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SIEFTHRMT 7/ L 2 OFREER FASORFERFRIBE. FH
. FERGF10A8

Chen, M., Hashizume, H. & Abiko, Y.: Protective effects of B-
adrenoceptor antagonists on Ca2+-overioad induced by lyso-
phosphatidyicholine in isolated rat cardiomyocytes. 458

FEEZFLEER. iR, FRE6F108

BE RBE. KR A TRTF S ENVE FEBOEHBEAILY
DABRICHTAYY T+ XT7FINaY vOEEBLPHIC & BIEMH
FA5 M AAERE LI IS, Hiah, FXE6E108

Hoque, N., Hoque, AN.E., Hashizume H. & Abiko, Y.: Effect of
dilazep and d-propranolol on cell-shape change and NEFA
accumulation induced by HpO in isolated rat cardiac myocytes.

FASMBFFEFILRR, FEH. EHOEI0R

Hoque, AN.E., Hoque, N., Bl #F. BFF {&: Dilazepd-
propranololFU 7+ X7 7FUIaY (LB S5y bOEOI bV



FUZHRREREZERT S PBISEEFEREQIRR. FRH.
FR6EFE10 8

BN 8F. B®FRF F Sy bOVBHBICEIIBAVY I+ XT7FI
AUNICEBMERAN S TLEMDA D=L HE45CAEEREFS
&, FHinH., FEMKEFE108

Hoque, AN.E., Hoque, N, B/ ®&F. ®FHF H YV IT+rRXT7F
Diay vtk B 0REERICXEY Bdilazep &d-propranolol @iFEE(ER
F67 O HAFEEZLES, T, FR64E3A
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EUBREEERATIV-STANEELD I LN M- TS, Rl - BERE
EOFREFEUEBEL IV -5V HNTHEETHE, EEMRO—HETH DSB8
KFELHICEZS L, B - BERREICLU-BER2VXEIETH, £/ A
BLKFRICL B OBHOMEDREL. Ef - BERREELZERTIENMTENTES
CBOED, COEZADNELOHBENELONDE-HIC. COXERET- I £
o« BERMELAELTIME S LTIL. lidocainex A =, Lidocaine(3ein « &
ERICEL DRERORLE ZIH T 555 p-blocking fEAB VL, Ca2+
antagonistic {FRH L LDOT, KBEREMTLPTOEEL-T. ThERWVSIL
(L7,

ERF %

5 v O EELangendorffx{ICEFR U, Pacingd 3 C &(cdk » TMEEE—EIC
L7=(300/min), 1=, BOEDERRE—E(10 ml/min)(C LTz, BEMEKEIC
& - TOBHMRICBRBENE Z > THH D ERMND B 12BHIC. (DEFFREDferryl-Mb%
REHFEERAOTUE L, BBEKFRLZERBPICANSD &, DEHDoxy-Mbhs
# U, ferryl-MbAiiin U7z, B1RIIE L ImBBI LK RO HREFHMICferryl-Mb
EEEMEPTNBEILERLTING, ZOEEHD200 - 600uMOiBEELIKFE L5
EICMbDBM(LE AREENICE I LTWA I ENIN - 2D T, EERIZIZ200,
4003 L U600uM DA LIk D BB kTR E ML=,
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FIH #5LU1iB8{bkE(H202) &ferryl myoglobin (ferryl-Mb)
EDBR, ST YRV TERS v biE, Pacing rate(3300

beats/min, EH&(Z10 ml/min,

Lo TESESEELLE-OMERLTINVS, EMD200uM, 400uM, &L TF600
WMODERLKFEEIRE LICBOE(LERL TS, BB(LKFRIIARKEHICELE
EBEEEETSE, RBEX LRSS E I 0905, 600uMDiBEE L KkFEE %
BUIEHOEL—~BE YL LTWV-OT. ROEBRHN S F600uMDiAE{LkE
(E& BB ORIGHlidocaine & > TERT S MEN &/, Lidocaine (/57 EE:
ETHHH BRI - FERFICRETIFRERCBHNTHELNBHHENTEY.
BRERBICH RO OEREBCAWLSNTINS, T lidocaine DIF5%5AtE L (3043 A&
#:1%5). lidocaine 5 0DRKBH2HNO52F T(DF Y34R) ML kEEREL
<o

E3X(I600uMDiBEE{LIKFEIC & B O EOHE R EEblidocaine & - TEFET S
CEZRLTIVS, A TlEH20.TE00uMD M EIkFEESHRIIRE L. KHBTKrebs-
Henseleit Bicarbonate buffer2# 5 L T 3, Zhick > THEBILKEIOEO®Z
HAEBICEAGMEE52 TIN5 2 ENANS(CORE LRI &SRB & < I
Tv3), BTIIKHB Oft4h Y (Clidocaine SOuM%#35 L I-BOE(LTH 3, @81t
KRILELBELCENBPEDORLHIIMFIE N, EOEHBREFOLEIMFIIh TN
%, Cldlidocaine #200uMIC LIF-EDNR TH B, Lidocaine (I RIKTFLIICBRE
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Time (min)

F3K H202(C & Bsystolic LVPDIET Lend-diastolic LVP 0 L&

% lidocainepiconcentration dependent IZH55d B,
Catalase(3H O 2 R T EMNOETDH 5,

LRFICLBOBOBBHMEELEER L THBZ NN SE, Clilidocainedfti v
[Ccatalase #1¢ 5 L 1-BDE R TH 5, CatalaseldiBMIEAFED DEEE%100%
WLTWS, Chidcatalasedt BRLKFELBLII.DTHS, ¥ Y. @BEILK
FLLBOBMEEE - UNSBRIEKRCLZ bOTHE L EEERTTHS,

RIS, BBLKFRGOCEOBBN T ERET I T CRORBTHLE
BT ONEEHNI, OHOEMBOCEOBENEHEEET 3150 THS. KBE
BHELRET S LD ->T S, BARJDHOATPELU I L7F VU VK
CP)OUHHEEOERZAE LI ERTHD, BHILKFERST 38 (lidocaine #%
5#%24) OATP U X Jb(dlidocaine(50 F 1213200 uM)REICE(L L h - 1=H%. B8
{Lk G T #2543 (ldocaine 1 5#3043) (3, BBYLKFRZEHRTIRATP
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oL el :
2 min 30 min

[[] : Control (KHB) : Lidocaine 50 uM
: Lidocaine 200 uM : Catalase
SAE  H,0, (3 B DATP &creatine phosphate (CrP)SEBZET
L. lidocaine [FH2 0. T 5 DIEREMHIT Bo

CPHELSETLTWAILEERLTINS, &I Bhtlidocained FEBIKTFRYICBEE

{LKFZEICL BATP LCP OFALEIH LTIV,

RIC, BEEKFEIC &K Bferryl-Mbd & #lidocaine A& T 3 MENEF XTI,
FOHIFDHERETH B, ORI nlidocaine(d:BEE{LIKFEIC KL B ferryl-MbAERI(C (T
REEBZLOIEND N> T, BRILKREERKICRET 5 LFentonRGICL->T
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#13% Buffer solution DhDH0, DEEICEH L(F T lidocaineDF
¥ Lidocaine(dzH, Qo DEREICFIoDEEL RIFTL TV,

Tissue MDA Level,

H,0,, Lidocaine, umol/g dry wt
Group ;121\42 WM
2.5 Min 25 Min
Normal 0 0 89+1.7* 7.8+1.4*
Control 600 0 38.6+49 24.5+2.3
Lidocaine (50 uM) 600 50 249+3.8* 18.1+3.2

Lidocaine (200 uM) 600 200 18.2+1.1* 16.7+1.5*

Values are means * SE of 7 or 8 hearts for each experiment. MDA,
malondialdehyde. For tissue MDA levels, 2.5 and 25 min refer to time
after H,0, infusion. * P < 0.05 when compared with value in control

group.

g2k Normal,control&midocaineﬁlcﬁb‘Z;.malon
dialdehyde (MDA)DILHRD L Xk, Lidocaine(zH2 0212 &

ZMDAD LR EHH L TS,
Fluorescence H20,
Mixture Intensity, Concentrartion,
% uM
H,0, (600 uM) 33.2+1.3 598.2+12.4

H,0, (600 uM) + lidocaine (200 uM) 35.4x1.1 577.8+10.4
H,0, (600 uM) + catalase (440 U/ml)  94.3+0.8" 27.4+73°

Values are means + SE of 4 samples for each experiment. Solvent of
mixture is 50 mM phosphate buffer (pH 7.0). Fluorescence intensity was
obtained 3 or 30 min after incubation at 37°C in catalase or lidocaine-
containing mixture, respectively, and fluorescence intensity of H,0,-
free buffer solution was taken as 100%. H,0, concentration was esti-
mated from value of fluorescence intensity. * P < 0.05 when comparec
with value in 600 uM H,0, group.

