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The Relationship of the Litype Ca* Channelon the Depolarization-
and Depletion of SR Ca**induced Smooth Muscle Contraction
and Intracellular Ca® Mobilization

Jung-Hwan Kim, PT, PhD

Department of Physical Therapy, Yongin University

Purpose It is generally accepted that smooth muscle contraction is triggered by intracellular Ca®*
([Ca*]) released from intracellular Ca stores such as sarcoplasmic reticulum (SR} and from the
extracellular space. The increased [Ca’*} can phosphorylate the 20,000 dalfon myosin light chain (MLCy)
by activating MLC kinase (MLCK), and this initiates smooth muscle contraction. In addition to the
[Ca®*}iMLCK-tension pathway, a number of intracellular signal molecules, mcIudmg mitogen-activated
protein kinase (MAPK), protein kinase C (PKC) and others, play important roles in the regulatzon of
smooth muscle contraction. However, the mechanisms regulating contraction of depletion of SR Ca
mouse gastnc smooth muscle strips is not still clear. Methods: To investigate the roles of Ca’* inﬁux
and SR Ca’" release channel on gastric motility, isometric contraction and [Ca **1; were exomined in
mouse gastric smooth muscle strips. Results: High KCl, tyanodine, an “activator of Ca**induced Ca™*
release channel, and cyclopiazonic acid (CPA), an inhibitor of SR Ca’*“ATPase evoked a sustained
increase in muscle contraction and JCa’*]i These increases induced by hlgh KCl, ryanodine, and CPA
were parnally blocked by application of verapamil (10 pM), a L-type Ca’* channel inhibitor. Addmonally,
in Ca**free solution (! mM EGTA), ryanodine and CPA had no effect on contraction and [Ca®*}; in
fundic muscle strips. Conclusion: These results suggest that extracellular Ca’* influx and depletion of SR
trigger Ca’* influx through verapamil-sensitive Ca’® channel, and extracellular and SR Ca** store may
functionally involve in the subcellular Ca** mobilization in mouse gastric muscle, (J Kor Soc Phys Ther
2007:19(5):65-76)

Key Words: Smooth Muscle Contraction, Intracellular Ca’**, Ca®* Influx and Release
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A58 gR23 2RI ) O TLHE PU2Y 52 L AT u) CoF WS Bshe 1Y CF B89 ATy

gFo] dedA UHKoo F, 1986; Piasecki®}
Thrasivoulou, 1993; Bjornsson#  Abrahamsson,
1999). 4A fviete A9 AMgAdE &5
AR e Aol gol & HAH F 19E A3}
= Aol YA(GA: 23.68%, Al 16.37%) 0. ZH
2317 A9 F84 2 A¥AH) ZxHa 3
CHEAEA S, 2005; FAA, 2007). t$e] AT
3te JAE 2 AEHA @74 FTEE ZHE
Uetue &£317128 829 719 37134 oF
EEE 2 mulRY 59 ¥AF dige
g F gle AHFEAE JdAET ATH(FHEE 9
HhE g, 1998; H&<, 2001).

oleg 9 xAe 4B FAN S4EL A
4, 283 A%E £48E 240 HiE
59 7158 TREE O B A
(fundus) &} Al (corpus) @ FEH(antrum) 2 Vs
T deH, 4 A dguve 58 %
93 24 QF (resting membrane potential; RMP) S]]
z1ol7t e & F UthBoev 5, 1985; Petkov
2} Boev, 1996). =3 ¢ 3L ZALE
(sarcoplsmic reticulum, SR)9] weho] 93 3, of
A9 SRe 9 £3g A¥ G BFAY AP
S 933t} (Boev 5, 1985; Petkové®} Boev, 1996,
1998). Wetd gEI-Fx= AEXY G 47
F7 BBIY AEW G TR e FE
A7V A "thFigure 1)(Kim %5, 1992; Ozaki %,
1993). a2 HEZ 23 EAlste SRY 7]
ST olg AP FFIVAAN FAERG-BAAE
Wzl 2&F A (mitogen-activated protein  kinase;
MAPK)e} oz HEF L C(protein kinase C;
PKC) 2 Rho & & A (Rho kinase; ROCK) % ¢
AF7l AAEHL oy, 2 2™ g |
g% 71de 22A UA FH(Figure 1)(Bae T,
2007; Kim %, 2004, 2005, 2006). Falxc} 43}
NAREZRNEY FIoMY AAFH)T 4=
e A7E AT 23 FUY FEU1d 42 2
dABPY AFT aRPYLe 9% & fith
olglg FoAAE BT A8r|AE AT
E2X8Y9e dAFZAge "nE Ro] Ao
o A8 AFAEd o8 P AINAF Gilver

