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= Abstract =
Effects of Ca®* and Ca**-antagonists on the Spontaneous Contractions and

Electrical Activities of Guinea-pig Stomach

Sang Ho Rhie and Ki Whan Kim

Department of Physiology, College of Medicine, Seoul National University

The effects of external Ca’?* and Ca®*-antagonists on the spontaneous contractions and electrical
activities were investigated in guinea-pig stomach in order to clarify the mechanism for the generation
of slow waves. Electrical responses of circular smooth muscle cells were recorded using glass capillary
microelectrodes filled with 3 M KCI. All experiments were performed in tris-buffered Tyrode solution
which was aerated with 100% O, and kept at 35C.

The results obtained were as follows:

1) The amplitude of spontaneous contractions was maximal at around 2-4 mM Ca?*, whereas their
frequency was inversely related with external Ca?* within the range of 0.5 to 16 mM Ca®*.

2) Verapamil suppressed the amplitude of spontaneous contraction in a dose-dependent manner,
while the frequency of spontaneous contractions was almost not changed over the whole concentration
of verapamil (0.01 ~5 mg/1).

3) Manganese increased both the amplitude and the frequency of spontaneous contractions dose-
dependently in low Mn?* (below 0.05 mM Mn?*), while their amplitude and frequency were decreased
in high Mn?* (above 0.1 mM Mn?*).

4) The ampltude and maximum rate of rise of slow waves were incrased in high Ca?* solution. In
Ca?*-free solution, the spontaneous contractions recorded simultaneously with slow waves ceased and
tonic contraction (Ca?*-free contracture) was developed in parallel with membrane depolarization and
the disappearance of slow waves.

5) Verapamil (1 mg/l) decreased the amplitude and maximum rate of rise of slow waves and it
depolarized the membrane by about 6 mV, whereas the frequency of slow waves was not affected by
verapamil.

6) Manganese showed different characteristic effects between low and high Mn?* on the slow waves:
In low Mn?* (0.05 mM Mn?*), the initial rapid increases and the subsequent gradual decreases in three
parameters of slow waves (amplitude, rate of rise, and frequency of slow waves) till a new steady state
were observed. However, in high Mn?* (0.5 mM Mn?*) slow waves disappeared and membrane was
depolarized.
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From the above results, the following conclusions could be made:

1) Ca?* is necessary for a generation of the slow waves, even though it is small amount.

2) Verapamil suppresses the spontaneous contractions of gastric antral strip by the decreses in

amplitude and maximum rate of rise of slow waves, while this drug does not block the Ca**-channel

involved in the generation of slow waves.

3) Manganese has dual actions on the Ca?*-channels; the Ca?*-channel involved in the generation

of slow waves (or Na-Ca exchange system) or the channel for the generation of spike potentials are
stimulated by a low concentration of Mn?*, while both the Ca?*. Channels are blocked by high

concentration of Mn?*.

Key Words: Gastric circular smooth muscle, Slow waves, Verapamil, Manganese, Calcium
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Aol A A7 $EAGL HeA 7 2 glow
(Brading et al,, 1969), A}ZZoAE Ca* & 29
charge carrier2 4] Mn?* current® =Hg3 it}
(Ochi, 1976)  guinea-pig 2 Aol A F-& F=(107"-
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TEFAL Z8unH7)9 A= B (tension
transducer, Grass FT-03) & AA|A 534 +5

(isometric contraction) 3-8 7|-£-7| (Device phy-
siograph)oll 7| £31gich(2 1), Apubd £2ulE

mlm

FT

Force
Transducer

ME preamp.

ANNNL

Recorder

CRO

A%,V

Microelectrode

A schematic representation of the isometric contraction and the electrical activity recording

Fig. 1.

