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Inhibitory effect of the plant-extract osthole on L-type calcium current
in NG108-15 neuronal cells
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Abstract

The effects of osthole, a coumarin isolated from Cnidium monnieri (L.) Cusson, on ionic currents in a mouse neuroblastoma and rat
glioma hybrid cell line, NG105-18, were investigated with the aid of the whole-cell voltage-clamp technique. Osthole (0.3—100 uM)
caused an inhibition of voltage-dependent L-type Ca>* current (Ica,) in a concentration-dependent manner. Osthole produced no change
in the overall shape of the current—voltage relationship of Ic, ;.. The ics5y value of the osthole-induced inhibition of I, was 4 pM. The
presence of osthole (3 uM) shifted the steady state inactivation curve of I, to a more negative potential by approximately —15 mV.
Osthole (3 uM) also produced a prolongation in the recovery of I, inactivation. Although osthole might suppress phosophodiesterases
to increase intracellular adenosine-3’,5'-cyclic monophosphate (cyclic AMP) or guanosine-3',5'-cyclic monophosphate (cyclic GMP),
sp-cAMPS did not affect Ic,; and 8-bromo-cyclic GMP slightly suppressed it. Thus, osthole-mediated inhibition of I-,; was not
associated with intracellular cyclic AMP or GMP. However, no effect of osthole on voltage-dependent K™ outward current was observed.
Under a current-clamp mode, osthole could decrease the firing frequency of action potentials. Therefore, the channel-blocking properties
of osthole may, at least in part, contribute to the underlying mechanisms by which it affects neuronal or neuroendocrine function.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Osthole (7-methoxy-8-[3-methylpent-2-enyl]coumarin),
a coumarin compound isolated from Cnidium monnieri
(L.) Cusson, possesses a wide spectrum of pharmacologi-
cal activities [1,2]. A previous report showed that osthole-
inhibited ATP release induced by collagen, platelet-acti-
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vating factor and arachidonic acid in rabbit platelets [3].
Osthole was also found to inhibit vascular smooth muscle
contraction evoked by high K™ as well as norepinephrine
[4]. Previous findings thus suggested that osthole might be
able to inhibit voltage-dependent Ca®" channels in various
tissues, including rat thoracic aorta, guinea pig trachea,
guinea pig atrium and rabbit corpus cavernosum [1-8]. In
addition, because osthole appeared to act like an inhibitor
of cyclic nucleotide phosphodiesterases, the underlying
mechanism of its actions was thought to be associated with
a change in the level of intracellular cyclic AMP or GMP
[5,7]. However, to our knowledge, the effects of osthole on
ionic currents have not been studied.

NG108-15 neuroblastoma x glioma hybrid cells were
used in the present study. This cell line is known to express
at least three types of Ca®" currents. These can be dis-
tinguished by their voltage-dependence of activation into a
low-threshold T-type, and at least two types of Ca®"

0006-2952/02/$ — see front matter © 2002 Elsevier Science Inc. All rights reserved.

PII: S0006-2952(01)00873-5



200 S.-N. Wu et al./Biochemical Pharmacology 63 (2002) 199-206

channel contributing high-threshold Ca®" current (I,): an
o-conotoxin GVIA-resistant, dihydropyridine-sensitive
type, an o-conotoxin GVIA-sensitive, dihydropyridine-
resistant type [9,10]. The amplitude of high-threshold
Ic, present in these cells was also regulated by Ca’"-
dependent phosphorylation, the activation of various G
protein(s)-linked receptors, or the level of intracellular
cADP-ribose [11-13]. Therefore, in the present study,
we attempted to examine the ionic mechanisms by which
osthole causes any effects on NG108-15 neuronal cells.

2. Materials and methods
2.1. Cell preparation

The clonal strain NG108-15 cell line, originally formed
by Sendai virus-induced fusion of the mouse neuroblas-
toma clone N18TG-2 and the rat glioma clone C6 BV-1,
was obtained from European Collection of Cell Cultures.
Cells were grown in monolayer culture in 50 mL plastic
culture flasks in a humidified environment of 5% CO,/95%
air at 37°. Cells were maintained at a density of 10%/mL in
5 mL Dulbecco’s modified Eagle’s medium supplemented
with 10% heat-inactivated fetal bovine serum (v/v), and
2 mM L-glutamine. Experiments were performed after 5 or
6 days of subcultivation (60-80% confluence).