=SS ANEET S ENSM> TS, Ferryl-MbldFentonRIGIC & > Tk
3= EHS Mo TB DT, lidocaineldFentoton %M LBtk FEOERZR
HTBDOTRENWI ENGMND,

ZkiclidocaineiSiBM LK RICEREER TS T LIC L > TBRY LkZEOEREBHT
WBOTEAENMNEEZ, NVitoTOERE L, ZORENEIRTHS, —OR
£ (2lidocainehBRILKRLBHRETEHLEEEL TS,

Ko, BEEAENRTU-5HLEEC, EOER, HEDIEE DB/ LLE
C o TWBNENERANT, EEBMEOEEE LTROFHDOZOY S7TILFEFR
(MDA)ZRIE LT, EDERNE2RICH D, ZoRMNDBAOMELSC. BEEK
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FEOEOEE D@L %E B 2T Hlidocaine (2iBE LK ERIC L B IEE B LA HHIT
BT ENBEOMER ST,

EZ

UEnZ &mn, BRBIKZRCEMCLIBECHECLICUCREEZ OEICDE
BT ENDM oIz, EHICBEEIKECK B .0EESlidocainelCL > THhixY
BRINB3ZENDIM - T, £, lidocaine [LBBLKFENT U -5 HILICE BB
BEANFET. JU—FTAINEEOBRILESCTAEEMET S &8N
f=o LU, EDLS Lu#E Tlidocaine 3FMMFECL B IEHABLENTH T DN
REILFRBTH S,

ULtDEREFLOTHSE, EM - BERCE > TEXTEHMENEE. N
TU—STANDREEEIL, 7V—-3ADMREOKEDEREESZ L.
ZDf=éphospholipase A, DEM A, BEU VIEHEORIEEBSE, HREEEH
L. ATPPRCPUNIDFELES I L. BHNEHEETSIEELBEIONE, .
Lidocaineld 7 U —5 S IV DISHEMIL ML T LICK > T, Bl - BERRKE
ZxWFTEIELEERZON DS,

=

BEEKREOBATIV-STANLELEC., CO-HHBEOEEAMEEE S
L. DEOBEERLEE T, Lidocaine(d7 U —35 U hibic & ZEH: @8I L% 1
T3HIC, ABEKRICLDOHORREN. (KHUEELMET S,
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BREKEROHHBICEESZ B L., dilazepDFHEHKK-7259 &d-propranolol(d
BEEEKFRICLIMPPBRELEERT S

=]:g)

LROERT, BRILKRES VS Y FUTORTERL - BEREEICUBEE
BITIENHLMNIEY., B - BERAERORE Z G T SlidocainehiB Rkt
KERICLBOHOREEBRT I b > Tc, FXRRE. TOI EHOEORME
LRIV TOHHEIEDONENEENDD-HIZIT 1o, GH. XEERT(dlidocaine @
Hh (o, dilazep& ZFDFEBEHDK-7259 % AL f-, Dilazepldlidocaine LFJ#RIC.
g - BERICL SRELMHYT BHC. p-blocking fEABLEIL. EHCa2+
antagonistic fEBb LV Z &N Mo TIVE, S HIC, d-propranololz ALz, d-
propranolol{2B-blocking {EfidpropranololC X3 &F > L85t BI - B
FrREE (%t LT ldpropranclol SRIZEILAN TH S Z LB L DER DR TOEXER
md>hho T3, K-7259(ddilazep DFEJGETH 505, dilazep DL SIS
adenosineD{EM E1EHRT 5 Z L FHEBASNTIVELY,

ERAE

Ty MbOENSBONI-HIRERV-, T OHIRICH2 02 £FeS0O4 Ldiethyl-
triamino pentaacetic acid (DETAPAC) &1z, HoOohHIfIRE A2 E 9 120IC
(3. Fe+HAETH Y (Fenton's reaction), Fe2+ (39 CFedt [CRIEENB T, &
FELI-Fet DRE%B D -OICDETAPACE V=, S ICHREOARDIEEZH
5128, (OEBIRO P OMRES RO RE b AE U (BRI - FEREIC b EREIETER
DOOBRICERET B LM > TVB),

ERER

9. H20.010 FRHREIC L > T, DHHBOBENEDOL S ICE(ELT S0 %
BE(L1-, SREIZOERERERLTNS, MHRRERST L. EEOES
TH#166 % DHERT= 1TSS (rod shape) & LT iz, 2 mM Ha O B3k T (drod
shapeDEISICIIF S OREE S RIZTI L > Hfcht. H202122 mM FeSOs & AN S
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&, rod shapeDHIFEHER & & b ICFEA LTz, 2 mM DETAPAC (3Fe2* DRED &
[CANT, bbBA. DETAPACO A CIIMROFEET(LICHEES LTS L >

=0 #-T. &KMDIE2 mM Hz 0z + 2 MM FeSO4 + 2 mM DETAPAC ORET TR
BT HO CL5HMRRELREEYNEOLSCERTEINEREL, &
. HoOz I & B HIRAREE (IMPGIC L » THIRIE e, LlED T EMDS, H202 &Fe2r
557 3 AN TFRenton's reactioniNB 2 U, £DEEE & L Thydroxy radical
MTEHLEERLTINS,

B7EIE HoOp [C L ZMROTEE(LICHT IEYOMRERL TS, TORM
HAMNB LS, 30 uM dalazep(F(F & A ESHREN (. 50 uM dalazep T BL D
ShEWHIH. TONDREEFETE Gz, LML, 50 uMd-propranolol &30
uM K-7259 BEELCHIEN D Z  EnRBH oM, > T, d-propranolol &K-
7259 (L(3 HO2 [CL B HMMRDOFERERIL ZMFT SERDH S Z EDBIoMhE L -

2o UL, FDOAH=ZXALIZTIERBTH D, DilazepD{ERIdadenosine DR
RNDEY ZHEDFITEINOTHE LWV TEL, D& Ydilazep [Jadenosine
DOiEf%potentiate T LR THS LELNTE S, foUHIC, adenosine (L
ischemic preconditioning ORICEELEB2E/-L. Bl - BiERREE T &
DEEBAEINTIVE, ULHL. FEIZK-7259(C(ddilazep D & 5 Zradenosine & {ER (2
LW EEEHLI, 8-> T. K-7259 R 1M - BERRE {FA(dadenosineiEiR{E
BAOHTRENEEIONS,

F8HIE Ho OO B O RTINS EEREL TIVS EERL TS,
T, ZOMRKROEFES0 uM d-propranolol &30 uM K-7259htF & ICiE] LT
WBHZEERLTIVS, LML, 50 uM dalazepll(d HoOxiC & 5 BREABRD &R E
METBERREN o COEBREREH 0 C L 3 HMBOTREE(LOERE—HT
%,

FIRIE Ho OB S RSB R L TLWB LERLTW S, &
DERFER b REBAMISHMOES LFHRIC, 50 uM d-propranolol £30 uM K-7259
[FH O L B FRBHUS B & KA FEICHH L 7=hS, 50 uM dalazep(d H202 I &
ERBRIETMOBREENHT BERREN T
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Rod shaped cells (%)
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FO6R H202(C & B OBFHIROTERL, #itld(3MiaLEodhTon
rod-shape (}2fft®) & LU 7c#fADNEI]. @ : Krebs-Ringer
(KR) HEPES Buffer pTOB#R%ERE, A : 2 MM H0, %
& ¢, Krebs-Ringer (KR) HEPES Buffer h CO\BhHIRR % (R:E,

V¥V : 2 mM DETAPAC + 2 mM FeSo4 % & ¢ KR-HEPES buffer
TR %EFRE, O : 2 mM DETAPAC + 2 mM FeSo, + 2
mM Hz O = ST KRHEPES buffer O BHIIE 2 (RiB. ¢ : 2
mM DETAPAC + 2 mM FeSo4 + 2 mM MPG (N-(2-mercaptop
ropionyl)glycine) + 2 mM Hz O, 25 ¢ KR-HEPES buffer ti»
R ERE, * P<.05 (@I —7(Cs3LT)

Hz O THa it B O FBRaAC IR B (round BT 2 B) AY. THhiC(Esk
AFVNMETHS, o, H00C X ZHBOFEZ(L(
hydroxy radical scavengure T#% 3 MPGIC & » THIHIENh 3,
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Rod-shaped cells (%)
1 00‘] ;

90
80
707
60+
501
40+
301
20
10

0

i e— 2mMH,0,

f T .
0 10 20 30 40 50 60
Time (min)

870 H20:(c & 30 HRAOTEEE L, ftIARLAEDOTTO
rod-shape(J@ftR) %= LI-#RAOEE, O:2mMH202+2
mM DETAPAC + 2 mM FeSos % &€ KR-HEPES buffer T:0\i;
W% (RiE, @ : OTHL\/-KRHEPES Buffer + 50 uM d-
propranolol T:{OB#ER%Z(RiE. A : OTHWIKRHEPES
Buffer + 30 uM dilazep T:OEF#ER%(FRIB, ¥ : OTHWC
KR-HEPES Buffer + 50 uM dilazep T:O-E#fA%Z (%R, l : O
THf-KR-HEPES Buffer + 30 uM K-7259 T:{\BhiRIfE % (R
R, * P<.05 (O V-T2 LT)

Hz O CiaME o ffas<ifi 3 (round B 42 3) Y. D H202
2 & B H2021C & ZHFADTEREZ L (SHERB DFCREE LI d-
propranolol &K-7259 Tk i f=HL. dilazepll & > T3
fEhEho1s,
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o A Saturated NEFA at O min D buffer (n=6)

1.8 B8 buffer + H,0, (n=15)
1.6 + d-Propranolol

SO M (n=7)
+ Dilazep 50 uM (n=5)
M +K-7259 30 uM (n=9)

d_

- o

§ WO
1

\

1

ol/mg protein

£0.84

n

wnmmn,
SN\

C16:0 cis:0

B Saturated NEFA at 60 min
O buffer (n=6)
29 # #
& buffer + H,0, (n=17)
187 + d-Propranolot
SO M (n=7)

A + Dilazep 50 pM (n=5)
M + K-7259 30 yM (n=9)

N

o N

C12:0 C14:0 C C18:

o
=]

8 H202(c & 3D EFHIRR D ESFNAS AR L XUl
A: H0:#5EH, B: H0:#5605%,
2 mM DETAPAC + 2 mM FeSo, % &1 KR-HEPES buffer Ti{»
BHfR Z{RiB, *P<.05 (buffer + Ho O:B¥IC%4 L T) #P<.05
(bufferB(Zxt L T)
H Q2 (20 HERI DESFNEE AR L XL E LR EE, COLER
%*d-propranolol & K-725950%13 3,
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A Unsaturated NEFA at O min

2<
O buffer (n=6)
1.8 B8 buffer + H,0, (n=15)
1.6+

+ d-Propranoclol

SOuM (n=7)
+ Dilazep 50 pM (n=5)

M +K-7259 30 M (n=9)

Y/

2 <

ci6:1 C18:1 C18:2 C20:4
2 B Unsaturated NEFA at 60 min
1.8+ O buffer (n=6)
) B buffer + H,0, (n=17)
167 # + d-Propranolol
4 50 1M (n=7)
£1.21 + Dilazep 50 uM (n=5)
g 14 W + K-7259 30 yM (n=9)
£
0.8
£
<0.6