JL

Stimulator

system. The isometric contraction was recorded through a tension transducer from the smooth
muscle preparation. And the microelectrode puncture technique for mtracellular recording of
the electrical activities was employed in this experiment.
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Atropine sulfate (Sigma), Guanethidine sulfate
(Tokyo Kasei), (TTX) (Sankyo),
Tetraethylammonium chloride (Merck), Verapamil
(Isoptin, Knoll AG)

Tetrodotoxin

48 4
1. glof H9iy Mo|H gEu(D

2] vl AAFE §A (circular muscle) A %)
of 1 /15& A3E 27 30 Jehgln, A&
o $19) 2H 2ol $42 BAY 2014 71289 A
1% $5% 27 45 (A)9 whE S5 (B)2 e
FAetglet, HA (fundus) 29 A71H o2 =&
81741, 413} (slow wave) 7+ $4 5 e 2he 2] 7} o)
T Zgteh A 9ol AlojAA Zo 2 Wz
4% obA 2k 9} (resting membrane potential) o]
7heki Azte] 271 F7bslo] f-F% (antrum)o]

IV converter

==

I

Stimulator

Fig. 2.

' ME preamp.

I \/ Microelectrode

—r

A

Recorder

Simooth muscle

A diagram of the partition stimulating method. The muscle chamber is divided by one of the

stimulating electrodes into two compartments, stimulating (left) and recording (right). The
elecrotonic potentials were produced and recorded by the current stimulations.
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(A (B)

Fig. 3. Electrical activities recorded from the circular muscle cells in the regions shown in the schema-
tic representation of guinea-pig stomach. (A) Slow waves recorded with slow paper speed. (B)
Rapid paper speed. Note that the smooth muscle cells in the fundus region showed electrically
quiescent responses, whereas those in the antrum region showed slow waves, slow waves with
abortive spikes, and slow waves with spikes.

A

(B)

1min

Fig. 4. Slow waves recorded from the antrum in the absence (A) or in the presence (B) of TTX, atro-
pine, and guanethidine in guinea-pig stomach. The slow waves taken 20 min after the pretreat-
ment with TTX (3 x 1077 (M), atropine (10 M), and guanethidine (5 x 10°M) (B) showed al-
most the same features as those of control slow waves (A).

B REZAAAE 2 AT} AAAGGike  E 29 4ol e (A)E HEAFe s TIX
potential) ©] 7] &= ¢l c}, (3% 1077"M), atropine(10-*M) & guanethidine
A g}7t A7 o] Fedsle] vehte A7A FFo (5x107°M) A7} Aol d-& Asgld], o|F 3FF

obi, =4 (myogenic origin)ojzhe APAH  ofg sl ¥ 208kl 7159 A (B)ol EA|

— 245 —



—o) gl etsl = A21H Al 23 1987—

:I 40mv

]200 mg
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Fig. 5. Simultaneous records of electrical activities and spontaneous contractions in the presence of
TEA (2 mM) from the antral strip of guinea-pig stomach. Note that spontaneous contractions
were coupled with ordinary slow waves, while the slow waves with spike action potentials
evoked large contractions. The amplitude of spontaneous contraction elicited by slow wave
with spike action potential was increased by at least a factor of six.

()

8

© 100~
L
(A} §
:
Ca?’-free sol.
« EGTA, O.5mM Tyrode s
L]
(B) i sl
! N
Co’'-free 0.1 Q2 05 1 2 4 [} 10 168 mm [Ca'], o . ) ) L )
g L ] [ — 1 1 DR R I T R
Ca®*]q BT ca®® conceNTRATIN

Fig. 6. Effects of extracellular Ca®** on the spontaneous contractions recorded from antrum strip of
guinea-pig stomach. (A) The spontaneous contractions disappeared completely in the Ca?*
-free Tyrode solution, and recovered after washout with normal Tyrode solution. (B) For the
initiation of spontaneous contractions, 0.5 mM Ca** was needed, and the maximum amplitude
of spontaneous contractions was developed approximately in the concentration of 2—4 mM
Ca®*, (C) Dose-response relationship for the effects of Ca?*, and above or below this Ca®*
concentration the amplitude decreased dose-dependently, whereas the contraction frequency
was inversely related with external Ca®*.