2.2. Electrophysiological measurements

Immediately before each experiment, NG108-15 cells
were dissociated and an aliquot of cell suspension was
transferred to a recording chamber positioned on the stage
of an inverted microscope (Diaphot-200; Nikon). The
microscope was coupled to a video camera system with
magnification up to 1500x to monitor cell size during the
experiments. Cells were bathed at room temperature (20—
25°) in normal Tyrode’s solution containing 1.8 mM
CaCl,. Patch pipettes were pulled from borosilicate glass
capillaries (Kimax-51) using a vertical two-stage electrode
puller (PB-7, Narishige) and the tips were fire-polished
with a microforge (MF-83; Narishige). The pipette used
had a resistance of 3-5 MQ when immersed in normal
Tyrode’s solution. Ion currents were measured with glass
pipettes in the whole-cell configuration of the patch-clamp
technique, using an RK-400 patch-clamp amplifier
(Biologic) [14,15]. All potentials were corrected for liquid
junction potential, a value that would develop at the tip of
the pipette when the composition of the pipette solution
was different from that in the bath.

2.3. Data recording and analysis
The signals consisting of voltage and current tracings

were monitored with a digital storage oscilloscope (Model
1602; Gould) and simultaneously stored in a Pentium-III

personal computer (TravelMate 525TE; Acer). The cur-
rents were filtered at 1 kHz. The data were digitized at
10 kHz with a Digidata 1320A device (Axon Instruments)
controlled by the Clampex subroutine of the pPCLAMP 8.02
software package (Axon Instruments). Voltage-activated
currents recorded during whole-cell experiments were ana-
lyzed using the Clampfit subroutine (Axon Instruments) or
the Origin 6.0 software package (Microcal Software Inc.)
to establish a current—voltage (/-V) relationship for ionic
currents.

To calculate the percentage inhibition of osthole, each cell
was depolarized from a holding potential of —50to +10 mV,
the amplitude of I, 1 after addition of osthole was compared
with the control value. The concentration-dependent effect
of osthole on the inhibition of I, was fitted with a Hill
function using non-linear least-square regression [16]. That
is, percentage inhibition = (En. X [C]")/(1¢%, + [C]"),
where [C] represents the osthole concentration; icsy and
n are the concentration of osthole needed to reduce the
current by 50% and the Hill coefficient, respectively; Epax
is osthole-induced maximal inhibition of /¢, .

The values for activation time constant (7,), fast compo-
nent of inactivation time constant (Tipact(r)) and slow compo-
nent of inactivation time constant (Tipacrs)) Of Icar Were
calculated by fitting currents to a single- or two-exponential
function. Curve-fitting and parameter estimation were
carried out using the Origin 6.0 software (Microcal). When
cells were held at the level of —50 mV and the depolarizing
pulses to +10 mV with a duration of 300 ms, the presence
of osthole (3 uM) did not produce any significant change in
the kinetics of activation or inactivation of I, (control:
Tact = 3.4 £ 0.7mS, Tinaer(r) = 11.8 & 2.2mS, Tinae(s) =
35.8 4+ 6.2ms; osthole: Ty = 5.4 £0.9, Ty = 11.4 £
2.3 ms, Tinaer(s) =35.2 £ 5.5 ms (N=8)).

All values are reported as means = SEM and error bars
are plotted as SEM. The paired or unpaired Student’s 7-test
and one way analysis of variance with a least-significance
difference method for multiple comparisons were used
for the statistical evaluation of differences among means.
A value of P < 0.05 was considered to be statistically
significant.