FOK H20: (& BB D REAFNBSAFBE L XL,
A: HO0:5@ERl, B: H.0:#5604%,
2 mM DETAPAC + 2 mM FeSo4 % & KR-HEPES buffer T
R % (RB, *P<.05 (buffer + Ho O BEC KT L T) #P<.05
(buffericxt L T)
Hz Oz (3B DAEBHBEBR L NIV E ERSE, oL
H%d-propranolol & K-7259hM%1d 3,
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BE

BROPTHRNIL S C He O QD FHIBAD T REZ round B [CE(L X €, [RAIR
D EFR L1z, HaOz(EFenton's reaction|c & - Thydroxy radicalZ4 L. Z0
FTANDREICSHDY VIEEOEE L TAREMERROEM{(LESI L. O
shphospholipase A HYER L¥0d < % Y, arachidonic acid M & S % feihEEH BERE S
53bDEEZBHNSD, phospholipase Ay, TUIighfcU VEEHOEY O EY Y
U v RgH (lysophospholipids) L K [EN2ETH Y. HREICKT T SHIEERHIE
W ENGM- TIVS, fE->T. ZDlysophospholipids AGOEFHARICER L. (OE
HMROEEEZ(LSETOSFTREENH S,

FThbhb, BMICKEEATPHET L., JEcHMRED Y v IEEOKBEENE
Y., IERFERE UV U VIEENHBRICERT 5. £7o. BERECILEEEEN
EL, INNTU=SThIEELSHE. COTY—-5THIHHRICECEERIT
FTEOSRENBEY oD, CORMBNIELOETHIE. 2Y—-5THNICLZEED
1BE{L &% T 5 E wlysophospholipids ORI T 3 WIEER LRSS TYE
QR - FERRENSOMETS ENMES T THS, d-PropranololpK-
7259 TN O DIEANDHEEEZONDN, TOFHHICOVLTRELRATH
3, k&, K-7259 LdilazepD{L#EMiE %510 RICTRT,

H2 Oz (3Fe2* DFHED S & T, (OEHFHRBOFERELZ odE NS roundBI(CELE . #
BRAICEBBRFICEHTREN OBEREER- Lz, COHRBRKREEMPG (CL->TE
HUT-o E71-. d-propranolol £K-7259  H,Ox(c &k ZMAIREE %R L 1=,
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Dilazep dihydrochloride

CH,0 OCH,
CH,0 C—0—(CH,); —N N_(cHz)J_o_?| OCH,
1
0 o]
CH,0 OCH,
2HCI-Hz0
M.W. 695.6
K-7259
CH,0 OCH,
CH,0 (CH,)— N N__(CH,), OCH,
CH,0 OCH,
2HCI
MW.617.7

510K Dilazep &K-7258 D{LFERE,

21



Lysophosphatidyicholine (LPC) (/0B D iiHiEE TRIVF—RKMEBEE L.
dilazep &d-propranoclol (ZLPCIc LB N o DEEEERT D

B8

SETORRICEL > T, B - BEAREORBORRMERLPCILH S L1V 5 1R
BEITREHBPLOTOEN DMz, LML, LPCHUEM - BERRE LR C#
KEEEEITONE SN, B - BEREEOREIL, OHEOIEREE
BELATPOFLE2EHLIRIVF—RKBBEETHS, b L. LPCHEM - FERE
EOLOSGMEESLILELTH, Bl - BERRELERT IEYELPCICLS
MEEZOERTIENTEZIDIEE 5N, CLSLEMICIIRIHICEERE

‘?-?'J T:.o

X8®H*&

RYPMWES—ITHRELZS v bODOEERL L. LangendorffxUIC#ESE L
Too £, 90 cmH20(CT10REEAER L k. working heartZTHEH L 7=,
Working heartEFR &I EOEEH12.5 cmH20 T, REIEHO0 cmH0TH S,
DEETIONER LT, EFH&(EKrebs-Henseleit buffer (KHB) TH3, = D&
H%E95% Oz + 5 % COx TRIMIL 7o

ROI2BEICH T TERBE LT, EALKLPCORER10 uM& LT, Control,
LPC 5 min g, LPC 25 ming¢. LPC (LPC 5 min + KHB 20 min)g. LPC + dilazep (5
uM)8%. LPC + dilazep (10 uM)&, LPC + dilazep (20 uM)Ef, LPC + d-propranolol
(30 uM)g%. LPC + d-propranolol (50 uM)#¢, LPC + lidocaine (30 puM)E¥, LPC+
lidocaine (100 uM)E#, LPC + bovine serum albumin (BSA) (10 uM)&Tdh 5,
Controlg i3 KHBT35 4yfélworking heart JEF %17 - 1=, freeze-clamp% L 7=,
LPC 5 mingt. LPC25 mingt Tld. LPCT ENEFNS5SR. 25afeiworking heart 4
Fi% LThoireeze-clamp% L =, LPC (LPC 5 min + KHB 20 min) T3, 54
LPC R L 1=#£20 3 FIKHB &k L Cfreeze-clamp L =z, LPC + durg (or BSA) T
(2. LPC (LPC 5 min + KHB 20 min) &[F U T#&% 34, LPCTSHRERDEICdrugs
1o(IBSAEFIBFICHT-Z 1o, Freeze-clampldH oMU H-173EICHHLTH W

22



" "Wollenbergerdclamp T & EEESH UTc, ¥ 2 TS 173FE(BEER) TREF
L. EEFMSHICALTS,

ATPZDM DT RIVF—KBiPRE, 4o PICHBREBFRETE LTz, Free
fattiy acids (FFA) (Zchloroform/methanol T M #%. 9-anthryldiazomethane
EHEH L, HPLCTHARETFERZ LT,

EREXR
DD

SO DB K EE) (rate pressure product, RPP)DEfEI#EAEH 5 L T
V3, #EFiELngendorffRimid>working heart RICEZX D&, RPPCERT S 2 &4¢
RENTNS, IPCHEHDBH/ELTO AW E, BREAL LB ICRPPEPPETT
5, WihL, LPCA54/5X 35 &RPP (RZLEALEO MmMHg/mIn(C 3, LPCODIRE
EPHTHRPPEIEE LGN > Tco BSANFRT HLLPCICLBRPP DIETERLIC
Bk & T-, Dilazep {Zconcentration dependent(CLPCIC L B3 RPPOET A% L
1o

F12Hb O EORPPOBRIEEEXHOH L TIVD, TODOEET(Ed-propranolol &
lidocaineDFNREBNTI B, COEBMNHNDLSIC, d-propranolol(g
concentration dependent(CLPCIC & /0 EOBEAZEET 2O LTS, Lh
L. lidocaineldEEshTH > 71-o
DD HE

SRR OHBROATP LRI EBNI-RBETH S, LPCEI1OSMBRELILIZGT
(E. ATPD URIVICE(LRE DS, LPCE2SHRIETEE. ATPULAXIVIEBBICR
DLTHBI DN S, MWW &S, WPCSHREHRE TERATP UAICE LD
Mo feh’. £D%2043/KHB TilEFiT D& ATP IFERICET L, &Y. LPC
DRBMICHEZAIBERTCBEIHDOTRES, BEEZLEETEHIINGM >, TO
. DEYLPC(LPC5 min + KHB 20 min) DEHT, LPCLEHICEYERE TS
& ZOEYEBIPCOATPETERICESREBEEZ 39N D, CORMHM
B4 HIC, dilazep &d-propranolol (Iconcentration dependent{ZLPCIC X BATP O
HL QT L, LML, lidocaine3ESTH>Tc, £, BSA BLPCOERA%ERS
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X 1000

H
)

Rate Pressure Product
(mmHg/min)
5 3 9

ﬂ
\>
/”
7“@"
Q\
m Q
g I
%&
ML
W Qg

o
L

5 0 5 10 15 20 25 30 35(min)
Langendorff] Working
Po5000
Treatment

115 Lysophosphatidylcholine (LPC) 0. D #gE(rate
pressure product) [Z B (X ¢ dilazepDEA. HES v P OED
p -

O : Krebs-Hensileit solution (KHB) Ti&i#, @ : LPC10 uM
TS5 RER. Lk (FKHB T20 SiER. A : LPC10 uM +
bovine serum albumine (BSA, 10 uM) C543fBliER. LikIL
KHB 720 9iE#, A : LPC10 uM + 5 uM dilazep T543f
&R, LItkIIKHB T20 SRER, OO : LPC10 uM + 10 uM
dilazep T5AME. LI LKHB T20 SRIE, W : LPC
10 uM + 20 uM dilazep TS5AEF, LIk (IKHB T20 43fd
E Langehdorff: Langendorff &, Working: Working
heart kI &k 3, Treatment: IPCEOME Di%s,
LPCR OB DI REAEE L. dilazep [dconcentration
dependent|CLPCIC L ZEEEERT 3,
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:

3
g Y
— * %
a T 30 //%‘cs&o\ x
()]
£E o w=d o
2 o 201
b T %
[0 _/*
$E o o
2 o -—di—-— .-
© i .
T £ 8 5 10 15 20 25 30 85(min)
Langendorff] Working
,
Treatment

#$12K Lysophosphatidylcholine (LPC) /(LD EE(rate
pressure product) (Z % [F 3§ d-propranolol &lidocaine DfE
M. S v FOEOER,

O : Krebs-Hensileit solution (KHB) Ti&ifi, @ : LPC10 uM
TS5OEET, LI (ZKHB T20 HRLER, A LPC10uM +
d-propranolol 30 uM TS5 MElEM, Llk(EKHB T20 4fi#E
i, A :LPC10 uM + 50 uM d-propranolol T5 iR, Ll
#(2KHB 720 &R, J: LPC10 uM + 30 uM lidocaine
T5SEETR, LI%(ZKHB 720 £ER, W : LPC10 yM +
100 pM lidocaine T54 iR, LIk (3KHB T20 &R,
Langendorff: Langendorff #Ei#, Working: Working heart j%
-k BT, Treatment: IPCEOMEDIZS.,

LPCIR OB DI EHEE A E=E L. lidocaine &d-propranolol
JPCIC K BBEEERT 5,
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(umol/g dry wt)