=) L o =2 ] S 2o
e oh (A)i e e skt Ael7h > 2. M7|H BED XU £5e T

ojx] % FoR Rop Azt HIT AANA %
AEE 294 949 AT gl guinea-pig &5 HHE °]-&3te] TEA(2mM)
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CONCENTRATION OF VERAPAMIL

Effects of verapamil on the spontaneous contractions recorded from the antrum strip of guinea-
pig stomach. (A) Verapamil suppressed the antral spontaneous contractions in a dose-dependent
manner. The inhibitory effect appeared about at the concentration of 0.1 mg/l'and increased
in parallel with the increase in verapamil concentration. (B) Dose-dependency of the verapamil
effects on spontaneous contractions in the control absence (0. O) and in the presence of TTX
(3 x 107 M), guanethidine (5 x 107 M), and atropine (10 M) (o, m).

Note that the amplitude of spontaneous contractions decreased dose-dependently by verapamil,
while the frequency was almost not changed over the whole concentrations of verapamil.

(B) [t3)
198

g
s
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t Smin 1min ”'
Mn'*, 0.08 mM #n’t, Z0SmM

. . L
3 wt ta oW bt
' [ [

EXTENUAL COWCENTRACTION OF Wel*

Effects of Mn** on the spontaneous contractions recorded from the antrum strip of guinea-pig
stomach. Guanethidine (5 x 107 M), atropine (10 M), and TTX (3 x 107M) were present
throughout. (A) The spontaneous contractions were potentiated and facilitated immediately
after the application of Mn?* (0.05mM) and then decreased to the new steady-state level.
However, in the concentration of 0.5mM Mn?* the initial increases in amplitude and frequency
were rapidly decreased and finally the spontaneous contractions disappeared. (B) Dose-depen-
dency for the Mn**, while above 0.1 mM Mn?* both parameters of spontaneous contractions
were decreased.
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Fig. 9.

Ssec

Effects of external Ca®* on the slow waves recorded from the antrum of guinea-pig stomach.
gu Pig

Resting membrane potential was —70mV at 2 mM Ga?*. (A) Control recordings of slow waves
at 2 mM Ca?*. (B) The slow wave tracings recorded at 8 mM Ca?*,

The amplitude and the maximum rate of rise of slow waves were increased in high Ca?* solution
: The amplitude and the rate of rise were enhanced from 3% mV and 40 mV/sec at control 2
mM Ca** to 41 mV and 175 mV/sec at 8 mM Ca?", respectively. Note that high Ca?* (8 mM
Ca**) induced a generation of abortive spike potentials in a circular muscle cell which had

shown only slow waves.

u‘i °l°ﬂ CH{P A2 9] Ca** 3}
Ca?*-7 34 (verapamilz} Mn?*) ¢ £38 18 6,
28 79 2% 8o yehigch A £3L 4
Z 9] Ca?*2 A A 2] 7] Ca?*-free Tyrode Lol of A &=
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Comparison of Ca?*-free effects with high Ca?* effects on the slow waves and spontaneous
contractions recorded from the antrum of guinea-pig siomach. (A) The simultaneous record-
ings of both slow waves and spontaneous contractions taken from Ca?-free Tyrode solution.
(B) The simultaneous recordings of slow waves and spontaneous contractions taken at 5 mM
Ca*,

In Ca’*-free solution, resting membrane potential was decreased gradually and depolarized by
about 10 mV, and both the amplitude and the rate of rise of rflow waves were also decreased
gradually and finally the firing of slow waves was ceased. The spontaneous regular contra-
ctions recorded simultaneously with the slow waves were ceased and then obvious tonic con-
tracture was developed as the membrane was depolarized. The slow waves and spontaneous
contractions were recovered from the suppressed status in Ca? *-free solution by washout with
normal Tyrode solution. In a high Ca?* solution (6 mM Ca?*), the amplitude and rate of rise
of slow waves were enhanced and also the abortive spikes on slow waves appeared. The am-
plitude of spontaneous contractions was increased in parallel with the changes in slow waves
at 5 mM Ca?*. Resting membrane potential, which was —60 mV at 2 mM Ca**, was not chan-
ged.
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Effects of verapamil on the slow waves recorded from the antrum of guinea-pig stomach.
Verapamil (1 mg/l) reduced the amplitude and maximum rate of rise of slow waves : The
amplitude of slow waves was reduced from 34 mV at control state to 29 mV, and the rate
of rise from 34 mV/sec to 11 mV/sec, respectively. Resting membrane potential, which
was —65 mV at control state, was depolarized by 6 mV after application of verapamil for
15 min, The frequency of slow waves was not affected by verapamil.

