
DRUG DEVELOPMENT RESEARCH 71 : 240–248 (2010)

Research Article

Econazole-Induced Ca21 Fluxes and Apoptosis in Human
Oral Cancer Cells

Daih-Huang Kuo,1� Li-Min Liu,1 Hsin-Wei Chen,1 Fu-An Chen,1 and Chung-Ren Jan2

1Graduate Institute of Pharmaceutical Science and Department of Pharmacy, Tajen University,
Pingtung, Taiwan

2Department of Medical Education and Research, Kaohsiung Veterans General Hospital,
Kaohsiung, Taiwan

Strategy, Management and Health Policy

Enabling

Technology,

Genomics,

Proteomics

Preclinical

Research

Preclinical Development

Toxicology, Formulation

Drug Delivery,

Pharmacokinetics

Clinical Development

Phases I-III

Regulatory, Quality,

Manufacturing

Postmarketing

Phase IV

ABSTRACT The effect of econazole on cytosolic free Ca21 concentrations ([Ca21]i) and viability was
explored in human oral cancer cells (OC2), using the fluorescent dyes fura-2 and WST-1, respectively.
Econazole at concentrations of 41 mM increased [Ca21]i in a concentration-dependent manner. The Ca21

signal was reduced partly by removing extracellular Ca21. The econazole-induced Ca21 influx was
sensitive to blockade of aristolochic acid (phospholipase A2 inhibitor) and GF109203X (PKC inhibitor). In
Ca21-free medium, after treatment with 1 mM thapsigargin (an endoplasmic reticulum Ca21 pump
inhibitor), 30 mM econazole failed to induce a [Ca21]i rise. Inhibition of phospholipase C with 2 mM
U73122 substantially suppressed econazole-induced [Ca21]i rise. At concentrations of 5–70mM econazole
killed cells in a concentration-dependent manner. The cytotoxic effect of 50 mM econazole was enhanced
by prechelating cytosolic Ca21 with 1,2-bis(2-aminophenoxy)ethane-N,N,N0,N0-tetraacetic acid (BAPTA).
The ERK MAPK inhibitor, PD98059 (10 mM), also enhanced 20 mM econazole-induced cell death.
Propidium iodide staining data suggest that econazole induced apoptosis between concentrations of
10–70 mM. Collectively, in OC2 cells, econazole induced [Ca21]i rises by causing Ca21 release from the
endoplasmic reticulum and Ca21 influx from phospholipase A2/PKC-regulated Ca21 channels.
Furthermore, econazole caused cell death appeared to be regulated by ERK MAPK. Drug Dev Res
71:240–248, 2010. r 2010 Wiley-Liss, Inc.
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INTRODUCTION

Econazole is a widely used antifungal drug for the
treatment of keratitis and athlete’s foot [Vanden
Bossche et al., 2003; Florcruz and Peczon, 2008].
Econazole is also used as a pharmacological tool to
inhibit store-operated Ca21 entry [Mason et al., 1993;
Jiang et al., 2006; Davies et al., 2004], a Ca21 influx that
is induced by depletion of internal Ca21 [Salido et al.,
2009]. Although econazole and other agents were
thought to inhibit cytochrome P-450 [McLean et al.,
2002], evidence from HL-60 cells showed that
cytochrome P-450 was not involved in the effect of

econazole on Ca21 influx [Koch et al., 1994]. Para-
doxically, some reports performed in different cell lines
have shown that econazole could induce a rise in
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cytosolic Ca21 level ([Ca21]i) via induction of Ca21

influx and release of store Ca21 [Jan et al., 1999a;
Chang et al., 2005]; however, the effects of econazole
on the viability of these cells was unknown. In human
colon cancer cells, econazole induced G0/G1 cell cycle
arrest via caspase 8-independent apoptotic signaling
pathways [Ho et al., 2005]. Furthermore, Zisterer et al.
[1997] showed that econazole and other imidazole
compounds affect steroidogenesis in Y1 cells and also
induced apoptosis in mouse lymphoma and human
T-cell leukemia cells via regulation by Bcl-2 and Ca21

[Sobecks et al., 1996].
Jacobsen et al. [1999] showed that cyclodextrin

inclusion complexes of antimycotics (containing
econazole) intended to act in the oral cavity had a
potential for toxicity in TR146 oral epithelial cell with
an unknown mechanism. In the present study, we
examined the effects of econazole on [Ca21]i and
viability in the human oral cancer cell line, OC2. A rise
in [Ca21]i is a key signal for many pathophysiological
processes in cells, including apoptosis, lipid peroxida-
tion, radical oxygen species (ROS) generation, and
mitochondrial integrity [Berridge, 2006]. However, an
abnormal [Ca21]i rise was cytotoxic, leading to
apoptosis, protein dysfunction, interference of ion flux,
etc. [Orrenius and Nicotera, 1994]. The OC2 human
oral cancer cell line is a useful model for oral cancer
research in which [Ca21]i can increase in response to
the stimulation of tamoxifen [Chu et al., 2007] and
sarfole [Huang et al., 2005].