F13W S v hEDadenosine
[l triphosphate (ATP) L X
Jb, Control : KHB T
ite LPC5 min : 10 uM
LPCTS M#ERLTE <D
[ % freeze-clamp, LPC (5

min + KBH 20 min) : 10
uM LPCT5 4falEAR L T

Z D% 20 53HKHB TR L
1-#%(Zfreeze-clamp, LPC
+Dila5uM: 10 yMLPC +
5 uM dilazep T5 SRER
LT. £0#%20MKHBT#ER L /o (Cfreeze-clamp L 1<,
LPC + Dila 10 uM : 10 uyM LPC + 10 uM dilazep 5 S3RiER
LT. £DO%H204EKHB TiEf L -1k Icfreeze-clamp, LPC
+d-Pro30 uM : 10 uM LPC + 30 pM d-propranolol T5 43/
ERLT. TOHR205HEKHB THEF L 1=k (Cfreeze-clamp,
LPC+ d-Pro50 yM: 10 yM LPC + 50 uM d-propranolol 5
SRER LT, £D%204HKHB TEF L 1=k IC. freeze-
clamp, LPC + Lido 30 uM : 10 uM LPC + 30 uM lidocaine T
5 HHERL T, £0D%K202HKHB THEA L 1<k (Cfreeze-
clamp, LPC+ Lido 100 yM: 10 uyM LPC + 100 uM
lidocaine TS5 &R L T, £D%205RIKHB THEGR L 1ok
[_freeze-clamp, LPC+ BSA : 10 uM LPC + 10 uM bovine
serum albuminTS5 2EEHR L T, £DH205HKHB THR
L7-#(cfreeze-clamp, *P<.05 (LPC (LPC 5 min + KHB 20
min) & cxt L T) #P<.05 (ControlE(Cxd L Q)
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CrP

:
_
%
*
_Hx
_x

5. B

Fn
%
ok
__+

—

(umol/g dry wt)
o o
S G S S}
#
B

F14K 5 v hMOEDcreatine phosphate (CrP) LA L,
Symbol [ZFE13XICE L,

CHIEI Ulco COBRIOBETORREERNICAFLCTHY. ChiCL- T,
FL2DRELHERENIZCEICE S,

FURLOHEBOI L7 F VU VB(CIP) LNV ERANTERTH S, LPCECP
DOURIIVEETFTEH. dilazep &d-propranolol(d, LPC (L BCP DIETEME L
1o - T. CiPDdata(3RFKMICIIATP DdatatF L TH B, F15HGOHRBED
energy charge potential (ECP)L NIV EBNI-ERTH D, CcOEBREZLEEAMIC
(FATPPCrPdata & (6] U . dilazep &d-propranolol(f, LPCICLBECP DIET %
s Ll SIS OHEEOI M (lactate) LRIV EBAXLERTH S, LPCEE
ICk->T. lactate LXIVEER UTz. LPCIC & Blactated F R (L. dilazep&d-
propranolol [Tk » THHI X T-, Lidocaine3ESHTH - 1=,
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ECP

3« b dDenergy charge potential (ECP) L AXJb,

FEI5K

<@EC,

Symbol (35513 [X]{

Lactate

BLo

b B

w o X

mwa

® &

.Mbm

lhl\nl
ell

»E 3

N o E
S &

E(

w

B

]

nmu Nv-.

12

2 o o
(m Ap 6/(0wr)
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Arachidonic acid

N ¢ E
DY
D
N T &
N S 2
e o &
2 5 =
2§ O
yc
W >
n 5 O
g & S 9
~
K
H
5
#
#l
g 8 8 ¢ =

(mm Aup B/ j0wu)

— IV

(linoleic acid) L~NJbo

OEDY /

59 b

$18H

Linoleic acid

ZRELo

Symbol (3551 3

(W Aup B/ 0wiu)
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BITHROHEBOT7 5+ FVBL NI ERNZEBRTH D, LPCIESICL- T,
TIFFUVBUNIVEERICER Ul WPCICLB375F FUBULALDERICHE
ENhmd 5 LS. IPCEEZ TSARICIFIER LMo fodl. ZFD%KHBT20434
ERTBHE. 73F FUVBUNIVIERCLER L., ZOLERIE, dilazep &d-
propranolol (LK » THI&IE M 7ohY, lidocaine(l & » TIdIBIE M- =, F18H
(LOBHEEDY / — VB L NIVERANRIERTHD, LPC ([CL>TY /—ILEBELAIL
dER LT, S LR Iddilazep &d-propranolol (L& » THIEIEMT=HS. lidocaine
CL-> TERABISNG D) > foo BRI OEHBEED /NI FUBUNIVERNE
BTHd, LPC [CL-oTHNIFUBUNIVEER L., CoLERIZdilazep &d-
propranolol {Z& > THIfE /AN lidocaine(Z & » TIXMEI I N M- T2, $E20K
QOHEBDRFT7 U VEBUNIEFHNICERTH S, LIPC [LL->TARF7 U VBL
~NIVIERLfco T LR (ddilazep&d-propranolol (T4 > TS M1,
lidocainelC & » TI>IMBIZT LM Tz,

Palmitoleic acid

T e F190 5o MOEOSLIFY

rL ’_L ’l [l & (palmitoleic acid) L~
Symbol (2 13KICF C,

40,

30

(nmol/q dry wt)
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Stearic acid

#
250, i #5200 F v MOBOXFTYU Y
200 B% (stearic acid) L~NJV
H
2150, Symbo!l (FFE13KIZRF L,
o *
E 100

E®

AEROERN O, IPCHOEOBHMES (RN LAREHEZETIESIL
Nahofc, CNOOFEEEM ICLDZR(EELCUTE Y. WPCLEM - ZHERE
EDFRYETH SFREMN H B,

AEFRAWV &IC. LPCIC & 3.0 EhREE (2dilazep &d-propranolol[C & > TEFE
N3 Motz TDZDDYHEILCa2+ antagonist TH L iFn(L, p-adreno-
ceptor antagonist T 41y, fzLMC, Ca2+ antagonist ¥g-adrenoceptor
antagonist(3[EM - B EFREEICHENTHIN. TOERA H =X LRIEHPHBE
HORBLPERAFTOETTHD, > T, LEELYECEFICERALIER. £l
OEHREE LILEWSFREENDH D, LWL, ZEROBE. LREIBLELTHEL
AMRFALREHE—EICLTHSDT, dilazepipd-proprancloldfFR » 1= X A(3
DEEZEYECRFECHWERTERE, CEESCERLIERTHEEERXS
nd, COLSIC, Bl - BEARELHLTIEYSOBOMRERET YT
HEEBERIZANEINTHSE S,

31



T3, dilazep &d-propranolol{IIPCOERERETIDTDHAOM. DL
RICKILTIR. EEBEZBZSENTELRO, COMBEERRT B1HCE. LERR
FOHICICK LT, LPCIEERANHION. FIPCILLSHBEERICXHLT,
dilazep &d-propranolol{dHshEDME S MM DNWTHHARLEFNIE G oG,

EEE

B - BERMICERTAPCRENM - BERLRALLSLREZOEICHIZS
= Do =, Dilazep &d-propranclollPCIC & 3/ EREELXERT 5 &0
7:)\’) T:o
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Dilazep ~d-propranolol! [Zlysophosphatidylcholine (LPC)ic & & /(g5 #Hfa Py Ca2+
EDLRE=HHT B,

=Ly

SETOMRICEL > T, LPCIAEM - BEREFLLSOLBRERORICHI-Z.
dilazep &d-propranolol(3LPCIC L S/ DEREAERNTE NS Mo T, £l FH
EREEORIC(IMBAC: BEN LR TEDT. RARTE. LPCHUHHRIAAND
2Ca REA LAZTELHOMNE SN, . IPCILLIMRNC BE LR
dilazep 4>d-propranololiC& > T, fIFESNEDMNE DI MNEEND B I-HIZITH 1=,

ES> Y3

Fo b OEERBL L. OEHHIE 58 L. Krebs-Ringer bicarbonate (KRB)
buffer(CFHZ -, HBERTIZIEGTA £5¢ Ca2+-free KRB buffer (-, #i3
WCa?+ BE (S fura-2%#fap(Cload L. TO#EEMAEXREHTAET I LICL
THonf, £, HBOEBERLLBRAE LI,

RBER

LPCEE X 3RO (340 nm&500 nmOET. Shick > TCa2+ BER AT
3R B)(30.77TH Y. 71%DOMAILIEMA (rod shape) L Tivie, 20 M D
LPCERETH L, EARBRHICUNGERC LR LI(4.69(1Ch571), DF Y.
LPC [3#ipaMCa2 BEAEBRICER L1z, . WPCREILK > TIXTOMBIEH
F(round shape) (4> f=, 2F Y. rod shape(30 % (7 » fz, Ca?+-free KRB
bufterda T3, LPCIIMFANCa> BRE% ERE 4Nz, TOKET T1 mM CaCly
®’ET5LMRANCa REEERICER Uz, 80 uM OKCHE S THIFARNCa2+ B (S
ERLU. ZOERIZ200 uM O verapamillc & » TglE Nz, LhL, LPCICLB
AN Ca2t BE F R 14200 uM @ verapamillc & - TIFHSIENGE M- 1=,
Tetrodotoxin (TTX, 0.1 mM) (ZLPC (C &k 2 BaNCa2+ RE LR &FMEI LM - 1=,
Dilazep (20 uM) [SKCLIC LK 2 #faNCa2t RE FFEMMF Lt foht. LPCIC LB
R Ca2+ B | K 4 E8(CHNE) L1, d-PropranololddilazepEH DR %L
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A B fura-2 fluorescence ratio

[\

digitonin

9 (340/380 b g yEGTA
fura-2 fluorescence rat:o l' ( nm / f
(340/380 nm) === s -
o ll : ) Caz+ free + EGTA
—= 7L
- ‘j__f_':'-t o -
R
| p—— 1—!—*‘“ 3
B o
B o i
EEERE +
== ==
T ALPC 30 pN=— oL
L Tl :]:: :}'___—r:

- fura-2 fluorescence ratio (340/380 nmy)

