FrHILEBTE nicardipine &
U SR D Ca? I F v A ILIHEZE ryanodine ZALE T B &, nicardipine (2L AHURHE SHNFIZETE
IWEYRS>TIIRADIETHSH, ryanodine [ZXBUNHE AN RIZEILEVR<SIDVRATHoI=
(Agata et al., 1994b;Tanaka et al., 1998;Tanaka et al., 2009), ZDZ &M D, BET IR ITHEE L
D LE CHFYRILENT S Ca> RALYD. SR HhHD Ca? I ITHEUKRFL: Ca> BEE TR
FENDOMD, F-. IVRIIDEEHTY D SR DEA° SERCA JEEIMFELLERTHLEL
SEEH D EETHEL TLVA(Hamilton and Tanuzzo, 1991),

DFHOREFEECICEALTIEIRRAGFETHRIGINTE -, DERPODII—ICKYIAE
ZDHLOEEANTHIENAEETHD, YTVRDIGEIE. FRELD 9 B BIZIDEOBEIABRIAL.
REHOEBHTES 200 AEETHHIN HERICERLTHRATIEIES 700 BIZESTS
(Adachi et al., 2013), IDAEIREID S ERLLLIBRIRER. T O EEEMDREHFRITEHDE
METITHON TS, BILEVMLDEHDOHE . BERICET APD HNERT S, BRESREIC
APD [F5E#EL. HAEBRICRELGSIN, EERREZITHVBUERICER T 5 (Agata et al,, 1993),
IORICELTIFHAERIC APD M 5EHEL T, BATIIBSH THEO ELVMVFHAMR I &5
EDERE SN TLVS(Tanaka et al., 1998),

BIRD &SI, BILEBYNEIVRELEK T HEMMBH . BB E LR /A FrRILOME
ORZURAR—E—DEEFRRLGE TEODHY  BEIRBEEENRLLZENRESA TS,
IOZADDNEIEFZEICHEO DIFROEMNAS APD OEBINERERINTIVS, Thbhb,. ¥R
DILFHHFEEICHFD BEIUERBLIEELTUKIENHRITES,

o ZERRIBECE

REMER RO DRSNS noradrenaline PEIBFHE LYK PICH SN S adrenaline 7
EDATI—ILTIVIE, DEHMEELDO7RLFIOZBRITERL THMEEE KD UHE 1
FERIEDEOR THEEDRENGRTICEELGREZRLTLS, CODBEEERE
B ZREREBAFIZ p12BK)LHHIEN cAMP D LR, FhIZHHE L B Ca*FyRILO SR
BEREDEMLICKYERSINSEZZONTE . LHL, DFMEELICIE o SBALEEL.
COZBARENLTEEENDEANEISIEAEFERLIIZHEH>TES = (Endoh et al., 1991), %
DEHENRIGOBFICOVTIE. EREBEFEFMENICLY., FBHEAFHREEAOEER
(Bruckner and Scholz, 1984), FEBEM B BICEAS5 TS5 K Fv /L0 HIH (Fedida et al.,
1990;Tohse et al., 1990), L ! Ca>"EiR DK (Liu et al., 1994;Liu and Kennedy, 1998;Zhang et al.,



1998)N|ESNTHY . FRBMANBICEHS TS K'Frr/LOHIFICIYREMIZ. AT
E#ENG LE Ca@ FrRILOEREICIYMRRANLD Ca RAMERT HIENEDBHEE
HRIEDE1-28FE THDEEZ DN TLVS(Terzic et al., 1992;Fedida, 1993), o 5K FIE R 2
[ LTBHEEAREETRT ZEM. ERBruckner et al., 1984), r74F (Endoh and Schumann,
1975). < (Bruckner and Scholz, 1984), *3(Hartmann et al., 1988), 7 #(Meyer et al., 1993)MD )
EHTHRESIN TS, £f=. EILEYI(Dirksen and Sheu, 1990)., 5k (Skomedal and Osnes,
1983)DILEFH TIFZFFZBUDERLBENRIEETRT

IVALEFHDIGE . HEHATIMOBMERKRIZ o SBREARRBIGLTHBEENREE
RYH. &R 2 BEREIRERICEMEENRGICREET AN LEMREDRICHIZL>TRE
SN t=(Tanaka et al., 1995a), IMEFTDEEAH, BREENREVBERINDIIES LUK EICH
WISENRET D LI MOBMEICENTHRESNTELY . YVARHEORETHS., 4t
REFICOFKELICHEEKEFL, RERELTE =, TOFER. whole cell voltage clamp &%
RWEERAEIZEY . BARDH T o ZBRERRIHICEY NCX ERN/MIBMT HEMNHLIE
%& > f=(Nishimaru et al., 2001), SBIZ, ATV RATIEIEXG—BHES AE K E R (transient
outward current: Io)[CKYBELZF B EY ., T —BERAFHNEEHELERNARS
NHH . CHIZKYIRIEEAIZR F TO NCX [2&5 Ca¥#HEHAFEF IO ROMEDLEHIZEA~
EETHAZLITERAL., o ZRRRBICHLTEREIREERT EVSHERICEST
(Nishimaru et al., 2001), LMWL, MEDECAHFDFHIZEWNTHEIND o SREFIHIZHT
PEMENRIEDERF . BLUREZIHEVBEENRIGHSERENRIGAEELHEHEAF
BHLSMIEN TGN, KRR T EEHEENRICOEFEHEBAL, TN FKEITHEVOEMESE
NRIGIZERT Bt Az BEIRMEEELEED 1T TR A2 La BrELT -,

MRIFT IR

FAFLBHDORBEEDZHMEIZONT, BERBHRBOSR AN SERMEZREL., Hi—mIc
BEELIZWEEZA TS, ZIT . HEZILICEVWTREON-LDLRED o SBEARFHIGEE
B IE#EOEEMENREROEILICEVTHLRONINENMEETT 5120, HERHEIVR
IDARISER L=,

HERAREODH TCIIEEHRBRIRICEENELIIENHESIN TS, HRFE VML
TlE. Bis P2 FBEAED AU NI FHBEE DF A5 (Dincer et al., 2001), p ZEAREIZx 9 5654
EEERSH LU EHEE RSO 5 (Dincer et al., 1998;Kamata et al., 1997;Kamata et al., 2006).
F1- o FEARFHICH T EHEHE N RO DEREHRESN TLVSH(Kamata et al., 1997;Kamata et
al., 2006), SHIZHERFRNED LA TIL. BEREEBICES TS LE Ca¥ Fr+IL, SRONCX
HEREICHFEN B S L ESN TEY Jourdon and Feuvray, 1993;Golfman et al., 1998;Zhong et al.,
2001), BIEIRIEHIBA EERERLGHAEEMNHD, T T BRA IV RAEZRIHMICELHE
IEHEDOBEERERATHHDES—DDETILERZ . ERBETILIDADHD o 7
BAFHICES LV EEIEHEIC DL TRETLT-,



SHITHERBIVADHOBREIEHBICEL T EFELR2OERO—D2ELTEESN
TWAIRREREREE LV B RO OB RET L -, DR R REIEE O B KR B (C TS MIE O
EAREBLEE N HHD . BIRRICE>TLEIETRIEINSZEMNBEFRALMNIGE>TETEY. #E
RBRBEICETAIRTODEELREAELLE A D, MERFMEDFHIESE (diabetic cardiomyopathy)&
LWORENFELTHEY ., BEBREECEMEDERKEBMNGECODHBX. O 5 REE O
B DFRANEBIROIEEE LIRS YASAIRDREIZLDARER/ MR EEBATRESE
FTHEERSINTWD, DFHMEADAILY D LEEETORBMEREICKY RN SRR
FEENROONLEEN, CNIEFHALH DT EERDPHIRT HFINLHFET HEHRESA T
%(Borlaug and Kass, 2006), E£fz, Hk R GHERBET LB TELEEDEILH LD DL FHILE
HEEEENMESN TS, L= o T BRIFKEDODEH T, DR D Ca?handling D
WHEA RSN D, AR TIE DHDMEEIES SR O ATP &M Ca> /KU T(SERCA)ITE
BL. HRHEEEREE N B I EFRIINIEF DR E1To 1=,

ARRDOER

FATDEDRIHISED SHRMEICONT, BEREHEBOE AMNGEAMZERHL. Hi—1IC
BELEWEEATNG, ECT.YVRALEFHFT7RLFTIY o RERRBISEDRELLE. R
BICELREINEREORELZMR T DETILERA. IRRMREL ARR T, o B
ARRIHIH ST DEEENRIEDEFERAL. TN RECHWEMEARGICET H1EHE
HERBIEHBEEEMN T TIEMRTHEEBAMEL, SHICHELRLLIZEVLW TR
DERBRD o ZRERIHICE LBREIEHBOREMEN. REFKOEEIZBEVTERONSD
BMMRET B8, BRHBEIVADHIZHLER L=,



F2E REAHZE

181 ERIY

RRAEH (BB 16~18 BER) . HAETFHA(KE®R 0~2 BED). 1 BE. 2 B, 4 BED ddy RO
EERALZ. T RTOFMI=HIR Y —ERKYBAL, ERKEELRRBE YL 2—IC
THRBLE=-DOLERL-,

Fofi BRAEIIADIER

4 B D ddY RS R streptozotocin (200 mg/kg)ERERERNIREL . 4~6 EEIfAE%. M
FEMEAY 350 mg/dl L EDHDEHERKBIIAELTHW -, MEBEEELT. streptozotocin D ALK
THAHAEERIBKEZRERSL-EDZEETIRELTHL,

E3H DEFHHEBFELROER

FREEATIRIE, ddY RYVAIRBAOHEMEZHRASEBRELOT-&. BEEUIEFL.
FEEH Lz, BFOBREZUIAL. DEEHEEL. FH 95%0:-5%C0, BEHARERISET
H U= Krebs-Henseleit (AR IEARESE 10 HICEREH) P TLELLDEEZ D BELIZ% . Krebs-
Henseleit P CERRFL. IEREERICHEAL -, BRI, IWEHAETIOELE. FHEM
BIETIEADEEMEZEMKICUIVBEL THERL. EERICALV:,

FEFHIORL BHBESE . BELICHE. DEERBEL. T 95%0:-5%C0, BEH R
ZEAFISE THL Iz Krebs-Henseleit R TIHDELDEZEDBEL. INMEHBIE T ODESRK, FEH
BALAIE TIEADEEHEEEMRICUIVEEL THERL. EERICALV=,

1 JE&S. 2 BES. 4 BETIVRBLUVUBERFBE VR, BFHRASE ., BE6ICHEE. DEEHED
L. FPOERTT 95%0,:-5%CO: iBEH RZEEAFISE TH Lz Krebs-Henseleit F1THMER D M
BERDITEVRLIZE, DELOLDEZSEL. ADEEHEZRMKICUVREL THER, E58
[CAWLV=,

F4f1 NN DRE

IDEHBEBIEARD—if% . organbath F T—AZHREV T, thAEEHAMZV AT 1—H—(TB-
611T, BARLB)DFEIHICEELIZRATULRBEVIZHIL ., KERZ#mT-LT- organ bath FTK
FICREFL =, BARITHRHEE(DPS-07, F AV ATAHIV) &Y )T Oy IICBRY 1+ f-— 5
DBEEHEINEBENLTIE 3 ms, BED 1.5 FEOEETEHEERIHT S LICKYEREILT-, &I
BHEE X4 CEY DEULRY 1 Hz TITUY, organ bath RDIREIX 36£0.5°C [ZfRoT=, AR
HIFFSURT1—H—%2NLTEREHAT7 VT (AP-621G, BAXE)IZKYEIEL, RYSS5T L
[CHERMICEEL . BRLEBRNIEERDNRRDERNEZRET HLIIEEL,



E5f  DEMFHEENELLOBIE

IDEFHHABIZARD—iH% 20 ml D Krebs-Henseleit il f=L7= organ bath AD)a>T Ao
LICHREVTEREL. thAZRIBEE LEHELI-BEIBEB TKEICHRFLE. HHER 1
ms, BIE®D 1.5 EDFERIRIZKY 1 Hz D ERERIEE 5 A 1=, Organ bath HDREEZ 36+0.5°C
[ZRE . D1a<EH 60 73 LLE D incubation & IEENER D LR ERIELT-, MEREENERLIL 3
M KCl &% ZEFIEL -5 R M/NEHE(CD-2. KEN ENTERPRIZE)Z#lifa NIZFIAL . BABR D
TO—IOhoB-EREBERIVE— S RABT7UOTTHIEER ., £ RRX0—7(CS-4125,
KENWOOD) CE=4—L22. /NEBAT V> FTMEZ-7101, BAXEB)ZNALT7ZFO5 -T2
2)L3/N—H(ANALOG-PRO DMA, #/—TREF)IZ&Y sampling L. /S—VYF)LavEa—
S(PC980IFA, BANRE)CEYRAAL, FEBLLK M DEMTIZIE ANALYSIS VI I 7EE
ALz, EEEMIEH D /INTA—2EL T, § 1L EE i (resting membrane potential: RP). over
shoot (OS). action potential amplitude (AMP)., ;& EhZE {5 F#5 FFffl (action potential duration: APD).
w&AILH E A EE (maximum rate of rise: Vmax)% ANALYSIS [Z&YfEHTLT=,

SO B0 =i R
1 B, 2 B, 4 BRY IRB SUHERFEY IR

TBEIARKY collagenase(V VLN EERITAHZEICKYERBODERHMBEZRARL-, YTOREK
Wil A % . KEIRNZE KBRS 75 M2 1T 14 (Z Normal Tyrode R(FERKIEARZEEE 10 &il
SEEmI=LI-h=21—L%#HAL. Langendorff JERIZRZ/ER L 1=, Normal Tyrode iR DE R
[CEYEBERDBEDETELZHEREG~102E). LTOIETERERZERL -, fME(E 2.0 ml/min
T—ESETERL,

Ca?'fgZ%E Tyrode /& (920 53)

Collagenase (0.2 mg/ml)i#IN Ca* BRE Tyrode i& (930 53)
Ca?'fgZ%E Tyrode /& (920 53)

KB & (#9120 %)

KB REABIIATESE 10 SIS H)EZERE . DEFHE2IC KB BRRTUYRAAZ AN, B
REELT=1&. 200 pm D F OV Ay aTEBL, MRBRAREF-. XERTET 100% 0, T
FTRICERLTHEE. 36+0.5°C [TRFL . - BRLA O EFHMMIEERICAVSETE
i@ . KB &HRIZREFLT=,



REER. FEFHTOR

I fEAYINEL Langendorff ERIZERFIER T HACENRETH L. FroUEFRALV=,
Normal Tyrode &H T, YO ALY D EZHEHEUDBEZIRYRRL-E. Ca FRE Tyrode i&IZH 20
7i=L. ZDH&. Collagenase (12 mg/ml)ZiRMLTz Ca**BrZE Tyrode T, 37°C IZHREFL. K
30 D oKYIRES LT, #EIEARE KB iBHPITH 20 DRLI-ER. YIVIAAZANERY TV
[C&YiRBRARE T -, BEL- D EFHMERIEERT. KB BRPICREFL.

F7H  ESTEAEMEE AV -HRAEROER LN
Ca?" transient D AIE

LTI RBEBOEFMEBEAVN. HILSD LA AL BXATO—T THS Indo-1 D7
FOAFILERAM R EERAL . 5T E S BEMEE(Olympus. IX70)Z AL T, BEHR L fEHTRERZ 1T
2o ATREF v N—RNICHEL-EBLERH AR KB & T indo-1AM A% 5 uM 12725
LOITIMA . EXDT 37°C TI0 NHME T HILTEHATO—TORYAHEIToTz, Ca¥' lRE
Tyrode i& . Normal Tyrode BDIBETF v /N\—RITERSE . TDE. FroN—RIZEKEL-E
EMEBEAVT, RIBEB(DPS-07. FAVATIHIL)D S DRIBFFHEEFM 3 ms)ITKUIER
% 1 Hz TEEEIL ., MRARNAIL S I LAA L DELEEREE LT, AIE & 3620.5°C TITo7=, Indo-
1 1E 351 nm OFEMIRI;EL. 405110 nm & 48010 nm DHEAXFHRHEL ., BERIEL =, HAE
%&EL T, 2.00 ms BICHEL., MREBEANOFEHRABELL(ERE)DFFRFLEIL405/480)%
4521k L1=(Aquacosmos software Hamamatsu Photonics)

HRARN Ca2 BEDXv)IL—avik
Ca2tBE (L Ca>'BRZE Tyrode &I 10 mM EGTA ERFEAA/TAT7(0 uM 44 /4205
uM FCCP. 5 pM AT/ EBMNLEREREZERSEETORIBELEZR/NESEEL
(Rmin)&L . Normal Tyrode &IZ&EAA /747 (10 WM AF /A4 > 5 uM FCCP, 5 uM OF
INEBDL-REBEREERSEEEDHLBEL TR RHNLREL R ELTIRERZE
T BHETEELT-,
Ca REDFEX
[Ca?*] = KB[(R—Rumin) / (Rmax—R)]

Kq=250 nM

B =Ffee / Foound

Fiee = Indo-1+ Ca?" free D H SR K 480 nm (T3t 9 HH AIAE
Foound = Indo-1 + NT DE LK K 480 nm (2 HENRE

Rumin = S/NEJEEEL

Rmax = RAESIEELL



Fefi HARBEMEZAL-HMIEREROERILEN
HRAD RZ BB D ER AN

RO REROERMBEZAL, MRERERAXETO—TTHSH PKH67-GL ZEML.
LSM510 META (Carl Zeiss 1) # FALNT. BB LT EERZ 1T oz ATREF v /N\—RHIZFEL
T-HEBDEFHMAZIC KB &S T PKH67-GL & 5 uM A K512 BB EHXDT. 10 4 FE
BMETAZLTHRATO—T DRYRAAHET oIz, BIE EEIRTITolz, 488 nm THIfEZEFHFEL .
505 nm KL EDESERHL. BERIELT=,

SR EDEA

REL - O REBOEFHMBZAVT, /MIAE XL TO—T THS ER-Tracker™ Blue-White
DPX Z{EFAL. Mai Tai HP(Spectra-Physics 1) Z#FALNT. BB ERE T o1, AORETF
YU N—RNIZFELI- BB EHMIEIC KB & ® T ER-Tracker™ Blue-White DPX % 5 uM &7%85
KITMZ ., FR.EXDT. 30 HEMET HLTRATO—T ORMYRAHEIT oIz, BIEITE
iR TITotz, 2-photon L—H—ZFLY, 780 nm THIFEZEFIFEL . 685nm DU T DHALEREL.
ERIELT=,

Ca?" transient M AI5E

Rz RERODEFRREEZAV. ALV LA OEXATO—TTHS fluo4 D7k
FAF JURAM K)EHERAL. LSM510 META (Carl Zeiss #1) # ALV T, #Ei2A Ca> EhREL EIE
LTz ASREF Y2 N\—RNIZHBL-EBEDEFHMARIC KB &ZH T fluo4 AM A% 5 pM (27
BEITMA ., EiR.EXDT. 30 HERE T HETHATA—T DIMYRAAEIToT=,
Ca>BRZ Tyrode & . Normal Tyrode EDIETF v /N\—RITERSE . TDE. Fro/\—RAIC
HREL-EENEBERALT, RIBEEE (DPS-07, 4 1V ATA4HIL) Hh oD RIB (kbR 3 ms)
[CKYUIEAR% 3 Hz TERENL. HRARNDIL S0 LA AU DELEEREL =, BIFE (L 360.5°C TIT
272, 488nm THEREZFIEL . 505nm KL EDEIEHEHL . ERIELT=, 768 usec/line T line scan
95 ET Ca?ttransient ZHIFE LTz, HAERZEFL. RE 2 um OFEEZHREL THABRED
BREILEfETL-,