2.4. Drugs and solutions

Osthole was chemically purified as described previously
and provided by Chien-Chich Chen [8]. Osthole was
dissolved in dimethyl sulfoxide (less than 0.1%) and made
immediately prior to experiments. Tetrodotoxin, TEA, and
quinidine were purchased from Sigma Chemical Co. The
sp-adenosine-3',5'-cyclic  monophosphorothioate  (sp-
cAMPS), 8-bromoguanosine-3',5'-cyclic monophosphate
(8-bromo-cGMP), and w-conotoxin GVIA were obtained
from Biomol. Nimodipine was purchased from Tocris
Cookson Ltd. Dendrotoxin was obtained from Calbio-
chem. Tissue culture media, L-glutamine, penicillin—
streptomycin, fungizone, and trypsin were obtained from
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Life Technologies. All other chemicals were commercially
available and of reagent grade. The composition of normal
Tyrode’s solution was as follows (in mM): NaCl 136.5,
KCl 5.4, CaCl, 1.8, MgCl, 0.53, glucose 5.5 and HEPES—-
NaOH buffer 5.5 (pH 7.4). To record membrane potential
or K™ current, the patch pipettes were filled with a solution
(in mM): K-aspartate 130, KC1 20, KH,PO, 1, MgCl, 1,
EGTA 0.1, Na,ATP 3, Na,GTP 0.1 and HEPES-KOH
buffer 5 (pH 7.2). To measure Ca*" current, K™ ions inside
the pipette solution were replaced with equimolar Cs™
ions, and pH was adjusted to 7.2 with CsOH.

3. Results
3.1. Effect of osthole on Ic, 1 in NGI105-18 cells

The effect of osthole on the amplitude of Ic,; was
examined in this study. In these experiments, cells were
bathed in normal Tyrode’s solution containing 1.8 mM
CaCl, and the recording pipettes were filled with Cs™-
containing solution. As shown in Fig. 1, the effect of
osthole on Ic,1 was studied at various membrane poten-
tials, and an /-V relationship of /¢, was then constructed.
By comparing the two I-V curves shown in Fig. 1, it can be
seen that the threshold potential (around —30 mV), the
potential of maximum peak Ic,;. (around +10 mV), and
the apparent reversal potential (around +50 mV) were
essentially the same in the absence and presence of osthole
(10 uM). In other words, osthole (10 uM) was capable of
suppressing the amplitude of I, without causing a shift
in the I-V relationship for I, . The inhibitory effect of
osthole on I, was completely reversible. Similar results
were also obtained from 10 different cells.
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Fig. 1. The I-V relationships of Ic,; in the absence and presence of
osthole in NG108-15 cells. Patch pipette was loaded with Cs*-containing
solution and cells were bathed in normal Tyrode’s solution containing
1.8 mM CaCl, and 10 mM TEA. (A) Superimposed current traces obtained
in the absence (left) and presence (right) of osthole (10 uM). The cell was
held at —50 mV and the voltage pulses from —40 to +60 mV in 10 mV
increments were applied. (B) Averaged I-V relationship of the peak I, . in
control (filled circles), during exposure to 10 uM osthole (open circles)
and during the washout of osthole (open squares). (mean + SEM; N =
7-10 for each point).

Fig. 2 shows the relationship between the concentration
of osthole and the percentage inhibition of Ic, . Osthole
(0.3-100 uM) suppressed the amplitude of Ic,; in a con-
centration-dependent manner. The 1csy value for osthole-
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Fig. 2. Concentration-dependent inhibition of /¢, . by osthole in NG108-15 cells. (A) Superimposed current traces obtained in the absence and presence of
osthole. Cells were bathed in normal Tyrode’s solution containing 1.8 mM CaCl, and the depolarizing pulses from —50 to +10 mV were applied with a
duration of 300 ms. Labeled (a) is the control, labeled (b) and (c) were obtained after addition of 3 and 10 pM osthole, respectively. (B) Concentration—
response relationship for osthole-induced inhibition of Ic,;. Each cell was held at the level of —50 mV, and the voltage pulses to +10 mV were applied.
Various concentrations of osthole (0.3-100 pM) were examined. The amplitude of the peak /¢, during the application of osthole was compared with the
control value. Parentheses shown in this and the following figures denote the number of cells examined. The smooth line represents the best fit to the Hill
equation as described in Section 2. The values for icsy, and maximally inhibited percentage of Ic,; in the presence of osthole were 4 uM and 99%,

respectively. The Hill coefficient was 1.2.
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induced inhibition of Ic,; was 4 and 100 uM osthole fully
suppressed the amplitude of Ic,;. The results clearly
indicate that osthole has a depressant action on ¢,y in
NG108-15 neuronal cells.

