British Journal of Pharmacology (2000) 129, 547-554

© 2000 Macmillan Publishers Ltd Al rights reserved 0007 -1188/00 $15.00 Cl)

www.nature.com/bjp

Clotrimazole inhibits the recombinant human cardiac L-type Ca*™*

channel o, subunit

*I.M. Fearon, 'S.G. Ball & 'C. Peers

nstitute for Cardiovascular Research, The University of Leeds, Leeds LS2 9JT

1 Clotrimazole (CLT) is an antimycotic agent with a potential role in the treatment of cancer.
Whole-cell patch clamp recordings and Fura-2 AM fluorescence measurements were used to
investigate the inhibition by CLT of recombinant human cardiac L-type Ca*>* channel «,¢ subunits,
stably expressed in human embryonic kidney (HEK 293) cells.

2 CLT (100 nmol 17! to 25 umol 1-') reduced Ca’>" channel currents in a concentration-dependent
manner. Inhibition was neither use- or voltage-dependent. The effects of CLT were rapid and
maximal effects were attained within 3 min. Application of CLT also caused an acceleration of
apparent Ca>* channel current inactivation.

3 Basal current density and the degree of inhibition due to CLT were not significantly altered by
pretreating cells with 3 mmol 17! I-aminobenzotriazole for 1 h, or by dialysing cells for 10 min with
2 mmol 1~ a-napthoflavone via the patch pipette, suggesting that the inhibitory action of CLT was
not due to inhibition of cytochrome P-450.

4 CLT (10 umol 17') did not influence [Ca*'], as determined by Fura-2 AM fluorescence
measurements.

5 Dialysing cells for 10 min with the non-specific serine/threonine kinase inhibitor H-7
(10 pmol 17") was without effect on basal current density or on the inhibitory response to
10 umol 17! CLT, indicating that CLT is not acting via an indirect effect on these kinases.

6 These data suggest that CLT exerts a direct blocking effect on the o;c subunit at therapeutic
concentrations. This effect may explain the abbreviation of the action potential duration by CLT

observed in cardiac myocytes.
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Introduction

Clotrimazole (CLT) is one of a family of imidazole-derived
antimycotic agents which inhibit cytochrome P-450 mediated
reactions, an effect which accounts for its potent antifungal
effects (Sheets et al., 1986; Ayub & Levell, 1988). More recently,
CLT has been shown to be of benefit in the treatment of sickle
cell anaemia (Brugnara et al., 1995; 1996) and of ff-thalassemia
(De Franchesci et al., 1996), an effect attributed to the
suppression of erythrocyte Ca®*-activated K* (Kc,) channels
(Alvarez et al., 1992; Brugnara et al., 1993; Ishii et al., 1997).
Inhibition of the K¢, channel by CLT may be independent of
effects on cytochrome P-450 (Brugnara et al., 1995; Coupry et
al., 1996), and direct inhibitory effects of CLT on K¢, channels
have also been demonstrated in pituitary GH; cells (Wu et al.,
1999) and in carotid body type I cells (Hatton & Peers, 1996).

CLT also has a potential clinical role in the treatment of
cancer. It can inhibit the in vitro and in vivo proliferation of
both normal and cancerous cells (Benzaquen et al., 1995). It is
well documented that CLT affects intracellular Ca>* homeo-
stasis in a variety of cell types, including thymocytes (Alvarez
et al., 1992), platelets (Alonso et al., 1991; Sargeant et al.,
1992), neutrophils (Montero et al., 1991) and in GH; and
chromaffin cells (Villalobos et al., 1992). This effect may
contribute to its antiproliferative properties.

In both pituitary GH; and pancreatic B-cells, CLT has been
shown to have a direct inhibitory effect on voltage-gated Ca**
channels in the plasma membrane (Welker & Drews, 1997; Wu
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et al., 1999). In the myocardium, L-type voltage-gated Ca*>"
channels are the major pathway through which Ca’* entry
occurs during excitation. Ca>" influx through these channels
triggers the release of Ca’" from intracellular stores. This
initiates and regulates contractile activity, and is therefore of
major importance in controlling excitation-contraction cou-
pling. In a recent study (Thomas et al., 1999), CLT was shown
to have a potent inhibitory effect on native L-type Ca®*
channels in isolated guinea-pig ventricular myocytes. This
effect appeared to cause significant suppression of the plateau
and abbreviation of the cardiac action potential. The
mechanism of this effect of CLT was unclear, although the
authors proposed either a direct effect on the channel protein,
or an effect secondary to regulation of intracellular Ca®*
levels. With respect to the former suggestion, the direct
inhibition of voltage-gated Ca®" entry by CLT has been
demonstrated in pituitary GH; and in chromaffin cells,
although again this effect may only occur secondary to
depletion of intracellular Ca®* stores (Alonso et al., 1991;
Villalobos et al., 1992; Benzaquen et al., 1995). Such inhibition
of cardiac I¢, by CLT could also occur by the regulation of
cytochrome P-450, due to changes in cyclic adenosine 3'5'-
monophosphate (cyclic AMP) levels by P-450 mediated
metabolites of arachidonic acid (Xiao et al., 1998).