Using fura-2 as a fluorescent Ca21-sensitive dye,
here we demonstrate that econazole induced [Ca21]i

rises both in the presence and absence of extracellular
Ca21 in OC2 cells. These [Ca21]i rises were character-
ized and concentration-response relationships established
with the pathways underlying econazole-induced Ca21

influx and Ca21 release being evaluated. The effect of
econazole on cell viability, apoptosis, and the relationship
to Ca21 was also explored.

MATERIALS AND METHODS

Cell Culture

OC2 cells obtained from the American Type
Culture Collection (ATCC) were cultured in Dulbec-
co’s modified Eagle medium (DMEM) supplemented
with 10% heat-inactivated fetal bovine serum (FBS),
100 U/ml penicillin, and 100mg/ml streptomycin.

Chemicals

The reagents for cell culture were from Gibco
(Gaithersburg, MD). Fura-2/AM and 1,2-bis(2-amino-
phenoxy)ethane-N,N,N0,N0-tetraacetic acid (BAPTA)
in ester form were from Molecular Probes (Eugene,

OR). Econazole, propidium iodide, and other reagents
were from Sigma-Aldrich (St. Louis, MO).

Solutions

Econazole was dissolved in DMSO as a 1 M stock
solution. The other agents were dissolved in water,
ethanol or DMSO. The concentration of organic
solvents in the solution used in experiments did not
exceed 0.1%, and did not alter basal [Ca21]i or viability.

½Ca21�i Measurements

Confluent cells grown on 6-cm dishes were
trypsinized and made into a suspension in culture
medium at a density of 106/ml. Cells were subsequently
loaded with 2 mM fura-2/AM for 30 min at 251C in the
same medium. After loading, cells were washed with
Ca21-containing medium twice and made into a
suspension in Ca21-containing medium at a density
of 107/ml. Fura-2 fluorescence measurements were
performed in a water-jacketed cuvette (251C) with
continuous stirring; the cuvette contained 1 ml of
medium and 0.5 million cells. Fluorescence was
monitored with a Shimadzu RF-5301PC spectrofluor-
ophotometer immediately after 0.1 ml cell suspension
was added to 0.9 ml Ca21-containing or Ca21-free
medium, by recording excitation signals at 340 nm and
380 nm and the emission signal at 510 nm at 1-s
intervals. During recording, reagents were added to the
cuvette by pausing the recording for 2 s to open and
close the cuvette-containing chamber. For calibration
of [Ca21]i, after completion of the experiments, the
detergent Triton X-100 and 5 mM CaCl2 were added to
the cuvette to obtain the maximal fura-2 fluorescence.
The Ca21 chelator EGTA (10 mM) was subsequently
added to chelate Ca21 in the cuvette to obtain the
minimal fura-2 fluorescence. [Ca21]i was calculated as
described [Grynkiewicz et al., 1985]. Mn21 quench of
fura-2 fluorescence was performed in Ca21-containing
medium containing 50mM MnCl2. MnCl2 was added to
cell suspension in the cuvette 1 min before starting the
fluorescence recoding. Data were recorded at excita-
tion signal at 360 nm (Ca21-insensitive) and emission
signal at 510 nm at 1-s intervals as described previously
[Merritt et al., 1989].