- digitonin
E Rt “digitonin —=}:
6 5 i eara ’ e
] - - t"-_
st E — E
4 ==
o —— :_H* T
s EECT T T
_f_ ,l T—heay 1200 M-
i - _verapamil .
2 = 3 N k
= ___AI o ‘ '
?‘ g T e
1} £4-1PC 20 M T b4
K1 8omM T katfe
o Bz i L
1min

$21® Fura-2Tload ENT-KES v FOEFHHEIDoriginal recording
%577, A: Lysophosphatidylcholine (LPC) 20 uM%1 mM CaCl;
%4t Krebs-Ringer Bicarbonate (KRB) bufferdh® (O F#IR2ICE X
3&. HEaNGCa HMIC LR Lrc, DigitoninTHIREEHEEL TS
HENCa?t (FREC @ EA LGN >TZDT, LPCIIHRS &R D Caz+
BERCETHRAC? 2XE(EFLILbDLEENLN S, B
mM EGTA% &, Ca2+-free KRB buffer R TDLPCICXH T 5/ EhfERD
NCa2+ BEDKEE, LPCIROFHIANC REEZ ERSEHE, L
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M. ARt CaChx# AnndHpEANCR BERERT S, C
LPCIC & S #ifa N Ca?+ ZE E R (CRIT T verapamil &dilazep D
¥, Dilazep(dlLPCIC L 2HIfRNCa2t BE FF & HFI L f-h%,
verapamil(FKCIIZ & B AN Ca2+ B L H % #FI 2 BE TLPCIC
LBHMEANC BEFREIMFIL LM T,
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F340/F380 (%)

S0
80
704
60
50
40
30+
20
104 %
0 ¥ ¥
| T

1

*k

T 1

5 6
Time (min)

N - $i¥%
W ¥
Mo w¥

pre

rod-shaped cells (%)

1;)3: D 0 min
80+ M 5 min
70+
604
504 *
40+ X
30+
204
10+

nodrug TTX dilazep d-propranolol
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(TTX), dilazep?; 5 UfIzd-propranoclol D{EF, @ (no drug), ¢
(Ca?+-free KRB buffer), Il (1 mM TTX), A (20 uM dilazep), ¥
(20 uM d-propranolol) B: LPCIC & 3/ BhfBRR DT ERT(LICKITT
BHEEYLEEORE, IPCREILL > TOHHRIZrodR b round
RCEBERILT 5, 1 mM TTX (FLPCIC & 3 OB HIBAD T RER L%
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HH Lo 1=hY, 20 uM dilazep &£20 uM d-propranolol{3#0%1) L
foo *P < .05 (@BEICXEL T)

oo CORBBEFAIMICRLTH D, B22REFTERICONWTORRERERL

THh 3, LPCIC L B3FREZELIddilazep &d-propranololil & » THIHIS nrchHY. TTX

ICE->TRIMEIINGEMN-T=, DF Y. dilazep &d-propranolol {FLPCIC & 2/ Ehil
faNCaz B FREWE L. LPCICL ZMROFEEEL&2HH L fchy. TIX (FLPCIC

LB3OHHEBANCa BE LIRS, LPCICL ZHMOEERLLIF Lo T

EE

Verapamil H{LPCIC & /O iR Ca2+ B R &3] U 7=ht. verapamil (LXK D
C D{EMIZCa2+ channel ([Cxid 3FEMMEA TR AL, BRI, IPCERICAL LN
R TEAKFECa channel 2 EW T 52 NN > THEIMNDTHL(FXRRTD
KOkt d B 4ERIEIMEI LT 3), ZOEZHIE LT &(Fd-propranololh<LPC @
EREPHTE Db IFENS, T, IPCOERICE, TIXERZEEZHD
Na+ channel D4 HBAFED L, LA L. Nat channeldfh DA ICBEE L TS
MEI NI,

LPC (#Na+ channel®inactivation process##ifld 3 LW SFENH D, B LI
HEELTNE, LPCIENar ORIRRNADOBEI%(RET S LICG 5, MiaRNONar
mpra R4 (L, Na+t/Ca2+ exchange mechanism (L& > THIRINCa BE LR %
BT, LPCOMENCaz BE L REBEBD X H= AL D LS LprocessTH B M
bENEl. B L. F515& LT, dilazepid-propranolol{d % & LPC OER & #1%
TEDTH B3I ZOBNCRTEIEZR>EL G,
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LPC (20N Caz BE FF SR OFRELEL(rod B SroundR) 2B 27,
LPC oo DEflddilazep Ed-propranololic L > THIGI&ENE, LIZL. Tho
FHCLBIMBNOA A= X LRFIEESMNTELE O,
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Lysophosphatidyicholine (LPC)(C & 3 /I Ca2+ imED R ICKITT/E

B-adrenoiceptor antagonists D{EMA,

B

SETOHRICE > T, IPCRLOBGHRBADC RE% LA, dilazep Ld-
propranololZLPCIC & 50BN Caz RED ER EMHIT S Z Lhtamho 1o, d-
propranolol (3 B—EHEAHES( & (X2, propranololD#1/50 (IdH 5, £ T.
d-propranolol®anti-LPCERIC (dp—EMERMNELICEEL TOHWELWONE S ME
BNDDI-HICEKERZITo T

ERBTE

Sy bhoDEEELL. OEHMREZSE L. Krebs-Ringer bicarbonate (KRB)
buffer|ZZ¥ X €1, #MIACa2 BE(tfura-2 &R (Cload L. FD#HE AL
EHTRETILICL->THEDN, o, HROEERELLAE L, B-EHE
& LT3, I-propranolol, d-propranolol, I-penbutolol, d-penbutolol, acebutalol,
timolol, atenolol, practolol & Iz, S oDB-EMBEOERBLEMME(LFEIRIC
~LTHB,

ERER

ORFIRICIS iMOLPCEIE 5T 5 & MlaNCazr RE([Ca2t]) (372 nM b
3042 nMA L& L, i (rod shape) D#ifagin £ & DMK T 581812, 69
%MNB5 RANERD LTz, LIPCOLBZINODE(LL. 152 FROELTHD. 2
Y. IPCOLHRRICHT SEEERBTILNGERTH S, H23RIILPCIREIC
& 3[Caz+]; ZE{LL MO EE(LOHEEAERLTH D, COEMOIMNELD
[ZLPCIZES5 &(C(E[Ca2t]; LEBOREILERIFRZKRIGEL TS, JDfcd, Lik
BIEbh3LPC AT 2 EVERDERRTE. LPCIEEH#S SOESTO[Ca]; &
EREOE(LEREL,

5§24 HISEEP—EHEE(20 uM) [C L ZHTLEHLPC(15 yM) D15 SRR SICL B E
B LTEDL D GHREERIITHIDNRLTH D, B-EMIEA(BAA) LIEERE(LIE
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fERRIRE LIBEICKEL T, BIRICEHLIPCICL B[Ca?t]i %50 %ML
F-BOEYDERE(Cso) bEL# IN T3, Pindiolol &acebutolol[$BAA EMSADH
FHEHOHN, LPCICLB[Ca2t]i LRE=MHI LM o7z, Timolol, atenololds LT
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F24K LPC(15 uM)D 5 IR EICL B [Caz i ERICRITTRIE
B-EEHTEE (Vv M H20 uM) Elidocaine(100 uM) DFEE, B-ERED
BEICEL > T, IPCOERICHT SMENEL > TV S, ZORM
D, B-EMEDanti-LPCIERNOZR - EMDEEIDELICLDIBD
THREWI ENRME,

$25F(ILPCIC & B O EHIR DT RERALIC f- (VT 5 K HEP—HHRZE (20 uM)RTLE D
BEHCRANTLVS, [-Propranolol, I-penbutolol’s 5 Uf[Zd-penbutolol(FLPC (C &
3O HBOREE(L(roundBADET) #FBICHFI LI, UMb, ChoOEY
DRI REKENTH - 1-(526K(b)), d-Propranolol{z20 uyMT(FLPCIC L B0
BB O EZ(LEIE L h - foh%, 50 yMT>HNE) U Tz, ICso EIIETREILEL
Mote, FOBHIG, EHULCRRKRETH, BERLE100 %M§HHETH > 7oh
5> T#&H3, Timolol, pindolol, acebutolol, atenolol, practolol# & Uflidocaine (SLPC
L& BRREELZIMF LEh 2T
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10g = 'nhibition of [Ca2*); increase (%)
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0.1 1 10 pose (M)
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26X I-Propranolol, d-propranolol, I-penbutololE LT d-
penbutolol @ LPC (15 uM) OO ERHERIERICST T 5 BEEAFEN G
HER.

(a) LPC (15 uM)#x B[ & 3[Ca2+] LRI K (Zd|-propranolol, d-
propranolol, I-penbutololE & U d-penbutolol OB E{ERABRER,
(b) (15 uM)ZE(C & 3 OB OFEZE(LICRIZ FI-propranolol,
d-propranolol, I-penbutolold & U d-penbutolol DR 2EAihiR.
@®: I-propranolol, ll: d-propranolol, A:|-penbutolol, W¥:d-
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#i3k KIEP-EMEOEEFMNME LPEBILPIEE,

Drugs BAA potency ratio@  MSA®  log octanol/water 1Cso ®

(d!l-propranolol = 1) coefficients@) (M)

(at 37°C. pH 7.4)

d!-Propranolol 1 + 20.2

{-Propranolol 2 + 20.2 1.28
d-Propranoiol 0.01-0.02 + 20.2 10.5
{-Penbutolol 4 + 179.0 0.64
d-Penbutolol ? + 179.0 0.74
Acebutolol 03 >+ 0.02 >200
Pindolol 6 + 0.82 >200
Timolol - 6 - 1.16 >20
Atenolol 1 - 0.68 >20
Practolol 03 - 0.15 >20

a: All values were cited from Cruickshank and Prichard (1987).

b: The concentration required to inhibit the LPC-induced [Ca2+}; increase by 50 %,

calculated from the results of Figure 3.
MSA: Membrane stabilizing activity indicated by local anesthetic action

BAA: B-adrenoceptor antagonistic action
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Fik BEB-EMEODIPCICLZ I L7 Fv++—+E(CPK)HREIC

RITFER.
treatment n CPK release %

no drug - LPC 6 9+]

no drug + LPC (15 gM) 20 45«2 7
{-propranolol (20 M) + LPC 9 31 +3%¢
d-propranolol (50 M) + LPC 10 32 £2*%
acebutolol (20 uM) + LPC 5 48 + 3*7
timolol (20 uM) +LPC 5 46 + 7*f

* significantly different from no drug + LPC group.
T significantly different from no drug - LPC group.