3.2. Effects of sp-cAMPS, 8-bromo-cGMP, w-conotoxin
GVIA, nimodipine and osthole on the amplitude of Ic,

It has previously been reported that osthole inhibits
phosphodiesterase activity, resulting in an increase in
the level of intracellular cyclic AMP or GMP [5,7]. There-
fore, we examined whether cell permeable analogues of
cyclic AMP and GMP affect the amplitude of I, present
in NG108-15 cells. Fig. 3 shows the effect of sp-cAMPS
and 8-bromo-cGMP on I, ;. The sp-cAMPS (1 mM) had
no effect on Ic,;, while 8-bromo-cGMP (1 mM) slightly
suppressed it by about 15%. The sp-cAMPS and 8-bromo-
cGMP are cell permeable analogues of cyclic AMP and
GMP, respectively. In addition, ®-conotoxin GVIA
(3 uM), a blocker of N-type Ca>" channels [17], had no
effect on I, 1, whereas nimodipine (10 pM), a blocker of
L-type Ca>" channels, effectively suppressed the ampli-
tude of Ic, . Although sp-cAMPS or w-conotoxin GVIA
alone did not affect I, 1, the application of osthole in the
continued presence of sp-cAMPS or m-conotoxin GVIA
could suppress Ic,; effectively. These findings indicate
that Ca>" current is sensitive to the inhibition by osthole,
but not by sp-cAMPS or o-conotoxin GVIA, and that
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Fig. 3. Comparison between the effect of osthole and those of sp-cAMPS,
8-bromo-cGMP, m-conotoxin GVIA, nimodipine, m-conotoxin GVIA plus
osthole, and sp-cAMPS plus osthole on the inhibition of /¢, in NG108-15
neuronal cells. Each cell was held at =50 mV and the depolarizing pulses to
+10 mV (300 ms in duration) were applied at 0.05 Hz. The amplitude of
Ic,1 in the control was considered to be 1.0 and the relative amplitude
after application of each agent was plotted. In the experiments with
o-conotoxin GVIA plus osthole or sp-cAMPS plus osthole, osthole was
applied after the addition of ®-conotoxin GVIA or sp-cAMPS.
Mean + SEM.  “Significantly different (P < 0.05) from control.
“*Significantly different (P < 0.01) from control.

osthole-induced inhibition of Ic,; does not appear to
involve intracellular cyclic AMP or GMP in these cells.

3.3. Voltage-dependence of osthole-induced inhibition
of Icar

To characterize the inhibitory effects of osthole on I, ,
we examined the voltage-dependence of the effect of
osthole on I, .. Fig. 4 shows the steady state inactivation
curve of I,y in the absence and presence of osthole
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Fig. 4. Steady state inactivation curve of I, in the absence and presence
of osthole. With the aid of a double-pulse protocol, the steady state
inactivation parameters of /., . were obtained in the absence and presence
of osthole (3 uM). The conditioning voltage pulses with a duration of 1 s to
various membrane potentials between —80 and +20 mV were applied
from a holding potential of —50 mV. Following each conditioning pulse, a
test pulse to 0 mV with a duration of 300 ms was applied to evoke /¢, ..
(A) Superimposed current traces in the absence (upper part) and presence
(lower part) of osthole (3 uM). Inset shown in (A) indicates the voltage
protocol. (B) Steady state inactivation curves of I-,; obtained in the
absence (filled circles) and presence (open circles) of osthole (3 uM).
The normalized amplitude of Ic,;. (I/ya.x) Was constructed against the
conditioning potential and the curves were fitted by the Boltzmann
equation (see text for details).
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(3 uM). A two-step voltage pulse protocol was applied
[18]. A 1 s conditioning pulse to various membrane poten-
tials preceded the test pulse (300 ms in duration) to 0 mV
from a holding potential of —50 mV. The interval between
two sets of voltage pulses was 60 s to prevent incomplete
recovery of I, 1. The relationships between the membrane
potentials and the normalized amplitudes of Ic,; with or
without addition of osthole (3 uM) were plotted and fitted
to a Boltzmann function using non-linear regression ana-
lysis [16,18]: 1 = I'max /{1 + exp[(V — a)/b]}, where I
is the maximal activated I, 1, V the membrane potential in
mV, a the membrane potential for half-maximal inactiva-
tion and b is the slope factor of inactivation curve. In
control,a = —114+£09mV,b=51+04mVN =7),
whereas in the presence of osthole (3 uM), a = —26.2 +
1.5mV,b =52+04mV (N = 6). It appeared, therefore,
that the presence of osthole not only suppressed the max-
imal conductance of I, ., but also shifted the inactivation
curve to a hyperpolarized potential by approximately
—15mV. However, we found no significant change in
the slope of the curve during cell exposure to osthole.
These results clearly indicate that osthole can suppress the
amplitude of I-,; in a voltage-dependent manner in
NG108-15 cells.