1 min

(B)

Different effects between low and high Mn?* on the slow waves recorded from the antrum of
guinea-pig stomach.

(A) The characteristic changes of the slow waves in low concentration of Mn?* (0.05 mM).
The amplitude, rate of rise and frequency of slow waves were largely increased immediately
after the exposure to low Mn®* and then decreased gradually to a2 new level of steady-state
and maintanined the facilitated state. Resting membrane potential was hyperpolarized by
about 5 mV. (B) The slow waves recordings taken in high Mn?* (0.5 mM). The initial rapid
increases in three parameters of slow waves and then subsequent gradual decreases were
similar to those seen in low Mn?*, However, the slow waves were not maintained at a cer-
tain level of new steady-state, and finally disappeared.
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Fig. 13. Electrotonic potentials produced by 5 different intensities of inward current pulse (1 sec in

duration) recorded from a circular smooth muscle cell of the guinea-pig gastric antrum. (A)
Control recordings at 2 mM Ca**, (B) Recordings taken after application of 8 mM Ca?* for
10 min. (C) Current-voltage relationship. The amplitude of the electrotonic potential was
plotted against the intensity of the current shown by V/cm. Vertical axis : Membrane poten-
tial change measured from the resting membrane potential. Negative value indicates hyper-
polarization. All the responses were recorded from the same cell with intracellular micro-
electrode which was located 0.1—0.2 mm apart from the stimulating electrode. Note that
the current-voltage relationship showed a similar slope to that of the control.

7b HRA R} F7hE %,
28 116 AJo] v]x|& verapamile] &35 1}
Ehigich, 1 mg/l verapamil 7} % 153 % 2h4) 7]
=3 ZAFE 29} vlaste] B, Aule i
Bl = WA ghgkot Aghe] Folot HHEES
457} 4=, F AglgelE df2A4] 34 mVel
A 29mVE FolHz, & 455 34 mV/secol
A 11 mV/secE =&}, thzA] -65mVoe|r] at
Hakrighel sl 6mVAE TEFH3Ic,
Yo 2x (0.05mM)9t & FE (0.5mM)g
Mn?to| Aslo] v]z|& A2 & &A= A
22 126 A5k T}, 0.05 mM Mn2*ol] x 25| x}u}
A Ashe] Fol, WE Y GEI S5} 24 F7}
et ANE 25 o AL £
Hed A zAlef v]sle] F2H A2 #7253t
(A), 22} 0.5 mM Mn?**of| =Z4]7] (B)E B9
Zz719 AL & FE o Mn? Foj]e} A}
v Aglr} Ald e s srjojs 24 =,
oty ubAdgle] W3kE viasld W& F=gl 0.05
mM Mn?*oj A& 5 mVA R 32 (hyperpolariza-
tion) ¢l o}, ¥ 9] 0.5 mM Mn?tol| A=

23]

8 10mV A= 283
7k el

5. Ca?* 9l Ca?*- Y&H|7} Spxigol ojRE
=11

F-7}A =4 (partition stimulating method, Abe &
Tomita, 1968) 0.2 (2.8 2) A3HZo 2 0.15
mm J5 GojAl F99] FAZ AL Hel £ o
AR 2ol A 7|25l A71734 A 3 (electrotonic
potential) ¢] 27| % FAst] AF-H AAE 2
gtz 2 a2, FAe 71 &717) vle A
S22 o Wy o83 $4 ot $EE
BA17]l A-E 27 136] ZA]8 gt 2mM Ca**
3} 8mM Catoll 4l 747 & HAel 71877 A
o sjels} e Boz o, MY Ca FEE
204 8 mME. Fo|tie}s ThAighe wislA] gk}
3 #ekEc), 7+e w0 2 1 mg/l verapamilo)] 15
7 k5 Fofl & AAE 2o viad As
7h 28] ol vpehit Qlet, s zAloll W] 5t 787
7} F80A Ro.2 Bol verapamilo] =3 g& Fr}
A7l B3 dezlEE o Uz, 7)ol 0.