spike point electrical stimulation)®} 7Z+& 3HulolE
wge g QA9 FEE AF3d JEHA

HIAA T& 22T § e AVIAE 717
A F HEHD Jo(H7Y T, 2004; H
g3 745§, 2005, 1 &3] 3 Arasn
ujH gk Ao Apdelnh. wety B dFdMe
BETZ2AE HET 48 FJEE 239 @

F-fe NS F7S F5 8 £ 2
o|e BAIT, 3§ Yz3 HIAZT z2Fd
st AES) Caltel $9d3 SRojAel Cat
ZE AT 5 JYe EFAY AL 2 Z F

o Wast MEY G FFHT 2 ABA
AnEozH AsrdREYNE A7E 9
Nzolod Are £go Hn4 dgoh

oo 18 o AW Hr Ao of 1o W@

Depolarization

<

,,,,,,,,,,

Contraction

(Gmtidonas)

=3 |

MLCP

| @

L. Smooth Muscle Contraction

MLCE patsvay

Figure 1. The schematic representation of smooth
muscle contraction. VDCC, voltage-dependent Ca**
channel; PKC, protein kinase C; IP3; inositol 1, 4,
5-triphosphate; CaM, calmodulin; L, ligand; 3Gp;
trimeric GTP-binding protein; 1Gp,
GTP-binding protein; AP, adaptor protein; PLA;,
phospholipase A;; PLC, phospholipase C; ROCK,
Rho kinase; MLCP, myosin light chain phosphatase;
SR, sarcoplasmic reticulum; PM, plasma membrane;
MLC;0, 20-kDa myosin light chain; MLCK, myosin

monomeric
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light chain kinase; MAPKKK, mitogen-activated
protein kinase kinase kinase; MAPKK, mitogen-
activated protein kinase kinase; MAPK, mitogen-
activated protein kinase.

. dpuy

1L 4HSE

B Ao ALY HEFES 1707190 ¥
A AZ 1059 A4 A= 104, 307359 ¥4
ICR v}$2 254 1807 200ge} ¥4 71U¥ 5%
g Algsldon(digiulele gz, o),
z)9) HEde T=EHFOZRE FHE AT}
4T ¥4 244 (physiological salt solution,
PSS)E BHEAIZ F AEd® $74 HEEL A
£3] HEdd ALgstEt. Z FH A¥FE
& Y& F, AgF B 12X BEF
712 ARSI Y. Y3 F A 1P §83%
1o e SHT. BY AREYTEHEAE,
ghatol e da)e FE3 FFHAeH, AF
9] & AFLEFIAZHE EAQ0300,
ol M) g o83t 20+£1TE FAFA

2. st €Y, X2, ASY, ZAUHYSH, M
9 ¥ B2 I §Y

€ A7E 948, 4= FAE e A
A A BERE ’éﬂiﬁ}@i gd4& 5 Kl
A7 H FdsH 718882, 1Yy, 3
%
4 A

@ >

FEY B AFxHe AU vk
¥ AFE 2EA F By Asta o A
g H&3}AHKim 5, 1992). A& 222 PSS

o

i

7t € €719 &7 % Hog nAFsT HLAA
AFzAFY AP AANGE. 87 239 F

Z 173m P& wE] AgEslen, e
2TRE FAdte NEES 4A8 AAsn 5
Hoold §-Hug PSSE AFHAUT dAEH
73