FoHi REMEREXICKISIERAE

FREEL =<y REELEHH#HERaZ AL T, whole cell voltage clamp J&ICKYIRERZAEL =, Bl
TE[ZIE AXOPATCH-200B (Axon Instruments Inc.USA)Z{E AL . cut-off frequency (-3dB)Z 5KHz &L
7= Patch clamp BAB( Pyrex glass (Drummond Scientific Co.)H\i5, P87 (Sutter Instrument Co.)Z ALY
TEBRRZEFTBELIRETERIERA 2~5 MQ IZHESEIITERL - BREXREFESL 0 mV
M5 5SmsTED SmV DBREZ T 7L RIZE>TRIFEL Tz, T—2(& DMA interface (Axon digidata,
USA)IZ&YT ORIV ZEHRTE . Compaq Deskpro 386s personal computer ZFL Y, Pclamp software (Axon
Instruments Inc.. USA) TaE k. f#4TLT=, EELL> pulse protocol [EBEIZEET



E108 RERDMEMK
Krebs-Henseleit (mM)
NaCl:118.4, KCl1:4.7, MgS04:1.2, CaCl»:2.5, KH,PO4:1.2, NaHCO3:24.9, glucose:11.1

Normal Tyrode ;& (mM)
NaCl:143.0, KCI1:5.4, MgCl»:1.0, CaCl,:1.8, KH»P0O4:0.33, HEPES:5.0, glucose:5.5, pH7.4 with

NaOH

Ca2'& % Tyrode /& (mM)
NaCl:143.0, KCl1:5.4, MgCl,:1.0, KH,PO4:0.33, HEPES:5.0, glucose:5.5, pH7.4 with NaOH

KB & (mM)
Glutamic acid:70.0, taurine:15.0, KC1:30.0, KH,P04:10.0, MgCl,:0.5, HEPES:10.0
Glucose:11.0, EGTA:0.5, pH7.4 with KOH

BERAE MR (mM)
K&,
NaCl:143.0, KCI:5.4, MgCl,:1.0, CaCl,:1.8, KH2P04:0.33, HEPES:5.0, glucose:5.5, CdCl,:0.3,
pH7.4 with NaOH
L& Ca>'&iR;
NaCl:143.0, CsCl:5.4, CaCl»:1.8, MgCl»:1.0, HEPES:5.0, NaH,P04:0.33, glucose:5.5

pH7.4 with CsOH

BERAETEBRAR (mM)

K &R,
KCI:130, MgCl»:1.0, HEPES:10.0, EGTA:10.0, ATP-Mg:5.0,
Nay-creatine-phosphate:5.0
pH7.2 with KOH pH &%, 0.2 pym D I74)LA—%MTTERALT=,

L& Ca¥&ik;
Aspartic acid:70.0, CsCl1:40.0, CsOH:100.0, EGTA:10.0, HEPES:10.0, ATP-Mg:5.0,
GTP (Tris):0.3, Nay-creatine-phosphate:5.0
pH7.2 with CsOH pH FiE#%. 0.2 um DI ILE—FMFTHEALT=,

10



118 #REHLE
BUBILFHE 1EERE TR O LIz, F-HAEZERTE (X Paired t-test, Student’s t-test, Unpaired
t-test with Welch’s correction, Tukey F1=I& Dunnett ) Z R EX1To1=,

E1281 ERAEY
4-aminopyridine : 4-AP (SIGMA)
Cyclopiazonic acid : CPA (SIGMA)
Fluo-4 acetoxymethyl ester (1= 1L = BFZE )
Indo-1 acetoxymethyl ester (BMZ1LZE#HZLAT)
Nifedipine (SIGMA)
5-(N,N-dimethyl)amiloride hydrochloride : DMA (SIGMA)
I-phenylephrine hydrochloride : PE (FAF$HZE)
dl-propranolol hydrochloride (SIGMA)
SEA0400 (K IE &%)
Phorbol 12-myristate 13-acetate : PMA (SIGMA)
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FIFE YVALEHGORBIUVERIBEORZEL

TORIEREBYMOFTEELDAHKZEZAL. TOLHITHFENGEREEZNEELEE
IR fE % 5 > TU VA (Tanaka et al., 2009;Sato, 2008), BAAY I RIDEFHDFENE L. D)
MIBICHEART, FEBEMEGRBIAERIZEL TS5 —HERERZEL TLVS (Tanaka et al.,
1998), SHIZAHAR I RADLEFDIMEIL. SR MoRHEND Ca IZkYIRUKEL TSI EL
H|ESN TLVS(Tanaka et al., 2009), —F . —AEMIICEHEFDHF . BIKDHEFRLGLIBERERE
FHRHHELBRENGEHREBEZFE ODZEN SN TULY S (Tanaka et al, 2009;Tohse et al.,
2004;Kuwahara et al., 2012), Y7 ADILMEDIHFE . T DML FEIZHEIMERLTLE, lB4E
HTIEES 200 BITHAN ., £ 2 BEITETESD 700 BIZET H(Adachi et al., 2013), LI=A
ST, FEEITHVSFLIDAHBICHEL T REVIEMEZAIEEICT 51202 BEIRMEREDL
FAELTUKIEDHRITES, TO T, BENBRIBOFEARBREINIUTO RITDONTH
EEREC EITRE Lz, DB DO IMEMERE . DAHIRMEDSIE £ ELGLEFBELL. DHINEE
FIEIL TV HEA Ca> B SEBNEBAIFHEBMZERE DTS L & Ca¥ FrRILE K FrRIL
DOHE ., DHHEROBEZMEFHICOVTHMICRE L, £, DHIRMBEORE. XIZ Ca>%
HIAT HRENEZR-T L B Ca¥ FrRILE SR DHEREIC DNV TEIEZMICRET L=,

F18 ERMHEE
3-1-1 UR#ER+RE . SthiR e D LLER

USL#E BF il (time to peak tention: TPT). 90%5th#% ¥ (time to 90% relaxation: RToo)&H 2 A A #f
BT HE LIEDBR TIEIEREICEMBEL TV =, TPT. RTy EHIZTEBLIETEELGEL
(235t > F=(Fig. 3-1-1; Table 3-1-1),

312 EBBOLE

FREHIE 4 AROFHEMZLR T L. MEHTEHKEFRAORWNISM—BEZET LK
BTHAHD. 4 BB TIEHEHBEAOEVWT S EZRV -, RRTESBE (RHFESEBE) &
ZDHRDFONGESBE (RPABEIMER) ZH TS 2 HEQRE TH 1=, REEM S 4 Bk
FTORZEERICHLT, BENERLIFFEE (action potential duration: APD)Z LLEL T &, 20%
BEUY 50%B 2 1BE TORFHFE(APD) XU APDs) I FZEELEDIZFHEL TLV=. —7H 90%
BOBETORRERE(APDy) (& 1 BEETITEMELTUL A, 2 BB TERAICERLT
LMz, FRIEEEE {3 (resting potential: RP). over shoot (OS)IZIEBEEWVIERHOENEM 1=,
wRAIH E AW EE (maximum rate of rise: Vmax)(i%ﬁ:‘:&%ﬁ%ﬁ L TULM=(Fig. 3-1-2; Table 3-
1-2),
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3-1-3 Ca?* transient O L&

HE SBEMEEE ALV line scan JEITKY . BREEANG 4 BEIZHLT fluo-4 AM {AZERYIA
FEROEHBEEOMAIEA Ca>'BIREZERILT-, CORF. MR RSP OED 1 pm 18
DEFERRL. TN TN OEBTOHENLEBELELE LR -, BELLET L&, MafRt
. HRERDEEELDEE T, amplitude, ILH _E AR E (rate of rise)[FFEZFITHELMERLT
&Y., FiFHA(half life: T1o) [ FZIZEELVEREL TUV=(Fig. 3-1-3; Table 3-1-3), T EFHE LUV 1
EEFTIE. HEREFDERTO amplitude, IIH LAY RE L, MREEFHA SR TR FREIEE
WS EMERE ST (Fig. 3-1-3; Table 3-1-3), D&Y, line scan B THARED EFN V FRIL
HBOTHRNTLM=, —A. 2 LB TEHIO LS GHEEMASMiat O EBTOEILEOON
72N o7=(Fig. 3-1-3; Table 3-1-3),

3-1-4 K'BROLLE

FHEME-70mV ELT, FIMH-40mV 12 30 ms FRHBSE ., FDH%-40~50mV DEFE T,
10 mV fEf@. 1/15 Hz T 500 ms DR RES R . T OISR S5 RED peak BiRERIELT-
(Fig. 3-1-4), Na"BFRITRBFERMEZRD-40 mV., 30 ms DR S IBIZKYFIEMIEL ., Ca¥ BRI
fastRICEENSD CACL (0.3 mM)IZKYIMFIL =54 T TEEF1To1=,

FEFHELV 4 AEHIZHENT, 30 mV U EDBRICEVWTHRABEZOIEEIEONES
IED&. FEKEFEEOAREEILEZ RS —1@B M5 FE K& (transient outward K current: Iio)h%
BEINT=(Fig. 3-1-4), FTEFHIL 4 BED L, D ERE E (current density)Ztb X5 & 4 BEED
(F5HY9 2 EREMoT=(Fig. 3-1-4), CDEED 50 mV [CRAMIBIE-EEDETNTNDERE
ElX, 5rEFHT16.8+1.7 pA, 4 BEIT31.3£3.8 pA TH21=(& n =5), T L AEED 4-
AP DUEIZKYFEFHRS LU 4 BED I, (EHNF STz (Fig. 3-1-4) CDBFD 50 mV IZhE 5
BEEEEDTNENDERFZE(L, FTEFLHTS.1£0.8 pA. 4 BEIT 6.6+0.6 pA THoT=
(& n=5)

3-1-5 L& Ca"EROLE

Current @ run down Z&/NRIZHIZ 5 B #IT. EABAIKIZ amphotericin B (200~400 pg/ml)%
SN A . perforated patch clamp ZZBAWTL & Ca>ERZBIELz. REFEMZEZ4A0mV ELT. £
ZHB-40~60 mV DEEE T, 10 mV @, 1/15 Hz T 300 ms DEREEEZ . TORIZHNERA
RZED peak B ZAITE LT=(Fig. 3-1-5)o Na"BIRIZRIFEBALZ-40 mV [TFTHIETHRFEMIEL.

K'ERTHBAND KE K'FrRILEEBLE CsITEMLI-FM4T TRRET o=

FEFEE 4 BEELEET L. BR-BEBRI-V curve)lTDWTIERFLEWVIRON T,
EELDRZFEBICEOVTERERZE 10 mV [ICLIzEZFICRIRELAMEERIL TN, Bk
BEZLETLHE. 4 BRICEVT, FIEFHLYLH 2 FERBENKRE M o1=(Fig. 3-1-5). =
DEED 10mV [ZIRAMBER-LEDENTNOERBEL, FEFHT-62£2.0pA, 4 BET
-13.8%+0.8 pA THo1=(F n=23)
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3-1-6 HAIHEED LB

HEODEHFMBEOMEEE PKH67-GL ZAWVTREL, HECHESHBEBEDELEHREL
=(Fig. 3-1-6A), BB L-ILEHRAD Y1 X (&, 52875 M (short axis). KRB M (long axis)&HIZ
HE(THENKEAL DTV =(Fig. 3-1-6A; Table 3-1-4), BREZATIX AR . FrEFHATII#HEER .
1 B UETIEOYRIKOBENBREINT, Tz T EEE(-ubule)ZERT H&. FBAEH.
AFHTIE T EREFHRRINT . | B TITHRERMTIED A, 2 BERE LTI LERC
EFTT ELEALTLI=(Fig. 3-1-6A, C),

3-1-7 /MR D B

HEOE MO /NE{A%E ER-Tracker™ Blue-White DPX Z LT L., FZEIZHES /MR
ENELZEELI=(Fig. 3-1-6A), FBEHMD 1| BEFETIE., ROFDIEEEIN TS,
RRMHEIEHFYEBIN TGN o1, 2 BB LB THE, HEEMELEEINTSY. B/
RAE IXRZITHEVMERL TSI L, ZLTHiRE P LD E O SHBIRITHEN CIBICHRETHLE
MEREI N I=(Fig. 3-1-6A, B),

fetus 4 week old

|

50 ms

100 mg

Fig. 3-1-1. Representative contraction and relaxation recorded in ventricular tissue from the
fetal and 4-week-old mice.

Table 3-1-1. Developmental changes in contraction and relaxation time.

fetus neonate 1 week old 2 week old 4 week old
(n=10) (n=16) (n=4) (n=16) (n=12)
Time to peak tension (ms) 67.8+1.5%* 433+1.1* 35.6+2.1 40.3+0.7 38.2+0.8
Time to 90% relaxation (ms) 70.3+2.2*%  60.5+1.2% 541+1.1 499+1.2 524+1.2

Values are the mean + S.E.M. from 4 to 16 ventricular preparations. Asterisks indicate significant difference
from corresponding values in 4 week-old mice as evaluated by one-way analysis of variance followed by
the Tukey's test for multiple comparisons.
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fetus (16 day) fetus (18 day) neonate

-804 — ==y

membrane potential (mV)

100 ms

1 week old 2 week old 4 week old

membrane potential (mV)

100 ms

Fig. 3-1-2. Representative action potentials recorded in ventricular tissue from the 16 and 18
day-old fetus, neonate, and 1, 2 and 4 week-old mice.

Table 3-1-2. Developmental changes in action potential parameters.

( lfgzljy) ( lf:t(;l;y) neonate 1 week old 2 week old 4 week old

RP (mV) -75.1£0.7 -75.1+£0.6 -76.8 +£0.5 -774+£04 -772+0.5 -76.6 £0.5
0OS (mV) 243+1.1 24.8+0.8 23.9+0.8 222413 223+0.8 243+1.5
AMP (mV) 99.4+0.9 99.6+1.3 99.1+£0.9 99.7+1.3 99.1+£04 99.6 1.6
APD2o (ms) 449 +£2.5% 23.5+3.5% 7.5+£0.7* 3.0£0.2 2.83+0.2 25+0.2
APDso (ms) 76.1 £3.8* 48.1 £4.1* 16.0 £1.2* 6.0+£04 55+03 5.6+03

APDgo (ms) 110.5 +£3.3* 86.9 £4.1* 445+2.6 17.7+£0.6* 23.9+1.3* 359+22
Vimax (V/s) 173.7+12.9* 1979+153* 217.7+7.7* 273.7+11.7 2742 +16.0 298.4 +20.3

Action potential parameters of ventricular myocardia from 16 and 18 day-old fetus, neonate and 1, 2 and 4
week-old mice. RP, OS, AMP and V. indicate resting potential, overshoot, amplitude and maximum rate
of phase 0 depolarization, respectively. APD»y, APDso and APDyy indicate action potential duration at 20%,
50% and 90% repolarization, respectively. Values are the mean £ S.E.M. from 8 to 15 ventricular
preparations. Asterisks indicate significant difference from corresponding values in 4 week-old mice as
evaluated by one-way analysis of variance followed by the Tukey's test for multiple comparisons.
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Fig. 3-1-3. Line-scan analyses of the Ca?* transient in fluo 4-loaded myocytes.

A: Typical line-scan images. The arrows on the left indicate field stimulation. Horizontal and vertical bars
indicate 5 pum and 100 ms, respectively. The scanning line was placed in right angle to the longitudinal axis
of the cell. B: Time courses of the rise and fall in Ca?" fluorescence at specific sites at the subsarcolemma
(black) and cell center (gray). The sites quantified at the subsarcolemma (black) and cell center (gray) were
1 pm in width, as shown at the top of panels in A. Fluorescence was expressed as normalized values (F/Fo)
against the fluorescence at time zero (Fo) in B, at which the cells were stimulated.

Table 3-1-3. Developmental changes in Ca?* transient parameters.

amplitude (F/Fo) rate of rise (/sec) Tiz (ms)
subsarcolemma center subsarcolemma center subsarcolemma center
fetus 047+£0.05%* 0.33+0.04* 14.6+3.3* 50+1.5*% 97.6+83* 101.5£5.7*
neonate 0.94+0.09* 0.53+£0.05* 454+57* 17.9+3.4% 79.1+8.3% 98.2+6.2*F
1 week old 1.00+0.09* 0.74£0.06* 62.6+104* 38.6+5.8% 689+6.3 86.8+ 8.8*
2 week old 1.38+0.11 1.37+£0.09 975+74 962+4.8 47.6+2.1 473420
4 week old 1.38+0.07 1.36+0.05 97.7+6.6 96.4+6.7 479+25 48.1834

The Ca?" transient parameters of isolated ventricular cardiomyocytes from the fetus, neonate, and 1, 2 and
4 week-old mice. Values are the mean + S.E.M. from 14 cardiomyocytes. Asterisks indicate a significant
difference from corresponding values in 4 week-old mice, and daggers indicate a significant difference
from corresponding values in the subsarcolemmal region. Statistical significance was evaluated by two-
way analysis of variance followed by the Tukey's test for multiple comparisons.
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Fig. 3-1-4. Developmental changes in the transient outward current (I;,).

A: Typical K* current elicited with depolarizing pulse shown in B in neonatal and 4-week-old mice.
C: Current-voltage relationship of the peak amplitude of K* current in the neonatal (open symbols) and 4-
week-old (filled symbols) mice. Symbols and bars are the mean = S.E.M. from 5 cardiomyocytes.
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Fig. 3-1-5. Developmental changes in L-type Ca%* current.

A: Typical L-type Ca*" current elicited with depolarizing pulse shown in B in neonatal and 4-week-old
mice. C: Current-voltage relationship of the peak amplitude of L-type Ca®" current in the neonatal (open

symbols) and 4-week-old (filled symbols) mice. Symbols and bars are the mean + S.E.M. from 3
cardiomyocytes.
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Fig. 3-1-6. Confocal imaging of the SR and t-tubules.

A: SR staining (green) with ER-Tracker™ Blue-White DPX, cell membrane and t-tubule staining (white)
with PKH67-GL and their overlay obtained in fetal, neonatal, and 1, 2 and 4 week-old myocytes. Scale bars
indicate 10 pm.

B and C: Fraction of the fluorescence positive area for the cytoplasmic SR staining (B) and t-tubule staining
(C) in fetal, neonatal, and 1, 2 and 4 week-old myocytes. The area (number of pixels) with fluorescence
signals was expressed as a percentage of the total cellular area (number of pixels). Values and bars are the
mean = S.E.M. from 20 cardiomyocytes. Asterisks indicate significant difference from corresponding
values in 4 week-old mice as evaluated by one-way analysis of variance followed by the Tukey’s test for
multiple comparisons.

Table 3-1-4. Developmental changes in cell size.

