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INTRODUCTION

Intracellular free Ca concentrations play an essen-
tial role in regulation of the contractions relaxation
cycle in mammalian smooth muscle cells, e.g. with
concentrations of Ca above 0.1 - 0.3 4M, a contrac-
tion is generated and 1 -5 M Ca evokes the maxi-
mum amplitude of contraction in chemically skinned
smooth muscle strips (Itoh et al, 1982, 1983). In-
creased Ca concentrations in the cytosol form the 4
Ca-calmodulin-myosin light chain kinase ternary
complex and phosphorylates the 20 kD protein of
myosin light chain thus leading to dephosphorylation
of ATP by actin-dependent ATPase, the cycling of
the cross bridge between actin and myosin is thus
triggered (myosin-linked regulation of the contractile
protein; Adelstein & Eisenberg, 1980; Hartshorne &
Siemankowski, 1981; Driska et al, 1981; Aksoy et al,
1982; Kamm & Stull, 1985). When the concentration
of Ca in the cytosol is decreased in the absence of
influx, following an increase in the re-uptake of Ca
into the sarcoplasmic reticulum or by increased
extrusion of Ca through activations of the Ca pump
or Na-Ca exchange diffusion, the phosphorylated
myosin is dephosphorized by phosphatase and retro-
grade processes of the above steps occur. Relaxation
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of smooth muslce cells then occurs. However, even
more complicated processes for the regulation of
contraction-relaxation cycles have been postulated,
namely, Ca not only plays an essential role in the
Ca-calmodulin complex formation, it also seems to
bind to leiotonin and this process may trigger pro-
duction of the contraction, as processes similar to
those occur in skeletal and cardiac muscles {actin-
linked hypothesis; Ebashi 1984; Ebashi et al, 1977,
Mikawa et al, 1977, 1978).

It was also reported that sustained contraction
requires no further phosphorylation of the 20 kD
protein of myosin, does not require the high cycling
rate of cross bridge betweem actin and myosin, as
estimated from the shortening velocity, and also does
not require increases in the amount of free Ca (latch
hypothesis; Murphy et al, 1983; Dillon et al, 1981,
Chatterjee & Murphy, 1983; Chatterjee & Tejada,
1986; Rembold & Murphy, 1986).

As deduced from

mechanical responses, contraction of smooth muscle

electrophysiological and

may occur with increases in the free Ca in the cytosol,
such as increases in the voltage dependent or/with
the receptor operated Ca influxes and the release of
Ca from the sarcoplasmic reticulum plays a major
role, albeit passively the inhibition of reuptake of Ca
into the sarcoplasmic reticulum or inhibition of the
Ca extrusion mechanism through the Ca pump or/

with the Na-Ca exchange diffusion may preserve the
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Table. 1. Classification of voltage dependent Ca channel.

Feature of subtypes of voltage dependent Ca channels

T subtype N subtype L subytbe
Activating potential level —70 mV —10 mv —10 mV
Inactivation potential level —100~ —60 mV —100~ —40 mV —60~ —10 mV
Inactivation velocity 20~50 ms 20~50 ms slow (>700 ms)
Unitary channel slope conductance 8~10 ps 13 ps 25 ps
Ion selectivity Ico> 15, Lo >1ca >, Iga>1ca
Inhibitors )
Cd?* (kd) + (160 M) +++ (7 uM) + 44 (7 uM)
Ni (kd) +++ (47 uM) + (280 M) + (280 M)
dihydropyridine derivatives — — + 4+
w-~conotoxin derivative — ++ + + (nerve)
— (smooth
muscle)

L; long lasting type (I,5,). T; transient outward current type (I,,,). N; neither L nor T type

Table. 2. Ionic conductances of L- and T-subtypes measured from various smooth muscle cells

Unitary Ca-current conductance in smooth muscles

Solution Patch
Preparations Conductance 2 Referecnes
Outside Inside condition

Guinea-pig taenia coli 30pS 50mM BaCl, . Tyrode cell-attached | Yoshino & Yabu (1985)
25pS 50mM BaCl, | 145mM KCl | cell-attached -| Yoshino et al. (1988)
12pS .