(depolarization) =] A{ g}
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Fig. 14. Electrotonic potentials recorded before and after application of verapamil to a smooth muscle

cell of the guinea-f)ig gastric antrum. (A) Control recordings before application of verapamil
(1 mg/l). (B) Recordings taken after application of verapamil for 15 min. (C) Recordings
taken after application of verapamil + Mn** (0.05mM) for 10 min. (D) Current-voltage rela-
tionship. The current-voltage relationship revealed a slope which was steeper after the mem-
brane was depolarized by verapamil, and the steepness of the slope resulted from application
of verapamil was not changed by additive application of low Mn?".
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Fig. 15. Electrotonic potentials recorded in low concentration of Mn** (0.05 mM) from a smooth
muscle cell of guinea-pig gastric antrum. (A) Control recordings before application of Mn?*,
(B) Recordings taken after application of Mn?* for 10 min. {C) Current-voltage relationship.
Resting membrane potential was —60 mV in control experiment, and 0.05 mM Mn?* hyper-
polarized the membrane by about 5 mV. Steepness of a slope during an application of Mn?*
was slightly decreased.

05 mM Mn?*-& &7138led & 7] & 7)ol & 9 8k& m] ¥ mM Mn?*) ¢l =& 55 (0.5 mM Mn?*) 2] Mn?*o]
A Z3doh, 28 159 27 160] W& Fx (005  HAYge] =xE EHE 44 eI E 6, 0.05
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Fig. 16. Electrotonic potentials recorded in high concentration of Mn** (0.5 mM) from a smooth

muscle cell of guinea-pig gastric antrum. (A) Control recordings. (B) Recordings taken after

an application of Mn?*

for 10 min, (C) Current-voltage relationship. Resting membrane
potential was —60 mV in control recordings, and 0.5 mM Mn?"*

depolarized the membrane

by about 10 mV. Current-voltage relationship showed a slope which became steeper after

the membrane was depolarized by Mn?*-

mM Mn?* (28] 15) ol Al 2t o] o7} 73451
2}, 0.5mM Mn?t (28 16)o|A & ¢ 3|2 Z7}5)
ReeT LT

z &

BE 29 WBT 2404 HEhte 455
(automatlsm)-?_— B A ZAA Y A o
9 Ao, oA AT FrH Pk BE
3 (slow depolarizaiton) 8 A} 0 2 Wb gt} A}A) o)
YoiA glet, A55E PeA e ol 2t B
33 dabol BT AZAAN SADE = 2
%14 (myogenic) o] g}= AMA-& A7 EE R LAA
2l tetrodotoxin (TTX) o[ }, atropine, guanethidine
EAAE A 30| FADThE A2 IHE
F2% 4 glc}(Papasova et al, 1968 ; Liu et al.,
1969; Golenhen et al., 1970; El-Sharkawy et al., 1978;
Komori & Suzuki, 1986), guinea-pig stomach®] -§-
£5 AR AT} AL 428 /2T £ 4
ol = TTX(3X107"M), atropine(10-¢ M) =
guanethidine (5X 1078 M) & £x]of| AHrlslviels
Ashh AP 43el e A8 Al e oz 8

39S AATE 4 UG (2™ 4,27 7)),
9lu} elB I3 Al = pacemaker potentialsy sH.2] 4
g3 o 2 2z} (Kuriyama, 1970), Type
I & & 74A] A gk 7§70 9] prepotentiakg U311,
Type I A7l o3le] AL T4 Al¥&
% A g} (excitatory postsynaptic potential, EPSP) o]
=, Type I+ 7FA)A¢2] 52l (a train of spike
discharge) & A47|A 3l ul S8Fo 2] o|F
W FHAOZ Uehte AL A3 (R, slow
wave) 32 minute thythmolgty &},
Guinea-pig?] 7 A7 (taenia coli) 9} FF% &
2 A X (antral circular muscle cell)o| 4] 7] &
W74 3¢ vlwahd, ARl E 1~38¢ 3
Az agke] fatebi BL5E YL 7719 A
5h7} e of Ashrt AL RS 24
sl Askel el ARG BALEA H2ob
5o} 97} 1 spike/sec A8 A7} A4
$o{\t B w0l whe} 71414 F2)7be] 71 (interval
between the bursts of spike discharge)o] 7}4 5] o]
A £ Eul s = 2715 o} (Mashima & Yoshida,
1965; Mashima et al., 1966; Hukuhara & Fukuda,
1968; Golenhofen & Loh, 1970), ¥5% £9lo &