Values are the mean = S.E.M. from 20

short axis (um) long axis (pm) ) ) R
fetus 1272 03% 26.0 £ 1.3 c.ardllomyocyt.es. Asterisks 1nd1cgte
significant difference from corresponding
neonate 11.6£0.5* 50.4.£2.8% values in 4 week-old mice as evaluated by
1 week old 13.8£0.5* 82.7+2.2% one-way analysis of variance followed by the
2 week old 153 +£0.8*% 101.0 £3.6* Tukey’s test for multiple comparisons.
4 week old 21.7+1.6 122.9+3.6
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Foffi FEFHRE
3-2-1 BEEIVREHSED L & Ca*FrRILKEEOREEL
UNHE A =Xt 9 B nifedipine BEZEDFHELT L

L & Ca¥F¥RILIHEZE nifedipine [F. TR TOREZEBEICEOWTREKXRGFMIZDIGEHZE
BOSET -, TOERFFHZECHEVEDLTOE BICHRERISHEFE. | B, S 2 A
([ZHMFTEEEIZZEIEL TLV=(Fig. 3-2-1A, Ca), Nifedipine (1 pM)I&, FREEAT 7.3+1.1%., &£
FHEAIT 29.6+1.8%. 1 BERT 35.2+3.2%. 2 JBERT 48.3%+3.0%. 4 BERT 52.5+2.0%F TIHIR
MEHERTESET=(n = 5~8),
CaZ'transient [ZXt9 % nifedipine 2D FHELE L

Nifedipine (1 uM)(ZHAEIESTE . HIIEFODEDELLDEETH, TRTORZFERREIZE T,
Ca*transient @ amplitude ZHDESE 1=, TOEAFREEICHEVNBDLTOE FICRESRNS
FrAFHER. 1 B S 2 BESICH T TEEZE(TE{EL TLV=(Fig. 3-2-2; Table 3-2-1), HIAFEST R
LHIREPIDETOERDEWNIT R TOFKEEREICE W TERHoNEM > (Fig. 3-2-2; Table
3-2-1),

3-2-2 HREIEHEOH/MIKRKFEORELTL
U HE A=t 9 B ryanodine. cyclopiazonic acid., xestospongin C BEZ D FHELT b

YT IOUZBRIAENSD Ca MHEEEE ryanodine (£, TR TOREZERBICEVTEEKREF
RIS N E BV SE T, ZOERIEHREFICHEVERLTOE HBICHRESRISIHEFH. 1
BEMS 2 BERIZH T TEEEIZEEL TULV=(Fig. 3-2-1B, Cb), Ryanodine (10 nM)IZ., FRERT
76.2£2.1%., FEFHAT 51.3£3.6%. 1 BEIT 45.6+5.6%. 2 BHET 19.6£3.8%. 4 AFT11.6
*FL1%FETOUEhZERLD S BT,

SR B _E 127779 % SERCA BEEZE cyclopiazonic acid (CPA)IE, FTEFHAE KU 4 BEHIZH
T REKREMISDRBHERLIE. TOERIE 4 BEOIZSHIEETHY. CPA(10 uM)
(X, FEFHAT 52.0£3.9%. 4 BAET37.71.7%FTOIRBHZR DS E (B n=6),

IP; ZEENSD Ca> THHEPAEZE xestospongin C (£, TR TORZEREEICH L THT D
IRHE hERADESE T, ZTDERIEFHERE TIHEWIRSNEMN ST, Xestospongin C (3 uM)IE.
FREHITO95.1+3.0%., FTEFHITI8.5£2.2%. 1 BHEIT 96.6%+2.8%. 2 BEFT 96.3+0.7%. 48
BAT 942+ 1.1%F TR HERADESE(F n=4),

Ca*'transient [ZXt 9 % ryanodine BAZ DR ZELE L

Ryanodine (1 uM)IZHIRFE(FHE . MR OEDELLDMBEHTEH, TRTOFRZERIZH T,
Ca*transient @ amplitude ZHD STz, TOEAFREEFITHEMERLTOE FICRESRNS
BAFHA. 1 BAEH S 2 BEICH T TIEEZICE{EL TLV=(Fig. 3-2-3; Table 3-2-1), HIAEFET T
CHRBRPDEBTOERDEWNEII RTOREZERREICENTRDHLNGEA ST (Fig. 3-2-3; Table
3-2-1),
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Fig. 3-2-1. Negative inotropic effects of nifedipine and ryanodine on isolated ventricular tissue.
A and B: Typical traces for the negative inotropy produced by nifedipine (A) and ryanodine (B).

C: Summarized results for the negative inotropy produced by nifedipine (a) and ryanodine (b) in the fetal
(open circle), neonatal (closed triangle), 1-week-old (open square), 2-week-old (closed circle) and 4-week-
old (open triangle) mice. Symbols and bars are the mean = S.E.M. from 5 to 8 ventricular preparations.
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Fig. 3-2-2. Effect of nifedipine on the Ca?* transient.

Changes in Ca®" fluorescence intensity at subsarcolemmal (A) and central (B) regions of the cells before
(black line) and after (gray line) the application of 1 uM nifedipine was shown. Fluorescence was expressed
as normalized values (F/Fo) against the fluorescence at time zero (Fo), at which the cells were stimulated.
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Fig. 3-2-3. Effect of ryanodine on the Ca?* transient.

Changes in Ca®" fluorescence intensity at subsarcolemmal (A) and central (B) regions of the cells before
(black line) and after (gray line) the application of 1 M ryanodine was shown. Fluorescence was expressed
as normalized values (F/Fo) against the fluorescence at time zero (Fo), at which the cells were stimulated.

Table 3-2-1. Developmental changes in the effects of nifedipine and ryanodine on the Ca?* transient.

nifedipine-sensitive component (%) ryanodine-sensitive component (%)
subsarcolemma center subsarcolemma center
fetus 76.9 £2.2% 77.7+2.2% 439 +£4.8* 41.6 £5.0*
neonate 61.7+2.8* 61.0+2.8* 52.2+5.8* 53.6 £6.9*
1 week old 59.2 £2.4% 57.8+2.6* 61.7+3.5 60.8+4.2*
2 week old 471425 469+1.9 769 +17.4 789+6.6
4 week old 432+2.6 433427 81.3+2.4 83.5+4.7

The effects of nifedipine (1 uM) and ryanodine (1 uM) on Ca?* transient of isolated ventricular cardiomyocytes
from the fetus, neonate, and 1, 2 and 4 week-old mice. The amplitude of the nifedipine-sensitive and ryanodine-
sensitive component of the Ca®" transient was expressed as a percentage of the amplitude in the absence of
nifedipine and ryanodine, respectively. Values are the mean = S.E.M. from § cardiomyocytes. Asterisks indicate
significant difference from corresponding values in 4-week-old mice. Statistical significance was evaluated by
two-way analysis of variance followed by the Tukey's test for multiple comparisons.
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FE3f BE

AEPREICEVTDH RIS HEEDOERMEEIZSIEHEO CTUEMEZE T, DR
IHEDBIZE R LGDBD TNV I LAFU(C)THY  LHMIEDEFHLERE Ca2REE 100 nM
BREICHBFIATLWS, ERHEEICKY L & Ca'FyRILAEMEL. iasnMoRALE:
Ca?" 12k Y FR/IMBIK (sarcoplasmic reticulum: SR)FE LMD Ca? i F+ 3 JL(ryanodine 2 {K)H EH
AL. SR M5 Ca?" AV M 5 (Ca*'-induced Ca?' release: CICR)E . #IEA Ca2 R E(X | uM 2
EICETERL. RN\ EHBEERZECLIEINERSND, TDR. MIlaN Ca &
INKBAR D ATP {R7E1E Ca2'7R> T (Sarco(endo)plasmic reticulum Ca?*-ATPase: SERCA)%> Na*/Ca2*
KB (Na/Ca?' exchanger: NCX), #IIEIE EIZ#H S Ca2 /R, ShaV R T7IZKYBRESN,
HRERN Ca?REMNHDL. DEHIMETIEVSI—BHEDEEEZTRT . CO—BEDMAERA
Ca?*'M L F - & (Ca>" transient) DI REIZE N THILDHLZZBIZIEOTNSDOMN L B Ca2 Fr2
JLE SR THY. Enig. RFERE. RELGLEICKYEINTNOBREIVEEE~NDTENELD
CENRESNTIVD, TIT XV RDEHD L B Ca¥Fr#)LE SR DHEBEDFKEEILICD
WT.L & Ca? Fr)LEREE nifedipine EFH/MNEA Ca? I F v JLIEEZE ryanodine ZFLY
TEEZHITHREITLIZ. YORDLEHDIME NE LY Ca?' transient 0 nifedipine RS2 A FEZE
EEBITHAD LTI EIE(Fig. 3-2-1A, Ca, 3-8; Table 3-2-1), L B! Ca¥* FrRILMDD Ca'ii
DUHEIZH T DEEIMFZITHEVRADLTUKIEZTRE LTS, —A . ryanodine B2 IR
#E7. Ca2* transient F£IZFZE(ZFELMERL THY(Fig. 3-2-1B, Cb, 3-2-3; Table 3-2-1). SR HhHD
Ca”' T D BEMRBINFZFLLBITERLTUKIENRE SN, DFEY . IV RDEFH T
FCHVEBINERIEBICE TS COBEEEN L & Ca FrRIUKFRMND SR KEFERAL
ZTILTIKEZEZDNS CORIGREICHASIHEEIEHBIZES TS CaoBEHEN L B
Ca FrRILREFEER S SR IKFRIZEILL TULKIRRILS Y Cohen and Lederer, 1988;Tanaka
and Shigenobu, 1989;Kilborn and Fedida, 1990), ™ H ¥ (Okuda et al., 1987;Nakanishi et al.,
1987;0saka and Joyner, 1991;Huynh et al., 1992)IZE W THFEET S ENEHER - BIENIRE
SNTHEY. ZLOPMIHBEBTHEILEEZAOND . FI2. IVRADDLEFHD nifedipine &
ryanodine D EZ (L, BEAN S EFH. 1 BEH DS 2 BESITH T TRECELL THY (Fig.
32-1), COHMICEBRERIBER R T 2EBI(A U F YRV FSVRAR—S—REICERR
EENRBETNSIENTEREINS,

TVALEHFHD L B Ca¥*FrRILDERBEMNFELLLITEALTINKIES, L B Ca'F
YRILDE I8 mRNA BEBITHERLTLKIEATRESN TEHY (Liu et al., 2002;Erman et
al,, 1983), RFAKTH. 4 BED L & Ca¥ FrRILDERBENFEFHICEATHENIEN
BEINT=(Fig. 3-1-5)o LIz o T, BEMEHED L & Ca¥ FrrIURFENFZELLDITHE
DFBHILITHHLT, EENA LE Ca FrRILRBEEDROMNSLEHBATHIENTEST LR
Ca*FrRILEFUNDERANESL TSI ENEZOND,

ZTOERELTEZALNDIEN 2DOHY. ZD | DIERARTHEREINT, [FENELIFHRE
fifl (action potential duration: APD)®D %2 #& Tdp A (Fig. 3-1-2; Table 3-1-2), L & Ca> F¥RILILEAL
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KEFETHY . TORKEHILEBMIE, EREFHICTZERASINDH., 0~10 mV THAHIELHDL
NTLD, LI=A > T, FZEICHED APD D5EHE (152 0~10mV IZAE 29 % APDo D REE) [TLY.
Frr)LOOREAEGY ., CRANBDLTIKEEZONS, ZD APD DiEMEILES
BRDBEMBEZIES K'ERDTEE, RIREDEWIZKYRBATES BREHIORALDEHDE
SBZEDS KERITFEEICHEIVIDNDESNHEEER M K'ERTHSHH (Wangetal.,
1996;Nerbonne, 1998), FZELELHITHI) R TEMIALT 5 — B4 S REE R (transient outward
current: Lo)IZZELL TN EMNFRE SN TLVA(Nishimaru et al., 2001;Nerbonne, 1998;Benndorf
and Nilius, 1988;Wang and Duff, 1997), &=, ATV RDEHICEVWTLEELGE MBS
(X Lo THAHZEDERE SN TLVSH(Nishimaru et al., 2001;Tanaka et al., 2010), EFICARIHIE TH.

4 BED Lo DERZBEIIHEFLRICLERTHEWNIEFHERLTEYFig. 3-1-4), SEMHEIEDELY
Lo MFEFITHEOMERLTULKZEICRY, EREMOBSBIMEES L. FZEIZHEL APD H5EHE
LTULKDEEEZOND, YORIDEHTH APD G, TR E I SHAFHADOR TIEE
TH>F=ZEMB(Fig. 3-1-2; Table 3-1-2). FREEIMN S EFH OB THOEEIEEBDOELI
APD JEfENKECHFEL TSI LN TR EINS,

BEIGEEED L & Ca¥ FrRILUREENFKELLBITHOLTLIKIEDES—DDERL
LT SR #REDIE AN H (5N D, SR & ER-Tracker TR B L E ABEMBTHRELI-ECA. £
DHEEENRKEFELELITEKRTHIENBRINT(Fig. 3-1-6A, B), 1=, ryanodine Z&IA.
SERCA KU SERCA ZHIHIAIIZH|#EHIL TLV% phopholamban MDA /Y&, mRNA EHFE
[CEELERLTULK I EBIRE SN TULVS(Liu et al., 2002;Harrer et al., 1997), 2D &5% SR D
RERY, D FRIZIEDS, FZEITHED ryanodine BEMDERZL-6LTWVDEEZLONS, — A,
SRIZCHEETEHEI— 2D C' M FvRILTHD IP; RAROREBE (. FFLEBITEKRLT
LK EEMFRESN TLV DA (Harrell et al., 2007), ABFE TIE. IP; SBEARAEZE xestospongin C
NIDENEDH T HITHADSEDIDATHoIz2E. TLTHRERBRTZOERICILEVD
EOONEMNF=2EMD, IP; ZBEANSD Ca? L, YORDEFHOLIGES. TLTERE
INEHEBOREZLICEHFYFSLTLWENEEZONS,

SR BEDHBAEICMA. T EREDHKELEELERD—DOTHY. MIAN Ca'EELR
DR/ —VICKELFEEZFEZATNS. T EXHREOFRLIFITEAIZEY. MR
HAHIKHRALI=L DT, FOREITHIANREDEN>TNS, T ElIXMAETRIS-FHE
Mz (TR LR DMAEEER-LTEY. T ""G)ﬁfl‘cﬂ)‘fﬂ]ﬁ‘éﬁd)ﬁ‘ﬁﬁi@ﬁ’éﬂﬁ#
[Z Ca¥'transient Z#2ZF ZEMNAIREICHES, T EDHFEIL. ZLOHEBYOLEF THERS
TWb,—A.T ENFELEVDLEMTIE. SR BT THRAEL: Ca¥* A BEET S SR N
CICR #5|EFRILENDR R LG 5. ATER Ca? wave IZKYIDEFHMETILEIANE Ca2h
G510, HEEET TRLRECCEENLFEL. #5100 un/s SELVMEIEEZE TS
Ca>" wave IZKYRARITHAZFIDEBANEEH O TS ENHERRSN TLVS(Tanaka et al., 2001),
RREEID Ca?* transient M amplitude [E/NEL, WoKYELTIIE EAYEL TS A (Fig. 3-1-3;
Table 3-1-3), CALIER AL SR #BEE L Y Ca?' Fr R LEEN DERBATE 5, IREE DMzl
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BB Ca’'transient AY nifedipine. ryanodine MDEH L THINFIA A BN EMB(Fig. 3-2-2, 3-2-
3). T ENEFEELLVBERO Ca¥#RELLTIE, 2 BYMEZ DN B (Fig. 3-3-1), —DIF L &
Ca¥ FrRILENLTHBAICTHRAL: Ca AR OENCETIE T 2L 25—D2 X T &
MNEELEVLDERSNDESIZ, SR D SR A~ CICR A wave IKIZIGIEL TLIZ ETH S(Tanaka
et al., 2001;Huser et al., 1996), L1=h> T, BREHID Ca?" transient 0) amplitude [E 4 FEEFIZLEA
B B EAVEBLDEEEZOND, FAEFH. 1 BETIE SR EFAELICLERBEEHEXR
LT&Y(Fig. 3-1-6A, B), F1= 1 B TITHEEREMTEICOA T B DAL HEEE TESH(Fig. 3-1-
6A, C), CDIHE . MR A TIE Ca?* transient @ amplitude [FREL, LB EAYELRVAY, #
fa s iDERTIE., /NEC( LY Ca?t transient [ZIR5DTZEE Z b BH(Fig. 3-1-3; Table 3-1-3), T &
DAL 1 BEHND 2 BAERIZA T TEZISKEIY, 2 B U CIEMIEPLEICET T EHE
ALTUV=(Fig. 3-1-6A,Cb)e TE LIZIEZ L & Ca2 FrRILABZFEICEELTEY. T ENKMA
FTHIET.L B Ca¥FraJLE RyR BAHy T2 5L, MfERILEIZHLVTE CICR A5|E#ES
SN B(Fig. 3-3-1), D= 2 BETLAFE TIL., MR E D £ BIH THRE(KEL Ca?' transient HVFE
£9BHEEZBNDH(Fig. 3-1-3; Table 3-1-3), 20 1 BEHS 2 BEZHITTD T BE-SR ERID
FEN, BHEIEHED SR IKFMHERELO0., HRMICL B Co' FrRILRFHEEETS
HETWBEEZALND, EWNMEZSE, HZITHED L B CaZ'FrRILOREIN, BEiE CaZEH#{HA
FTHIEMS, CICR F#M)H—F BT EITELLTLKDIEEE X 55 (Fig. 3-3-1),

D KSMEFIZEITHES Ca?t transient I H LAY RE . BEERED LR ICEREL T, (DD INHE
EE B EEAECL S EL B SN (Fig. 3-1-1; Table 3-1-1), CH B EINEHEDZE L
[ZHEL, MR CaX REEIENREBEITHONS O THY .. REIZH-TEFEDDARKICE LT
IRFEI B EATREICL TN D, =, 2D &KSH CaBIREDE L 1F T IRFBAV /OB D ZE L
HEVERRERTREICLTWDEEZOND IIEA /XVICIE 3 DDT AV IT+—LbHbN
THEY . IFEREDREN V. FEORED V., INHEEEDEN Vi AHY. —RISHARKOE
WoH X ELEYMIETIE Vs TEASHATEY . DARDOE LSV, IORGETIE V| THE
BEINTNBIENRESN TS, SHITCDIIBEIIRIDT AV 7+ —LIEHEEICHENEL
FTHESNTEY., FVLTIIRERATIE Vs THHDITHL ., RAEATIE Vi IZEET HIEH TR
£33 T3S (Hamilton and Ianuzzo, 1991;AFEF, 1987), MEX I RIZDLNT D (L7
WA, SYRERERIZ. BREIZHEWVEREDENT AV IA—LDBRWNT AV ITr—LANEE
L BAEEMEIE R ICEZ SN D,

Tt Ca'BREICEERFEL-BERBEER LOB DI, FBEMRORKIL LAY
3% (maximum rate of phase 0 depolarization: Vmax)M\FEZEELLITHAL TLLTENBRESN
f=(Table 3-1-2), 1L #BRR O {5 BEE (LEBBRABSET HES(Vmax)&IF FHEET 52
EMD, Vmax HFEEELITEALTUIZLE=A T GEEELEH>TUIKEEZ LN,
DAL N SLHBOEERTHAICLEHLLT . SE—D2 DI THIADKSICRAEILT
INHES B0, DR OEEEREIEN LT, ZOBENS AR ELTADEIRENNS
WIEETRIET B, IUEIEEERCT 21012, I NV BEDOHERL (T TH TR ETTHE
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(29 HFEVHIA Ca? IREZRIEADLETHY  BHTREL APD ELUHEERIZ K CFEEZELT= SR
LEHLET. ChoDHEIFEENGDEBAEVEMETHEIYVRADDENRELRY
THEZECT-OOEEMEHETHLIEEZLND,