Even if the inhibitory actions of CLT on I, are considered
to result from direct modulation of the Ca** channel protein
itself, it still remains unclear whether this regulation occurs on
the pore-forming o,c subunit itself, or is due to regulation of
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the o,c in combination with other auxiliary subunits. In
addition, there are notable species differences in the responses
of I, recorded in cardiac myocytes to pharmacological
modulators (compare, for example, Campbell et al., 1996;
Lacampagne et al.,, 1995). Results obtained in other
mammalian species cannot be assumed to be similar in human
tissue (and therefore have potential clinical implications). In
these studies we have examined the effects of CLT on the
function of recombinant human cardiac L-type Ca*>* channel
oyc subunit (Schultz et al., 1993) expressed alone without
auxiliary subunits in human embryonic kidney (HEK 293)
cells, and explored the mechanism underlying the effects of
CLT on this channel. We demonstrate that CLT inhibits the
oc subunit in the absence of auxiliary subunits, and this
inhibition is independent of any effect on [Ca’*]; or on
cytochrome P-450 inhibition.

Methods

All experiments were carried out in HEK 293 cells stably
expressing the human cardiac L-type calcium channel o,c
subunit (Schultz et al., 1993). The construction of this cell line
has been previously described (Fearon et al., 1997). Cells were
grown in minimum essential medium with Earle’s salts (Gibco,
Paisley, U.K.), containing 9% (v v~') foetal calf serum
(Globepharm, Esher, Surrey, U.K.), 1% (v v_') non-essential
amino acids, gentamicin (50 mg 17"), 10,000 ul ™' penicillin G,
10 mg 17" streptomycin, 0.25 mg1~' amphotericin and
400 mg 1-' G418 (all Gibco) at 37°C in a humidified
atmosphere of air/CO, (19 : 1). Cells were harvested from
their culture flasks by trypsinization and plated out onto
coverslips 24—48 h before use in electrophysiological studies.

Pieces of coverslip with attached cells were transferred to a
continually perfused (approximately 2 ml min~') recording
chamber (volume 80 ul) and whole-cell patch-clamp recordings
(Hamill et al, 1981) were made using patch pipettes of
resistance 4—7 MQ. Cells were perfused with a solution
composed of (in mmol 17'): NaCl 95, CsCl 5, MgCl, 0.6,
BaCl, 20, HEPES 5, D-glucose 10, TEA-CI 20 (21-24°C, pH
7.4) and patch electrodes were filled with a solution of
composition (in mmol 17"): CsCl 120, TEA-CI 20, MgCl, 2,
EGTA 10, HEPES 10, ATP 2 (pH 7.2). Cells were voltage
clamped at —80 mV, and whole-cell currents (termed I, since
Ba’" was used as charge carrier) were evoked by step
depolarizing the membrane to various test potentials for
100 ms at a frequency of 0.1 Hz. Series resistance compensa-
tion of 70—85% was applied. Current traces were filtered at
1 kHz, digitized at 2 kHz and stored on computer for later
analysis. Capacitative transients were minimized by analogue
means (residual transients have been truncated for illustrative
purposes) and corrections for leak current were made by the
appropriate scaling and subtraction of the average leak current
evoked by small hyperpolarizing and depolarizing steps
(<20 mV). Current amplitudes were measured over the last
10—15 ms of each step depolarization. All analysis and voltage
protocols were performed using an Axopatch 200A amplifier
in combination with a Digidata 1200 and pCLAMP 6.0.3
software (Axon Instruments).

