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Abstract

The effect of fendiline, an anti-anginal drug, on cytosolic free Ca2+ levels ([Ca2+]i) in A10 smooth
muscle cells was explored by using fura-2 as a Ca2+ indicator.  Fendiline at concentrations between 10-
50 µM increased [Ca2+]i in a concentration-dependent manner with an EC50 of 20 µM.  External Ca2+

removal reduced the Ca2+ signal by 75%.  Addition of 3 mM Ca2+ increased [Ca2+]i in cells pretreated with
fendiline in Ca2+-free medium.  The 50 µM fendiline-induced [Ca2+]i increase in Ca2+-containing medium
was inhibited by 10 µM of La3+, nifedipine, or verapamil.  In Ca2+-free medium, pretreatment with 1 µM
thapsigargin (an endoplasmic reticulum Ca2+ pump inhibitor) to deplete the endoplasmic reticulum Ca2+

store partly inhibited 50 µM fendiline-induced Ca2+ release; whereas pretreatment with 50 µM fendiline
abolished 1 µM thapsigargin-induced Ca2+ release.  Inhibition of phospholipase C activity with 2 µM
U73122 did not alter 50 µM fendiline-induced Ca2+ release.  Incubation with 50 µM fendiline for 10-30
min decreased cell viability by 10-20%.  Together, the findings indicate that in smooth muscle cells
fendiline induced [Ca2+]i increases. Fendiline acted by activating Ca2+ influx via L-type Ca2+ channels,
and by releasing internal Ca2+ in a phospholipase C-independent manner.  Prolonged  exposure of cells
to fendiline induced cell death.
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Introduction

A rise in intracellular Ca2+ concentration
([Ca2+]i) is a key messenger for many physiological
and pathological events in essentially all types of
cells (1-3); however, prolonged elevations in [Ca2+]i

may lead to apoptosis (4).

Fendiline is an anti-anginal drug for treatment
of coronary heart diseases (5). In vitro, fendiline was
found to inhibit L-type Ca2+ channels (6, 7) and
calmodulin (8).  Notably, fendiline was recently shown
to act as a Ca2+ mobilizer in renal tubular cells, by
releasing stored Ca2+ and activating external Ca2+

influx (9).  The present study examined whether
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fendiline could increase [Ca2+]i in A10 smooth muscle
cells.  A10 cells have been shown to posses L-type
Ca2+ channels (10, 11), and internal Ca2+ stores that
could be released by thapsigargin (12), an endoplasmic
reticulum Ca2+ pump inhibitor (13).

In this study, by using fura-2 as a Ca2+ probe it
was shown that fendiline induced significant increases
in [Ca2+]i in A10 cells.  The concentration-response
relationship was established, and the underlying
mechanism of the fendiline response was evaluated.
The effect of fendiline on cell viability was examined
by trypan blue exclusion.

Materials and Methods

Cell Culture

A10 smooth muscle cells were cultured in
Dulbecco’s modified Eagle medium supplemented
with 10% heat-inactivated fetal bovine serum, 100 U/
ml penicillin and 100 g/ml streptomycin.  Cells were
kept at 37C in 5% CO2-containing humidified air.

Solutions

Physiological buffer solution (pH 7.4) contained
(in mM): NCl 150, KCl 5, Hepes 5, glucose 5. Ca2+-
containing medium (pH 7.4) contained (in mM): NaCl
140, KCl 5, MgCl2 1, CaCl2 1.8, Hepes 10, glucose
5.  Ca2+-free medium contained no added Ca2+ plus 1
mM EGTA.  The experimental solution contained less
than 0.1% of solvent (dimethyl sulfoxide or ethanol)
which did not affect [Ca2+]i (n=3).

Optical Measurements of [Ca2+]i

After removal of medium, cells were rinsed
twice with physiological buffer solution.  After
aspirating physiological buffer solution, the cells were
bathed in a solution containing 0.05% (w/v) trypsin
and 0.53 mM EDTA for 30 s.  After cells were
detached from the flask, they were suspended in Ca2+

medium (106/ml) and was loaded with the ester form
of fura-2, fura-2/AM (2 µM) for 30 min at 25°C.  Cells
were washed and resuspended in Ca2+ medium before
use.  Fura-2 fluorescence measurements were
performed in a water-jacketed cuvette (25°C) with
continuous stirring; the cuvette contained 1 ml of
medium and 0.5 million cells.  Fluorescence was
monitored with a Shimadzu RF1503PC spectrof-
luorophotometer (Shimadzu Incorp., Kyoto, Japan)
by recording excitation signals at 340 and 380 nm and
emission signal at 510 nm at 1-s intervals.  Maximum
and minimum fluorescence values were obtained by
adding 0.1% Triton X-100 (+ 10 mM CaCl2) and 20
mM EGTA sequentially at the end of each experiment.

[Ca2+]i was calculated as described previously (14-
16).

Chemical Reagents

The reagents for cell culture were from Gibco
(Grand Islands, NY, USA).  Fura-2/AM was from
Molecular Probes (Eugene, OR, USA).  All the other
reagents were from Sigma (St. Louis, MO, USA).