All data are shown in mean + s.e. mean.

BARIIZREP-EMEDIPCILL 59 LT F v F 7 —(CPK)EREHERICHTS 5 H1%]
ShERERLTH D, PCLE LOESLEERE L 7-CPKD{E(dtotal CPK?DY %TH - 1<,
LPC %5 9 {EA & 3 &. CPKo{@ElLtotal CPKIEMDA45 % &4t - 1=, 1-Propranoclol
(20 uM) &d-propranolol (50 uM) [ZLPC IC & 2 CPK ¥R % B ICHNE) L f=As,
acebutolol (20 uM) &timolol (20 uM) (FHNF LM - 1=,

EE
LPC (2[Ca+]i £ LR S ¥, MROEELEZRLI I, KRROERIIZEFER

EOIWPCERICHT IHRE—HETRENENWS L ETHD, BHEP-EHEDPAAL

45



(FTEAEEATEL L, MSAGHIRDBERE/LICBIEL T EDT, LPCOERICHER
TEHREELGRFTDH SN, acebutoloIpSEH TH->1c "&b, MSA DEESHKE
(& EZBNB, LML, pindolol Ypacebotolol DMSA[ZFN . 300 uME;
V134 WMTH B ETHIMENHS5DT. MSA DBES .2 ZELICEET dhIFICE M
iy, #7200 uMmdpindolol facebutolol TEE % LMY, FNTHOEEY
(JLPCIC L B ER %R TE AN o1, E> T, MSADA Tanti-LPC/ER % 518RT %
CEBHEEN
I-Propranolol, d-propranolol, I-penbutolold L TFd-penbutolol [ fthod p—EE

(LA Tanti-LPCEANEM - T2HY. BB H &, |-Penbutolol &d-penbutolol
FImbiEAENE (. ®RHEOanti-LPCERZR LU, LPCIX@EHREHOZH ICHIA
JRIC& T AH, HBOANCHIERELHERT S, COHIC, LPCIIHREC
WTSREEMERANEOEEZONS, BBMOEOPEHELEYMREICLDIEH A
Bite. TOREBUDIZHVELCENHT, LCIFTIEWIMENDH S, £LPC
(2 & B[Ca2+]; M R #flunaridineh#ndl 3 3H%, flunaridine [ZPERHENEIVE VS,
o T, XERTHONIHFERL, p-EMEDanti-LPCERBZDERMEICEKFLT
WETHBEIEERLTINS,

e

LPC (F[Caz+]i £ LR EH, MROEBEE(LSEI LS HRBEFERAERF -
TWaN, HEEDP-EMELIIPCICLZNoDERZIHI LI, BB CHHEIL
-0, SRS BEME TH 31- and d-propranolol &1- and d-penbutolol T
H T, P-EHZEDant-LPCIERIIBAA EMSATZIFI TIIEHREATE &L,
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ABSTRACT

We conducted experiments in order to examine whether lysophosphatidylcholine
(LPC) decreases the L-type Ca2+ current (/cq) at pH 7.4 and pH 6.4 in guinea-pig
ventricular myocytes by the use of whole-cell voltage clamp technique. At pH 7.4,
LPC (3 uM) did not affect Ica, but LPC (10 uM) decreased I, (the mean rate of
decrease was 60.0 %) without affecting shape of the current-voltage curve (though
amplitude of Ic; was reduced), relative inactivation curve and inactivation time
constants. In addition, LPC (10 #M) shifted the holding current abruptly to an
inward direction, suggesting that LPC increases non-selective leaky current. At pH

6.4, LPC (3 uM) decreased Ic, gradually (the mean rate of decrease was 49.4 %).

The following results were also obtained at pH 6.4. LPC (3 uM) did not change

shape of the I-V curves (though amplitude of /¢, was reduced), and also did not

change the inactivation time constants. The inactivation curve, however, shifted to
negative potentials by LPC (3 uM). LPC (10 uM) reduced also I¢c,, the mean rate

of decrease was 89.9 % but increased the holding current to inward direction

greatly. In conclusion, LPC decreased /¢, at both pH 7.4 and 6.4 in the guinea-pig

myocyte, and the inhibitory action of LPC on I¢, was greater at pH 6.4.

Keywords: calcium channels; lysophosphatidylcholine; whole-cell patch clamp;

guinea pig ventricular myocyte; pH modulation
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Introduction

Both ischemia and reperfusion of the heart produce accumulation of Ca2+ in the
myocardial tissue (Das and Engelman, 1993). The mechanism of accumulation of
Ca2+ induced by ischemia and reperfusion, however, is not fully understood. One
of the candidates responsible for accumulation of CaZ2+ is lysophosphatidylcholine
(LPC), because LPC accumulates during both ischemia and reperfusion in the
myocardium (Corr et al., 1987; Kinnair et al., 1988) and increases intracellular Ca2+
concentration markedly when given exogenously (Sedlis et al., 1983 ; Ver Donck et
al.,1992; Das and Engelman, 1993; Hashizume and Abiko, in press). LPC was
shown to cause long-lasting bursts of opening and prolongation of the inactivation
process of the Na+ channel, leading to abnormal opening of the Na+ channel
(Burnashev et al.,1991), and therefore it increases the intracellular Na+ concentration
and then the intracellular Ca2+ concentration through the Na+/Ca2+ exchange
system.  In addition, we have reported that exogenous LPC increases non-
selective cation current (including Ca2+ current) in the guinea-pig ventricular
myocytes (Magishi et al., in press), being another mechanism of the LPC-induced
increase in the intracellular Ca2+ level. There is also other possibility that LPC may
increase the voltage-dependent Ca2+ current. If LPC opens the voltage-dependent
L-type Ca2+ channel (L-type Ca2+ channel), the mechanism of the LPC-induced
increase in the intracellular Ca2+ concentration can be more clearly understood.
However, the effect of LPC on L-type Ca2+ current has not been adequately

examined.

The present study therefore was designed to examine the effect of LPC on the
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L-type Ca2+ current in the guinea-pig ventricular myocytes. In addition, influence
of acidic condition on the effect of LPC was investigated, because pH of the
myocardial tissue decreases during ischemia and optimum pH of the phospholipase
Az, which is responsible for release of LPC from membrane phospholipids, is at the
acid pH (Das and Engelman, 1993), and because the effect of LPC on the electrical

property of the heart increases under the acidic conditions (Snyder et al., 1981).
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Materials and Methods

Preparation of ventricular myocytes

Single ventricular myocytes of a guinea-pig were prepared as described by Yazawa
et al. (1990). Briefly, a female guinea-pig weighing 300-500 g was anesthetized by
intra-peritoneal injection of sodium pentobarbital (100 mg/kg). After thoracotomy
under artificial respiration, the heart was taken and mounted on a Langendorff
perfusion system for retrograde perfusion of the coronary artery. The heart was
perfused with the following oxygenated solutions in the following order at 37 °C;
(1) Tyrode solution for 3 min, (2) nominally calcium-free Tyrode solution for 10 min,
(3) nominally calcium-free Tyrode solution containing collagenase 0.08 mg/ml
(Yakult, Tokyo, Japan) for about 5-10 min, and (4) the high-K+ solution for storage of
the myocytes (storage solution) for 10 min. Subsequently, the atria were dissected
away and the ventricles were cut into pieces, which were placed in a beaker
containing the storage solution and then gently shaken to disperse the isolated
myocytes. The small pieces of myocardial tissue were filtered by a 210 um stainless
steel mesh. Ventricular myocytes were incubated with deoxyribonuclease 0.02
mg/ml (Tokyo Kasei, Tokyo, Japan) and protease 0.09 mg/ml (alkaline protease,
Nagase Biochemicals, Tokyo, Japan) at 37 °C for 10 min. Finally myocytes were
washed twice with the storage solution after centrifugation at 1000 rpm (about 90 G)

for 5 min at room temperature, and then stored in the storage solution at 4 °C.

Solutions
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Tyrode solution (mM): NaCl, 143; KCl, 5.4; CaCly, 1.8; MgCly, 0.5; NaH2PQy4,0.25;
HEPES, 5; Glucose, 5.6; pH 7.4 adjusted with NaOH. Nominally calcium-free
solution: this solution was identical with the standard Tyrode solution except that
CaCly was omitted. Storage solution (mM): KOH, 70; KCl, 40; L-glutamic acid, 50;
taurine, 20; KH2PO4, 20; MgCly, 3; glucose, 10; HEPES, 10; EGTA, 0.5; pH 7.4
adjusted with KOH. Test solution (pH 7.4) (mM) for isolation and measurement of
L-type Ca2+ current (Ica): CsCl, 130; CaCly, 1.8; MgClp, 0.5; 4-aminopyridine, 3;
HEPES, 10; pH 7.4 adjusted with CsOH. Test solution (pH 6.4): test solution (pH
7.4) in which 10 mM MES was added in place of HEPES and pH was adjusted to
6.4. Pipette solution (pH 7.4) (mM): CsOH, 110; CsCl,20; MgCla, 1; KoATP, 5;
potassium creatine phosphate, 5; HEPES, 5; EGTA, 10; CaCly, 1.43; pH 7.4 adjusted
with aspartic acid. When the test solution (pH 6.4) was used, the following pipette
solution (pH 6.4) (mM) was used: CsOH 110; CsCl, 20; MgCly, 1; KoATP, 5;
potassium creatine phosphate, 5; MES, 5; EGTA, 10; CaCl; 0.015; pH 6.4 adjusted
with aspartic acid. The amounts of Ca2+ in the pipette solution (pH 7.4) and that in
the pipette solution (pH 6.4) were calculated according to the equation of Fabiato
and Fabiato (1979) corrected by Tsien and Rink (1980), so that pCa in both solutions
could be 8. External solutions including Tyrode and test solutions were warmed to
35-37 °C by the use of a warm water jacket before use, and the pipette solutions
were also warmed to 35-37 °C before use. L-a-lysophosphatidylcholine

(palmitoyl) (abbreviated as LPC) (Sigma, St. Louis, MO, USA) was dissolved in
distilled water to make a solution containing 10 mM LPC, which was frozen and

stored at - 20 °C. The frozen and stored LPC was thawed and diluted to
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appropriate concentrations with the test solution before use. All the experiments

were performed at 35-37 °C.