(Zoom stereomicroscope, SZ-ST, Olympus, Japan)

~o

e X883 A1978 A5E 20079 10¥

ol X H-HEe AAD FEZ FU] H:
£ 3ych e AR, A4AF B FEFY 3P
Y2 yFn ARG fEHE AMEsIAC Z
Zte) B9 o) mat 2 AP S ¥ 5*°§ Z
2 m, o) 10 w7t HEE FEHoH, 718
AS 7)BA2E X¥etY F 3 m, A0 10 mm
7t HES dFg FYste B g7 AHEEA
G gEe 2% A ge 98 B2e 39
W 7| (Force Displacement Transducer, FT 03,
Grass, USA)ol A3t 23L& FRZR(Im)E
A Y 8A7]E 7] (Physiograph, TWC, Grass,
USA)R 7|34t & HE2 10mN9 HXF
g5 dn o 2087 A F nEkE KCl#
AH HEFe HAE 33 o4 wEdY 1F
% KClof thigh wbgo] dASA Yed RS &
o)t A¥S AFEY hKim F, 2005, 2006).

B AP AHE® PSS9 FALE  NaCl
136.9mM, KCl 54mM, CaCl; 1.5 mM, MgCl
1.0mM, NaHCO; 23.8mM, glucose 5.5mM, EDTA
0.0ImMZ TFAHUAS. =& 2 oA AL
10, 20, 30, 40, 50, 60 mM¢9] TF= KCI&H2
NaClg FU% mold] KCARE &3ty ZAJ o
AHEE T ® AFAAM AR RE A8
€ 95% O 5% CO2 X3AA 371TCeA pH
7482 zAsto AP AL HTH(Kim F, 2003,
2004).

3 9 =X NXE I G BE (IG) &3

MEY G ¥E (G 5HE Kim 5
(1992)% Z& #Hyoez Ca''o FFAAY
fura-PE3 & o] &3ld 2F3HIKim T, 1992).
FEF =233 FUI Ao R MR ZHENS
fura-PE3 2] oL A B A W] &) off 2 8] 2 (acetoxymethyl
ester, fura-PE3/AM, 5 M)E AHastHch
FuraPE3/AMY A% B34 ZohA7 )
gt Bl-HEEA ARG AIAQ  cremophor EL
002%) 8 F7148 IFdY. <SRES GF
fura-PE32) ¥-3}7} B F, v-2HF  furaPE3
(fura-PE3/AM)E A A% 7] 8] PSSE £3HAH
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25 2RI 20 ) G 22-4T HP29 43 D AX W) O W% goddle 13 CF 529 A9

o ZSEEL 340 mot 380 me F FF9
excitation2 48 H:® &£apF oz zAMEIE:, o)
m WAEE 500 me] ¥ (F3403 F380)¢ &
FFE A (CAF110, JASCO, Japan)2 E A3 FT}.
[Ca¥*];e] wW3}= F3403} F3809) H]& (R340/380)
24 FASET. AEAGAN  Calte] dF
fura-PE3¢] AFA ST in virod] e Az} A
o7} gemg [Ca'lie) FUNE TR @1
X Ao 2z AHEAEY AT Al dojA wl g
< Z+z} [Ca¥*)i9) 0%} 100%2 HPYHKim =,
1992, 2004).