Cell Viability

Assay Cell viability was determined by trypan
blue exclusion.  Fifty l of cell suspension was mixed
with 50 l of trypan blue isotonic solution (0.2%; w/v)
in the absence (control) or presence of 50 µM fendiline.
Fendiline was added for 0-30 min before cell viability
was determined on a hemocytometer under a
microscope.

Statistical Analyses

 The traces were typical of 4-6 experiments.  All
values were reported as the means±S.E.M (n=4-6).
Statistical comparisons were determined by using the
Student’s t test, and significance was accepted when
P<0.05.

Results

Effect of Fendiline on [Ca2+]i

In Ca2+-containing medium, fendiline at
concentrations between 10-50 µM increased [Ca2+]i

in a concentration-dependent manner.  Figure 1A
shows typical records of the [Ca2+]i increase induced
by 50 µM (trace a), 20 µM (trace b), and 10 µM (trace
c) fendiline.  At a concentration of 1 µM fendiline did
not have an effect (trace d).  Over a time period of 250
s the [Ca2+]i signal comprised an initial rise and a
sustained phase.  The basal [Ca2+]i was 45±2 nM
(n=6).  The Ca2+ signal-induced by 50 µM fendiline
had a net (baseline subtracted) maximum value of
3565 nM (n=6).  Fendiline-induced [Ca2+]i increases
saturated at 50 µM because 75 µM fendiline did not
induce a greater response.  Figure 1C (solid circles)
shows the concentration-response curve of the
fendiline response.  The curve suggests an EC50
value of 20 µM by fitting to the Hill equation.

Effect of External Ca2+ Removal on the Fendiline
Response

Figure 1B shows that in Ca2+-free medium, 20
µM (trace b) and 50 µM (trace a) fendiline induced
concentration-dependent [Ca2+]i increases (time points
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of 30-400 s).  The 50 µM fendiline-induced [Ca2+]i

increases had a net maximum value of 78±2 nM
(n=5).   The concentration-response curve of fendiline-
induced [Ca2+]i increases in Ca2+-free medium is shown
in Figure 1C (open circles).  The data suggest that
Ca2+ removal inhibited 10-75 µM fendiline-induced
[Ca2+]i increases by 75±10% in the net maximum
value (n=4-6).

Mechanism of Fendiline-Induced Ca2+ Influx

In most cells, depletion of internal Ca2+ pools
usually leads to Ca2+ influx via store-operated Ca2+

influx (17).  Store-operated Ca2+ influx was evaluated
by reintroduction of Ca2+ to cells depleted of Ca2+ by

fendiline in Ca2+-free medium.  Figure 1B (time points
of 400-450 s) shows that in Ca2+-free medium, after
pretreatment with 20 µM (trace b) or 50 µM (trace a)
fendiline for 370 s, addition of 3 mM CaCl2 induced
an [Ca2+]i increase with a net maximum value of
199±2 and 310±5 nM, respectively (n=6).  Addition
of CaCl2 alone without fendiline pretreatment only
induced a small [Ca2+]i increase with a net maximum
of 28±2 nM (trace c; n=4).

Effects of Ca2+ Entry Blockers on Fendiline-Induced
[Ca2+]i Increases

Figure 2 shows that in Ca2+-containing medium,
50 µM fendiline-induced [Ca2+]i increases were

Fig. 1. Effect of fendiline on [Ca2+]i in fura-2-loaded A10 cells.  A,  typical signals induced by fendiline in Ca2++-containing medium.  Concentrations
of fendiline were 50 (trace a), 20 (trace b), 10 (trace c), and 1 (trace e) µM, respectively.  B, effect of external Ca2+ removal on fendiline-induced
[Ca2+]i increases and the effect of readmission of Ca2+.  Trace a: fendiline (50 µM) was added at 30 s in Ca2+-free medium followed by addition
of 3 mM CaCl2 at 400 s.  Trace b: similar to trace a except that 20 µM fendiline was used.  Trace c: Ca2+ was added without pretreatment with
fendiline.  C, Concentration-response plots of fendiline-induced Ca2+ signals in the presence and absence of Ca2+.  The y axis is the percentage
of control. Control was the net (baseline subtracted) maximum value of the [Ca2+]i increase induced by 50 µM fendiline in Ca2+-containing
medium.  Data were mean±SEM. of 4-6 experiments.  *P<0.05. D, Concentration-response plots of reintroduction of Ca2+ based on the data from
B.  The y axis is the net [Ca2+]i (nM) after adding Ca2+.  The x scale is the concentration of fendiline.  Data were mean±SEM. of 4-6 experiments.
*P<0.05.  Traces were typical of 4-6 experiments.
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markedly inhibited by La3+ (10 µM) or verapamil
(10 µM), and slightly reduced by 10 µM nifedipine
(n=5-6).