T

N e o
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gz AzAA 71 EHE AT 2717} 15~30mV
(BF 20mV Hx)o|3, Z(7]7H) 2 2~10secZA]
¥l 35Co]A 6/min FE24 (Tomita, 1981;
Komori & Suzuki, 1986) £ Al&le] A x (27 3, 2
94 22 99 28 1)E HELolse, Ao

_‘,\i_—?l-_/_'%_r,:_(ﬂ) maxg Abs{E ] 3ofo] foi A= 8

dt
mV/sec (Papasova et al., 1968), 719 $jelA+=
0.5-2 V/sec, A}& ollA= 0.1~0.6 V/sec (El-
Sharkawy et al., 1978)0]git}, 28] 9% 2.8 1loj
A BeFy v £ AdY AdEEs S5+ 20
~40mV /secoll %,

oJubd o 2 guinea-pig A7 ¢ Azte] A
A ZH ol A 8L FHA A e] FrEHA Z]AA
Ql 9JArA ] ApubAd f3o] dojubed], FFH A7
FRA A 4-9F DA F BA L ek 2 wlE
£ AR Sk Ao R s kAT 452
Qo 4 glc}(Tomita, 1681), £ AHAH F A
shof A0 458 FA 7158 A (2T 5, 27
99 23 10)¢ 2=l Ajshoh A +32 2 o
2ol 92 % 4 Yoo, £ 23 5o 1mM
TEA 3712 7MAGE FEA 714 Motz 7™
$Zu ) 6uf o] Z AP o] AL £ 4
AT, Lubd oz 48T A ol He +52 7t
AlAgtol WA ] A7icka shAat Agjute g s
a271E ZAR %o ok Lis g F
N ¢] 5] (Sander, 1983), 7} § FEF FFZ A
AL (Szurszewski, 1975; El-Sharkawy et al., 1978;
El-Sharkawy & Szurszewski, 1978)0]4] 7| & x 313}
3 9lch, B3 Mangel et al. (1982)2 79fe] 47

Z.20]| 4] chloroteracycline fluorescence- &3}
of Aziel BeAFo} AL Ca¥* FES FAHL
2 FaslE AE B 2asigit

49 AI}-§U44 2 (slow wave-contraction) 2, &
3] sl T HE43 947 (excitation-contraction
coupling) 9] Mol sidsle FEHNFETSH
(action potential-contraction)ol] A== A d e
Al 2 Ae)Ehd oo oA kA olad 4 ¢l
o}, A3} fabgFo] EAidche AL Ca?t-3
Exgtol] #edEx] ¢ Ca’*-channelso] L} Ca?*

2] 7] A (Ca?*-release mechanisms) o] & Zolat=

A& verapamilo] A{shel A|14%ol &

22 Asd Aok

A5}E A S EAS 371R) 422 A3 9l
= A6 2 o#ia 9lr}(Ohba et al, 1975, 1977), &
guinea-pig FAZo A 7] 5H Aghe 5 Al
4% (frst component), A5} 9$¥E FATE A
24 E-(second component) I} A 24] B )] 7| of| A] ik
As) e s A ek AE (spike component) 0.2 FA
Hol gleh, AIGEE A vdZ4 A
(potential-independent process) ol 2|3t A7,
Astel S 254 gleh A B 34
olg} olu}lx Aot A Na-Ca 737} A (electrogenic
Na-Ca exchange mechanism)ol 2]8 7 o2 F=
sl ek, ool widted A2 L2 A1 Eol &5}
of furslE A} AT AL 2A ALY B
2502 AFe] Helx Ca’-channelo] ¥4 3}s]
o, & Ca’ A=x7t Frtslo] Arle Aoz &
Zx5|m] o] Ca?!-channel2 spike componentE §-ut
A7)+ Ca?*-channelo]l w]3le] 2t Ca®*-Z Aol
o o 3kg ke Ao 2 Belrh(Tomita, 1981),