4. ALZ AIY

2% B8 AW G FEE 3387
At AMR-dE Alke og# 2o Fura-PE3/AM
(Taflabs, USA), cremophor EL (Nacalai tesque, Japan),
nifedipine (Bayer, Germany), cyclopiazonic acid (CPA),
ryanodine, 2-mercaptoethanol, verapamil, heparin, ethylene
glycol-bis[3-Aminoethylether] NN,N',N-tetraacetic acid

(EGTA), (o)A} Sigma Chemical Co., USA)E A&
Ao
m. d =
1. XD} BRI HEIQ +3U3
249 5 BE YEIHE S5
F5 2 Aol AHEY] Y3 A=< FuFY

T AT, A, 71Uge] 71AHEE, |
A HEd R rhe2e] ¢ 2NN AR
fFER2 T 1FT KCIE0 ™70 mM)E 7
7+ B g3stgoh

A= FHEAS F0LEY, AT 2 AF
B 23} shA e HFHe 40 mMF 70 mMo]
KCIE Fostd 1& el (Fdis™; 45.8+53%,
AerEul; 74.5+3.3%, 2HF; 60.3+4.1%, 559,
66.8+4.7%, NEH; 14.5+65%) FATF A F

2 (phasic contraction)®] 7} & A|Z-9&EFH 7
ZA 422 (tonic contraction)Z 7} YreERY o] 108
A7 AFe HUFFd o2 R& FUATY F
A A tHFigure 2A, 2B, 2C, 2D, 2E, 2G). 7]V ¥ 9]
71 BHE29 B3, 40 mM9 KCI& &34 1
£ el 395x1.7%] 348 A48 £5& Ve
Webh 3%l Al et due 144
(49.8+3.9%) F7ksk Holo FAHF VA
Aol EAGE; 74.0+3.5%, 75; 91.0+2.1%)
7 ¢ AU} (Figure 2E, 2F).

EERCIEL PR TREFEPIFEIN
£3 60 mM KCIZ fEHE #2949 g 30
Z ojyd FAZF Hd U4 FHEHAR
99.5+0.5%, FE&; 99.3+0.8%)0] Vet & 1%
offel Hidhe FIB(HAAR; 57.8£62%, #F
M, 358+23%)0.2 JeEld F Azle] Zag
B 9Ue 249 WP £5E HARE 5
4e ehisithFigue 2H, 2). ¢ fE30

& 2738 Atolo] 1A FFo] F7F ¥ 44
pase 3 WHQE 45LL% IF
350+2.6%)7F JvepdES @28 4+ A cHFigure
H, 7). B3, 422 A4 204 Kl
e A4 AES 100%2 3tE A& RS
BASE A3 yAAED 3 BagsE 4

2o wshel FERIN 2 Aoz BIHYT
(Figure ZH, 21, 2)). =3 KCl& F%-9)&F(10~
0 mMeE A48 A3} AARY A AvE
229 1%E A9 KON 0RA £33 @
A {3 FFol EA4ES BEE F U
(Figure 3A). ¥t RFEF9 B¢, AF5EY KCl
e A8 Aee £ ALY IFA
RN EAAA F3pke)d FFFEHL F
B9E P4 vehlen], wEEe KOllAE
olgi g FH7F YERA] ROoWA A4 FF
Qolo] W4 Wl EASO4L BAT 4
¢l 2 o} (Figure 3B).
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Figure 2. Representation tracing obtained by high KClinduced muscle tension from rat
thoracic aorta (A), rat mesenteric artery (B), rat uterus (C), porcine pulmonary artery (D),
guineapig trachea (F), rat renal artery (G), antrum of stomach (H), fundus of stomach (I).
Each point (E and ]) represents mean * S.EM. for 7~9 experiments. *,#,1,}; p<0.05 vs

resting state.

2 YENS| MEL SEI-RE FRIY 4+
SM2 ¥ 4EY GV BE

9 =HE HEdY FE-9FE3F KA AHEd
We g 27 (PAR) (Gl WstE B2
t}. A3 10730 mM KCE s [Cal'lel
k7t Z7b3Hh7t 30 mMolA] Ao s o=
v RE FEY £ A4 28 40 mM o}y
ol e 238 FadHe Bl Ueid

€AY 5 UA}(Figure 3C).