Guinea-pig aorta 12pS 110mM BaCl, Ringer cell-attached | Caffirey et al. (1986)

Amphiuma stomach 12pS

Rabbit ear artery 20pS 110mMBaCl, | 130mM CsCl | outside-out | Aaronson et al. (1986)
8pS
25pS 80mM BaCl, | 120mM NaCl| outside-out | Benham et al. (1987)
8pS

Rabbit mesenteric 15pS 80mM BaCl, | 120mM NaCl| inside-out | Woley et al. (1986)

artery 8pS

Rabbit intestine 20pS 50mM BaCl, | 140mM KCl | cell-attached | Inoue et al. (1988)
25pS 100mM BaCl, Krebs

Dog saphenous vein 18~24pS | 90mM BaCl, 130mM cell-attached | Yatani et al. (1987)

7~9pS K aspartate
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high concentrations of Ca in the cytosol (Bolton,
1979).

The voltage dependent Ca channel is composed of
L~(I,ow)s T-(In14n), and N-subtypes in excitable cells,
including nerve fibers and as deduced from electrical
analysis, using voltage and patch clamp methods
(Table 1). In smooth muscles, only two subtypes (L-
and T-subtypes) are recognized (Table 2: Yoshino &
Yabu, 1986; Yoshino et al, 1988; Cafsfrey et al, 1986;
Aaronson et al, 1986; Benham et al, 1987; Worley et
al, 1986; Yatani et al, 1987; Inoue et al, 1988).
Furthermore, the distribution ratio of the L-/T-
subtypes differes with the tissue. The voltage depen-
dent Ca channel which is sensitive to Ca antagonists
(dihydrophyridine derivatives such as nifedipine,
nitrendipine, nicardipine, nimodipine, nisoldipine
and etc., diltiazem, verapamil, gallopamil D-600 or
flunarizine) is the L-subtype. This Ca antagonist
sensitive protein (L-subtype) acts not only on the Ca
channel but also as a Ca senser, as observed from the
dihydrophyridine binding protein extracted from the
transverse tubular structure and triad regions in
skeletal muscles (Fig. 1).

This L-subtype is composed of a,-(175 kD),
a,-(143 kD), £-(50-60 kD), y-(30-33 kD) and s-
subunits (24~27 kD; see Fig. 1; Borsotto et al, 1985;
Curtis & Caterall, 1984; Flockerzi et al, 1986; Beent et
al, 1986; Rios et al, 1987; Tanabe et al, 1987; Van-

Voltage deperident 1,4—dihydropyridine sensitive
Ca channel

Fig. 1. Schematic arrangement of L-subtype of the
voltage dependent Ca channel extracted from

triad region of the skeletal muscle.

3

daele et al, 1987; Takahashi et al, 1987) senser (com-
posed of 1873 amino acids and 212 kD proteins,
Tanabe et al, 1987).

In this article, attention will be directed to the
nature of the voltage dependent Ca channel in
smooth muscle cell membranes, mainly on the Ca
antagonists sensitive channel (L-subtype), and
actions of Ca antagonists on this channel, determined
using the voltage and patch clamp methods, will be

discussed.

Effects of Ca antagonist on the action poten-

tial and contraction

In smooth muscle cells excited from various species
and tissues, spontaneoulsy generated action poten-
tials were recorded as burst discharges between silent
intervals or with continuously generated action
potentials. In some tissues, the action potential was
only generated as a result of nerve stimulation, i.e.
the action potential triggered on an excitatory junc-
tion potential or a slow depolarization. In the other
tissues, neither direct muscle stimulation nor nerve
stimulation produced the action potential (Kuriyama
et al, 1982). In smooth muscle tissues, lack of the
spike generation is due to either prevention of the
generation of inward current by early generation of
outward current (rabbit pulmonary and porcine
coronary artery; Casteels et al, 1977; Ito et al, 1979)
or lack of the channel required to generate the action
potential (guinea-pig and rabbit iris and sphinctor
pupil; Ito and Yoshidomi, 1985). Therefore, with few
exceptions, in most of smooth muscle cell membranes
the action potential is generated by the outward
current pulse (depolarization), under condition of
pretreatment with K channel blockers such as
tetracthylammonium or 4-aminopyridine (Ito et al,
1980; Hara et al, 1982).

Activation of the voltage dependent Ca channels is
induced by application of highconcentrations of K.
High K depolarizes the membrane, and the maxi-

mum slope of depolarization per tenfold change in K
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concentrations, plotted on a logarithmic scale was 40
-50 mV and this value was lower than the predicted
K equilibrium potential (Ek) due to interferences of
permeability and concentration gradient of other
cations and anions (Kuriyama, 1970, 1981; Casteels,
1981; Brading, 1981).