verapamilo] A s}f-it-Zo] 2718 FaA7lE
NAE Agbol it BoolA B4 TA8H (28
11), 1 mg/ 1 verapamil 54 A] A s}oi felt 4] 7}
A F2 W Agte] 6mVAE &S E3, A
shgolo} T 27k 2t s HolH, ofof ub
dtod AMute] Wiz = HEEHA Yok, oot 22 E

oé E

i, A24 ol 45 ol Aatgels &
57} 74 g o 2 A olul s A|24 Foll A =
channeld %3 Ca?t §-o| 74s=e] 2}
Zo| 228 Aoz 4Rt verapamilel
& BEIA73} S0 BATe] 274D A (2
14) & A XY Ca®* FF742 g 2343 27
24 2§ 5357} oA 5 o] (Ca-dependent potas-
sium channels®] & A}) etzigto] BlE 25 72 o 7 3
HEleh, ol 9} A AE AT & diltiazemo]
Sol= magtel BETA A F30] 24
Foh= ¥ 327} 9loh(Ishikawa et al., 1985),

£7]84] Mn**& £3] §-7] 4| 4] Q] verapamil?} v}
27}2] 2 Ca?*-channel blockers & 7}A] A 948 f-4
A7) Car-Fzsl Ada Aehd 24 AEeht 1
%§7170] DA 2A ol o) WA AT

ok

z e fe o
e o Fl
N

q o
o 9
2 O

4
()
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A B3E 3 Y}, Kim & Kim(1985) o] guinea-pig
7 7ol T3t Mn?*3} Verapamil &2} £4ef ¢
o}-“:] 1 mg/l o] A+2] verapamil, | mM o] Ake] Mn?*

o Cat A ZA ¥ET BHE dehAAD
2 o]sle] P F X o A= verapamil-2 %E_%—?}oﬂ
weh A 3 (F ATE)E dolugle
v, Mn?tg 238 2lx s} 715 Aojn}, ol o
3o verapamil Ca?*ol 2-9-5 &= A s}ubAd 3} A of
43 Holzh Hdo] b3 aht, Mn**2 Ca?*-2)
$A4) g®are] ozl o] 232E BT charge
carrier 2415 Aol 297 Ash BAHAE =

AA AL 7F5AL A A5 9=k (Osa, 1973; Ochi,
1976),

E APARE Be (23 8,28 12,28 15 %

27 16), Y& E5ql 0.05mM Mn?* o oj 4 =
AR 45U 277k A2A o] vSe] 25
7h519i 01k, 0.5 mM Mn?* o] Aol & 5 74 5]

A APgd f4e] adsigis,

AMulel gk Mn?* &3to} nbgtel] u] X & 33
g vlgre e slas, Aol A7zl e
s} Solalgiel (23 12), 27ldE Astel ¥
ojo} W= 7} vl F7hS ATk7F A A1 3] ZRaE o],
£ seoldE LT PRI FAHH ],
£ FEoldE Basth} Asbo} ARAwEA 2
E3E9z, o= 2tA "\}“"F}— 2 g FRolA
7t FUHER e g2 FEAAE A
28 15, 29 16), 27]9 Hlx 9} Fol|7} FrtE
9wl AL olulx Mn?te] Asle] 7‘"1’%‘5‘?:-7‘]’ A 24
BE doyle 7]A & Na-Ca m37A 7 Cat
channels- %3 Ca2+ T FAAA Mot dl
=5 Folsk Z75)9A A0H 239 st 2]
= webd 270elE 2749 Aoz A4, oo
A A48 e}t 277} i EE AL o] o] E9
TERATL Zas A FEEHYAY FA] A2k A
oll ulz} v}el}i= inactivation process wWlF 7t
T4°l & Ao 228, 1559 Mn el
BEIsy dage] ZoAHEA Aot PAHE
HAe 1 mg/l verapamilX] B-E-35] = 7|4 3} o))
AEet FHo 2 RE Ca**g FeAFAY A4
7oz dojdrtxn 4L st gler}(Sakamoto,
1985) AAT 71AL ofd 2 ek,