3.4. Effect of osthole on the recovery of Ic,; from
inactivation

The effect of osthole on the recovery of Ic,; from
inactivation was studied with a double-pulse protocol.
The recovery of Ic,p from inactivation at a holding
potential of —50 mV was examined at different times with
a test step (0 mV for 300 ms). As shown in Fig. 5, in the
control, the amplitude of peak inward current almost
completely recovered from inactivation when the recovery
time was 5 s. The time course of recovery from inactivation
in the control was fitted to a single-exponential function
with a time constant of 1.28 £+ 0.11 s (N = 6). However, in
the presence of osthole (3 pM), the recovery from inacti-
vation was significantly prolonged with a time constant of
3.31 £0.23 s (N = 6). After a 5 s interval, the amplitude
of peak inward current was found to completely recover
from inactivation in the control; however, in the presence
of osthole, a substantial block of peak inward current was
still observed (Fig. 5). Therefore, the presence of osthole
caused a significant prolongation of the recovery from
inactivation of Ic,y in NG108-15 cells. In other words,
there is a slow recovery from inactivation in the presence of
osthole.

3.5. Lack of effect of osthole on voltage-dependent K
outward current (Ig) in NG108-15 cells

We also examined whether osthole affects the amplitude
of Ik in these cells. In these experiments, cells were bathed
in Ca**-free Tyrode’s solution containing 1 uM tetrodo-
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Fig. 5. Effect of osthole on the recovery of Ic,; from inactivation in
NG108-15 cells. The cells were depolarized from —50 to +10 mV with a
duration of 300 ms and various interpulse durations were applied. An
example of current traces obtained by a two-pulse protocol in the control
(i.e. the absence of osthole) is illustrated in (A). (B) Effect of osthole on
the time course of recovery from the inactivation of /¢, after the cells
were depolarized from —50 to +10 mV. Filled symbols are in control and
open symbols were obtained 2 min after addition of osthole (3 uM). Each
smooth line was fitted by a single-exponential function.

toxin and 0.5 uM CdCl,. When the cell was held at
—50mV and various potentials ranging from —40 to
+60 mV in 10 mV increments were applied at a rate
of 0.05 Hz, no significant difference in current amplitudes
at each voltage step between the absence and presence of
osthole (100 M) could be demonstrated (Fig. 6). Similar
results were obtained in seven different cells. However,
TEA (10 mM), quinidine (10 uM) and dendrotoxin (1 pM)
produced an effective inhibition in the amplitude of Ix.
TEA, quinidine and dendrotoxin are blockers of Ik in a
variety of cells [19,20]. TEA has also been shown to
selectively block Ca”"-activated K channels in arterial
smooth muscle cells at concentration less than 1 mM [21].
Thus, it is clear that unlike I, , voltage-dependent Ik was
unaffected by osthole in NG108-15 cells.

3.6. Effect of osthole on spontaneous spiking discharge
of NG108-15 cells

In an additional series of experiments, we examined the
effect of osthole on changes in membrane potential of
NG108-15 cells. NG105-18 cells, bathed in normal
Tyrode’s solution containing 1.8 mM CaCl,, had a resting
membrane potential of —53 + 6 mV (N = 24) under a
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Fig. 6. Lack of effect of osthole on Ix in NG108-15 cells. Cells, bathed in
Ca*"-free Tyrode’s solution containing tetrodotoxin (1 uM) and CdCl,
(0.5 mM), were held at —50 mV and the voltage pulses from —40 to
+60 mV in 10 mV increments were applied at a rate of 0.05 Hz. In (A),
superimposed current traces shown in upper part are control, and those in
lower part were recorded 2 min after addition of osthole (100 ptM). Voltage
protocol is shown in upper part. (B) Comparison between the effect of
osthole (100 M) and those of tetraethylammonium chloride (10 mM;
TEA), quinidine (10 pM), and dendrotoxin (1 pM) on the amplitude of Ix.
Each cell was depolarized from —50 to +50 mV. The amplitude of Ik
measured at the end of the voltage pulses in the control was considered to
be 1.0 and the relative amplitude of Ik after addition of each agent was
plotted. *Significantly different from control (P < 0.05).