When the spike potential was generated or the
membrane was depolarized by electrical or high K
stimulation, a contraction was generated. With appli-
cation of Mn or Ca-free solution, the spike potential
and contraction ceased but the K-induced depolar-
ization remained. Therefore, the contraction evoked
by these stimulations is thought to be generated by
influxes of Ca due to activation of the voltage depen-
dent Ca channel. The high K-induced contraction is
composed of phasic and subsequently generated
tonic components.

The amplitude of the tonic contraction, in compar-
ison to that of the phasic contraction, differs with the
tissue, e. g. the amplitude of tonic contraction was
much the same as that of the phasic contraction in
aorta, pulmonary artery, logitudinal muscle of ileum
or fundus muscle of stomach, and the amplitude of
tonic contraction was much smaller than the phasic
contraction in circular pylorus muscle of the stom-
ach, circular muscle of ileum or mesenteric artery
(Kuriyama & Suzuki, 1975).

The phasic contraction is thought to be generated
by the release of Ca from the sarcoplasmic reticulum
due to activations of the Ca-induced Ca relaese
mechanism triggered by influxes of Ca. The tonic
contraction seems to be generated by influxes of Ca,
as estimated using pharmacological approaches and
these data were obtained from experimental animals.

The resting membrane potential of smooth muscle
cells measured using the microelectrode method
ranged between 45-75 mV, depending on the tissue.
Applications of verapamil, diltiazem and flunarizine
(over 1 M) depolarized the membrane but the
nitren-

dihydrophyridine derivatives (nifedipine,

dipine, nisoldipine, nimodipine and nicardipine) did

not. The above Ca antagonists blocked the spike
potential evoked by depolarizing pulse or perivas-
cular nerve stimulation (more detailed quantitative
analysis will be given in the section of the voltage
clamp method). Therefore, most of the spike compo-
nent was due to activation of the Ca antagonist-
sensitive voltage dependent Ca current.

The high K-induced contraction was also blocked
by application of Ca antagonists, and the tonic

component was more sensitive than the phasic one to

" Ca antagonists, e.g. the spike potential generated in

the mesenteric artery was blocked by 10 mM
nifedipine. The tonic component was more sensitive
than the phasic component in the rabbit mesenteric
artery (the 39 mM K-induced tonic contraction was
blocked by 3 nM and the phasic contraction by 100
nM of nifedipine; Kanmura et al, 1983).

Nature of the voltage dependent inward
current recorded using the voltage clamp

procedures

Using the voltage clamp method, the voltage
dependent Ca current (macrocurrent) can be record-
ed from freshly dispersed smooth muscle cells in
various tissues from various species, i.e. when the
depolarizing pulse (command pulse) was applied to
collagenase dispersed smooth muslce cells of the
rabbit intestine, at the holding potenital of —60 mV,
a transient inward current and subsequently generat-
ed outward current was elicited. The outward cur-
rents were minimized by replacement of Cs-rich
solution in the pipette and 20 mM tetraethylam-
monium in the bath.

The inward current was elicited at depolarization
above —30 mV and reached the maximum value
at +10 mV. The polarity of the inward current was
reversed at about +60 mV. This inward current was
dependent on intra- and extra-cellular Ca, and the
increased extracellular Ca enhanced, and increased
intracellular Ca accelerated inactivation of the Ca

current (the Kd value for inhibition of the Ca current
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was 100 nM). This Ca current was blocked by Mn
and Ca free solution, and the amplitude was enhan-
ced by replacement of Ca with Ba. When extracel-
lular Ca concentrations were reduced to below 1 M,
Na permeated the membrane and produced a long
lasting action potential (plateau formation) and the
large sustained inward current which reversed the
polarity at a much lower membrane potential
(about —20 mV) was blocked by Ca antagonists but
not by tetrodotoxin. Therefore, with extremely low
concentrations of Ca, Na permeates the Ca channel
(Fig. 2). The nature of this voltage dependent Na
current by activations of Ca channels recorded from
the rabbit intestinal smooth muscle cell membrane
was much the same as findings in case of the rabbit
portal vein (Ohya et al, 1986, 1987).