To monitor [Ca’'}; in HEK 293 cells, they were pre-
incubated for 1 h at 21 —-24°C in control solution (composition
given below) containing 4 umol 17! Fura 2-AM. Samples were
then placed in the perfusion chamber and changes in [Ca®"];
were indicated from the fluorescence emitted at 510 nm due to
alternative excitation at 340 and 380 nm using Joyce Loebl
PhoCal apparatus (Applied Imaging). For these studies, the

control perfusate was of composition (in mmol 17'): NaCl 135,
KCl 5, MgSO, 1.2, CaCl, 10, HEPES 5, and glucose 10 (pH
7.4, osmolarity adjusted to ca. 300 mOsm with sucrose, 21—
24°C). Since calibration of fluorescence into absolute [Ca®*;
values can be subject to artefactual inaccuracies (Duchen,
1992), data are presented as ratio signals.

Clotrimazole (CLT; Sigma) and l-aminobenzotriazole (1-
ABT; Sigma) were prepared by dissolution in the extracellular
perfusate. A stock solution of CLT (10 mmol I7") was
prepared in acetone before dilution to the final bath
concentration. In experiments with 1-ABT cells were incubated
for 1 h at room temperature in the drug solution immediately
after dissolving the drug. Cells were then transferred to the
recording chamber and recordings were made as described.
Experiments with 1-ABT were carried out under low light
intensity. In experiments using a-napthoflavone (Sigma) or H-
7 (Tocris Cookson), cells were dialysed for 10 min with a
pipette solution containing the compound at the required
concentration. Following such dialysis, recordings were made
as described above.

Results are expressed as means+s.e.mean, and statistical
comparisons were made using paired or unpaired Student’s ¢-
tests, as appropriate.

Results

Inhibition of L-type Ca’" channel o,c subunits by
clotrimazole

All data presented here were obtained from a clonal cell line in
HEK 293 cells stably expressing the human cardiac L-type
calcium channel o, subunit (Fearon et al., 1997). Figure 1A
(representative of six such recordings), illustrates the inhibitory
action of bath applied clotrimazole (CLT; 10 umol 17").
Whilst cells were repeatedly step depolarized to +10 mV
(holding potential —80 mV) to evoke inward barium currents
(Isa), the extracellular perfusate was switched to one contain-
ing CLT. This always caused a reversible reduction in Ig,;
mean current reduction at this concentration of CLT was
70.2+3.0% (n=06). Typical current traces obtained before and
during the application of CLT are illustrated in Figure 1B
(left). Note that in the presence of CLT, currents displayed
pronounced inactivation. In Figure 1B (right), the trace
obtained following the application of 10 umol 1=' CLT has
been rescaled by the factor indicated, such that the peak
current amplitude is the same as that obtained under control
conditions. Clearly, the apparent rate of channel inactivation
was increased by CLT. To quantify this effect, a single
exponential curve was fitted to the inactivating section of
current traces under control conditions and following the
application of 10 umol 17" CLT. The time constant for this
function (t;,,.) Was significantly (P <0.002, Student’s paired -
test) decreased following the application of CLT (t;,,. control,
27324412 ms, T CLT, 146.8431.0 ms; n=13). The
inhibitory effect of CLT was not due to inhibition of the
channel by acetone (used as a solvent for CLT), since acetone
(1 : 1000 v v—') was without effect on Ig, when applied alone
in the extracellular perfusate (Figure 1C; representative of six
cells examined).

Current-voltage (I-V) relationships were constructed in
nine cells following the application of 1 ymol 1! CLT (Figure
2A). It was apparent that CLT inhibited currents to a similar
degree at all activating test potentials studied, indicating a lack
of voltage-dependence. The apparent shift in reversal potential
is likely due to a background outward current, since when
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Figure 1

(A) Time-series plot of Ca®" channel current amplitudes. Each plotted point represents the current amplitude evoked by

repeated step depolarisations (100 ms, 0.1 Hz) to +10 mV from a holding potential of —80 mV. Amplitudes were measured over
the last 10— 15 ms of the depolarizing step. The period of exposure of cells to 10 umol =" CLT is indicated by the horizontal bars.
(B) Example current recordings taken from the time series in (A) obtained prior to (control) and following (CLT) a 3 min bath
application of CLT. Right, current observed following CLT application has been scaled by multiplying the current trace by 2.17
such that the peak current amplitude is the same as that obtained under control conditions. (C) as in (A) except cells were perfused
with a solution containing 1:000 (v v ') acetone for the period indicated by the horizontal bar. Inset, individual traces taken from
the time series prior to (control) and following (acetone) the bath application of acetone.

currents are fully blocked (e.g. with Cd**), the leak
conductance is outwardly rectifying (not shown). A concentra-
tion-response relationship was also determined for CLT
(Figure 2B), measuring currents either at their peak (open
symbols) or towards the end of each step depolarization (filled
symbols). The plotted percentage of current inhibition was
calculated following correction of current amplitudes for run-
down (which was a commonly observed phenomenon; see
Figure 1A) as previously described (Hatton & Peers, 1997).