EF A9 C £Ye 29 g9
7] A 9 Z2HAA AAR AW 60 mM
KClg Bdstd % 2 AT C''e dAsA
£AAY & L-F G 22 AAAD verapamil
< FHAH(100 sM~10 pM)e g2 Z+z) HL39c
(Figure 3Da, 2Db). 23} KC-H% HBZ 43 2
AZTY G’ FEE $E-9EHoZ JA YL
10 pMe] FEAA g3 AN RE
#3AE 4 A Figure 3Da, 3Db).

= [o]
B4
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AE : DRI 208 Y GO 22-F% BB £5 2 A Y C& a5 dedshe 1Y O F2e) 4R

TOmM  60mM  50mM  40mM 30mM 20mM 10 mM
KCl KCl KO "KCl KCl KL KC

B. Antrum

70mM  60mM  60mM 40mM 30mM 20mM  10mM

Ket Kot Kel KCl KCl  KG KCI
CU -
a .
)S Verapamil (og M) |, .
'*3 Z ? Smin
- 00 £ 5
+ Py - o
& 30 (%) S High Kcl r |
O, b)” .
' 3 100
fg M J - A
min
Verapamil
8 " togm)
1 Kcimm) ~° High KCI 0

Figure 3. Effects of high KCl on contraction and intracellular Ca’* level in gastric muscle
strips from mouse stomach. [Ca’*], concentration of intracellular or cytosolic Ca’; Kdl,

potassium chloride.

3. I=Zo Z2FIE-HEY %‘ﬂEP-I F= 3 JAR A ryanodinedt CPAE L3
ue Y MEL Ca'o] W A% [Ca'19 F7+E FAY 5 UAHFigure
4C, 4D). E3] CPAS] 93 714 FIFWIL

9 z2aL Aasd ATY G Agzna = XV & F59 FT dold F ARl
zg;%o] [Ca¥'); 559 ZAT 2w 0]z A me} $F0] Zasle A&AHoE {3
e 9% usty BASQGY wad Cltezr e FHY £EUEE #FT & AU (Figure
Ca’* 62 (Ca’"induced Ca’* release; CICR)=S # 4A, 4Da). T3 ryanodine} CPAe] 9§t 439
7]21’ 24818t RyR(ryanodine receptor)& B3+ BdA T (G BEY F fedE JAe
SRU Ca** 43E A3 JAslE ryanodine(10 AH B 98] verapamil®] A FE FAFH
M) SR Ca’* pumpE MeElPoz oAsle  2H AAFY 2 HHd ryanodined} CPAE 3
cyclopiazonic acid(CPA, 10 uM)E X 2] 3} t}(Abe &3l 5L FH#AZ F, verapamil 10 pME
=, 1996; Ngo} Gurney, 2001). Z2} PSSAME] < H8H A7 2 AFY G 529 B
P AE ) e HAARAM 1FA FE9 4 gA7 vgde 82L& UAtH(Figure

7t FEEE #EE AU (Figure 4A, 4Ca, 4A, 4C, 4D).
4Da). Y WPoz Cat'e FFAANAES B 38, ryanodine® CPAS] 9J3l 23 AT
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e 25832 #1948 A53 20073 10¢

Ca'* Z7b7} MEYRERE 7Ashex] HEW  ranodined CAP 10 yME 247t A3t 2
A A=A B st XYY Ca'" H ranodine?} CPA HEo2 Z-5F ¥ U
< AAZ el mM EGTA PSS AAelA  Hux &&& #9T + 3UUtH(Figure 4B).

A
6 o l Verapamil 10 v
B -~ CPATO ;JM Ryanodine 10 ;M
ls mN
B Rymm‘.;me 10 pivt Py
EGTA1mM Cyclopiazonic acid 10 pM
iﬁ’_lsmN 3min Verapamil 10 ui¥
100
Rymodim 10 uM %)
4 !
0

Ryanodine 10 uM

Imin Verapamil 10 pM

M Cyclopiazonic Acid 10 pM o

Figure 4. Effects of ryanodine and CPA on smooth muscle contraction and intracellular Ca’*
level in gastric muscle strips from mouse stomach. CPA, cyclopiazonic acid; EGTA, ethylene
glycol-bis[ 8-Aminoethylether] N,N,N'N'-tetraacetic acid.