B 1 YOROEHIEREIC O BEIEREICS TS Ca BB, LB a2 FrRIL
HRTEEIAS SRAKTERINEEALT B, HICHE S P FH. RS 2 BRI

(FTTERECETILTEY., chislE, EBHEMEFHRHFEOEHEE.TE
AERT B,

-SR EBJ D FE

.".. Ty Al ji
O ® ! o r
.. = .LI
O \ -,
o ; £0
,,,»--Q —a..#
\ - —
55N

Table 3-3-1. T'E-SREB D FHEE L.
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F4E o ZRRRBICHT IBMEENRITDHF

YIVADDEHTIE, FrEFRATIOEMERIRIZ o ZBRRRIBIH L THEE N RIEE
RYH.ER 2 BEREIREEICEMEENRIGICRET HSENEMREDR{CHICL>TRE
St f=(Tanakaetal., 1995a), Ff=, BAY I RIDEH CTHESNDIZME S RISIZIE Na'/Ca? 3 #
BE¥E(Na'/Ca®" exchanger: NCX)MWBEA5 T 5 LA RET HH B M FON TV S (Nishimaru et al.,
2001), LMWL BREDECAMETDRDBHICEVWTEREIND o SBARRIBIZH T DEEE D
RIGHBIZFREENSHEF LSS TLVEL, ZETARETIE., o SRERRBUISEICHT
BHEMENRIGOEFDERZBEL. DAIEEZSIEL TOSMERN Ca #RBICEEE 5 R
BEEZONDFEEM® L B Ca¥FrRIL. KFYRILIZHT S o RERARRBOEZEERET
L=,

F1H o ZEARRBICEDREEE

TRUF2 o ZRARBZE phenylephrine (10 pM)IE, BREHIAS 1 BEFE TITDIRKE HE1E
RESE, 2 BETIEIODVIMEADRTE. BREWS 2 HEOREESIEEIL. 4 BETIXOUNHE
HZEiF DS 1=(Fig. 4-1), Phenylephrine (10 pM)I&, BBEEAT 52.5+4.4% (n = 5). FEFT
58.2+2.1% (n=7). 1 BHET 35.1%2.5% (n=5). 2 BHE T 11.3%£3.4% (n = 7). 4 BET-50.7=%
4.4% (n=6)FTIMUEHEE LI ET-,

phenylephrine (10 pM)

¥

+
e II
S

3 min

Fig. 4-1-1. Developmental changes in inotropic effects of phenylephrine on ventricular tissue
from fetus, neonate, and 1, 2 and 4 week-old mice.
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F2ffi BEEAREOERF
4-2-1 WFWAHITHT S o ZBEHRBOZE

FEFHTHRREING o ZEARRIBI T EHEME N RIS & NCX BHEZE SEA0400(10 uM)
TIEIHEI SN AN 27=h, FEBIRTRLF U2 o RIRBAEZE prazosin (1 pM)., ZBIRH] aix 2
BIRBEEZE WB4101 (1 uM), L & Ca?F ¥R JLIEEZE nifedipine (0.1, 1 pM), Na*/H" 3 HiE
B ZE #E 5-(N,N-dimethyl)amiloride hydrochloride (DMA; 30 uM). IP; 2 B AEEE 2-
aminoethoxydiphenyl borate (2-APB, 10uM)# &1 xestospongin C (3 uM)IZKYIEHZE RIS
IFlShi=(Fig. 4-2-1A),

4B THRIND o SBRAERIICK T D2 M ZE S RIE(E. prazosin (1 uM), WB4101 (1 pM),
SEA0400(10 pM)IZ & YHNHI &t F=A3, nifedipine (1 uM)E KT DMA (30 uM) TlEHIFHI S Az h >
t=(Fig. 4-2-1B),

4-2-2 EBNBHISHT S o ZEATHBORE

FHEFEADFRENERLIZ*L T, phenylephrine (10 uM)I& APDa2y. APDso, APDgy ZERSH =
A3, RP, OS. AMP, Vmax [ZI£85%8% 5 % fih o 1= (Fig. 4-2-2; Table 4-2-1),

4 BERD;EENESRLIZH L T, phenylephrine (10 pM) (&4 F 1 £ F#%(Z APD2g. APDso. APDgo
FERESEA, HFEFHELRDE APD EE/EREEMTH o=, RP, 0S, AMP, Vmax [Z[E
EE% 5 2 5 ho1=(Fig. 4-2-2; Table 4-2-1),

4-2-3 Ca’transient [ZXT % o REARBOTCE

FTHEFHEAD Ca?* transient [Z%FL T, phenylephrine (10 pM)I&. basal, peak. amplitude. basal A"
5 peak FTOHILH EMYEFRH(time to peak)ZEHEMNEE | FFHA(half life: Tin). BEDEFEH(
for decay)(&iB > S8 1=(Fig. 4-2-3; Table 4-2-2),

4 ;B &R0 Ca?*transient [Z%FL T, phenylephrine (10 uM)IZ. basal, peak. amplitude ZFHA St
Tip2, 1 for decay ZFIEIMSET=AY, time to peak [ZEEHE 5 Z 1 >1=(Fig. 4-2-3; Table 4-2-2),

4-2-4 LE Ca?ERICHT S o RERRBOEE

FEFHOEBOEHMIETIE., -40~50 mV OEET 300 ms DEHEHRERESZHZEITEY L
B Ca"EREHRLIz, L & Ca>'EHRIZX LT phenylephrine (10 uyM)ITBREBEEZFIERSE . £
D K& prazosin (1 uM)IZKY SELITHIF| SN f=(Fig. 4-2-4), 10 mV IR MBS E-EEDEN
FNDERBZTEIL. control T-98 % 1.4 pA . phenylephrine T -14.6 = 1.3 pA .
prazosin+phenylephrine T-10.2%1.3 pA T#H27=,
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4-2-5 K'EBRITHT S o REFRBOEE

FEFHTORDERMTIL., -40~50 mV DOFFT 500 ms DIERKESZ DI LICKYER
BEND L, IZx LT, phenylephrine (10 uM) (I &% 5 2 LM >71=(Fig. 4-2-5), 50 mV |25 48
SEEEDEFNTNDERFZEIL, control T 16.8%1.7 pA. phenylephrine T 16.1£1.4 pA T
H-ot=,

4 BET O RIDEMRMBTIEL, -40~50 mV DFET 500 ms DIERKESZDHEICKYERE
N5 L, IZxtL T, phenylephrine (10 uM)IX22E% 5 % L h o 1=(Fig. 4-2-6)

A neonate

~l
()]

o
L7

N
&

e

phenylephrine induced inotropy
(% of maximum increase by Ca**)

®)
o o

I
(9)]
o

(% of basal force)

phenylephrine induced inotropy
&
o

Fig. 4-2-1. Effects of pharmacological interventions on the inotropic effects of phenylephrine.

A and B: Summarized results for the effects of pharmacological interventions on the positive and negative
inotropy produced by 10 uM phenylephrine in the neonatal (A) and 4-week-old mice (B). Columns and
vertical bars indicate the mean + S.E.M. from 5 to 7 ventricular preparations, and asterisks indicated
significant difference from corresponding values in the control as evaluated by one-way analysis of variance
followed by the Tukey's test for multiple comparisons.
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neonate 4 week old

0OmV — —

O

25 mV
-

25 ms O control
® phenylephrine

Fig. 4-2-2. Effects of phenylephrine on the action potential.

Typical action potential records from neonatal and 4-week-old ventricular myocardia in the absence (open
circle) and presence (closed circle) of 10 uM phenylephrine.

Table 4-2-1. Changes in action potential parameters induced by phenylephrine.

neonate 4 week old
control phenylephrine control Phenylephrine

RP (mV) -772+0.6 -76.8 1.0 -76.9+0.6 -77.0+0.6

OS (mV) 29.8+2.0 30.5+£24 27.8+1.9 29.6+1.7*
AMP (mV) 107.0 £2.1 107.3+24 104.6+1.7 106.6+£1.5*
APD29 (ms) 6.1£04 11.9 +0.9% 1.9+0.2 2.5+0.4%
APDso (ms) 13.2+0.6 22.1 +1.5% 5.1+0.4 6.5+0.6*
APDgo (ms) 354+2.1 64.0 £ 4.3* 36.0£3.3 40.143.7*
Vimax (V/s) 268.0 +24.8 255.3 +24.3% 370.8+6.0 376.9+12.4

Action potential parameters of ventricular myocardia from neonate and 4 week-old mice in the absence
and presence of 10 uM phenylephrine. RP, OS, AMP and Vmax indicate resting potential, overshoot,
amplitude and maximum rate of phase 0 depolarization, respectively. APD20, APD50 and APD90 indicate
action potential duration at 20%, 50% and 90% repolarization, respectively. Values are the mean + S.E.M.
from 6 ventricular preparations. Asterisks indicate significant difference from corresponding values in the
control as evaluated by the paired t-tests.

30



A neonate

ntrol henylephrine
— 800 I g0, PNENYIEP
=
£ =
G 600+ 6 600-
© ©
© 400- @ 400-
Q (&)
[ 2 C
(o] (@]
(@] (6]
+ 200- + 200
(&Y} (Y]
4] [\
O O
T i T v T v T ud 0 Y T v T v T J
0 1000 2000 3000 0 1000 2000 3000
time (ms) time (ms)
B 4 week old
control phenylephrine
~ 1200+ —~1200-
s S
e C
~— 1000+ ~—1000-
| el |
o ke
T 800 % 800-
© 6001 o 600
(&) [$]
5 6
S 400- S 400-
& &
@ 200 v 200
O O
Ol » T - L) ¥ T L Ol L T v L} v T v
0 1000 2000 3000 0 1000 2000 3000
time (ms) time (ms)

Fig. 4-2-3. Effects of phenylephrine on the Ca®* transient.

Typical Ca®* transient records from neonatal (A) and 4-week-old (B) ventricular myocytes loaded with
indo-1 in the absence and presence of 10 pM phenylephrine.

Table 4-2-2. Changes in Ca?* transient parameters induced by phenylephrine.

neonate 4 week old

control phenylephrine control phenylephrine

basal (nM) 99.5+15.9 1743 £17.1* 147.3£19.5 47.0£10.7 *
peak (nM) 4447 +£27.6 658.1 +51.4% 1119.4+48.2 524.1+£30.4 *
amplitude (nM) 3452+ 18.8 483.3 £38.1* 972.1+64.9 477.1+£31.4 *

1 for decay (ms) 270.4 +£23.0 235.8+13.7* 81.248.6 120.7+4.7 *

T2 (ms) 187.5+£159 163.4+£9.5* 56.3+5.9 83.6+£3.3 *

time to peak (ms) 934+57 125.8 +7.7* 13.3+0.4 13.9+2.4

The Ca?" transient parameters of isolated ventricular cardiomyocytes from the neonatal and 4 week-old
mice in absence and presence of 10 pM phenylephrine. Values are the mean = S.E.M. from 6 to 7
cardiomyocytes. Asterisks indicate significant difference from corresponding values in the control as
evaluated by the paired t-test.
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Fig. 4-2-4. Effects of phenylephrine on the L-type CaZ" current in the neonatal ventricular
myocytes.

A: Typical L-type Ca®* current elicited with depolarizing pulse (100 ms) to 0 mV from a holding potential

of -40 mV in absence (gray) and presence (black) of 10 pM phenylephrine.

B: Current-voltage relationship of the peak amplitude of L-type Ca?" current in the absence (open symbols)

and presence (filled symbols) of 10 pM phenylephrine, and in the presence of 10 uM phenylephrine and 1

UM prazosin (gray symbols). The currents elicited with depolarizing pulse (100 ms) in the voltage range

between -40 and +50 mV from a holding potential of -40 mV Symbols and bars are the mean + S.E.M. from
5 cardiomyocytes.
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Fig. 4-2-5. Effects of phenylephrine on the transient outward K* current in the neonatal
ventricular myocytes.

A: Typical K* current elicited with a prepulse (30 ms) to -40 mV to inactivate Na* current, followed by
depolarizing pulse (500 ms) to +50 mV from a holding potential of -70 mV in absence (gray) and presence
(black) of 10 uM phenylephrine.

B: Current-voltage relationship of the peak amplitude of K * current in the absence (open symbols) and
presence (filled symbols) of 10 pM phenylephrine. The currents elicited with a prepulse (30 ms) to -40 mV
to inactivate Na* current, followed by depolarizing pulse (500 ms) in the voltage range between -40 and

+50 mV from a holding potential of -70 mV Symbols and bars are the mean + S.E.M. from 5
cardiomyocytes.
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Fig. 4-2-6. Effects of a-adrenoceptor stimulation on the transient outward K* current in the 4-
week-old ventricular myocytes.

A: Typical K" current elicited with a prepulse (30 ms) to -40 mV to inactivate Na* current, followed by
depolarizing pulse (500 ms) to +50 mV from a holding potential of -70 mV in absence (gray) and presence
(black) of 10 uM phenylephrine.

B: Current-voltage relationship of the peak amplitude of K * current in the absence (open symbols) and
presence (filled symbols) of 10 pM phenylephrine. The currents elicited with a prepulse (30 ms) to -40 mV
to inactivate Na* current, followed by depolarizing pulse (500 ms) in the voltage range between -40 and

+50 mV from a holding potential of -70 mV Symbols and bars are the mean + S.E.M. from 5
cardiomyocytes.
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E3f BE

IDFAIZHEITS o REAREZNTHHERBOFEIZOVTIEI TITHEILLEZENHHLDOD
(Puceat et al., 1992;Terzic et al., 1993), BIMFES LTV EBREFHICKVKENELDIHZELHY. £
DEBEMERFVELABETIEGD, —BRHISDEH TIE, o SBARRIEISTLTUEFEHEX
RIt (BEHENRG) Z5IERITESIN ., BWEFE TIZERBruckner et al., 1984), 4+ (Endoh
and Schumann, 1975), ™7 (Bruckner and Scholz, 1984), %3 (Hartmann et al., 1988), 7% (Meyer et
al., 1993)FDREIZHT5 o ZBRARENLEBEHENRIEDIRESNTLSL, 1XD K5 IZHEIA
EEICHEHROD o RERNGFEETIICEMDOOTEARIGHEEBINGNELEFEL
(Endoh et al., 1991), ZYMZHEWLTIE 3 HHIEDE N RIGHERZE S 5 ELVD(Skomedal and Osnes,
1983;Tohse et al., 1987),

IIVADDEFHDZES . FTEFHATEMMMOBYMERKRIC o« SRARRHICHLTHBEENR
SZERY A AR 2 BRITRERICENMENRISICREET ACENEMREDRICHIZEST
RHE SN THY(Tanaka et al., 1995a), KA BRIZENTHLRIBRDEER I FONT=(Fig. 4-1-1), F1=.
AR D RIDE TERINBDIEME A RIGIZIE Nat/Ca? S HE#EFE(Na'/Ca?" exchanger: NCX)AY
B53 AL TREIHMEMNESN TLVANishimaru et al., 2001), LML, BEDECAHET
DADFHICENWTHEINSG o ZBRRRIBIH T HEMEENRIEOEF FBALN SN TV
W TETARETIE, o ZBRRRIBEEIZN T HEHE RGO FHEAZEELT-,

HAEFHRIIVRADLDEHTE o LBERRBISHLTHMEE HREZERL(Fig. 4-1-1), Ca®
transient @ amplitude HVE K L71=(Fig. 4-2-3; Table 4-2-2), CDFER L. FBHZE D RICHHAEZEIC
HifINd C2PERTHILICKYSIFRIIN TSI LEREL TS, Ca2 1 IGIERDE
HELT, o 2BMARIHICELY APD EEMNBHRIN &M B (Fig. 4-2-2; Table 4-2-1), L & Ca?*
FrRILDED CaRAENMERL TSI ENEZ NS, FIETHERAR =AY, LB Ca> Fr 1
IVIETBRKFETHA=0. APD £ L & Ca¥ FrRILA LD Ca? RAEITHAHEEMELTLY
BHTENEHTHD, CD APD ERDERELT. L B Ca' FrrILDFEHELLEZ, K Fvr1
ILOMFNEBEZOND, o SBREFIRICHLTBEEDREEZRT thOEIMFEERHRIZ(Liu et
al., 1994;Liu and Kennedy, 1998;Zhang et al., 1998), FIEF AT I RIDEFHTE o ERAKRRHIZ
KU LB Ca¥BIRMNERL., S5IZF D RIEH prazosin [Z&YHIHI St f=(Fig. 4-2-4), Ff=. 0 2
BAFKICKHLTBEENREERT VMOV EXDDLEHICEVT K FrRILO—DTH
H—BHES RIEFE R (transient outward current: Ii)HY o REKRHIZKYIIFISh B EMTHRES
FLTLVD(Fedida et al., 1990;Tohse et al., 1990), LALEFTAEFEAT D RIDERH TIE. o ZRERIH
[Z&Y APD (FERLTWBIZENDDDT, L, [TIXEELH NN DT=(Fig. 4-2-5), ZHbD
RS, o LBHRFIRIZES APD OERIE. K FrRIILOIIFITIZEL L & Ca> FrrILiE
HRIZKYBIFRISNTNSIENRE SNz, LIz > T FIEFHTORDLERICENT.
SRR T IEMHEAREIE. L B Ca FrRILiEHILIZLSEENL, S512 APD IE
RICKDMENLG L & Ca2 FrRILH oD Ca2 A KIZKYSIEFSEISN TSI EAHLA
Egot=,
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o ZRERBICHTIEHENRIGOHEFIC L & Ca FrRILEHIENBEESELTNSI LI,
FEFHROHOBEEENRES L B Ca? Fr)LERZEE nifedipine (C&YIIFISNI=ZEND
X FIND(Fig. 4-2-1A), LML, ZD nifedipine [Z&DIMFINTL2LEED THEMN2I=2EMND,
HOERLEELTNAIENEZONS HHEFHTIRICE T, Nat-H R ENa'-H
exchanger: NHE)BHZE Z 5-(N,N-dimethyl)amiloride hydrochloride(DMA)IZ &Y o S ARRIH =t
TEHEMENRISHINFEISN =2 EMND(Fig. 4-2-1A), NHE SEMIEDBEENREEINS, TS5
YLD o FREREKICH T B51EZE N REIZEH NHE A5 5 L0V SR & 3 D (Kusakari
et al., 2002), (LIEICH VT, MR LD NHE (X Na'& H' % 1 : 1 #L., $EREA pH ZEREL T
WAV RR—2—THY . BEMBA HZHENNEHET HARIZELTLY S (Karmazyn
and Moffat, 1993), § B kR GREBRRDOIERHN SHBA A EREIC/ D LD E DO UE N HET
L. R&HZTZ LA ZEIRE A EMT 52 EMNESMN TLVS(Orchard and Kentish, 1990),
L H & Ca¥ DNIRFEA /0 THAHRAR=ZY C D Ca? S ERIICH L THEMICHEATS
1= T# A(Orchard and Kentish, 1990;Morimoto et al., 2001), ZD =&, o ZEAKHFIHIZL S NHE
EMEENLTHAERA pH A EF L(Schluter et al., 1998), URFEH /OB D Ca2 B2 EA SN
9B EDN(Kusakari et al., 2002;Tanaka et al., 2005), BB E N RIGICEDHFED—DThHdEE
ZBNTLNVS(Terzic et al., 1992;Iwakura et al., 1990), FrEFHATHRIZEAL TIL. o AR
([CkYHREA pH O £ FPURFER /39 D Ca? BEZEDIEMAREISRI>TLNDDMEI ML
SEBREATILENH D,

F1=. 1P FRIKREEZE 2-APB. xestospongin C [Z&k>THEME A RIEHHNIFI SN f=(Fig. 4-
2-1A), IP; Z2BKIE SR D Ca¥ HF Y RILD—DTHY. ryanodine ZREKA Ca2(ZkYiEM
EESNBDIZK LT, IPs ZEKIL 1P [TKYFHALT B, 1P ZEANSD Ca> T I, FiE/H
DUETIFEELGRBZREZLTVSIEAHMONTNSH RARKIZHET 1P ZRAKBEFE
xestospongin C MY I RAIDEFHDIMBAICIFEAEFEEZEZ LGN >-CEEEHT(E I E). D
BIZHITZ P ZRADFRBEHEYEERSIN TV, LHL. o ZERARRIBIGECHLTIE
xestospongin C HIHIZFIRZEZRLTEY . DHHICEWNTE IP; FEAENLD Ca> i IZL5INHE
FIENITHONRTOSIEETREL TS, =, BILEYMIEWTH o ZRETBIGEA~D IP;
SZRAROBENRE SN T S (Miyamoto et al., 2000), NHE *5 IP; 2RALISMH ., AR
BEMMICHENT, o SERREA MR NaJRBEA® Na'-K7R> 7' (Shah et al., 1988;Williamson
etal., 1993;Wangetal., 1998)IZ5 8% 52 5 EMNMESNTEY. o FERRIBIZXT HEHEE
NREDFEET R THEBATIOICIE. BE2BREANBETHS.