Inhibition could be detected at concentrations greater than
100 mmol 17!, and increased in a graded manner with
increasing concentration, with currents almost completely
inhibited at a concentration of 25 umol 1=' (as measured at
the end of the step depolarizations).

The above-described experiments were all conducted by
bath applying CLT whilst cells were repeatedly step
depolarized. Therefore, the inhibitory effect could have arisen
by an interaction of CLT with a site on the channel protein
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accessible only whilst the channel was in its open configura-
tion. To investigate this possibility, CLT (10 umol 1=') was
bath applied for 3 min whilst cells were held constantly at
—80 mV. Following this period, current amplitudes evoked by
step depolarizations were examined and compared to those
obtained prior to the application of CLT. An immediate
inhibition of channel activity was still seen when this
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depolarizing protocol was applied to cells (see Figure 3) and
the inhibited currents also showed the accelerated inactivation
described above. Mean percentage inhibition due to
10 umol 17" CLT, when applied without step depolarizations,
was 72.8+5.4% (n=4), a value extremely similar to that seen
in control cells when continually pulsed during the application
of CLT (70.2+3.0%, n=26). This demonstrates that CLT does
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Figure 2 (A) Mean (with vertical s.e.m. bars) Ca>" current density versus voltage relationships obtained before (n=9 cells) and
after (n=9 cells) the bath application of 1 umol 1~! CLT. (B) Concentration-dependent inhibition of I, by CLT. Plot of percentage
inhibition of Ca’?" current caused by bath application of a range of concentrations. Each point is the measured percentage
inhibition with vertical s.e.m. bars taken from the number of cells indicated above each point. Inhibition was calculated from
measurements of currents evoked by step depolarizations from —80 mV to +10 mV. Since currents evoked in the presence of CLT
were transient in nature, current amplitudes were measured at their peaks and at the end of the depolarizing steps.
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Figure 3 Inhibition by CLT is not use-dependent. Time-series plot of Ca?" current amplitudes evoked in a representative HEK 293
cell by repeated step depolarizations (100 ms, 0.1 Hz) to + 10 mV from a holding potential of —80 mV. Period of bath application
of 10 umol 17! CLT is indicated by the lower horizontal bar. Cells were step depolarized for the period indicated by the upper
horizontal bars. Inset, individual current traces from the time-series evoked before (control) and following (CLT) the bath

application of CLT.
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not require the channel to be in its open configuration in order
to inhibit channel activity.

Lack of involvement of cytochrome P-450 in the
inhibitory actions of CLT

To investigate possible mechanisms underlying the inhibitory
effect of CLT, we first examined whether this effect was

mediated by cytochrome P-450 inhibition, by comparing the
actions of CLT with those of the suicide substrate P-450
inhibitor, l-aminobenzotriazole (1-ABT). This compound is
structurally unrelated to the imidazole antimycotics and
inhibits P-450 by a completely different mechanism of action
(Murray & Reidy, 1990; Halpert, 1995). Following incubation
of cells for 1 h in 3 mmol 17" 1-ABT (Mathews et al., 1985),
basal current density (determined by step depolarizing cells