current-clamp configuration. The typical effects of osthole
on membrane potentials in these cells are illustrated in
Fig. 7. Under our experimental conditions, about 60% of
NG105-18 cells was noted to exhibit a repetitive firing of
action potentials that was Ca”"-sensitive and inhibited by
nimodipine, yet not by tetrodotoxin. When osthole
(10 pM) was applied to the bath, spontaneous spiking
discharge seen in these cells was significantly decreased
from 0.52 4+ 0.05 to 0.09 + 0.02 Hz (N = 7). However, no
significant change in resting membrane potential was

observed (=53 48 vs. =507 mV, N =7, P > 0.05).
When osthole was washed out, spontaneous action poten-
tial was returned. In contrast, ®-conotoxin GVIA (3 pM)
had no significant effect on the firing of action potentials
(Fig. 7B). However, the application of osthole (10 uM) in
the continued presence of o-conotoxin GVIA also
decreased the firing frequency (data not shown). Thus, it
is clear that, similar to nimodipine, osthole can regulate the
firing of action potentials in NG108-15 cells.

4. Discussion

The major findings of this study are as follows. First, in
NG108-15 neuronal cells, osthole inhibits I,y in a con-
centration- and voltage-dependent manner. Second, it is
unlikely that the effect of osthole on I, 1, is mediated by an
inhibition of the activities of phosphodiesterases. Third,
osthole can produce a negative shift in the steady state
inactivation curve of Ic, .. Fourth, osthole can modify the
firing of action potentials in these cells. These results
suggest that osthole can interact directly with L-type
Ca?" channels in NG108-15 cells and that inhibition of
the these channels can be one of the ionic mechanisms
underlying osthole-induced change in functional activity
of neurons or neuroendocrine cells.

The present study provides direct evidence that osthole
inhibits the amplitude of I, in NG108-15 neuronal cells
in a concentration-dependent fashion. The 1csy value of
osthole required for the inhibition of I, was 4 pM. In rat
thoracic aorta and guinea pig trachea, it has been reported
that osthole-inhibited KCl-induced contraction with a con-
centration range of 20—100 uM [4,5]. This value seems to
be greater than the present data obtained from NG108-15
neuronal cells. However, a recent report by Chiou et al.
showed that osthole-inhibited phenylephrine-induced con-
traction of rabbit corpus cavernosum with an 1csy value of
about 2 pM [8]. The 1cso value needed to exert antiproli-
ferative effect on rat vascular smooth muscle cells was
reported to be approximately 10 pM [22]. In addition, we
could find no evidence that osthole had any effect on
voltage-dependent I in NGI108-15 cells. Therefore,
L-type Ca?" channels present in neurons or neuroendo-
crine cells are likely to be the targets of osthole, since the
effect of osthole observed in our experiments appeared to
occur at a concentration achievable in rat plasma [23].

In this study, we found that the presence of osthole
caused a prolongation of the recovery from inactivation of
Ic,p in NGI108-15 cells. These results suggest that the
recovery from inactivation was slower in the presence of
osthole. In addition, the present results demonstrated that
osthole not only reduced the maximal conductance of I, ,
but it also produced a distinct shift in the steady state
inactivation curve. Such a shift can be explained by: (a) the
binding of osthole to the inactivated state and (b) state-
independent binding of osthole that would result in an
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Fig. 7. Effect of osthole on spontaneous action potentials of NG108-15 cells. Cells were bathed in normal Tyrode’s solution containing 1.8 mM CaCl,. The
patch pipettes were filled with K™ -containing solution. The experiments were conducted under current-clamp conditions. (A) control; (B) m-conotoxin GVIA
(3 uM); (C) osthole (3 uM); (D) osthole (10 pM). Notably, osthole decreases the firing frequency of spontaneous action potentials in these cells.