Under perfusion with Krebs solution (pipette solu-
tion containing high Cs), the application of a com-
mand pulse to —10 mV from the holding potential
of —80 mV in dispersed fresh smooth muscle of the
rabbit pulmonary artery elicited an inward current
comprising fast and slow components. In Ca-free
solution containing 2.5 mM Mn and 134 mM Na, the
major part of the inward current ceased, but the

transient fast inward current remained. A reduction

AN

. 256;\39(:

Fig. 2. Voltage dependent Ca current in
Krebs solution and Na current in
extremely low concentration of Ca
in dispersed smooth muscle cell
recorded from the guinea-pig por-
tal vein using minoelectrode and
whole cell voltage clamp methods

(Ohya et al, 1986).

l 0.2nA

250msec

in extracellular Na reduced the amplitude of the fast
inward current, and this current was blocked by
application of tetrodotoxin, in the presence or
absence of Ca (Km value of 8.7 nM).

The fast inward current was more sensitive to the
potential shift, ie. depolarization of the holding
potential from —80 mV to —60 mV all but, inactivat-
ed the fast inward current. Ca antagonists, such as
diltiazem and nicardipine, blocked the slow inward
current, but these agents had no effect on the fast
inward current. Chloramine-T (0.3 ;M) blocked the
fast but not the slow inward current. These results
indicated that the fast inward current is generated by
activations of the voltage dependent Na channel.
Thus, the Na channel is present on the smooth
muscle cell membrane of the pulmonary artery and
activations of this channel produce the fast inward
current (Okabe et al, 1988). Much the same results
were also observed in case of muscle cells of the
rabbit ileum (Okabe et al, personal communications).
The physiological role of this Na current remains to
be determined.

As described previously, biochemically purified Ca
channel proteins from skeletal, cardiac and smooth

muscles seem to have similarities, both chemically
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and biophysically. However, when the effects of
cyclic AMP were observed, the Ca current was
enhanced in the cardiac muscles (o-and g-subunits
of the Ca channel was phosphorylated cyclic AMP
dependeht protein kinase) but not in smooth muslces
(ATP enhanced the Ca current instead of cyclic
AMP) in the rabbit ileum (Ohya et al, 1987). There-
fore, the nature of the Ca channel may not exactly

the same between cardiac and smooth muscles.

Effects of Ca antagonists on the ionic cur-
rent measured by the voltage clamp method
in freshly dispersed smooth muscle cells

The voltage dependent Ca current: Following
dispersion of smooth muscle cells from the rabbit
small intestine, the voltage dependent Ca cusrent
(macro-current) was measured, using the voltage
clamp method. To isolate the Ca current from the K
current, high Cs was used as the pipeite solution and
thetraethylammonium was added to'the bath. All Ca
antagonists (nicardipine, verapamil, diltiazem and
flunarizine) inhibited the amplitude of the Ca cur-
rent, recorded at any given depolarizing pulses (com-
mand pulses). As shown in Fig. 3, the IC;, value on
the maximum amplitude of the inward current (the
holding potential of —60 mV and the command
pulse of 0 mV) of nicardipine was 24 nM, and this

value was roughly 50 times lower than values

6

obtained with verapamil (IG;, value of 1.3 yM),
diltiazem (1.4 yM) or flunarizine (1.4 4z M). When
the holding potential was kept at —80 mV, the
concentration-response relationship observed under
treatment with the above four Ca antagonists shifted
to the right. When the depolarizing pulse was applied
every 20 sec, the amplitude of the inward current
remained unchanged. Nicardipine and flunarizine
irﬁmediately, reduced the peak amplitude with or
without repetitive stimulation but the inhibitory
response was slow in case of diltiazem. In contrast,
verapamil only inhibited the Ca current during stim-
ulation. These slow inhibitions of the Ca current
induced by the latter two agents depended on the
frequency and number of stimulations. Nicardipine
or flunarizine, but not diltiazem or verapamil shifted
the voltage-dependent inactivation curve measured
by applications of various depolarizing pulses (condi-
tioning depolarization for 3 sec) to the left (Fig. 4).
However, a long pre-pulse (10 sec) slightly shifted the
above relationship to the left, in the presence of
diltiazem or verapamil (Terada et al, 1987 a and b).

With regard to the smooth muscle cells of the
rabbit portal vein and rabbit ileum, the inward Ca
current was evident much the same extent. Since the
Ca antagonist, especially gallopamil (D-600) and
verapamil seem to act from inside of the cell mem-

brane in cardiac muscle cells (Heschler et al, 1982),
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Effects of intra- and extra-cellular applications
of D600 (gallopamil) on the voltage dependent
Ca current recorded from the dispersed smooth
muscle cell of the guinea-pig ileum (Ohya et al,
1987).

the effects of intracellular perfusion of Ca antagonists
on the Ca current were investigated. The intracel-
lular perfusion of gallapamil did not modify the
amplitude of the Ca inward current yet the extracel-
lular bath application consistently inhibited the
amplitude (Ohya et al, 1987). Therefore, here again
we confirmed that the voltage dependent Ca channel
in smooth muscle cell membrane may differ in nature
that from cardiac muscle cells (Fig. 5).