RBRMRIZE DDA OIIEHIEIL. EIC B RBERENLTITONEEZEZONTLSH TR
#HBDOIEEYE TH S noradrenaline NDiEERIGHRED o FRETBREICKYSIMTEHIEN
5(Tanaka et al., 1995a), ILFHUFEFIENZ (L, o FRFLEAELTWSEEZONDS, LA L. 0 7
BARENTHOEHEOEBZNER. HFICYVRDEFHTHREIND o ZRAFBISEH S
HENSIEEANEEIL T HILEDEBFMERITKRIZASHTEL, TS T, INETHERLATLS
MREAARTHONERNOBR L, REFMICHEEHR (XBRERSLURIZZMEF)
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DEBEEHLIZGES . AXPEMEDRDORELBYMTILMAKIEMT EDIZHLT. 7
DRATIEDARAR DT HIEND. TVRADLEGH . HICRAEHEH LD BMIEL LN | R
BEXREERSZTTODIENREIN TULVS(Ishii et al., 1996), Fl-RXEMREXEEAZITT
WAYIRIZEVWT HEI I RRAEREEHNBIRDH IR TRBEEHBEOEZELEIZITTL
5T &(Adachi et al., 2013), HFE T RILDEFHD noradrenaline DEZHENBARDAHIZLERTE
L EYEEREMNSBUHENRIGHERENSZELME SN TL VS (Tanaka et al.,, 1994), LT=A> T,
PEIDFH TIEABLDBEBEZ S0, p RBRAREHRIC o ZERLIDEREZEOAHELICEL
TWADTIRELINEEZLND, — A BIADFHTIE, BERGEEEBICREET 514> Frx
LSV RAR—E— R I DFEICKY | RBEHBRENLENECTERERME
BhiE g D LM ATREICAR DT80 FRBERE N LIoDEREE RERA A GRS MY TEFRLNKSIC,
TL—XD®RBELT o ZREZENLEICENEEICHE-TVSEEZ LN,

-, o ZBRRFEIEEDFKELLEREIC. TUREY V-1 07X A TV TITHT B0
ZL . REIHVEEENREHSEREE NRIEAEEIELTULLKIENHRESN T S(Sekine
et al., 1999;Namekata et al., 2008b), TR -1 BF7UFXATUIV DIXIDIEKRARE DFFREIC
BETIIENMESNTEY  FREBICELTERBEEENELL TV SAEEELHS. o
ZRAEFHIS B ERELDBEICDOWTIEERT S 6 ETRELE=.

R 2 o ZERARRRICHTABMEARGIE L E CaFrRr)LENLEHBEANSD Ca¥ik
AEXICXYFIERIEINS,
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FSE o« ZRRRBLEDREEEL

AIEDHERMNS. o DEARFHIHTIEBMENRIG. BEEAREIE. ThETh L & Ca®
FYRIL NCX ZNLTEIERISN TSI ENBALNIE Tz, LIz 5T, o ZRETHE
FEIZIE. GRS MRS N EFEL, HECHEOESHDEED LB Ca¥ FrrILENCX Off)
EONTGUANELTEHIET, o BRARIBEENGENSIEMEANEELT HEEZIOND, T
CTARETRH. EHAOHRERLODVTEEEMITREL. o SBEARRIBICENFKZEICHNE
ELTUKERDOEREBELT =,

F1H BEEARGCOFEEEL
5-1-1 L& Ca?FyRILIBREDFHZELEL

L B Ca> FrRILBBEDFEEEILICDOLNTIE 3 ETRELAEZKLIIT.L B Ca¥ Fr)LERTE
nifedipine M, TR THDFEZERFEIZH LT, IDIHFE N B KU Ca?* transient @D amplitude DS
. TOERIFFEZFICEEORAD L TULV(Fig. 3-2-1A, Ca, 3-2-2; Table 3-2-1),

5-1-2 L & Ca¥FvRUREL BB EAIIF MM O REEY

L& Ca FrRILIEBIKFEETHA-O. FBEBMBFRHEOEZEEZ(T. ZOEBENE
£9 %, ECT.LE Ca¥ FrRILEEBN B FFRRHE O BEEMECDULNT, ATP BZM K'Fv
F LB ZE cromakalim ZFRAWLNVT, FIAEF DD APD Z5EMESE. L B Ca2' FrRILBRER &
Vo ZEREFHIZN T 2BEENRIGICEDLSLEENH LD RETLT=,

Cromakalim QURHE N GEEBELA~DEE

FAEFHOFESHERICH L T, cromakalim (30 uM)I& APDa2g. APDso, APDy Z52 fiaS B 7= (Fig.
5-1-1; Table 5-1-1), LML RP, OS. AMP, Vmax |ZIE8E% 5 % 1 h >7=(Fig. 5-1-1; Table 5-1-
Do

Cromakalim FE T T o ZERKRBDE

Cromakalim (30 uM)FTE T TlE. FEFHATVRALEHTD o ZREFHIZX T HEHEE N
RS HViE 55 L TL M =(Fig. 5-1-2), Phenylephrine (10 pM)IZ &S IRHE &K Z (X, cromakalim IEFF
HET 557x4.7% FHET 38.9%£4.8% THoT=

Cromakalim f£7£ F T nifedipine B2 14

Cromakalim (30 pM)7E7E T TI&. nifedipine (1 pM)IZ&kZDIRHE D INFIERASEIEL TLN =
(Fig. 5-1-3), Nifedipine (1 pM)IZ&HIURHE HB A ZF (L. cromakalim JEFTE T TlE-61.3+3.6%
(n=5), BET TIE-47.2£4.3% (n=9)TH>7=,
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Fig. 5-1-1. Effects of cromakalim on the action potential in the neonatel ventricular preparation.

Typical action potential records from neonatel ventricular tissue preparations in the absence (open circle)
and presence (closed circle) of 30 uM cromakalim.

Table 5-1-1. Changes in action potential parameters induced by cromakalim.

control cromakalim

RP (mV) 76.4+2.0 753+1.8
0S (mV) 255427 253426
AMP (mV) 101.8 +1.8 100.6 £2.3
APD2o (ms) 9.7+1.2 7.5+0.8*
APDso (ms) 17.5+1.8 13.8+ 1.2%
APDyo (ms) 36.3+34 28.2+£2.0%
Vmax (V/s) 188.8 + 14.6 2008 +23.3

Action potential parameters of ventricular myocardia from neonatal mice in the absence and presence of
30 uM cromakalim. RP, OS, AMP and Vmax indicate resting potential, overshoot, amplitude and
maximum rate of phase 0 depolarization, respectively. APD20, APD50 and APD90 indicate action
potential duration at 20%, 50% and 90% repolarization, respectively. Values are the mean + S.E.M. from
5 ventricular preparations. Asterisks indicate significant difference from corresponding values in the
control as evaluated by the paired t-test.
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* P<0.05 vs control

"—\70'
i X
pieny[ephrlne (10 pMm) o ;60- -
C
= Qg
oo N 525 ;
O © 40
= .£
% o 30+
{ 5 S 20-
o N |
BT s £
o
5min 2 | cromakalim
contro
FET

Fig. 5-1-2. Effects of cromakalim on the positive inotropy induced by phenylephrine.

A: Typical traces for the negative inotropy produced by 10 uM phenylephrine.
B: Summarized results for the negative inotropy produced by 10 uM phenylephrine in the absence (open
column) and presence (closed column) 30 uM cromakalim. Columns and vertical bars indicate the mean +

S.E.M. from 4 ventricular preparations. Asterisks indicate significant difference from corresponding values
in the control as evaluated by the student’s t-test.
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Fig. 5-1-3. Effects of cromakalim on the negative inotropy induced by nifedipine.

A: Typical traces for the negative inotropy produced by 1 uM nifedipine.
B: Summarized results for the negative inotropy produced by 1 uM nifedipine in the absence (open column)
and presence (closed column) 30 uM cromakalim. Columns and vertical bars indicate the mean + S.E.M.

from 5 to 9 ventricular preparations. Asterisks indicated significant difference from corresponding values
in the control as evaluated by the student’s t-test.



Fofi BEEEHARIGOREEL
5-2-1 NCX BBEDFZFEZEIL
PMA [T 4 D RIEHEDFHELTL

NCX [& Protein kinase C (PKC)Z ML TEMIE T 5 EMNEIBH N TLVS(Nishimaru et al., 2003),
ZIT.ZRRZEZNSTICHBEAD PKC ZEEFMHILEIHE S Phorbol 12-myristate 13-
acetate(PMA)Z VT, NCX DHEEEZRETLT=. PMA (1 uM)IEFEFIS LU 4 BES <O Rl
EFOILENE BV SE=(Fig. 5-2-1). TDERIL 4 BET IV ADIZOINIEETHY . PMA(
M) & DI UREE B RIS, FEFEIT-20.6£3.6% (n=4), 4 BET-57.1£3.7% (n=6)Th

>7=,

SEA0400 IZx 9 B RIS ED FZFELE L

NCX PEEZE SEA0400 (10 uM)IETFTEFAE LU 4 BEIDRDEFHOIDIME hEE RS
f=(Fig. 5-2-2), ZTDEAIL 4 BEEIVADIZOIMNIEETHY . SEA0400 (10 uM)IZ KA I0MIRHE S
RRF, FTEFYTI154£1.5% (n=6). 4 BERT 33.1£6.3% (n=5)TH>7=,

5-2-2 NCX BREEEBE A iFkiri O BEEY

NCX (FEBEFEOFEEZIT. TOREAMEFBGESNEILT D, TIT.NCX HEELTEE
BAIFHRFEOBEMEIC DOV T, — @S M EE R (transient outward current: o) BB EE 4-
aminopyridine (4-AP)ZRAWLNT, RIADLE D APD ZE R NCX #EES KU o 2EMAFEKIC
g HEMENRIGICEDSSHEENHDIDIRET LT,

4-AP GETTD o ZEAXRBOEE

4-AP (3 mM)TF7E T Tl 4 BE< 7 RILZERH TD phenylephrine (10 pM)IZ &k B I0MRHE 717
EFAANEEE L TUV=(Fig. 5-2-3), Phenylephrine (10 uM)IZ&ZIDMRHE N RIL, 4-AP FETFH
TTIE-37.4£6.1%, FHE T TIX-158+3.0%TH21=(& n=5),

4-AP ZE T TD PMA OFE

4-AP 3 mM)FETE T Tl&. 4 BE YD RIDEFHTO PMA (1 uM)IZ &k S0 UREE 7 3NH| 45 B AVE
LTz, PMA (1 upM)IZKBDUEEN BV ZFEIL, 4-AP FFFELE T TIX-57.1£3.7%. FET T
(£-35.2%+2.8%TH>7=(F n=16),
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5-2-3 NCX & SR DO#REARERS

3 ETO ryanodine ZFRALVIRET MG, FZEITHL SR O Ca?' IHEREN T TS EN AL
L7Eo1=(Fig. 3-2-1B, Cb)o SHIZ3 ETODHIAA—D VT EERMS. T EL SR AAERELTLKS
ELBRINT=(Fig. 3-1-6)o L B Ca¥ FrRILM T ELIZHEELTNAEIICT NCX £ TE LIS
FETHENHRESIN TLVS(Thomas et al., 2003), LE=A>T. T EDMEAIZEY . HHEAERD
SR SRR £ D NCX A ZEREIH . #EEMIER T 5&E AN 5,

NCX (FRHRDEBEERE (T THL, HEAND CaBE. . Na BEOFELZIT. TDORES
B & B <GEEIAEIL T S, LA T, NCX & SR A HEREMIIERIL TULVDET hiE. SR AADiRH
ENd Ca?'lkY . BATHIC Ca? REMNB VBN EN ST ET.NCX O Ca? HEHHEEA
BEIDTIEHELMNEEZ Tz, DFY SR O Ca?' IHBEEN T EDIEFE . NCX O Ca> HEHHEEE
DEFEDIET THD, TIT.NCX & SR DHEEERIERIC DWW, BB EC DR EAE /MBI
9% SEA0400 & ryanodine DYEMA. ZL T SR D Ca>' EFEE D EIELAES caffeine-induced Ca?*
transient [ZX1 9% o SBEARRIBOEZENSEET LT,

SEENERIICKT S SEA0400 DFEE

1 BEOFBELIH LT, SEA400 (10 uM)(E5 B % 5 XA Ao F=(Fig. 5-2-4; Table 5-2-1),
—7 . 28k, 4 BEOEENEAIISK L T, SEA0400 (10 uM)IE APDy & E#ESE . RP, OS. AMP,
APDy. APDs. Vimax |Z(2558% 5 Z # i o7=(Fig. 5-2-4; Table 5-2-1),

SEBELLC# TS ryanodine DFLE
4 E D EENELRLIZ® L T, ryanodine (0.1 pM)IE APDgy Z5a#ESH . RP. OS. AMP, APDy.
APDso. Vimax (3§ 8% 5 731N 1=(Fig. 5-2-5: Table 5-2-2).

I

i

Caffeine-induced Ca?" transient [Zx49 % o ZRAFHD

YT IO ZRARRIBEE caffeine (K DMAZA Ca>" /R E L F (caffeine-induced Ca?" transient)/H
5. B/MNEAERD Ca SEFHBRILT=, 4 BE I RIDEFH D caffeine-induced Ca®" transient [Z
%L T. phenylephrine (10 pM)I& amplitude %5 4> &8 1=(Fig. 5-2-6; Table 5-2-3),
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Fig. 5-2-1. Negative inotropic effects of PMA on isolated ventricular tissue.
A: Typical traces for the negative inotropy produced by 1 puM PMA.

B: Summarized results for the negative inotropy produced by 1 uM PMA of ventricular myocardia from
neonate (open column) and 4-week-old mice (closed column). Columns and vertical bars indicate the mean

+ S.E.M. from 4 to 6 ventricular preparations. Asterisks indicated significant difference from corresponding
values in the control as evaluated by the student’s t-test.
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Fig. 5-2-2. Positive inotropic effects of SEA400 on isolated ventricular tissue.

A: Typical traces for the positive inotropy produced by 10 pM SEA0400.

B: Summarized results for the negative inotropy produced by 10 uM SEA0400 in the fetal, neonatal and 1,
2 and 4 week-old mice. Columns and vertical bars are the mean + S.E.M. from 5 to 11 ventricular
preparations. Asterisks indicated significant difference from corresponding values in the 4-week-old mice
as evaluated by one-way analysis of variance followed by the Tukey's test for multiple comparisons.
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Fig. 5-2-3. Effects of 4-AP on the negative inotropy induced by phenylephrine in 4-week-old mice.

A: Typical traces for the negative inotropy produced by 10 uM phenylephrine.

B: Summarized results for the negative inotropy produced by 10 uM phenylephrine in the absence (open
column) and presence (closed column) of 3 mM 4-AP. Columns and vertical bars are the mean + S.E.M.
from 5 to 8 ventricular preparations. Asterisks indicated significant difference from corresponding values
in the control as evaluated by the student’s t-test.
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Fig. 5-2-4. Effects of SEA0400 on the action potential in the 1, 2 and 4 week-old mice.

1 week old

2 week old

4 week old

O control
@ SEA0400 (10 uM)

O

Typical action potential records from 1, 2 and 4 week-old mouse ventricular tissue preparations in the
absence (open circle) and presence (closed circle) of 10 uM SEA0400.

Table 5-2-1. Changes in action potential parameters induced by SEA0400.

1 week old 2 week old 4 week old
control SEA0400 control SEA0400 control SEA0400
RP (mV) -78.1+0.7 -76.4+0.7 -77.8+0.9 -76.5+1.0 -79.0£1.2 -78.6+1.0
OS (mV) 25.0+14 262+1.8 205+14 21.5+13 189+1.8 182+1.5
AMP (mV) 103.1+1.8 102.6+1.9 983+0.8 98.0+0.8 979+22 96.8+1.8
APDyo (ms) 3.1+03 29+03 2.8+03 26+03 1.1+£0.1 1.1£0.1
APDso (ms) 64+0.6 6.0+0.6 53+06 50+0.6% 32+03 29+02
APDy (ms) 205+1.9 19.1+£1.5 235+1.1 202 +£0.8%* 547+23 36.1 £1.6*
Vimax (V/s)  3119+155 329.8+18.2 282.9+26.0 295.5+24.5 260.6+11.7 2769+ 11.4

Action potential parameters of ventricular myocardia from 1, 2 and 4 week-old mice in the absence and
presence of 10 uM SEA0400. RP, OS, AMP and Vmax indicate resting potential, overshoot, amplitude
and maximum rate of phase 0 depolarization, respectively. APD»y, APDsy and APDy indicate action
potential duration at 20%, 50% and 90% repolarization, respectively. Values are the mean + S.E.M. from
6 to 7 ventricular preparations. Asterisks indicate significant difference from corresponding values in the

control as evaluated by the student’s t-test.
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Fig. 5-2-5. Effects of ryanodine on the action potential in the 4-week-old mice.

Typical action potential records from 4-week-old mice ventricular tissue preparations in the absence (open
circle) and presence (closed circle) of 0.1 uM ryanodine.

Table 5-2-2. Changes in action potential parameters induced by ryanodine.

4 week old
control ryanodine
RP (mV) 775+0.6 774406
OS (mV) 27.7+1.9 269+23
AMP (mV) 1052 £2.1 1042 £2.5
APD2o (ms) 1.6 £0.2 1.6+0.2
APDso (ms) 4.6+0.6 4.6+0.6
APDgo (ms) 37.4+52 22.5+1.6*
Vmax (V/s) 327.1427.0 310.8+25.2

Action potential parameters of ventricular myocardia from 4-week-old mice in the absence and presence
of 0.1 uM ryanodine. RP, OS, AMP and Vmax indicate resting potential, overshoot, amplitude and
maximum rate of phase 0 depolarization, respectively. APD2y, APDsy and APDyy indicate action potential
duration at 20%, 50% and 90% repolarization, respectively. Values are the mean + S.E.M. from 6
ventricular preparations. Asterisks indicate significant difference from corresponding values in the control
as evaluated by the student’s t-test.
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Fig. 5-2-6. Effects of phenylephrine on the caffeine-induced Ca®* transient.