accelerated transition of the channels to the inactivated
state. However, the exact location of the binding site on
L-type Ca’" channels for osthole remains to be deter-
mined. In addition, the results showing osthole-induced a
shift in the inactivation curve suggest that the inhibitory
effect of osthole on I, . is voltage-dependent and that the
magnitude of current inhibition caused by osthole can be
altered by changes in membrane potential. Indeed, these
observations can be interpreted to be consistent with a
previous finding demonstrating that osthole alone had no
effect on resting tension and Ca®" influx in rat thoracic
aorta, but it preferentially inhibited the contraction during
the K -induced depolarization [4]. Therefore, the sensi-
tivity to osthole in neurons would be dependent on the
preexisting level of resting membrane potential, the firing
rate of action potentials, or the concentration of osthole
used [24].

It has previously been reported that the action of osthole
appeared to be associated with an increase in the level of
intracellular cyclic AMP and GMP, because it might inhibit
the activities of cyclic nucleotide phosphodiesterases
[1,5,7,22]. However, this study showed that sp-cAMPS,
a cell permeable analogue of cyclic AMP, had no effect on
the amplitude of Ic,p. in NGI108-15 cells, whereas
8-bromo-cGMP suppressed I, 1 only by 15%. Therefore,
it is reasonable to assume that the inhibitory effects of
osthole on Ca®" currents observed in this study will not
involve changes in the level of cyclic AMP or GMP.

Osthole can modulate the membrane potential of
NG108-15 cells by a direct inhibition of Ic,. Despite a

number of studies showed that osthole could suppress the
activities of cyclic nucleotide phosphodiesterases [1,5,7,
22], the osthole-mediated regulation of spontaneous action
potentials observed in NG108-15 cells also did not appear
to be a consequence of its effect on change in the level of
intracellular cyclic AMP or GMP. In fact, the inhibitory
effect on spontaneous action potentials by osthole was
primarily due to the block of dihydropyridine-sensitive L-
type Ca®" channels, because o-conotoxin GVIA had no
effect on the firing of action potentials in these cells.
Therefore, the inhibition of /-, and a concomitant reduc-
tion in the firing of actions potentials by osthole might
confuse the interpretation of results drawn from studies of
signal transduction which use osthole as an inhibitor of
cyclic nucleotide phosphodiesterases [5,7].

It has been reported that NG108-15 neuronal cells
exhibited at least two types of Ca®" channel contributing
to high-threshold Ca®" current: an ®-conotoxin GVIA-
resistant, dihydropyridine-sensitive type, an ®-conotoxin
GVIA-sensitive, dihydropyridine-resistant type [9,10].
The major part of osthole-inhibited Ca*" current in undif-
ferentiated NG108-15 cells seen in this study appeared to
be due to the block of dihydropyridine-sensitive L-type
Ca®" channels, rather than neuronal N-type channels.
Indeed, w-conotoxin GVIA. a potent blocker of N-type
channels and a weak blocker of L-type channels [17], did
not suppress Ca®" current that was sensitive to the inhibi-
tion by osthole. Previous studies have shown that extra-
cellular Ca®*" influx occurs mainly through N-type
channels and these channels present in neurons play an
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important role in neurotransmitter release [25]. However,
recent studies indeed suggested that the activity of L-type
channels present in neurons might involve the modulation
of glutamate-induced burst firing or anoxia-mediated Ca*"
influx [26,27]. Thus, osthole-mediated inhibition of I,
would play a role in the regulation of neuronal activity.

In summary, results from the present study indicate
that the major part of osthole-mediated inhibition of
Ca’" current in NG108-15 cells was primarily due to
the block of dihydropyridine-sensitive L-type Ca®" chan-
nels. Accordingly, we found that osthole abolished Ca®"-
sensitive action potential via the inhibition of L-type Ca®"
channel. The effects of osthole may not solely be due
to its inhibition of the activities of phosphodiesterases.
Osthole also appears to be another pharmacological tool
used to isolate L-type components of I, in excitable cells.
If the mechanism of inhibitory actions of osthole on /¢, 1.
found in NG108-15 neuronal cells exists in intact brain
neurons, this compound may reduce Ca>" influx resulting
from the inhibition of L-type Ca*" channels.
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