s
=
-

—

cYE s ¢ kel Apwbd &350 Ay gEel did Catt 7 Cat*-A A PP~

4 =

A% FYE] AP Sl By S4 2 %
A10¢ W87 Hated, AWH 453} $Ao %

L2 A2 A7 Bl v]x & Ca’* 3} Ca**-7
FA S} 57F o2 2204 FAEAL Aol

guinea-pig?] 1% BH & o83t AH +5&
71589, 4 A2 A7 &5 3MKA
= AL 7 v A" E *4]1‘41011 T 7153150
o, =xge Fz stimulating

method) S o] &3t A7) 7144 A g} {electrotonic
potential) & & 3le] AF-Ht 222 & ae)a =
A9 718718 Bot T3l BE A¥E 35T
A 100% O,9 H¥ S o] F1 )+ tris-213 Tyrode
ool A Algstgion, g e AHE A
k.

D) Agd 43 Aok 2 AL 4214 9
el Askrt hehbd 1A A WAl kA S2ol
izt Qo ste}, Astel Aol B2l FHajz
£ 439 27E Azl wlsked 6] o4 2 2
14 4%0) Sussich,

2) AwkA 20l 37| A28 Cat Fx7} 2-4

mM H x4 HfZE vepd o, +5UEE
Ca** F=7} F71d 45 Zass F =9 Ca™
FE Jblle 4#AE 24,

3) %) Ca%*'- 728 A (organic Ca?*-antagonist)
ol verpamil- AA 3] 278 ZhaAlz o,
429 ot AY GFE ehilA Rehgch

4) 27| Ca?*-7)3}4| (inorganic Ca?*-antagonist)
] Mn#*e $Eo] o} 2 77} 2akeh, e ¥
Q03 mM Mool s)elt A 443} 2]
W55} FEZope] wak EobEglon, &

%(0.1 mM Mn?* o] Ao A& 9 3]8 2% 7&_,_54
R, Ad 227 Aeba,

5) Aztell hste] Ca** FEE Fold A} &
ojel BHE-F L7} diz4] B} FrbEgle, =z
A Mspebg BAATE FAE AT Catt ¥
5 Z71A] B9A 3t 22 7] A ¢ (abortive spike
potential) o] A A yte},

6) Cai*-free Gollol A& Alghe] oot 2T &

14

O

ft
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— A2 3] A

=7} el g ARE £3 2 Aebaln, Aol s
AshE A )3 b gho] BT slmA A o) o}
B}t (Ca?*-free contracture),
Ashel oo} BaF &
£% BAA7HA 6mV AT SEFAH, A
shlzel e 33 vl4x) 2Hgch
8) Azjoll 3k Mn** Ehe SEof we} 2 E
AAQ HAL Vel g o} e 2 5(0.05 mM Mn?+)
olAe Agke] Al 7pA] W4 (Ashge], EEF &
= g HlE) 7t AFolle F3 FrtEvhr} ZololA
A A8 o™ £-FAR] Zhaso] FRHY e, ¥
TE (0 5mM Mn**) o4& A glol] i &ztr}
& Sxol M A3 A7AT ] e Hepato] vk
St b gel BEIsaA Ash A2k,
9) utx]3} (membrane resistance)-& Ca?t % =
7FA] W2 W 3EA] ¢gken}, verapamil(l mg/l) 3 7}
A mtase] SRFsEA wAge 27,
10) & 55 Mt*e A 3¢ 42 2247
o, & FES Moty G FEEA oA
o] s sieh,
A AdA A2
< WE & U
1) Mahidlol & db=A] &3k

7) 1mg/1 verapamil&

Rz vhes e A A

e} Ca*o] g

2) Verapaml.lol = aL 3] ‘Fé"] ‘l “E‘ FEE X

=2 i}-ﬂ»/‘] 71A] &3k, 7]-/(]
254 t}% Yo 7] = Ca’?* &2 (Ca®*-channel) %
E—H’ﬁﬁ-i A 71 7] wlgol

2t $20l dhaje] 0|32 EE
.S B A A ahakal _,,]. _4
23 Ca** 52 (3-8 NaCa w373} 7M1 54
abx gl o] &A1 9] Ca?*t E3E ¥
FEoME o] Cat 32 2
5 293 A7 e Aoz s,
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