Typical caffeine-induced Ca?" transient from in isolated ventricular myocytes loaded with indo-1 in the
absence and presence 10 pM phenylephrine. The Ca?" transient was induced by superfusion of 10 mM
caffeine dissolved in normal tyrode solution (NT).

Table 5-2-3. Changes in caffeine-induced Ca?* transient parameters induced by phenylephrine.

control phenylephrine

basal (nM) 304.4 £26.0 151.1 +£17.8*
peak (nM) 1041.7 £56.6 697.8 + 82.7*
amplitude (nM) 7372 +384 546.7 £ 73.2*

The caffeine-induced Ca?" transient parameters of isolated ventricular cardiomyocytes from the 4 week-old
mice in absence and presence of 10 puM phenylephrine. Values are the mean + S.E.M. from 5
cardiomyocytes. Asterisks indicate significant difference from corresponding values in the control as
evaluated by the student’s t-test.
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FE3f BE
BEEEIRIEDEFLL

EHEEARIEDEERFTHS L & CaZ FrRILOEHIEIE. 4 BRIV RIZEVWTEHE
FEIERRIZABNDZENRE SN TLSIZHEA1 59 (Nishimaru et al., 2001), [EHEE N KIS
% NCX [HEZE SEA0400 IZ&YHIFILF-EHICENTH. 4 BB TIEBEEE ARG AH5NET
ElE7E A o1=(Fig. 4-2-1B), LA 2T. o ZEARRIBISE DGR P EIED L B Ca? FrRILD
BEEDAREICHEMETLTIKIENEZOND, ZTOERELT. BABHDEXICLDES
BAIFEEBEOEMRE. BEIGBHEED L & CaXFrRILIRFEEDRILNEZLND,

FEFHTIE o 2EERIEICEY. APDy. APDsy BNERLTLNSA, 4 BETIE APDy.
APDsy DER (XIFEAEBRINIE A o1=(Fig. 4-2-2; Table 4-2-1), CDZEM D 4 BAETIE.
APD EERIZKHMEEMHBENAD LD Ca> RADERAEISENEHRITE, COIEIERAK
HIBEWTBEENARIENBENIKNWIEEXFT D, CNIZEZERENAEFOESMES. 774
HELDERBENESLTVSEEZONS, FIEFHATEILE C¥ FrRIL K FrR/Li
[CHEBEDRATH DO, MED/NTURIZEKY APD ARET DM, 4 BETIEEEIMIC K'F
YRIVICKDBMBANKEVNLZOIZ, KFYRILODEEDAHT APD AiRF->TLEL.L B
Ca”FrRILD APD ~NDEHE(FIFEAEBRIN TS EEZALND, LIzH > T, 4 BRI TIE.
o RERRKICKY L B Ca¥ FrRILIEFEHILT SN DH5T . APD DERIFIFEALR
oM 2=DEEEZ NS, COBSBAE L B Ca¥ FrRILH50D Ca AN FRE ATP
B K FrRILEMIEEE cromakalim AW TERBZM(TRET LT, ATP B34 KIFyRIL
(ZHMAEA ATP DFDICKYEEILT DL MONTEY DM TIEEMICKYFEESH,
EEEMEMRELCTEEALNTIVD(Agata et al., 1994a), FAEFHAIZHULINT, cromakalim AL
BIZ&Y. APD NEHET B L& LI=(Fig. 5-1-1; Table 5-1-1), Z0 cromakalim JLE TFIZE
WT. o AT, nifedipine DFEIZDVTHELIZETH, o RERRIBIXI T HEHEED
it nifedipine (2349 HFE M E W RIS FHITHETEL TLIV=(Fig. 5-1-2, 5-1-3) L EDFERI S,
BOBANKENEE L B Ca'FrRILEHIENEIZ5T APD ERMEALN/IIFISH. L B
Ca¥ FrRILDDLD Ca¥ MABEAMNEIY LG AH I ENEBZHIFIASNT -,

F-3 BITBVWT. YORALEFH O BEBINGEREN ., L & Ca¥ FrRILKERNS SR &KF
RIANEELL T ENBLH D=, FEITHES L B Ca2 FrRIUKEFHEDB AL T,
L& Ca¥FrRILDIFE~NDEENR DL T ZD, o DERRIBIZLS LB Ca2 FrRILE
HAEDEEL, HZEICHENZIHFIKLE>TIKEEZ NS,

EaR 3 REICHSEPEMBHRBEOEEEIMBHERICLY, DEFRE~D L & Ca2F
YRLDEFESMETL, o RBEARRHICSSEFGHELFEFEAOEREAI I SN
2. CNARET o ZEARRBIS KT HEEEARIEHNBIET 5.
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BEEEIRIEOEEEL

AR D RDERIZENTIE o SERERERL CTURHE BB RE RHEEHRE) NEHES
FL(Fig. 4-1-1; Tanaka et al., 1995b), ZD#EF (ZDUVTIL, Na*/Ca? 3 ##EHE (Na/Ca?" exchanger:
NCX)D{RHEIZ LD Ca? HEHBERED ERIZKDHEEZ SN TLVD(Nishimaru et al., 2001;Tanaka et
al., 2005), EMEARIEETRT 4 BEDEMHICHUT, o SBEARHIZKY Ca? transient D
amplitude AV A L1z &(Fig. 4-2-3; Table 4-2-2), FEM 2 H RIEAREIRA NCX [BEZE SEA0400
[CEYHIRIENI=C&(Fig. 4-2-1B)Mot . COMFIEXEFEINS NCX D Ca*' HEHgRED FE
ZALIZBIL T, 7OF7 4> FF—+F C(protein kinase C: PKC)ZNM LT NCX ZiEMHLS B S L8RS
SN TLVS phorbol 12-myristate 13-acetate (PMA)&(Nishimaru et al., 2003). NCX BHE 2 SEA0400
FRWTEEZMNICRETLIESA, FTEFE. 4 BEEIC. PMA ITRHLTREEE AREZERL
(Fig. 5-2-1). SEA0400 IZxtL T4 ZE h R IGERLT=(Fig. 5-2-2), COFERMNS. FEFHL. 48
BRFEIT NCX [ Ca¥ZHHLTEY. o ZBRFRRIFHLTHEENREERT HEFHRICS
WTHREEARIEDEADEFEET HIEMNREIND, CNITFEFHRICE T, o LEAET
Bt BEMEE N RIGH SEA0400 THIFIESN T CLAB FiB@Ihi-Ceh ot X FHFENnd
(Fig. 4-2-1A)o ZLT PMA, SEA0400 ICKDENRIGDREEIEFEFIALLERDE 4 BEEDIES
DRENTEMNDNCX D Ca> HEHEREN R ZEIHFIMERLTULK I EA AL M EE ST,

LML.NCX DRI E, mRNA E(FXFEZIZHEVEDTEHIENRESNTLVS(Liu et al,,
2002), NCX OFEBEMNFEZIZHEOLEDLTUKIZEAN LT, F0 CaZ HEHBREA KL T
LKEEISIE 2 DDEHANEZOND, | DEITFEZFIZHS APD OEMETHD, NCX (&, #ia
[BEN9T 5 Na' DREDEZF AL Ca* Zffasn ~ikAH T Ca? #HEH E—R (forward mode) &
RRIZ Na"DAEBETHHRLEEHITEVNT, CaZ AN SRASES CaRAE—F
(reverse mode) MM FHET B, NCX (FRBRLIZHEEZ (T, TORIE A R EBGRINEILT S5
DAR—B—TH5-O. RERELZOFEEBHT LEHEBELLENNCX [FZOFEHEMEREE
(2. EERABRELTINDE Ca? BEEE—FELT. RABL TS E Ca RAT—RELTE
o LIzA > T APD AAEWELE  BERABMEL TL\ S RGY ., Ca* i E—FTEZE
IS, LIzD > T IORDLEFHITFZEIZHL APD AREMEL TLTZHIZ.NCX D Ca?'HE
HEERENMERLTLKEEZLONS, TTT.NCX & APD DBEFRICDOVT, L, EHFE 4-
aminopyridine(4-AP)& ALV CEEBZMITHRET LTz, 4 BE YO RIDEMHITHE VT, 4-AP LEIZK
Y APD AR T BT ENMER SN TLVS(Fisetetal., 1997), 20D 4-AP LB FIZHEWNT, o 2B
FEBDERBIZDWNTHREILIZEC A, o ZERRIEIC3T I DHIEME A REHVREEEL TL V= (Fig. 5-
2-3)o - o ZHEAFHD APD ADEEDEVEEELTNSEEZOND, FIEFHTIT o Z
BARRIBIZKY . APD2. APDso MERLTLVSAN., 4 BESTIE APD2. APDs) DERIKIFEAE
BEINAMoT=(Fig. 4-2-2; Table 4-2-1), LT=A> T, FIEFHTIE, $EHE APD HNRWNZEIC
MAT, o SBREKRRHICKY., TSI APD BNERT 51=8HIZ. NCX O Ca? HEHHEREAMEL DT
EEZOND, LEDFERMND, FZEIZHD APD 5EMEA NCX O Ca HEHHREZ S D5 1 DD
ERTHLIZENTRESINT =,
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NCX DHBEHNFKZIZHEVBLLTULKIZEN D DS T, Z0 Ca? HEtH g RL TLKE
ED .2 DEDEHEA NCX & SR DHAERERTH S, NCX [FRTRDIREAL 1+ THL, #ia
HAD CaBE. Na REDFELZIT, TOREAMEEBEEINEILLT D, TDTH.NCX
& SR AL, SR ML ENS Ca¥ITLY., BFTHIIC CaiRENS LV EENERENSZE
T.NCX O Ca>*BEHH#EEN S TN TIIHELMNEEZ =, DFY SR D Ca'fRH#EENTED
(FENCX D Ca> #HHHEBEN S F DL T THSH, BIETD ryanodine ZRALVAREFI Mo, FEIC
f£UV SR D Ca¥ B EEN B TS ENBAL M EADT=(Fig. 3-2-1B, Cb), SHIZHIETHDE A
A=V REMNS, T BE SR NERELTULZ ELEESI = (Fig. 3-1-6), L & Ca¥Fr LA
TEEIZHEELTVOAELIIIT NCXBTE LIZHEET HIENFHESN TLVSH(Thomas et al., 2003),
LIz T. T EDMRAIZKY. MAERERD SR LHEE ED NCX NEBMISEET HEE XD
na,

EHIT.NCX & SR A HEREMICERIL TWA I EDHE , FBBLIEM A EBTEIENTE
2. 3 EDHERKY. 4 BRI IRALEFHOFEBELAIL. HHEHEOENIIFMHEERIM-. &
REBEMEE (RHBEMMEE) LZOROBEOHEESEBHE (RHBESEHE)2ET5 2 HED
R THAHZENBRIN TS (Fig. 3-1-2; Table 3-1-2), DR EAF 2454 (X NCX D Ca HiH
E—FIE<EORNRZERICKYERESIN TSI EMNFHESN THY (Tanaka et al., 2005). Z
DEEHLIZ, NCX BAEZE SEA0400 [Tk Y R EAE D BN KE#MEL 1=(Fig. 5-2-4; Table 5-2-1), Ff=.
BB OBHEICHEE TS APDy (£ 1 BENS 4 BEICHTTHRAICERLTHYFig. 3-1-2;
Table 3-1-2), COBFHAE. T EAFRAL TULEFEA(Fig. 3-1-6). NCX BEEZE SEA0400 I1ZX19 %
G N RIEHIERLTUOKEF#A(Fig. 5-2-2). ZL T, o SRARRIBIGENBENSIEENEE
{ELTULEE#A(Fig. 4-1-1)&EB—BL TS, 512, CORBES1EM(E SR O Ca¥ i Fy =+
JLBEEZ ryanodine [Tk > THRICKIITFEMLI=(Fig. 5-2-5; Table 5-2-2), KA LDFEREM S, SR
DS SNz Ca?* % NCX A2 ITERYMESA~NEHH LTS, DFEY NCX & SR A HEEERIIC
ERELTWSEEZOND,

NCX & SR A #EERIITERL TLVDE3— DDA 1§51, SR D Ca* EFFEDIEIRL
%5 caffeine-induced Ca?* transient (X9 % o ZRARFIHDEZEEREILIz, TDHER. 4 B
T IRADEBRIZHELT, o SEERIEHIZKY caffeine-induced Ca?* transient ) amplitude AV AL
f=(Fig. 5-2-6; Table 5-2-3), CDFERMNOLRD KIITEZ DI ENTE D, — E DURHE 7 TN HEsth
BERYRLTIDIES. SR MhofitiEhd Ca?* &, SR [CERYIAL Ca BIE—FIZHRI=h T
B13F THD, LML, o ZERETIHEICKYFMHIELIZ NCX AY SR DS SNz Ca2E &Y <
HMEENNEHEETHZET.SR IZRYRAEND Ca'EM BT B8, caffeine-induced Ca?*
transient @ amplitude AFHDLI-DFZEZEZOND, LIzD > T, FHEITHW T ENMBATHIE
T, #RIMEBD SR SHERRAE LD NCX HMVZERIRT, FRERIITERL TN E, ZLT SR hod
Ca TRHBREAE KL TULW T EIZEY  NCX O Ca? HEHHREAE KL TU T EN TSI T,

Fiz. o ZERFBIEENRZICHEVBHEISIEEANEELLTOKEREL T, REHREX
RORPNGEELEZOND, BRHIDIGE . TOHBRHEDELEIL., IUEREDEVKRH L&,
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IREREDRNEHOD 2 BENFEL. TNTNEXE T 5 EBNHREIC KU FHiRM OIERIE
NEEEZITHIENHMON TS, DFY. FHLEHET TN TN XEL TV ESHELR
XEEETHILITLY KK, FFHTHLAI LD BHOUIEFEEZRL. HICEHHTHLHEDOMN
TR DUBHFIEZ R T CEMRE SN TLVS(Close, 1965), LIzA>T. o RERDIZE . BEH
BRXEDODEEEZT. TORBIEEENEIELTOCATREESEDH S, LA L., 6-EFOFI RN
CEAVT BREBELKRETH IORADEFHD o XRRRBECE X B EISIREANEEL
f=Cemn, BEMBXEORYMEZICEY .. ZELTLSDLITTRAGLWIEARESN TS
(Tanaka et al., 1995b), LT=D\ 2T, o SEARFIBIEEDFKELILDIRETHS APD gt SR
BEEE X G EDBREIEBERBOEEN, I XTHOMNLOERFMICTATILEIN-HLDA
DO, TNELEARRDAENDES>MNFIZKOTEIFRISNDLDLEDOMNESRELSHEE
ZMABIMET HEKFEVERETH S,

iR 4 RECHSEDBEUFERHEOEREE SR HEEDEAICEY ., NCX Z4rL1- Ca HEH
MEXT D chWEET o ZRARFIS T HERENRIENEXT S,

AETH., o EARFHEEDREELIZDOVTRO AMBELMNELEST,

TORADERIRFEDTRLF Y o SERAEFIHISEICIEEE. BHED 2 DOEAHFEL. T
DNSVRIZKYREDRIGEDAREERESNRELZENHIBALIz, ZLT. BE. BHERK
DEES L & Ca' FrRILELY Na'/Ca¥ RIBEEBOREEZREL TV AR ODOREE
TR BERELRB EFH /MRS VS B EIUERBOERWIE TH S A HIALY-,
Yahs, CEREMERERENE H/MEARENSOIDHIEE . L B CXFrRILNHoD
Ca? MADHZENL/PENCX 12&5 Ca BEEDZBNEKREW EWSERICEDE, PRLFY
o ZRRFIBEEDRKEEILEHRAT 5 EMNTE = (Fig. 5-3-1),

PETY R BT IR
e BHZARG BT RIS

B L&cax

$F
g
8
>

f2 Na*/Ca?* 5 """ Steteennn.,
B w12/ WE
4y (Caxki) =

k e—FHEuERKH— &
1B i /N A B R 5

Fig. 5-3-1. REIEMEL o BRERBICEOREEEORELE
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FOoE WRKRIIADEHD o ZERRIBGEH

AIEIZEWT, EBEMAFHREFEANEL F/MaAEELSLVDHIFE L B Ca¥FrRIL
Mo CaRADEZENT/NEINCX 124D Ca? HIEDEENIKREV EWSERICEDE. 7
FLFIY o Z2BRERRBICEDOFRELILZHRATIENTE -, £ZT COERIARERD
ZALIZHEWTERYILDER| TH A M ERETT B8, streptozotocin (STZ)FEFEFERIR < 7 R FH
D BEEBINEHEL o SBARRIBISEIZDOVTRETLT-,

F-.STZ FEERRIIVADHOBEEBIERBICEAL T EFLDFENERD—DELT
FESNTUVSILREEEET LS AN L D DOMIEZEIES SR O ATP {KFMH Ca¥ 7R T
(SERCA)ITEB L. iR REEEN SIS SN SMF I DV TREI LT,

B8 HERBIVADEGHOREINGEHE
6-1-1 M¥EE. AEOLLE

Streptozotocin (STZ)RE XV RIXIEE TV RIZLERTHEERBE, EBFELICHEEICIMEE
MLEFLTULV=(Table 6-1-1), LT, STZ REXIREHERBIIRAEMESR, HERIFE I ADIK
BEOLEESXEETIRICEERTETLTL=(Table 6-1-1), DMEES//AEZD LLIXHERKF Y
) AMDF HMHERL TLV=(Table 6-1-1),

6-1-2 WUHE . UUHERERE ., AthiREFRE 0D LLBR

WERARYIVAEBADEGHOEMMEELH-YDIRMENFXEETVRICEAATEFELTL:
(Fig. 6-1-1A; Table 6-1-2), — 74 . B EEH-YDFHLBRNIIHERFBEIIVADIZSIHAKEND
f=(Table 6-1-2), #EFRIR < R BB 02 £ D YR HERF I (time to peak tension: TPT), 90%5th#& BF
fil (time to 90% relaxation: RToo)[XIEE T RIZLERTIE KR L TLV/=(Fig. 6-1-1A; Table 6-1-2),

6-1-3 Ca’'transient O HLEE
FERRT O RBEEDEHMRED Ca?' transient [XIEE < R [T T basal B EF. peak HME
. =R (1 for decay) HAEER L TL f=(Fig. 6-1-1B; Table 6-1-2),

6-1-4 EENEMOLEEK

WERBYDRAEEEIVADEFRNEMELLE T 5. BRHE YT RIZELT APDy, APDso.
APDgy MER L TUL V=, F=mx K3 H L HYRE (maximum rate of rise: \'/max)b‘\ll\éb\of:o L
L RP. OS. AMP [ZIE:ZWLMEIERDH B NG o7=(Fig. 6-1-2; Table 6-1-3),
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6-1-5 Nifedipine B2 0 LLE;

Nifedipine (1 pM)IXIEE YV RAELUVHERB YD RALEH D DIEHERILSE -, TDHE
RICIFEEIVR, HERBE TV ABTIEEWIRH SN T nifedipine (1 uM)IE, EETYVRT
73.1%£3.8% (n=10), ¥ERB IR T 69.3+£3.4% (n="7ETIHEHEZBBEE -, TEETD
ABLUVHERBTIAD TPT, RTo £ nifedipine(l pM)[ZEEE 5 Z HH o1,

6-1-6 Ryanodine HZ D LB

Ryanodine (10 nM)[ZIEEE Y I RELXVHERIFEIVALEHODIEHERIDSE =, TDHE
RIZITEWNEFERDH SN T, ryanodine (10 nM) (&, IEE IR T 34.5+4.8% (n=06). FERHEI VX
T26.6%20.8% (n=3)FTRMBEHERMBIE -, FLEETVRAELUVHERTE TV AD TPT. RTo
&B12 ryanodine (10 nM)(EXFEE 5 2R o T=,

6-1-7 CPA BN HLE

CPA (10 pM)IFEEIYIRB LUHERFETIRDEFHODIFE HERD S, £- RTy 2
REtE-. CNoDERIFIEETVRADIEINBEETH -, —A. FIEERA. TPT [CEHEE
Bz igh o f=(Fig. 6-1-3, 6-1-4),

CPA (10 uM)IZIEEEIIRE LVHERIFE Y I RADEFHD Ca’' transient 0 basal # L FSH
peak ZIE TS, SLITHERR (T for decay)ZERSE -, CNOERITIIEETIRDIFIHEE
Z Tho1=(Fig. 6-1-3, 6-1-4),

Table 6-1-1. General effects of streptozotocin treatment.

control Streptozotocin-treated
Serum glucose levels (mg/dl)
Fasted-condition 105.0+2.6 387.3 +47.2%
Non-fasted condition 135.4+8.9 774.5 £ 14.5%
Body weight (g) 442 +0.8 279 +1.2*
Heart weight (mg) 189.8 3.4 151.1 £4.1*
Heart weight /Body weight (mg/g) 43+0.1 5.5+0.4%

Values are the mean + S.E.M. of 20 animals for each experimental group. Asterisks indicate significant
difference from corresponding values in the control mice as evaluated by the student’s t-test.
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Fig. 6-1-1. Basal myocardial contraction and Ca?* transient.
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Typical traces for the contraction of ventricular tissue preparations (A) and Ca>' transient of isolated
cardiomyocytes (B) in control mice and streptozotocin-treated mice (STZ).