Internal Sources of the Fendiline Response

Experiments were performed to explore whether
fendiline releases internal Ca2+ from the the
endoplasmic reticulum, the major Ca2+ stores in most
cells.  Figure  3A shows that in Ca2+-free medium,
addition of 1 µM thapsigargin induced a [Ca2+]i

increase with a net maximum of 15±2 nM (n=6).
After the endoplasmic reticulum Ca2+ store was
depleted by thapsigargin for 470 s, addition of 50 µM
fendiline induced a [Ca2+]i increase with a net
maximum value of 513 nM which was 50% of the
control fendiline response shown in Figure 3B (100±2
nM; n=6; P<0.05).  Figure 3B shows that after
pretreatment with 50 µM fendiline for 470 s, 1 µM
thapsigargin failed to increase [Ca2+]i (n=6).

Effect of Inhibiting Phospholipase C on Fendiline-In-
duced Ca2+ Release

Pretreatment with the phospholipase C inhibitor
U73122 (18) in Ca2+-free medium did not alter basal
[Ca2+]i or 50 µM fendiline-induced [Ca2+]i increases
(n=4; not shown).

Effect of Fendiline on Cell Viability

Figure 4 shows that cells were 964% viable
(open circles; n=6).  Cell viability was not altered by
incubation with 50 µM fendiline for 2-5 min, but was
reduced to 853% after incubation for 10 min, and was

further reduced to 753% after incubation for 15-30
min (n=6).

Discussion

This study showed that in A10 smooth muscle
cells fendiline caused significant increases in [Ca2+]i.
This is interesting because fendiline is conventionally
thought to act as a blocker of L-type Ca2+ channels in
smooth muscle cells at the concentrations used in the
present study (5-8).  Our data are supported by a
recent study showing that fendiline induced [Ca2+]i

increases in epithelial cells (9).  How fendiline acts as
both a Ca2+ channel blocker in some conditions and as
a Ca2+ mobilizer in others is unclear.  Similarly,
SKF96365 and econazole, two drugs commonly used
to inhibit store-operated Ca2+ influx in various cell

Fig. 2. Effect of Ca2+ entry blockers on fendiline-induced [Ca2+]i

increases.  In Ca2+-containing medium, 10  µM of La3+, nifedipine
or verapamil was added 30 s prior to fendiline.  Data were the
percentage of control response.  Control was the net maximum
value of 50 µM fendiline-induced [Ca2+]i increases.  Traces were
typical of 4-6 experiments.

Fig. 3. Internal sources of the fendiline response.  A, In Ca2+-free
medium, 1 µM thapsigargin was added at 30 s followed by 50 µM
fendiline added at 500 s.  B, similar to A except that the order of
drug application was reversed.  Traces were typical of six
experiments.



FENDILINE MOBILIZES Ca2+ IN SMOOTH MUSCLE CELLS 23

types, were shown to cause [Ca2+]i increases in renal
cells (19, 20).  Because our data showed that exposure
of cells to fendiline for more than 15 min lead to
decrease in cell viability, caution should be exercised
in clinical and in vitro use of this drug.

The correlation between fendiline-induced
[Ca2+]i increases and its cytotoxic effect is unclear,
but since prolonged elevations in [Ca2+]i are closely
linked to dysfunction and apoptosis in muscle cells
(4), the effect of fendiline on [Ca2+]i may lead to
cytotoxicity.

The Ca2+ signal induced by fendiline resulted
from both external Ca2+ influx and internal Ca2+ release
because removal of external Ca2+ inhibited a large
portion of the response.  Fendiline released internal
Ca2+ from stores involing the thapsigargin-sensitive
endoplasmic reticulum pools bacause pretreatment
with 1 µM thapsigargin in Ca2+-free medium for about
9 min reduced 50 µM fendiline-induced [Ca2+]i

increases by half; and consistently, pretreatment with
fendiline abolished thapsigargin-induced [Ca2+]i

increases.  Our results suggest that fendiline-induced
Ca2+ release appears to be uncoupled to phospholipase
C activity because inhibiting phospholipase C with
U73122 did not alter the fendiline response.  How
fendiline caused Ca2+ release from thapsigargin-
sensitive stores is currently under investigation.

Fendiline may act Ca2+ influx via opening L-
type Ca2+ channels because 50 µM fendiline-induced
[Ca2+]i increases in Ca2+-containing medium were
significantly reduced by L-type Ca2+ channel blockers
verapamil and nifedipine.  The possibility that
fendiline may activate Ca2+ influx via store-operated
Ca2+ influx pathway cannot be excluded because after
depletion of Ca2+ stores with 50 µM fendiline for

several min, addition of 3 mM Ca2+ induced a [Ca2+]
i increase 5-fold greater than control.  Fendiline was
recently reported to increase [Ca2+]i in renal tubular
cells by releasing internal Ca2+ and ativating external
Ca2+ influx (9).  The effect of fendiline found in the
present study was similar to that found in renal cells
except a major difference.  In renal cells, 50 µM
fendiline failed to release more Ca2+ after thapsigargin
pretreatment, suggesting that fendiline exclusively
released Ca2+ from thapsigargin-sensitive endoplasmic
reticulum stores.  This suggests that smooth muscle
cells and renal tubular cells are different in the
regulation of Ca2+ release in response to drug
stimulation.
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