Voltage dependent K current: The effects of Ca
antagonists on the K current in the rabbit small
intestine were examined, using the voltage clamp
method. To eliminate influence of the Ca dependent
K current, the voltage dependent K current was
recorded in Ca-free solution containing 2.5 mM Mn.
Nicardipine, verapamil, diltiazem and flunarizine
inhibited the peak amplitude of the K current, in a
concentration dependent manner. The IC,, value of
the K outward current to nicardipine was 4.6 4 M, to
diltiazem was 30 4 M, to verapamil was 14 ;M and
to flunarizine was 5.8 yM. As a consequence, the
ratio of IC;, of K outward current/1Cs, of Ca inward

current was 190 for nicardipine, 21 for diltiazem, 11
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for verapamil and 4 for flunarizine (Table 3).
Except for nidardipine, blocking concentrations of
Ca antagonists on the action potential are not so
different from the inhibitory concentrations of the K
outward current. During application of a long de-
polarizing pulse (3 sec), amplitude of the voltage
dependent K current decreased slowly with time.
Diltiazem inhibited the K current with a slight pro-
longation of the decay time, while verapamil, nicar-
dipine and flunarizine accelerated the inactivation.
This inactivation curve observed below 0 mV was not

modified by 10 4 M diltiazem, 5 M verapamil nor 3

Table 3. Inhibitory actions of Ca antagonists on the
voltage dependent Ca and K currents. The
ratios of IC,, for the I;/IC;, for the I, were

expressed
IDso(kx)
ID;o(Ix) IDgo(Ic,)

IDgo(Ica)
Nicardipine 4.6Xx107°M 2.4Xx10-*M 190
Diltiazem 3.0x10°M 14X16-°M 21
Verapamil 1.4x10°M 1.3x10-°M 11
Flunarizine  5.8X10°M 1.4 Xx10-°*M 4.1

B .,

20 Wk i

+10

uM nicardipine. This means that inhibition of the K
current by Ca antagonists may also differ, i.e. dilti-
azem and other Ca antagonists behave in a different
manner with regard to inactivation of the K current.

In smooth muscle cells of the small intestine (je-
junum), the inhibitions of the Ca inward current by
verapamil were markedly influenced by stimulus
frequency of the command pulses, and did not
depend on the time of exposure period to this drug.
As shown in Fig. 6, these use- and frequency-
dependent inhibitory actions were a typical feature in
case of verapamil but such actions were weaker with
diltiazem, flunarizine and nicardipine at the holding
potenitial of —60 mV. When the holding potential
was kept at —80 mV, even nicardipine showed a
use-dependent inhibition of the Ca inward current.
Therefore, Ca antagonists act at the open state of the
Ca channel.

On the other hand, nicardipine and flunarizine
showed a voltage-dependent inhibition of the Ca
inward current, but no shift of the steady state
inactivation was seen in cases of verapamil and
diltiazem (the holding potential of —60 mV, the

pre-conditioning depolarization 3 sec). In smooth

n
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Fig. 6. Unitary Ba (Ca) current

recorded from the smooth
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muscle cell of the guinea-
pig ileum using the cell
attached patch
method (Inoue, Y unpub-

clamp

lished obervations).
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muscle cells, application of 10 sec pre-conditioning
pulse, the inactivation curve shifted slightly to the left
by application of verapamil or diltiazem. Therefore,
all the Ca antagonists we examined herein may
induce an acceleration of the inactivation of the Ca
inward current, but with different potencies. In cases
of cardiac muscles, the voltage dependent inhibition
of the Ca inward current has been reported (Ehara &
Hoffmann, 1978; Sanguinetti & Kass, 1984; Uehar-
a & Hume, 1985). Therefore, Ca antagonists more
potently act at the inactive rather than at the resting
state of the membrane (at —80 mV, the channel
seems to be maintained at the resting state).