0
CLT
-300 —
control
50 pA
e CLT .
25 ms
Time (s)
-600 — ' T T I ' I ' I ' |
0 120 240 360 480 600

Figure 4 Inhibition of Ip, due to CLT is independent of effects on cytochrome P-450. Each plotted point represents the current
amplitude evoked by repeated step depolarizations (100 ms, 0.1 Hz) to +10 mV from a holding potential of —80 mV. Cells were
pre-incubated in 3 mmol 17! 1-ABT for 1 h prior to recording. The period of exposure of cells to 10 umol 1=! CLT is indicated by
the horizontal bar. Inset shows individual traces obtained before (control) and after the application (CLT) of CLT.
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Figure 5 Lack of effect of CLT on [Ca’"]; in HEK 293 cells. Representative continuous recording of [Ca’"]; (expressed as the
uncalibrated 340 nm/380 nm ratio) in a field of HEK 293 cells stably expressing the L-type Ca?" channel ;¢ subunit. For the
periods indicated by the horizontal bars, the cells were exposed to a perfusate containing either 100 mmol 1" K™, or 10 gmol 1~
clotrimazole, as indicated. This example is representative of six such recordings.
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from —80 to +10 mV) was 9.3+2.4 pA pF~! (n=6), a value
not significantly different to that seen in unincubated controls
(14.6+3.7 pA pF~!, n=06; P>0.08, Student’s unpaired t-test).
Furthermore following such incubation, bath application of
10 umol 17! CLT still caused a reduction in channel activity
(Figure 4), and this reduction was also associated with an
acceleration of channel inactivation (e.g. Figure 4, lower inset).
The mean degree of inhibition by CLT was 71.7+2.8% (n=0),
a value not significantly different to the degree of inhibition
seen at this concentration in untreated controls (70.2 +3.0%,
n=6; P>0.2, unpaired Student’s z-test). To further sub-
stantiate the finding that the effects of CLT are independent of
an effect on cytochrome P-450, cells were dialysed for 10 min
with a pipette solution containing 2 mmol 1-! a-napthofla-
vone, a structurally distinct inhibitor of the cytochrome
(Alvarez et al., 1991). Basal current density, evoked by a step
depolarization from —80 to + 10 mV, was 11.74+4.8 pA pF~!
(n=06) following dialysis with a-napthoflavone, a value not
significantly different to that seen in cells dialysed for 10 min
with a drug-free pipette solution (14.6+3.7 pA pF~!, n=6;
P>0.06, unpaired Student’s z-test). Furthermore, cell dialysis
with this P-450 inhibitor was without effect on the ability of
10 umol 17! CLT to reduce calcium channel activity. The
mean degree of inhibition in untreated control cells was
70.24+3.0% (n=06); following dialysis with a-napthoflavone
inhibition was 65.9+2.7% (n==6; P>0.06, unpaired Student’s
t-test).

CLT does not alter [Ca’" ]; homeostasis

It was noteworthy that the inhibitory actions of CLT were
associated with an accelerated inactivation (e.g. Figure 1). This
raised the possibility that inhibition arose due to CLT causing
release of Ca?* from intracellular stores, since Ca**-dependent
inactivation of Ca?" currents is similarly associated with
accelerated inactivation (see e.g. Eckert & Tillotson, 1981).
Further experiments were therefore carried out to investigate
whether changes in [Ca®"]; were involved in the inhibitory
effect of CLT on Ig,. As exemplified in Figure 5 (representative
of six such recordings), the bath application 10 umol 1= CLT
was without effect on [Ca®"]; levels, as determined by Fura-2
fluorescence. This demonstrates that the reduction of Iy, due to
CLT is not secondary to a rise of [Ca®>*]; due to release from
intracellular stores. To demonstrate that [Ca>*]; signals were
obtainable from these cells, exposure to solutions containing
100 mmol 17" K* (Na™ substitution) evoked large, reversible
rises of [Ca*"],.

CLT inhibition of Ca’* channel activity is not due to
modulation of protein kinases

It is well documented that Ca”>" channels can be modulated by
a wide range of serine and threonine kinases, in both native
tissue and in recombinant expression systems (Hosey et al.,
1996; Sperelakis et al., 1996). It therefore remains possible that
the inhibitory effect of CLT on the Ca®>* channel is due to
indirect modulation of such kinases. To investigate this, cells
were dialysed for 10 min with the non-specific serine/threonine
kinase inhibitor H-7 (10 umol 1~'; Hidaka et al., 1984) via the
patch pipette. Following this incubation, basal current density
was —12.3542.1 pA pF~!' (n=6), a value not significantly
different to that seen in unincubated controls
(14.6+3.7 pA pF~', n=6; P>0.6). Moreover, dialysis with
H-7 was without effect on the ability of 10 umol 17! CLT to
inhibit Ca*>* channel activity. The mean degree of inhibition
following such dialysis was 62.4+8.0% (n=6), a value not

significantly different to that seen in controls (70.2+3.0%,
n=6; P>0.6, unpaired Student’s z-test).

Discussion

The present study demonstrates that exposure of stably
transfected HEK 293 cells to CLT results in a reduction in
Iz, through the recombinant human cardiac L-type Ca**
channel o,c subunit. This inhibitory effect was associated with
an acceleration of channel inactivation kinetics, an effect
reported previously for CLT on native Ca>" channels in
pancreatic ff-cells (Welker & Drews, 1997). In order to inhibit
the channel, CLT did not require the channel to be in its open
state, since inhibition could be attained whilst cells were held
closed at a constant membrane potential in the presence of
CLT. Furthermore, the effects of CLT were not voltage-
dependent, since a similar degree of current inhibition was seen
at all activating test potentials (Figure 2). These inhibitory
effects are in good agreement with the effects of CLT recently
described on native L-type Ca®" channels in guinea-pig
ventricular myocytes (Thomas et al., 1999), an effect which
may be responsible for the shortening of the cardiac action
potential duration in these cells. It is, however, noteworthy
that the inhibitory action of CLT described here is more than
10 fold more potent than its effect in guinea-pig myocytes.
Whether this is due to species variation (human vs guinea-pig),
or to the absence of auxiliary subunits in the present study,
remains to be determined.