V. 31 = 2 A0 g 2/ g8 FE/o|go| =

AHH, d2d JF IFE we EF A=
P YAxE Zo] BIFol RAoe 4|4 UvHSanders, 1996; Karaki 5,
2 g3 s 2 A 1997). ol Z4F w32 AE=d EAs=
& gost olged #  Cd' B2 Na+-Ca' m@r 7, G w3 ¢
e 3rol g;—:— MBYa(Zol: ¢ 507200 SRZRH Ca''o] fAHE T F2E AN @
AA: oF 27 10m)e] &3EN A7) @3011 AsE [C'18 F7t2 et B TH(Karakis}

%%%(arcuiar m.)Z 23 Z(longitudinal m.) T& Weiss, 1984; Karaki 5, 1997). o]&jg HEZ A
AFZ(oblique m)9] HEE Z2HsE SR zu XY [CFl F7he 59 244 o 8%
9ltH(Karaki 5, 1997). BB L ALAAH B oug o NEYgM Z719 CaTe Catt

[
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AFE 2R3 2408 W) O 1Z-HE BESY 5 B HAE Y Co s Bofske 1Y Ca B2 Ay

Volume-dependent Ca** channel VDCC
(Store-operated Ca?* channel) (L-type)
; kb

Relaxation
gy
RyR ¥y, s MLC,,
+CAM * MLCK v tl +~—— MLCP
MLC,?
+

Others  Actin

..

? Abmormal ‘)
Contraction ¢

‘ Ryanodine C}C

Physical
Therapy ?

Figure 5. The schematic representation of smooth muscle contraction signalling. CPA,
cyclopiazonic acid; VDCC, voltage-dependent Ca’* channel; L-type, L-type Ca’* Channel;
CICR, Ca’*induced Ca’' release; RyR, ryanodine receptor; Ca’* pump, sarcoplasmic reticulum
Ca’""ATPase; MLCP, myosin light chain phosphatase; SR, sarcoplasmic reticulum; CAM,
calmodulin; PM, plasma membrane; MLCz, 20-kDa myosin light chain; MLCK, myosin light
chain kinase; ECS, extracellular space; ICS, intracellular space.

S obf A
HEEBA

Figure 4. The schematic representation of abnormal muscle contraction-induced gastric muscle
disease and physical therapy for digestive tract disease.
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AT g9 # 7 E Y (calmoduling CaM)3} AY
A =, Ca' 2 ARE CaMe mhoj A A
# (myosin light chain; MLC}E 214M3A) 7] E4
Q1 vo] QA AYREF A(MLC kinase; MLCK)S
8431A71th. MLCKS} 842 MLCE UAEA]
712 wholo Y FxA WEE JtAeH 44
o AFRE oA (HFE T, 20052). Fo=
[Ca’*lio) 728 MLCKS &4& Zaste it
H wlo] QN HEUAS AALMLC  phosphatase;
MLCP)9] #A4e] F7iste] MLCY &-UitstE
FEA71A EchSomlyo T, 1999). o]HA% BH&
29 &Y FAIZqAM Yehde fdlelz
Zagd-u4d Gt E2Z(dihydropyridine-sensitive
Ca’* channel; DHPR)$} gjolob=g-mizbd Ca®
% € (ryanodine-sensitive Ca’* channel; RyR)e] 2
Al 7 S ASHE “tetrad-feet"7} dg o 24 SR
Z 9= F (terminal cisternae) Yo LEEE 2
At e Caltol Axde fEdE JiddE
o7l AtHAFH F, 2005h). E=3F FFHZH
e AEY G’ vEe F77-C Fele
A48 FEAY AL SRy C'e AR
o] AlEe FrO Y Fo3% 4TE I
T Zolth olgt & Y&E FEHOE AolE
doy BEIANMNE FFE Aol (Karaki F,
1997). 53 #EZ9 SRy EAsE C''e
717 Q) caffeine) H-§- 2.2 FaH® o]FA {7
8 Ca'"o] SRe| EAFE Ca* F2E 25N
7 FAG) Ca'to) HE WAL FINLLEH
CICRE #AZA7A Foh(lino, 19993, 1999b).
ols} & HEIZde FHTNA HEA ge
P1f% Ca’" H2l(IPsinduced Ca’* release; IICR)
71AE A Utk F, NICRoJA P9 FA LS
GTP-2% ©¥d 42 F#EX& AFste 32
25 NBALED F& ITS Y=rt F84
gt A¥sd GIP Z2JE9A(G)e 843/ A
& #3719 JQAAEBSH AL Clphospholipase
G PLOE #AstA . o|gA EAsE PLC
T o=AEE EFde IAEY] PR
(phosphoinositol ~ 4,5-biphosphate) & 7} £ 38} o
IP;(inositol 1,4,5-triphosphate) & Tholold S8 A &