These results indicate that Ca antagonists -block
the Ca inward current with much the same mecha-
nisms of inhibition, however, there are quantitaitive
differences i.e. nicardipine more than other Ca antag-
onists acts more potently on the open state of the
channel. Differences between the Ca channel in
cardiac and smooth muscles here noted in cases of
the action of gallopamil (D-600), ie. this drug acts
from the inside of the membrane in the cardiac
muscle, but from the outside of the membrane in
smooth muscles.

Effects of nifedipine on the unitary Ca
current

To investigate in detail the action of nifedipine, as
an example of dihydropyridine derivatives, the
unitary Ca (Ba) current was recorded from dispersed
smooth muslce cells of the rabbit ileum, using the cell
attached patch clamp method (Fig. 6). With the cell
attached configuration, only one type of unitary Ba
current, a conductance of 25pS in 100 mM Ba
solution, was obtained. Presumably distributions of
T-subtype of voltage dependent Ca channel may be
rare (Inoue et al, 1988). However, the channel con-
ductance depended on external concentrations of Ba
with the dissociation constant of 19 mM and the
maximum conductance of 42 pS (Inoue et al, 1988).
There values were similar to those obtained from

other smooth muscle cells (Benham et al, 1987). This

means that the Ca channel in the smooth muscle cells
of the rabbit ileurn has one binding site for Ba (Ca) in
the channel pore in the presence of high concentra-
tions of Ba (Ca), and that the affinity for Ba ion is
similar to events seen with cardiac muscles (Hess et
al, 1984).

When the depolarization pulse (the holding poten-
tial of —60 mV) and the depolarization pulse of 0
mV, duration 150 msec with frequency of 0.5 Hz
(high frequency stimulation) was applied, the unitary
Ba current was observed with low open probability P
value below 0.3), however, three-fourths of the de-
polarization pulses did not evoke the unitary Ba
(blank hand,
depolarization pulses, at a low frequency (0.033 Hz)

current sweep). On the other
reduced the blank sweep and increased the fraction
of sweep, with a high open probability (P value above
0.5), i.e. changes in the mode of the probability tend
to shift to mode 2 (high open probability), as obser-
ved in the case of the presence of a Ca agonist, Bay
K 8644, in cardiac and smooth muscles (Hess et al,
1984; Inoue et al, 1987). Therefore, changes in the
gating behavior of the Ca channels between modes
may also depend on stimulus frequency of the
membrane depolarization.

Using the whole cell voltage clamp method, the
amplitude of the inward current was 1.0 nA, as
evoked by the depolarization pulse of 0 mV from the
holding a potential of —60 mV (100 mM in the bath).
Using the cell attached patch clamp method, the
amplitude of the unitary current measured at 0 mV
was 1.25 pA. Therefore, about 800 channels simulta-
neously opened at the peak. If the open probability is
assumed to be 0.12 (0.033 Hz), 7000 channels may be
distributed on the membrane of a single cell (estima-
tion of the surface area of the single cell from the
rabbit ileal longitudinal layer being 5000 1 M?; Ohya
et al, 1986). The density of the Ca channel of the
surface membrane is estimated to be 1.4 4z M?. This
number was larger than that obtained in the case of

the dog saphenous vein (Caffrey et al, 1986; Yatani et
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al, 1987).

Nifedipine reduced the open probability of the
channel due to increase in the fraction of blank
sweeps, to the greater extent than decrease in the
time constant of the channel opening. Presumably,
accelerations of transition from mode 2 to mode 0
(resting state of the channel) may occur directly in
the presence of nifedipine, as estimated from the time
constant of the channel opening obtained from only
the current traces with open probability of below 0.3;
reduction in the open probability of the Ca channel
by nifedipine occurs within mode 2 and transition to
mode 0, but may not occur through transition from
mode 2 to mode 1. Nifedipine may act mainly on the
inactivated state of the Ca channel and partly in the
open state of the channel (Inoue et al, 1988), as

described previously.
CONCLUSION

In this article, a brief introduction was made on the
features of the voltage dependent Ca channel, in
particular the Ca-antagonist sensitive channel (L-
type), measured using the whole cell voltage clamp
and patch clamp methods. Similarities and differ-
ences in the nature of voltage dependent Ca channel
between cardiac and smooth muscle cell membranes
were also given attention. In some species of smooth
muscles, the T-type of the Ca channel is also dis-
tributed, but the role of this channel on physiological
functions is yet to be determined. Regional differ-
ences in the nature of smooth muscles are remarkable
and the channel property, not only the Ca channel
but also other ion channels may also differ in visceral
smooth muscle cells, including various regions in

arterial and venal vascular smooth muscle tissues.
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