The effects of CLT on the cytochrome P-450 enzyme
system are well documented (Sheets er al., 1986; McGiff,
1991). A recent study has demonstrated the involvement of
this system in mediating the effects of CLT on native cardiac
L-type Ca?* channels (Xiao et al., 1998). The effect was
mediated by modulation of intracellular levels of cyclic
AMP by P-450 mediated metabolites of arachidonic acid.
The role of the cyclic AMP-dependent protein kinase in
regulating cardiac L-type Ca®>* channel activity is also well
documented (see McDonald et al., 1994), and a reduction in
intracellular cyclic AMP levels by CLT would cause
inhibition of such channel activity. In the studies presented
here, a role for cytochrome P-450 in regulating the Ca®*
channel can be discounted since incubation of cells for 1 h
in 1-ABT, a structurally dissimilar P-450 inhibitor (Murray
& Reidy, 1990; Halpert, 1995), was without effect on basal
Ca’?" channel activity. More importantly, following this
incubation, CLT was still able to exert its inhibitory effect
on channel function (Figure 3). This conclusion discounting
the involvement of cytochrome P-450 in mediating the
effects of CLT is further supported by the finding that
following cell dialysis with the P-450 inhibitor o-naptho-
flavone, both the basal current density and the inhibitory
response to CLT were unaffected. This compound has been
previously shown to modulate plasma membrane Ca®*
channels in rat thymocytes via a P-450 dependent
mechanism at the concentration used in our studies (Alvarez
et al., 1991).

In the present study, the effects of CLT were examined in
cells expressing the pore-forming o, subunit alone, in the
absence of any auxiliary subunits. Though this subunit is an in-
vitro substrate for the cyclic AMP-dependent protein kinase
(Yoshida et al., 1992; Gerhardstein et al., 1996), there is
conflicting functional evidence that this subunit can be
modulated by cyclic AMP-dependent phosphorylation when
expressed alone (Hosey et al., 1996); the presence of the
auxiliary f subunit is required for such phosphorylation to
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occur (Klockner et al., 1992). This evidence argues further
against a role for cytochrome P-450 in mediating the effects of
CLT on this channel. The present study further rules out a
non-specific effect of CLT on cellular protein kinases which
may regulate the o, subunit since cell dialysis with the non-
specific serine/threonine protein kinase inhibitor H-7 (Hidaka
et al., 1984) was without effect on either basal Ca®>" channel
function or on the inhibitory response to CLT.

The inhibition of plasmalemmal voltage-gated Ca’"
channels by CLT has been demonstrated in both chromaffin
and pituitary GH; cells (Villalobos et al., 1992; Wu et al., 1999)
and also in pancreatic ff-cells (Welker & Drews, 1997), an effect
which may be attributable to the regulation of [Ca®*]; by the
antimycotic agent (Alonso et al., 1991; Montero et al., 1991,
Alvarez et al., 1992; Sargeant et al., 1992; Benzaquen et al.,
1995). Such a rise in [Ca®"]; could have explained the
inhibitory effects of CLT reported here, since elevation of
[Ca’*]; is well known to have an inhibitory effect on Ca®*
channel function (Brehm & Eckert, 1978; Tillotson, 1979;
Kramer et al., 1991). However, our microfluorimetric studies
(Figure 5) indicated that CLT, at a concentration seen to cause
around 70% inhibition of Ca®" channel activity in the voltage
clamp experiments, had no effect on [Ca®>*]; in HEK 293 cells.
This lack of effect was observed despite the fact that cells were
perfused with a solution containing 10 mmol 17! Ca®*.
Furthermore, in the electrophysiological studies described
here, all recordings were made whilst dialysing cells with a
high concentration of the Ca?* chelator EGTA, and the
inhibitory actions of CLT were sustained as long as the drug
was present. Indeed, CLT could be applied repeatedly to the
same cell with no loss in the degree of inhibition observed
(Figure 1A). This would not be the case if CLT discharged
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