Recording of I,

The whole-cell clamp technique employed in the present study was essentially the
same as that described by Hamill ez al. (1981). The resistance of the pipette filled
with the pipette solution was 1.8-3.6 MQ. A tight seal was established with Tyrode
solution. After whole-cell clamp was established, the perfusate was changed from
the Tyrode solution to the test solution. Depolarization square pulses having 150
msec in duration were applied to the cell with the frequency of 0.14 Hz. Membrane
holding potential was kept at -40 mV. Current signals were filtered at 5 kHz, stored
in a computer ( 9801 RL, NEC, Tokyo, Japan) using an on-line data acquisition
system and also in a video tape recorder (Panasonic Macload, National, Tokyo,
Japan). The peak amplitude of /¢, (simply expressed as amplitude of Icq or Icq in
the present study) was defined as the difference between the peak of the inward
current and the current taken immediately after the end of a depolarization pulse.

Icqa was recorded in the test solution, in which other ionic currents, such as
Nat current, inward rectifier K+ current (/k7), electrogenic Na+/Ca2+ exchange

current and Na+-K+ pump current were eliminated because neither Na+ nor K+
existed in the test solution. The delayed outward potassium current (Ix) was
suppressed by application of Cs+ in both extra (test)- and intracellular (pipette)

solutions. Under the conditions of the present study, T-type calcium channels

should not be activated because the holding potential was maintained as -40 mV
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(Bean, 1985; Mitra and Morad, 1986).

Data analysis

The rate of decrease in I, induced by LPC was calculated as {[({ca without LPC) -
(Ica with LPC)] /(Icq without LPC)} x 100 (%). (Ica without LPC means /¢, under

the control conditions.) All the values were expressed as mean =+ s.e. Statistical

analysis of difference among means was performed by Student's t test.
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Results

Effects of LPC on I, at pH 7.4

After whole cell patch clamp was established using Tyrode solution, the external
solution was changed to the test solution (pH 7.4). The holding potential was kept
at -40 mV. The depolarizing pulses (from the holding potential to -30 mV - +40 mV)
having150 msec in duration were applied to the myocyte at a frequency of 0.14 Hz.
Figure 1 shows original tracings (A-D) and current-voltage relationships (I-V curves;
bottom panel) of Ic, in the absence or presence of 10 uM LPC at pH 7.4; A and B
were taken before application of LPC, and C and D were taken 5 min after the
application of LPC. LPC (10 uM) decreased the amplitude of /¢, and increased
background current; the LPC-induced increase in background current can be
recognized when tracings of C and D are compared with those of A and B,i.e. LPC
shifted the holding current to the inward direction or increased the inward current
even when the membrane potential was kept at the holding potential. Nevertheless,
LPC did not modify the shape of the I-V curve and did not shift the range of
membrane potential at which the peak current was attained. The range of
membrane potential, at which peak current was attained, was between 0 and +10 mV
regardless of the application of LPC.

Application of a low concentration of LPC (3 uM) did not change the
amplitude of Ic,, however. We also tried to examine the effect of 20 uM LPC.
After application of 20 uM LPC, the myocyte began to beat and round up within 3

min after the application. Therefore we were not able to make any further
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experiments with 20 uM LPC.

Effects of LPC on I, at pH 6.4

The conditions of the experiments with pH 6.4 were similar with those of the
experiments with pH 7.4 except for pH. It is known that L-type Ca2+ current
decreases when intracellular and/or extracellular medium becomes acidic (Yatani and
Goto, 1983; Sato et al., 1985 ; Irisawa and Sato, 1986), and therefore pH of both
pipette and external was changed from 7.4 to 6.4 before application of LPC. The
pipette solution was changed to the pipette solution (pH 6.4) from the beginning of
all the experiments in this series of study. The whole cell patch clamp was then
established in Tyrode solution at pH 7.4, and next the Tyrode solution was changed
to the test solution (pH 6.4). When the external solution (pH 7.4) was changed to
the solution (pH 6.4), the amplitude of Ic, began to decrease and stopped to decrease
attaining a steady state.  After the steady was established, LPC was applied to the
myocyte. Although 3 uM LPC did not change the amplitude of /¢, at pH 7.4 as
stated earlier, it had the effect on the amplitude of I¢, at pH 6.4. Figure 2 shows
original tracings and I-V relations of I¢; in the presence or absence of 3 uM LPC at
pH 6.4 (A and B are tracings in the absence of LPC, and C and D are those in the
presence of LPC). LPC (3 uM) decreased I¢, at pH 6.4 slowly, but it did not change
the shape of the I-V relation and did not shift the range of membrane potential at
which peak current was attained. LPC (3 uM) did not change the holding current

either. Because LPC (10 u M) decreased the amplitude of /¢, markedly and hence

the amplitude of I¢, became very small, and because it increased the holding current
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(inward current) very markedly, reliable data on I-V curves and inactivation curves of

Icq in the presence of LPC (10 # M) were not obtainable.

Effects of LPC on the time-course change in I¢, at pH 7.4

After the whole-cell patch clamp was established using Tyrode solution, the external
solution was changed to the test solution (pH 7.4). The holding potential was kept
at -40 mV, and the pulses (150 msec in duration and 0.14 Hz in frequency)
depolarized to 0 mV were applied. Spontaneous run down of Ic; was not observed
at least within 40 min after the start of experiments under the control conditions.
Figure 3A illustrates the time-course change of amplitude of Ic, before and during
application of 10 uM LPC. The amplitude of Ics began to decrease within 7~350
sec after the application of LPC; there was a time-delay in the appearance of the
effect of LPC and the mean time-delay being 88.4 + 22.5 sec (n=16). Inan
experiment with a myocyte shown in Figure 3, LPC (10 uM) decreased the amplitude
of I¢, from 1.52 nA (before application of LPC) to 0.81 nA (immediately after the end
of application of LPC), and therefore the rate of LPC-induced decrease in Icz was
47.0 %. In 16 myocytes, the mean decrease in Icp induced by LPC was 60.0 = 4.64
% immediately after the end of LPC application.

Figure 3B shows original tracings taken at a, b and c in Figure 3A. LPC not
only decreased the amplitude of Icg, but also shifted the holding current to an inward
direction in 11 out of 16 cells (Fig. 3B (b,c)), while it did not change the holding
current in 5 other cells. In 2 out of 11 cells, in which the holding current that had

been shifted to the inward direction, the holding current fluctuated like an oscillation
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wave. Microscopic examination revealed that some myocytes contracted and
rounded up, while others did not change their shape, in 11 cells in which the holding

current had been shifted to the inward direction.

Effects of LPC on the time-course change in I¢, at pH 6.4

After the whole-cell patch clamp was established using the pipette solution (pH 6.4)
and Tyrode solution, the external solution was changed to the test solution (pH 6.4).
The holding potential was kept at -40 mV, and /¢, was elicited by the pulses (150

msec duration, 0.14 Hz) depolarized to O mV. Spontaneous run down of I¢; was not

observed at least within 40 min after the start of experiments under the control

conditions. LPC (3u M) decreased the amplitude of I, as was described earlier.
Figure 4 shows the time-course change in amplitude of /¢, after application of 3u M
LPC. The rate of decrease in the amplitude of /¢, induced by LPC was 49.4 + 8.85

% (n=12). There was also a time-delay in the appearance of the effect of LPC, and
the mean time-delay was 59.5 = 17.7 sec (n=12). The holding current shifted
abruptly to an inward direction during application of LPC in 4 of 12 cells.

A high concentration of LPC (10 # M) decreased the amplitude of I¢y
markedly from 0.99 + 0.22 nA to 0.09 = 0.04 nA within 270 + 60.9 sec (n=5). The

mean rate of decrease was 89.9 = 2.32 %.

Effects of LPC on the voltage-dependent inactivation of I¢, at pH

7.4
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The effects of LPC on the voltage-dependent inactivation of Ic, were examined by
using a double-pulse protocol, which is shown in the inset of the left panel of Figure
5. The holding potential was kept at -40 mV. A pre-pulse, which was hyper-
polarized or depolarized from the holding potential to various potentials ranging
from -80 to +10 mV, was applied to the myocyte. The duration of a pre-pulse was
500 msec, because this was the time sufficient to attain a steady-state inactivation of
Ica.  After 10 msec of the end of a pre-pulse (i.e. after clamp back to the holding
potential), a test pulse (a pulse depolarized from the holding potential to O mV)
having a 150 msec duration was applied to the myocyte. Figure 5 shows voltage-
dependent inactivation of /¢, in the absence or presence of 10 uM LPC at pH 7.4.
The data were fitted to the Boltzmann equation formulated as follows:

o Imax

1+exp((V-Vh)/K)

where 1 is the normalized peak current at any pre-pulse potential, Imax is the
maximum peak current evoked by such a step, Vh is the pre-pulse potential at which
inactivating current is half inactivated, Vis the pre-pulse potential and K is a slope
factor of the curve.

In the absence of LPC, the mean values of Vh and K were -20.6 = 1.98 mV
and 4.50 = 0.29 (n=5), respectively. LPC (10 uM) decreased the amplitude of Ica.
In the presence of 10 uM LPC, the mean values of Vh and K were -21.0 = 0.49 mV
and 4.42 = 0.36 (n=5), respectively. The relative values of the amplitude of I¢,
were plotted against the pre-pulse voltage (right panel of Fig. 5). There was no
significant difference in the relative value of the amplitude of Ic, between the
presence and the absence of LPC (10 uM) . These results suggest that LPC (10 uM)

does not affect the inactivation state of the L-type Ca2+ channel.