EYXE 3 A A19A A5 20073 10€

(diacylglycerol; DAG)-E AJAFstA] HoH(Berridge o}t
Irvine, 1989; Berridge, 1993). o]|& A Aj4t® Py}
SR2HH Ca'g RIAIH, T AZTY
Ca'" 29 Z7IE lCRolgtx #th(Berridge 9}
Irvine, 1989; Berridge, 1993).

olfd £E7HE ARY FEHE 21F
=9 dAGAGAE A2F o R gt 2o
7} 2SS ¢ 4 YtiBoev %, 1985; Petkove}
Boev, 1996). ol2j3 W&& ZAZ =¥ FTH
o} 299 xold wE dES-HE FEFNSY
5 2 3 o] AHE A% FEFS AAR
dris Ad4 HE 2 ASE 4EY #4849 A
o7k dE AL #EY F UUen, ojHF W
&9 Aol AMELF AFd o3 Axute
FE o8 FF AEY C'o] AE o F
dee A Aoyt J&E HIHH ot
(Morgan %, 1981; Kim %, 1992; Ozaki &, 1990,
1993; Karaki 5, 1990, 1997). E£3F v}-$-29 9
z24 AHE AHAE9 Fx-9EF KAH
verapamil®] H-go0 2 fr=l= WE wET F
T Fxaoje dAeu KClo] Axete] gi5
€ goA 2EI-YEY G B2E B
A NE Fez G #g0l dolgE ol F
dden{Omki 5, 1990), verapamile] #Hgo =2
FFo] JAHE 222 wFo KCl AE&LE &
EHE £E98d L3 G 527 #A4ge
ol&d& F YATHFigure 5)(Marriotr, 1988; Ozaki
%, 1990; Burches &, 1992).

3, 9 =249 AEY G AZ:Y SR
[Ca") $29) 283} £324 vl 9FE
A5 17l 39 mvanodined} CPAZ A3t 2
144 2 2 [CGF)Y 37 FEEE BE
g & gen, ojdF FEuEs AX Ca*
9] &7}+ 7}zl verapamile) o}&ed FEE3Z )
7F YErgE 08 & AAT webA 23
A fEEE 25% 2 AT Gy dEde
CICR®] :Z3 SR Ca** pumpe] ME]F Az
PH fEse SRY 1Z-AW AERZHE
Ca''o] fdel B3 o £ AR L-¥
Ca'" 27} BT 1T & AATHAbe ¥,

(o4
—

H

<)

3
T
o
=
W
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AT PRIH 22T U O TL-HE HE2Y £5 R AZ | C uFd Befske LY Co” 529 Au

1996; Gurney %, 2000; Ngo} Gurney, 2001), whe}
A2 79 diye FJE8E MHEZd SRY
Ca'* yE-oZHoz NEY Ca' Yo EH
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