Table 6-1-2. Myocardial contractile and Ca?* transient parameters.

control streptozotocin-treated

Contractile force (mg/mm?) 123.0+10.9 83.1+ 6.3*

Contractile Resting tension (mg/mm?) 1272+83 139.1+15.1
parameters Time to peak tension (ms) 50.6 +0.7 56.0 +0.8*
Time to 90% relaxation (ms) 574+0.8 77.1£1.1%

. Basal (nM) 139.2+43 216.3 +4.9%

Ca’" transient
Peak (nM) 1134 +£21.2 775.2+ 10.4*
parameters

1 for decay (ms) 89.0 +3.1 145.8 £4.4*

The contractile parameters of ventricular tissue preparations and Ca" transient parameters of isolated
ventricular cardiomyocytes were compared between control mice and streptozotocin-treated mice. Values
are the mean £ S.E.M. of 20 myocardial preparations or cardiomyocytes for each experimental group.
Asterisks indicate significant difference from corresponding values in the control mice as evaluated by the

student’s t-test.
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Fig. 6-1-2. Basal myocardial action potential.

Typical traces for the action potential of ventricular tissue preparations in control mice (open circle) and
streptozotocin-treated mice (STZ; closed circle).

Table 6-1-3. Myocardial action potential parameters.

Control streptozotocin-treated

RP (mV) 720403 71.840.7

OS (mV) 249+22 21.6+£2.5
AMP (mV) 96.9+2.2 933+22
APD2o (ms) 2.5+0.1 43+0.6*
APDso (ms) 5.8+£0.3 8.7+1.0*%
APDyo (ms) 451+3.8 443+49

Vinax (V/s) 3083+ 11.4 219.5 +30.5%

Action potential parameters of ventricular myocardia from control and streptozotocin-treated mice. RP, OS,
AMP and V.« indicate resting potential, overshoot, amplitude and maximum rate of phase 0 depolarization,
respectively. APD»y, APDsy and APDyy indicate action potential duration at 20%, 50% and 90%
repolarization, respectively. Values are the mean + S.E.M. from 6 ventricular preparations. Asterisks
indicate significant difference from corresponding values in control mice as evaluated by the student’s t-
test.
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Fig. 6-1-3. The effects of cyclopiazonic acid (CPA) on the contraction and Ca?* transient.
Typical traces for the contraction of ventricular tissue preparations (A) and Ca' transient of isolated
cardiomyocytes (B) in control mice and streptozotocin-treated mice (STZ). Gray and black lines indicate
typical traces obtained before and after the addition of 10 uM cyclopiazonic acid (CPA), respectively. The
tension and Ca®" concentration were normalized to the peak values in each trace.
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Fig. 6-1-4. Summarized results for the effects of cyclopiazonic acid (CPA) on contractile and
Ca?" transient parameters.

The contractile force (A), resting tention (B), time to 90% relaxation (C), time to peak tention (D), peak
Ca?" concentration (E), basal Ca?" concentration (F), 1 for decay (G) in the control mice (open circles) and
streptozotocin-treated mice (closed circles) were obtained before and after the addition of 10 pM
cyclopiazonic acid. Symbols and vertical bars indicate the mean + S.E.M. of 6 myocardial preparations or
cardiomyocytes for each experimental group. Statistical significance was evaluated by two-way analysis of
variance followed by the Tukey's test for multiple comparisons. * P<0.05 vs before cyclopiazonic acid
application. # P<0.05 vs control mice.
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F2fi BRAEIVADLEHD o ZBERIBLE
6-2-1 WHEAITHT S o ZBEHRTHOZE

Phenylephrine (10 pM)IEFIEE YV RAE LUVHERB YTV RADEGHOUNEHZERIOSE . TDE
RIZEEIIRADIFEFS>MNEEE TH-o1=(Fig. 6-2-1), Phenylephrine (10 uM)IZ &2 LMIRHE HiE A>3
[F. E®EYVRT-54.4%+3.6% (n=6). ¥RMW Y IR T-37.3%3.1% (n=5)TH>7=

F 7= Phenylephrine (10 uM)IZKDIRMEHFBERIL. EEIVRAELUVHERKBE YV AEDIC
SEA0400 (10 uM) R L& 12 & U I # & h f= (Fig. 6-2-1) SEA0400 (10 uyM)FFE T TD
phenylephrine (10 uM)IZ KA N ER(E, EE TV R T-6.8+1.8% (n=5). RHTVR
T-12.8+3.9% (n=7)ThHo1=,

6-2-2 UUEAHIHT S SEA0400 DFE

SEA0400 (10 pM)IFIEEE Y IRABLVHERBE IV RADEFHOIWNBHEERSE ., TOERAT
EEIIADIFSHIEE ThHo1=(Fig. 6-2-2), SEA0400 (10 uM)IZLZ IR WIERE(L, EE
YR T71.0£19.5% (n=5). PERIKHTI R T 24.1£7.8% (n = 5)TH 7=,

A phenylephrine (10 uM)

o

control STZ

PE  SEAO400+PE PE  SEA0400+PE

¢
S L]
o 7 -104
E& t
£ 9 -207 +
83
%,.E -304
ko)
g g -40- 1
T .50- .
e — P<0.05 vs control
-60- t P<0.05 vs PE

Fig. 6-2-1. Negative inotropy produced by phenylephrine.

A: Typical traces for the negative inotropy produced by 10 uM phenylephrine in the control and
streptozotocin-treated (STZ) mice.

B: Summarized results for the negative inotropy produced by 10 pM phenylephrine (PE) in the absence
and presence of 10 uM SEA0400 in the control mice (open columns) and streptozotocin-treated mice
(closed columns). Columns and vertical bars are the mean + S.E.M. from 4 to 6 ventricular preparations.
Asterisks and daggers indicated significant difference from corresponding values in the control and in the
phenylephrine (PE), respectively, as evaluated by the student’s t-test.
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Fig. 6-2-2. Positive inotropy produced by SEA0400.

A: Typical traces for the positive inotropy produced by 10 pM SEA0400 in the control and streptozotocin-
treated (STZ) mice.

B: Summarized results for the positive inotropy produced by 10 uM SEA0400 in the control mice (open
column) and streptozotocin-treated mice (closed column). Columns and vertical bars are the mean + S.E.M.

from 4 to 6 ventricular preparations. Asterisks indicated significant difference from corresponding values
in the control mice as evaluated by the student’s t-test.
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3 WRF TV RDERICHT S SERCA FHLEEOLE

F 1 HDHERID. STZ FHRERRIVADHTIEL, SERCA HEEDIE TIZLY | TERIERERE
ENBIEFRIINTVEIENHALI STz, REICEFNLIRI I/ —IILZBATHD
ellagic acid LCEZEDHME 7S THS gingerol [, A XILFHD SR RV JLEAWNHREHZKY
SERCA ;EHLEREE T B LN HE SN TLVS(Antipenko et al., 1999), ZH 50 SERCA &1
{EZE(d. SERCA HERECHLRIEREIEE OBEM LRI 5O DFRALY—ILTHALREFIZ,
SERCA SEMHLRMLIREAEIEE DRARERMELGINMRE T HIENTES, TIT.STZ 5
FREFRR I AIDFIZxT S ellagic acid KU gingerol DEELEIZDNTHRETLT=,

6-3-1 ARHEH . YNHERsHE ., HEREFREITH TS ellagic acid H KU gingerol DEE

Ellagic acid (10 uM)E & U gingerol (10 pM)IE EB B LUVHERB IV RDEFHD RTo THE
(RSt . TOERIIRERBYIRATEE TH . — A IRHMEH . FRLLEED . TPT ICIEFE
x5 ZEhvof=(Fig. 6-3-1, 6-3-2, 6-3-3, 6-3-4), F 1= Ellagic acid (10 uM)FE KU gingerol (10 uM)
[2&5 RTo DiEMEIL CPA (10 uM)BTILE |2 &Y HNF| S f=(Fig. 6-3-5),

6-3-2 Ca'transient [Z¥13 % ellagic acid KU gingerol DFE

Ellagic acid (10 uM)&B XU gingerol (10 uM)IE, EE S LUHERB I R EHOEHMABD
Ca?" transient 0) basal #{E FL . HERFHZEBIE -, TOERIIHERFBT I IRATHEEH 1=,
— 7. peak IZIXEEE 5 X 1o 1=(Fig. 6-3-1, 6-3-2, 6-3-3, 6-3-4),
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Fig. 6-3-1. The effects of ellagic acid on the contraction and Ca?* transient.

Typical traces for the contraction of ventricular tissue preparations (A) and Ca' transient of isolated
cardiomyocytes (B) in control mice and streptozotocin-treated mice (STZ). Gray and black lines indicate
typical traces obtained before and after the addition of 10 pM ellagic acid (EA), respectively. The tension
and Ca?" concentration were normalized to the peak values in each trace.
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Fig. 6-3-2. Summarized results for the effects of ellagic acid (EA) on contractile and CaZ?"
transient parameters.

The contractile force (A), resting tention (B), time to 90% relaxation (C), time to peak tention (D), peak
Ca?" concentration (E), basal Ca?" concentration (F), t for decay (G) in the control mice (open circles) and
streptozotocin-treated mice (closed circles) were obtained before and after the addition of 10 uM ellagic
acid. Symbols and vertical bars indicate the mean + S.E.M. of 6 myocardial preparations or cardiomyocytes
for each experimental group. Statistical significance was evaluated by two-way analysis of variance
followed by the Tukey's test for multiple comparisons. * P<0.05 vs before ellagic acid application. # P<0.05
vs control mice.
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Fig. 6-3-3. The effects of gingerol on the contraction and Ca®* transient.

Typical traces for the contraction of ventricular tissue preparations (A) and Ca' transient of isolated
cardiomyocytes (B) in control mice and streptozotocin-treated mice (STZ). Gray and black lines indicate
typical traces obtained before and after the addition of 10 uM gingerol, respectively. The tension and Ca**
concentration were normalized to the peak values in each trace.
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Fig. 6-3-4. Summarized results for the effects of gingerol on contractile and Ca?* transient
parameters.

The contractile force (A), resting tention (B), time to 90% relaxation (C), time to peak tention (D), peak
Ca?" concentration (E), basal Ca?" concentration (F), 1 for decay (G) in the control mice (open circles) and
streptozotocin-treated mice (closed circles) were obtained before and after the addition of 10 uM gingerol.
Symbols and vertical bars indicate the mean = S.E.M. of 6 myocardial preparations or cardiomyocytes for
each experimental group. Statistical significance was evaluated by two-way analysis of variance followed
by the Tukey's test for multiple comparisons. * P<0.05 vs before gingerol application. # P<0.05 vs control
mice.
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Fig. 6-3-5. Summarized results for the effects of ellagic acid (EA; A) and gingerol (B) on the
time to 90% relaxation.

The time to 90% relaxation in the control mice (open circles) and streptozotocin-treated mice (closed

circles) were obtained before and after the addition of 10 pM ellagic acid (A) and 10uM gingerol (B).

Symbols and vertical bars indicate the mean = S.E.M. of 6 myocardial preparations or cardiomyocytes for

each experimental group. Statistical significance was evaluated by two-way analysis of variance followed

by the Tukey's test for multiple comparisons.
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Faf BE
BERB I RADEHOREINGE#E

Streptozotocin (STZ)IXHE D—FET#H S streptomyces achromogenes [ZHET HHEMED 1
DT ESVTILNCRE B HIBDE S UXILAFREREETIEDILICKYRENDIE
AIHAYIZ B MERRERRIR T 5. P MR BIRSN D LICKY ARV BEIME T I 5720, &
<M alloxan EEBIZHERBET LMD ERIZALSNTLVS(Junod et al., 1969;Anderson et
al., 1974;Rossini et al., 1977), S EIALf= STZ D IEERNTE 52 (200 mg/kg)lE 1 week T 9 E|D B
HMRERIRT DEETHY. 3 week [ZIF ddY BRIV RATIEEREFMAEEA 800 mg/dl R (Z7R
BEDEE A B (Hayashi et al., 2006), IEFEYIRE STZ IHREYHORDMBEEELELI-EZS
STZ {5 IXTIEIEREF. FFHRBRFLLICHERICIMBEEA LF L TL = (Table 6-1-1), Fi=.
STZ H#EYIVADKREIL. EETIVRICLRTEEIZEETHof=(Table 6-1-1) 1R 5
MARLGETHRMBELLGLE, RENEML, ZEEEFRNELS, REEMFRILELDE
MR OKD EMEATBITL, R~ LS SO MR TBKIKREEIZLR S, CHAHER
RIIVADBBEPEDREEEZONDS, STZERE LAY RYVATIEIIHEEBRDE(E
2 5. BRKE(E 7~8 5. FRE (L 10~12 FI2H 5 LD R E HVd H(Hayashi et al., 2006), HERKE
ADDBEEFEEYVRICUERTEETH =N BRHBETIADLDEEMHRELIZEEY
DALY EFLTLV=(Table 6-1-1), IDMED KESIFARDKESICHHIT H-OEERBIIAD
DREENBODRIARERBLVICLDILEDEEZONSGN . KEIZHTILEEDEEAEMN S
FCEMBEETIVRLVEDENIERL TS EEZOND, BRAFEICES THLERDAHN=X
LIZDOVWTIFH/PNLEEEFECL=V-ToXF T ROTE, AR OAVR) URBE
Al F-1(insulin-like growth factor-1: IGF-1)% & D MRRIETER FHBE S L TS EEZ BN TLNS,
FoXATUoLUMIRIDHHERIEICERET S AT RBRRICHKE T HILICKY., HlREICH LK
A1) /S—+ C(phospholipase C: PLOZEM L. TNIZKYS T LT EO— )L
(diacylglycerol: DAG)D EH FTHEAFEZY . TATA 2 FF—+ C (protein kinase C: PKC)Z &4
£9 %, PKC D TFFRICIE MAPK 73 —ZIELHET AMAaEBICEEZLMRAS T F) Y
ART—REDFEEL. TNONRRICYVEIESNDZEICKY  DHHIEOBRAFEFHEIND
(Tsutsui et al., 2007), IGF-1 [FAVRYVIZERICL-BEZLDEERF T EKRILEY
(growth hormone: GH)IZ &Y FFfg ottt DA TEH SN D, IGF-1 [EFAL U FF—ER 1 B IGF
ZRKICHEE T HEITKYIDBREZFRT DEMESN TL S (Catalucci et al., 2007), FEIFS
NIFERITE STZ FRMUBERRETILORZLOMELEBRL TV, LIz > T ERLIZET
IWIEHERFEDHEEZECTODAREMDH S STZ FHRUMRKFETILIIREEZSHLE
nTED,

WERBR TV AL DBEIEHIEE o SBARRBICEDBEMRICOVNTRETT 50, F7 .
FERBI DAL OEARMEE DR ET o1, HERBEID ADUNHE 5. Ca?* transient D
amplitude M IEE T R IZLER{E A >7=(Fig. 6-1-1; Table 6-1-2), CDERXELTL & Ca¥ Fr 3
ILINSD Ca> FRADFA . #7/Ma K (sarcoplasmic reticulum: SR)MSD Ca2 IHDIETHAEZ
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5D, FERFYIATIE L B Ca2*Fr2R)L. ryanodine ZEAEE KU SERCA DEV/NIEDIE
T EHETGEN D FEMENTFIERCLIYMESN T S(Lu et al,, 2007;Suarez et al., 2008).
ARETEH. ZNTNOBETEZAVTEEZMNICHALIZ L B Ca¥ FrR)LERE
nifedipine, SR @ Ca> B FvRILIEEZE ryanodine. SR M ATP {K7EME Ca?ROTHAEE
cyclopyazonic acid (CPA)DURHE NI T HREZMHEZERETLTI-&£T A, nifedipine. ryanodine D
SZHICEEVER oG of=HY, CPA DRBRZHIEERBEIVADIEINEETIRITLEAE
Mo71=(Fig. 6-1-3, 6-1-4), ZDFER XY, #ERFE YV RADEITIEL, SERCA #EEDETHARESN
f=o SERCA (&, SR [BE EIZZHFET HHIEAD Ca> ZREBIMICIYATEBEELTLVD /X
DET DO EREGINEMES T TE, BBEREHEOEEOCREL L. REKOERL
FEAETHEEZLN TS (Frank et al., 2003), EFOEJLEYMNEE TIRDHOMEERFIZH &
Z 70%. X I RARTYMIESTIE 90%EDHIIEA Ca>*HY SERCA (&Y SR RIZERYIAEFNSDS
EXO(Suetal., 2003), BAEAEET BIZDN T SERCA DRV /NIE(FIEMLTLE, Bk~
AL TIEFEFRIDRLEHD 2.5~3 {560 SERCA FU/NINFKEL TSI EMNTHESN
TULV5(Liu et al., 2002), SERCA #EEE TIZKY. SR IZERYAEND Ca¥* EMNEADTHIET.,
CICR IR TES Ca? ENRA T 1= BERFE YV RAIDH TIHUFE N AETLTLND DT
LEZLND,

Fo. RRIEERD=DICHELFILE AL BRETIADIFZSHHTMIZEAL-TLY
f=(Table 6-1-2), CALI. HABEAID basal Ca’ iRED LRIZHFHBLTEZTLSDZEEZLND
(Fig. 6-1-1B; Table 6-1-2), Z41H SERCA |2k Ca? BRYAABEIE T AEHI-6LTNSEEZZ LN
BhH, Na'/Ca" exchanger(NCX)., fifEIE LD Ca2 RO TDEMEREV/N\IEDFED . LRI T
D SR MDD Ca¥'TNGEL ., BRROUDFDREER CaBBESIETRIL TV SEREFSN T
%(Golfman et al., 1998;Suarez et al., 2008;Hattori et al., 2000;Satoh, 2003;Stelen et al., 2009),