59



We then calculated the time constant of the inactivation phase of Ic;. The
inactivation phase of Ic, was plotted on a semi-logarithmic scale and fitted by
double-exponential components. The values of the fast and slow components in the
absence of LPC were 9.54 + (.16 and 70.2 = 0.54 msec (n=16), respectively. In the
presence of 10 uM LPC, the values of the fast and slow components were 9.60 =
0.31 and 75.2 +0.38 msec (n=16), respectively. There was no significant difference

between the data in the absence and in the presence of 10 uM LPC.

Effects of LPC on the voltage-dependent inactivation of /¢, at pH

6.4

Voltage-dependent, steady-state inactivation curve of the amplitude of Ic, was
constructed by the double-pulse protocol at pH 6.4 as shown in the experiments at
pH 7.4. Amplitude and relative amplitude of Ic, were plotted against the pre-pulse
potential, and curves were fitted to the Boltzmann equation. When LPC (3 uM)
was applied, the value of Vh of I¢, inactivation curve changed from -19.4 + 1.00 mV

to -24.8 = 0.89 mV (n=5). The difference in the Vh value between the absence and
the presence of 3 uM LPC was significant when evaluated by Student's t test (p
value = 0.008), suggesting that 3 uM LPC had an effect on the inactivate-state of Icg
at pH 6.4. The slope factors in the absence and presence of 3 uM LPC were 4.04 =
0.26 and 4.37 = 0.69, respectively.

There were slow and fast components in the inactivation phase time constant

of I¢, at pH 6.4 as was observed at pH 7.4. The data on inactivation phase of I¢,

were plotted against the pre-pulse potential on a semi-logarithmic scale. In the
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absence of LPC, the time constant of the fast phase was 8.70 = 0.28 msec, and that
of the slow phase was 70.4 = 0.52 msec. Upon application of 3 uM LPC, the time
constant of the fast phase became 9.98 + 0.34 msec and that of the slow phase
became 69.6 = 0.96 msec (n=12). There was no significant difference in the value of
time constant between the data in the presence and absence of LPC (3 uM),

suggesting that LPC (3 M) had no effect on the inactivation phase of Ic. at pH 6.4.
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Discussion

On the contrary to our expectation, the results of the present study clearly indicated
that exogenous LPC (10 uM) did not increase but decreased Ics. Therefore, the
mechanism by which LPC increases intracellular Ca2+ cannot be an increase in L-

type Ca2+ current. It also became clear that LPC reduced Ica without markedly

affecting the voltage-dependence of both activation and inactivation of the L-type

Ca2+ channel, suggesting that the effects of LPC on I, are independent of channel

state at pH 7.4 and that LPC reduces the maximum conductance of /ca.
Interestingly, Wu and Corr (1992) have demonstrated that long-chain acylcarnitine
(LCAC), a substance having similar structure with LPC, decreases the L-type Ca2+
current. Because both LPC and LCAC are amphiphiles, these substances may have
an action on the cell membrane. Nevertheless, the mechanism of the inhibitory
action of LPC on the L-type Ca2+ channel remains unsolved.

A direct action of LPC on the membrane can be a candidate for the mechanism
of action of the inhibitory action of LPC on the L-type Ca2+ channel, because LPC
forms micelle at the concentration above 2 uM (Weltzien, 1979), 7 uM(Stafford et al.,
1989), or 40 uM (Bergmann et al.,1981). If 10 uM LPC (the concentration of LPC
we used in the present study) forms micelle, it would affect lipid bilayers of the cell
membrane markedly. According to Gross et al. (1982), incorporation of LPC into
the cell membrane elicits electrophysiological derangements in canine Purkinje fiber
and ventricular muscle. It is possible that incorporation of LPC into the cell
membrane phospholipid bilayers results in perturbation of the orderly packing of

adjacent phospholipid molecules and a conformational change in integral membrane

62



proteins including Ca2+ channel. In fact, low concentrations of LPC bind with
membrane proteins (Weltzien, 1979).

Modification by changes in pH of the effect of LPC on the L-type Ca2+
current induced by pH change is another feature of the results of the present study.
Although 3 uM LPC was not effective in decreasing I¢, at pH 7.4, it decreased I¢, at
6.4. Under control conditions, a decrease in extra- and/or intracellular pH results in
reduction of magnitude of /¢, (Yatani and Goto, 1983; Sato et al.,1985; Kaibara and

Kameyama, 1988) without alternation of steady-state inactivation of I¢; (Kohlhardt

et al.,1976). The inhibitory effect of LPC on the L-type Ca2+ channel, however,
was augmented by a decrease in pH in both intra- and extracellular solutions. This
indicates that the inhibitory effect of LPC on the L-type Ca2+ channel is greater
under acidic conditions like ischemia (Lange et al., 1983; Abiko et al., 1984).
These findings accord with those of Pacini and Kane (1991) and Boachie-Ansah et
al. (1992), who demonstrated that the effect of LPC on the cardiac action potential
in the acidic external solution is greater than that in the control external solution.
One of the other important findings in the present study is that LPC increased
the background leak current of the myocyte. This suggests that LPC may increase
the non-selective current. In fact, we demonstrated that LPC increased the non-
selective cation current in the guinea-pig ventricular myocyte (Magishi et al., in
press). Liuetal. (1991) and Sato et al. (1992) also reported that LPC increased the
inward current at the holding potential (holding current). Lee and Chan (1977)
have reported that LPC forms an ion channel (through which europium ion can pass)
in the phosphatidylcholine bilayer membrane. This ion channel formed by LPC may
increase the inward current at the holding potential of -40 mV.

It has been reported that LCAC shifts voltage-dependence of activation and
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inactivation of Ic, to positive potentials (Inoue and Pappano, 1983; Wu and Corr,
1992), probably because LCAC reduces surface negative charge of the cell
membrane (Mésziros et al., 1988). LPC, however, did not change the voltage-
dependency of Ics at pH 7.4, suggesting that LPC does not affect surface charge of
the membrane at pH 7.4. Nevertheless, LPC shifted the voltage-dependent
inactivation at pH 6.4 toward negative potentials, suggesting that the action of LPC
on the cardiac cell membrane is different from that of LCAC.

We conclude that LPC (10 uM) at pH 7.4 decreased I, without affecting the
state of the L-type Ca2+ channel in guinea-pig myocyte. LPC (3 uM), the
concentration of LPC that did not affected I¢, at pH 7.4, reduced I¢, and affected

inactivation state of /¢, at pH 6.4.
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Figure legends

Figure 1 Effects of LPC on I¢, at pH 7.4. A-D illustrate original tracings of Icq

under voltage clamp. The holding potential (HP) was kept at -40 mV. The
membrane currents were elicited with a depolarization pulse having 150 msec in

duration (0.14 Hz) to -30 mV - +40 mV. A and B are tracings of I¢, before

application of LPC, and C and D are those after application of LPC (10 uM). The
bottom is the current-voltage (I-V) relationship in the absence (@) or presence of 10

UM LPC (A). The amplitude of Ic, was defined as the difference between the peak

value of the inward current and the current taken immediately after the end of a

depolarization pulse. Note that LPC decreased I¢g (bottom) and increased the
background current (C and D compared with A and B), but it did not affect the

shape of the I-V curve in respect to the membrane potentials (bottom).

Figure 2  Effects of LPC on Ic; at pH 6.4. A-D illustrate original tracings of /¢,

under voltage clamp. The holding potential was kept at -40 mV. The membrane
currents were elicited with a pulse having 150 msec in duration (0.14 Hz) depolarized

to -30 mV - +40 mV. A and B are tracings of /¢, before application of LPC, and C

and D are those after application of LPC (3 uM). The bottom is the current-voltage
(I-V) relationship in the absence (@) or presence of 10 uM LPC (A). Note that LPC

(3 uM) decreased Icq, but it did not affect the shape of the I-V curve in respect to the

membrane potentials.

Figure 3  Time-course change in Icq at pH 7.4 before and during application of
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10 uM LPC. The holding potential (HP) was kept at -40 mV. I¢,; was clicited by

clamp pulses (150 msec in duration, 0.14 Hz) depolarized to ) mV. A: Time-course

change in /¢, . B: I, tracings before (a), 1.7 min after, and (c) 5 min after the
application of 10 uM LPC. Tracings a, b, and c in the panel B correspond to those

in the panel A, respectively.

Figure 4 Time-course change in /¢, at pH 6.4 before and during application of 3
uM LPC. The holding potential was kept at -40 mV. I¢, was elicited by clamp

pulses (150 msec duration, 0.14 Hz) depolarized to 0 mV. A: Time-course change in

Ica . B:lca tracings before (a) and 3.5 min after (b) the application of LPC.
Tracings a and b in the panel B correspond to those a and b in the panel A,

respectively.

Figure 5 Effect of 10 uM LPC on the steady-state inactivation curve of I¢c,. at
pH 7.4. The holding potential was kept at -40 mV. Inactivation of /¢, was induced

by a 500 msec pre-pulse to various potential levels ranging from -80 to +10 mV.
After 10 msec of clamp back to -40 mV, a test pulse (to 0 mV) having 150 msec in

duration was applied. Peak Ic, recorded during the test pulse (ordinate) was plotted
against pre-pulse potentials (abscissa). A: Icq values at individual pre-pulse in the
absence (@) and in the presence of 10 uM LPC (A) at pH 7.4. B: Relative I,

values at individual pre-pulse in the absence (®) and in the presence of 10 uM LPC

(A) at pH 7.4.

Figure 6  Effect of 3 uM LPC on the steady-state inactivation curve of I¢,. at pH
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6.4. The holding potential was kept at -40 mV. Inactivation of /c; was induced by
a 500 msec pre-pulse to various levels ranging from -80 to +10 mV. After 10 msec of
clamp back to -40 mV, a test pulse (to 0 mV) having 150 msec in duration was
applied. Peak I, recorded during the test pulse (ordinate) was plotted against pre-
pulse potentials (abscissa). A: I¢q values at individual pre-pulse in the absence (@)
and in the presence of 10 uM LPC (A) at pH 6.4. B: Relative Ic, values at
individual pre-pulse in the absence (®) and in the presence of 10 uM LPC (A) at pH
6.4.
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