HERBODAHTIEIZOEESIC ATP ZRELTHEEBOBENETLTEY.,. 2OV EDIC
Na',K'-ATPase '35, Na",K'-ATPase [& ATP ZMKDEL. ZDILFEMHIRILF—%FE->T3
EDHEA Na*L2EDHAEN KERIRT D, COMBITT TR RLEEDRDEIEARIZLYE
BEMICPEEINDZENNSONTIVD, 20 Na' K'-ATPase DHLRENVE T 51-O LN Na'ig
ENLERL NCX O Ca*#HEE—FDEEMNRBIVIKKAEEIEE LN TINS, £z, Nat K-
ATPase DHEREIE TIZLY Na*,H*-exchanger (NHE)E 8842 (+52 412455, NHE (X Na' D2
EAREFIAL. 1ED Na ZHERNRASE. 1ED HEMlan~#E I 5—AmICLHE
MENRSURAR—E—THY . RO RBI-EYAEL HEHMSNRAHITETHARN
D pH ZHIEIL TNDEEZ BN TLVS, Na' K-ATPase HEEEE TIZKYHIIEA NatA ERLZD
NHE ABREILIZ<K72 5 EHlifaR pH AMETL, fERELTUEESV /N BED Ca? BRZMHIETEE
=9 . COKILEELRERRIVALFHOIRMENETICSERALTLSDTIEELMNEEZLN
%,

HEPRA T 7 ADILEFHHEBAIZEARTIE, 90%3th#EFFH(time to 90% relaxation: RTo) BN IEE ™
AIZEERFER L TLV=(Fig. 6-1-1A; Table 6-1-2), ZALIE. in vivo TO E ZEBRH 43 [E(ejection
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fraction) AME FLTLSELVIEREEE—LTHY. invitro IZE LN THHERR DA D YL 5RA BERE
BEEHER T HENTE=(Yuetal, 2007), cODHERFY 7 RILETD RTo DIERIE. #IAZA Ca>*
BHEOEENSHRATLHIIENTE, BRBEIVAD Ca2' transient DFZEHFMNIEE TV RIZ
EERTIERELTWAZEIZEEAL TS EE Z 5N A(Fig. 6-1-1B; Table 6-1-2), @ Ca?' transient
DPEB LU RTM, EETIR, FERFE YT AEBIZ, SERCA HEZ cyclopyazonic acid(CPA)
[Z&YERLI-CEMS(Fig. 6-1-3, 6-1-4), SERCA BEEN TV RILDEFH O iR AL CE B RS
ERELTEY. FHRRBE IV RADHDMBEKEEEE A SERCA HEEETICLYRBATESS
EMTRIEENS, —7 . SERCA DEVNIFHEBREDETIE 34%RETHAIZLANHLT . SR
D Ca? BRYAHREDS 60~70%IE T I HELIEREFEHH Y (Satoh et al,, 2001). SERCA BIERDZ
NIEDETREITTEL SERCA DHIEHEEOELELMEREEIETEL0TDIEEEZILN
%(Schwinger et al., 1995;Schmidt et al., 1999), EF#IZ SERCA #EEZHIHIMIICHIBEL TLNS
phospholamban MFEIRL N JILHNFERKRDHBHICENTERL TSI EMNFRE SN TLVSH(Zhong et
al., 2001;Wang et al., 2010), HERZN Ca>* DEREIELL T, SERCA DIFAIZ Na'/Ca? R Htk1E
(Na*/Ca?" exchanger: NCX)D&H [T 5B H, NCX DIFEEZHZHNHI (X Ca2* transient DJFHTER
EIZI3F2E% 5 2 9 (Tanaka et al., 2005;Namekata et al., 2008a), F£f= NCX &/ Vo7 IkLT=<
AD Ca’ transient DFERELFER LR TEVDAONGVNIENRESN TSI END
(Reuter et al., 2002;Reuter et al., 2003), NCX [LIEFEHZ YD A®D Ca?t transient DFEIZIEIFEA
EEEBFZBEZTVVEWIENRESND,

AR CTEBFICHREILIZET A, ryanodine ZRADFEIZILENEIAGNEN>T-ED
D . ryanodine ZRARD HIEHEICEZ LN A LN D EMNTHREIN TLVS(Belke et al., 2004;Yaras
et al., 2005), U7 /U ZBIKIE FKBP12.6 £V /(2K YRFEILSN TEH Y HNHI A 1
SN TLVD, FKBP12.6 [ Ca?' 2R HEMHIL R M EFIH ST HETF Y RILDFEREETSES
S&FrrILERBFCHFSE T EERAE T CEEVWSEELGHAEEEZH D, FKBPI2.6 AV
WMEREFYRIVERALDDICKEAELHIENFREIN RSO HEZMBESE LI EN
RECHDHEEZONTND, ERFHDTIEIT/OUZBIRD serine2809 HV@!) U EEILIRREIC
B2 THY.FKBP12.6 ZHESE TV, TR, Ca? BEZMUMNBIMICERL. FrRILAD
Ca MNP <G5, o T B L DB OMEFFOERICIIV T/ OUZEERDOKEER
ELEELTWSEEZALND MICEH SR WD Ca'#EESEBHRLTH D calsequestrin(CSQ)+°
ryanodine &AL CSQ DHEERZEHIET 522 /3 TH 5 junctin A° triadin DHEEEERFEEE
FRLTWWADTIFELMNEEZONTINS,

fth (= HEFR R0 D UHE S DR T OUREMEREDERICIFIINE IV N VEDEENEZS
NTWB, —DBEFEIFLUDTAVITH—LDERTHD SA VR FIL 2 EXRNSREY ., 7A
VIF—LELT a. BB D. an A VI ZAT PP HY V3 BT T ATPase ;FMENRGSH, ERIDT
[ ATPase SEMEDELY VI FATHFEALETHAHAS, BERFD TIE ATPase FHEDELY V3 54
TWEIZKBLTEYTIF -S4 OEEE A (cross-bridge cycling rate) hMEL ., UR#E5hHEE HE
ROBREGHIENBESNTINS, Z2DEFFARZV DT AV ITA—LDEILTH D, FOAKR
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ZUIZIE@OC MMERTHIOR=Y C. QFARIA LU EEELTWAIER=Y T.QF7 I F>
LIV DHBEEAEIFEILTOSRAR=V 10 3 OMEEL., BERFOTIERAR=ZV T
DEENHFEIN TS, FAR=ZU T DT AV I+—LIE T HSESFED T, W T3 [THITL
TWAESNTHEY, FAR=ZY T [FEBDICERTRIVBIESh TWSAERESNTINVS, Ch
SHUMER D Ca* BRZEDETICEAELTEYVIBHDORADESIEEILTLSD TR
WhEEBZLN TS, - BRRTELFHHERZEDLDMIELGDEDHELH D, FHHIE
EMBECEYIAZT—T UEENREILESNEEL . O ES (stiffness) AE KL, FHAGEELIZLL
155EV53 D THH(Malhotra and Sanghi, 1997),

# 5: STZ ZRBERBEIIRADEG TIE. SERCA HEEET D=0, IUE . ShiEf e
TLTEY. IhEEEEEEFS ISRl TS,

BERBEIIRDEFHOD o REARRBICE
FEPRRIREED DA TIE, PR REEE N IEE SN ST T B EMHEXERICLEE

BRIFFTIENBESN TS, FERFESVMDEHTIE. Bl o LBRERD IV NIRRT EDF L
(Dincer et al., 2001). B BEARHIZR T 5L RS SVBEMZE 1 RIGD S (Dincer et
al., 1998;Kamata et al., 1997;Kamata et al., 2006), F£1= o SERERRKIZF T 5EHE HRISDIE
KEHESN TLVA(Kamata et al., 1997;Kamata et al., 2006), LT=D>T, AT THEHALTLS
STZ FRMBERB/IVADERITEVTE o SERRBEEICEENTTUVSAIEEELH D,
ZIT HERRIVADEFHD o REREFRIBIEEIZDOVTRE Lz, o BEARRIBICE>TESE
D ERFBROHELICIEEE ARIENESNTA, ZOEREIIHERBOHDA NNz
(Fig. 6-2-1), FEMEZE D RIGHA NCX EMHILZEN LIz Ca¥ BEBREICKYBIERISINDIEMD
EABHE. BERBDHTIEINCX O Ca> HEHBBEMNMETLTWS 0= EEZ N5, TITIE
EHBIUHERBDHD NCX DEFSEHARDH.PKC #NMLT NCX #EHILSES PMA &
NCX PAEZ SEA0400 ZRELI=ECA, HERFDH TORZMEFEE DEHICLHAETLTL
f=(Fig. 6-2-2), LT=hS2> T, #ERFBE I RILEF TIENCX D Ca2 HEHBREMNME T L TULVS I EAVR
I, FRFTYMDEHTD NCX DAV IENFEPLTOSHRELFELLEVER ST
(Hattori et al., 2000), #ERFBE I RIDFFIZHE VT NCX O Ca> HEHHREMNMENER EL T, 3R
ENTLVS NCX OFEBREQETITNR EBEMFREFOERSE, BEIEMHIED SR &
EHORLELEZOND, EBBMEFLELECA ERF DG TIE. EBOHICHREETHE
PEERRINER L TLS I ENEBEE SN =(Fig. 6-1-2; Table 6-1-3), BIE THB =AY, NCX
FEEMOEEEZZT. ZOREGAMEZTOEFGESHNEILL. FHEMBFHEHFRNENIEE
NCX @ Ca> i E—RFAMBE 0T LI EMNFRE SN TULVS(Bers, 2002), LI=A> T, #ERHBE Y™
AL T EFHEMFHRERNAERLTVAZHIZNCX O Ca> HiH#EEMNMETL., o BR
AR T HEMENRENBBLTNDEEZOND, FI-RIRD &SI, FERF IV R
A TIE. SERCA HEREER TIZKY. SR D Ca> MEHHEEANETL TS, LIz > T BEEAEF
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R DERICINAZ T, SR D Ca HHEEAE T I HET.NCX D Ca> B AEAMETL
TWBEEZBND,

HEaR6: STZEFERMBRH/IIALEH TIL, FEBREHRFDIERE SR D Ca? BHBEEDE
TISEY NCX Zr LI=HRBa ~ D Ca? BEHANBA L TEY . ChAEET o ZEER]
B9 HIEMEHRIENAHIEL TS,

BRI RDERF <MY D SERCA FEHALROHE

%1 HDERNS. STZ FHMERBE TV AIDE TIX. SERCA HEEDETIZKY . HERERERE
ENBIEEIEINTVSIEN AL T, REICEFNS T/ —ILREAD THS ellagic
acid PEZDMHER P THS gingerol £, A XILFFD SR XY )L%EFL=#RETIZEKY SERCA
EHEERERTAIE. ENTND ECso A 4 pM. 3 uM THAHCENBESN TS
(Antipenko et al., 1999;Kobayashi et al., 1987;Kobayashi et al., 1988;Berrebi - Bertrand
et al., 1997;Coll et al., 1999), Ch >0 SERCA EMEILZE(E. SERCA #EELILIRMEAEIEE O
BEMEREA T 2-ODFEALY—ILTHAEREFFIZ, SERCA FHLRENILRMERES DA
BREBRGELDIMETTHIENTESD, TIT, STZ FHRMERKTIIVRDLEHITHT S ellagic
acid KU gingerol DFLE(ZDLNTHETLT=, Ellagic acid D {ER#EF (X, phospholamban [Z&k5
SERCA I DEBRTHHERBINTLNSH (Berrebi - Bertrand et al., 1997). 10 iR IR HEt
BEO CaX'BIRE~N DR MEERIZ DOV TIEEESN TLVELY, Gingerol [& SERCA 2/ \VZ BT
HESEDHIEN., B DI ORI LHEFE SN TLVS(Kobayashi et al., 1987), Gingerol &
EILEBYMLE(Kobayashi et al., 1988)%°EMIEFH (Maier et al., 2000)[ZFH ULV T, #HZE L+
A oM Ca?*-ATPase. phosphodiesterase &M SA UMD Ca> BRZHEICITEEEZEAT .
UR#E i KR O EE R EERZE R T CENTRESN TS, KFFE TIE. ellagic acid(Fig.
6-3-1A, 6-3-2A, B). gingerol(Fig. 6-3-3A, 6-3-4A, B)EHIZR I RAIDEF DB HIZITHEEX 5%
BWIEERERLIz, CNILEBLD SERCA [EMEIEESE Ca®' transient D peak [TEEZHZ TLY
HULMEREDLF B LAV (Fig. 6-3-1B, 6-3-2E, 6-3-3B, 6-3-4E),

F 1= ellagic acid(Fig. 6-3-1, 6-3-2C, G). gingerol(Fig. 6-3-3, 6-3-4C, G)& (2L Eh D athF2HERE
Ca*" transient D BEFFEZEMESE . TOMEFMEITG T HERIE CPA IZKYTELITIFIEN
f=C &M, ellagic acid & gingerol [FHEMZ SERCA [CEAAL TS ZEMTREEIN S (Fig. 6-3-5)
F-ME DMERFFRH . Ca’'transient DHAERFEDEMHEIER (L. BRBIIVRADIZOINEETY
RITHARFETHAHIEMND, STZ NEICKDHILREAEES FEEFRZT SERCA H#AEE ML
[CEYHREBEBTEDHIENTEIND, CNIE STZ FHRERFIVRITDHE SERCA2a 2/3Y
FEGTFHABRAEMERAVTERIESILT DHOMMBEEEENHET HLEVSHELE—
9 %(Suarez et al., 2008;Trost et al., 2002), SR HEEEFEE > SERCA LN JLDE T ILHERARMED
BIER T TR BN O HECHEREDHE. EXELHEICIIRBADOLTEIKE
(Schotten et al., 1999;Haghighi et al., 2004)%>, Z & Fi(Jiao et al., 2012) THETRIND,
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#5307 STZ FXRBREBEITIADER TIE. SERCA SEMHILZE IXiEMEe AR AL . TLEMEE
BEEXRETD

AETIH.STZ FEERBIVALEFORERNGEHESSVOEREZMMEEITDOVTROR
MEAS M ELE Tz,

MERFE I RAIDEFH TIE. SERCA HEETICEY ., HREAEREEZSIEEIL TV SA,
SERCA JEMILEICKIYHETEAHAREMNREEINT -, T BMRBIYVRALEHTE. o 2B
ARIBEEIZHTIEEENRENBEIE LTSS, RERBOREFICEYREINZ“EE
B FEEFEN RS H/DEAKENFODEHIEE . L B Ca FrRILHoD Ca2iRADEKE
[F/NSKNCX [2&D CaHEHDZBNTIKELV EWSERIICKY, PRUF UL o ZRIKRRIEE
EDRERBEHEDOETILLHAT HENTE -, COERIS ., BRFDHEZERT EL. “FBRS
MEILERZABDIELTED, ERIC. WO DAUNIBEICEALTILRERICHRAR NS
IRBEOHEF/NI—2(ZEILTHENFSNTLVS(Liu et al., 2002;Bers et al., 2006;Cribbs, 2010),
LAl BEULHEHAE ORIBUIS B CRL TERAMGERRRZIL T, TNERIEL TLHHIKIF
EAEE AARDFHEE A D, “BMRISHELEVIIRAAZTEHL DD, FrAREIZHE
LTLERDERMNEZEFTHTITEDIOMRETLTLET LY,
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ET1E L

ABEICEY IVRDEHOEEEHBORELL. o RBEERREICHTHEEEN RIS
D, o RBRRBICEDSBENGIEEANEIELSER. ELTRRBAIVALDEHD o ZE
ARRIBEE CMBRBREEZIC OV TROAME A FONT-,

iR

fEam 2

iR 3:

#EiR 4

fEW S

#5ER o:

iEwm 7:

ROADEFHIEFEITHEOEEIERIBICH TS Ca¥BEBHEN . L & CaFyRiL
RIFEMND SRIRFEALELZILT D, BICHREHASSHEFL. 1 B 5 2 Bim(h
(FTTEFICEIELTEY., ChIZK, FBEAEFRFRRIOERE. T E-SR EEOHE
AERT S

o BERRIHEICH T HEMENRIGE L E Ca? Frr)LENLi-Miasnmnom Ca2'ii
ABKIZLYSIERISND,

FEITHSEBBAFRFEOEREIBADEBR)ICEY . DEIRTESND L B Ca?*
FrRILDFEMETL. o ZERRBICLLFBEMFGREEOERERAMNNGIE
nd, INHRET o ZEKFBICKT BEEARENRZET 5.

FE(CHEDEBBAFFGRFHEIDIENEE SR HAEDIBKRIZKY, NCX Z9rL1= Ca? HEH
MEKRT D, CNWRET o FRARIBISH T DML ARIEHIERT S,

STZ FHEMERRTVRADEFTIL. SERCA HEEET D=6, INHE 1. thiRfEEME
TLTHY, fhskHEaEEEE5IESEIL TV S,

MERIF YO ADFHTIE, FREMFRREOERSE SR O Ca? MHEEEDETIZELY
NCX ZN LI=#ifs~ D Ca> BEH AR AL TEY . T RET o REARRIHIZH S
BIEMENRIEMNBIEL TS,

STZ FHFHFERF I RDERTIE, SERCA JEMHLZEIothiRMEET(REL | TEIRIEERE
[EEEZHEITD
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I VRADERIRFEDTRLFY o RERAFIHISEIZIEISE. BHED 2 DOEAHFEL. T
DNFURIZKYEERDRIEDAREERESAREDZENHIBALI, Gtk EHEER S EES
L & Ca?" FrRILE LY Na/Ca? SIEB DB EEZTIREL TLVDDIEINSDHRITE TIFAL,
SEEBNELORR EH/MEFEREE VS BEIEHBOERNFHETH o -, Thbhb, “FHEL
BamREAE H/MRABENTLDAIEE . L B Ca FrRILNED Ca RADKEIL/I
SUNCX [2&D Ca HEE DR BNIREVV EWSERICEDE, FRLFUY o SREFIEIGE
DFEFALEMERBEFDEALZH—HIERAT 5 ENTE 2, CORILRIBEE BB
BEOEEEIBMEMTERON.L B Ca¥FrRIUKBERTHIEN DU X, EILEYME
ETIE o ZRRRBICHLTHEEEAREERTH. SR KERDS YA YIOXTIEENEL
—iB%, FRNTREEENRGERT CENMRESNTEY . BEITEVWTELEIOZEBIAKY L
DHBEMEN B D, CDKIITRIBEE LB UNEEAE DR IEM (LR ZFEFE . RELEYELGE
FHBATRETIENTE DFHIEORIHICE L REIERECEEM (T THRIAT HILITE
Y RRARIDHSRER I — TR TESEE RS,
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ESE B
AKAEDZFTIZHI=Y. CHEE, CHEZBYELEERRKEEZHEREYZFHE BhAL
BRI DB DEERT ALK RIBBY T EICEIEETESEL-ITAHAKBILERIC

RBEHBLES

SEA0400 ZIRM<FZSWVEL ., RKEREMASHLGLOVITAZRCZHE MBEENEIRIC
E{RHDEZERLET,

T BAOHBMELHAMDEEZREELLRARFEYFEZDERISRBRHBLET

ERk265F 1 A10H
EYPHE BOILEE
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