Cell Viability Assays

Measurement of cell viability was based on the
ability of cells to cleave tetrazolium salts by dehydrogen-
ase activity. Augmentation in the amount of developed
color directly correlated with the number of live cells.
Assays were performed according to manufacturer
instructions for this assay (Roche Molecular Biochemical,
Indianapolis, IN). Cells were seeded in 96-well plates at a
density of 10,000 cells/well in culture medium for 24 h in
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the presence of 070mM econazole. The cell viability
detecting reagent 4-[3-[4-lodophenyl]-2-4(4-nitrophenyl) -
2H-5-tetrazolio-1,3-benzene disulfonate] (WST-1; 10ml
pure solution) was added to samples after econazole
treatment, and cells were incubated for 30 min after
the addition of WST-1 in a humidified atmosphere. In
experiments using BAPTA/AM to chelate cytosolic Ca21,
fura-2-loaded cells were treated with 5mM BAPTA/AM
for 1 h prior to incubation with 50mM econazole. Cells
were washed once with Ca21-containing medium and
incubated with or without 50mM econazole in culture
medium for 24 h. The absorbance of samples (A450) was
determined using enzyme-linked immunosorbent assay
(ELISA) reader. Excitation wavelength was 450 nm.
Reference wavelength was 690 nm. Blanks were always
included in the test. Absolute optical density was
normalized to the absorbance of unstimulated cells in
each plate and expressed as a percentage of the control
value. Absolute optical density induced by treatments
with different concentrations of econazole was divided by
the absorbance of unstimulated cells (control) in each
plate and was expressed as a percentage of the control
value. Each group contained 6 replicates (well) and the
experiments were repeated three times.

Measurements of Subdiploidy Nuclei by Flow
Cytometry

This protocol was based on a previous report
[Lovborg et al., 2005]. Cells were seeded in 96-well
plates at a density of 10,000 cells/well in culture
medium. After treatment with 0–70mM econazole for
24 h, cells were collected from the media, and were
washed with ice-cold Ca21-containing medium twice
and resuspended in 3 ml of 70% ethanol at �201C. The
cells were centrifuged for 5 min at 200 g. Ethanol was
decanted and the cell pellet was washed with ice-cold
medium twice, and was suspended in 1 ml propidium
iodide solution (1% Triton X-100, 20mg propidium
iodide, 0.1 mg/ml RNase). The cell pellet was incu-
bated in the dark for 30 min at room temperature. Cell
fluorescence was measured in the FACScan flow
cytometer (Becton Dickinson Immunocytometry
Systems, San Jose, CA), and the data were analyzed
using the MODFIT software.

Statistics

Data were analyzed by two-way analysis of
variance (ANOVA) using the Statistical Analysis System
(SASs, SAS Institute, Cary, NC). Multiple compar-
isons between group means were performed by post
hoc analysis using the Tukey’s honestly significant
difference (HSD) procedure. A P-value ofo0.05 was
considered significant.

RESULTS

Effect of Econazole on ½Ca21�iEconazole at
concentrations of 41 mM increased [Ca21]i in a
concentration-dependent manner in Ca21-containing
medium. Figure 1A shows the effects of 1, 5, 10, 20,
and 30mM econazole. At a concentration of 0.1 mM,
econazole had no effect on [Ca21]i. The [Ca21]i rise
induced by 30mM econazole was 18272 nM (n 5 3;
baseline subtracted) at the 74-s time point followed by
a sustained phase. At a concentration of 50mM,
econazole induced a similar response to that of
30mM (not shown). Figure 1C (filled circles) shows
the concentration-response curve of the econazole
response. The estimated EC50 value was �13mM.

Further experiments were performed to determine
the relative contribution of extracellular Ca21 influx and
intracellular Ca21 release in the econazole-induced [Ca21]i

rises. The [Ca21]i rise induced by 30mM econazole in
Ca21-free medium is shown in Figure 1B (time points of
30–250 s). Removal of extracellular Ca21 did not alter the
baseline, suggesting that the amount of leaked fura-2 from
the cells was insignificant. Econazole increased [Ca21]i by
9571 nM (n 5 3) above baseline followed by a slow decay.
At 30mM, econazole-induced [Ca21]i rise was reduced by
30% (Po0.05) in the maximum value by removal of
extracellular Ca21.

Effect of Econazole on Mn2þ Influx

Experiments were performed to exclude the
possibility that the smaller econazole-induced response
in Ca21-free medium was caused by 0.3 mM EGTA-
induced acute depletion of intracellular Ca21. Mn21

enters cells through similar pathways as Ca21 but
quenches fura-2 fluorescence at all excitation wave-
lengths [Merritt et al., 1989]. Thus, quench of fura-2
fluorescence excited at the Ca21-insensitive excitation
wavelength of 360 nm by Mn21 indicates Ca21 influx.
Figure 2 shows that in Ca21-containing medium,
30mM econazole induced an immediate decrease in
the 360-nm excitation signal (compared with control).
This suggests that the econazole-induced [Ca21]i rise
involved Ca21 influx from extracellular space. The
decrease attained to a maximum of 7172 (n 5 3)
arbitrary units at 230 s.

Effect of Aristolochic Acid and GF 109203X on
Econazole-Induced ½Ca21�i Rise

Experiments were performed to explore the
regulation of econazole-induced Ca21 signal. La31

(50mM), Ni21 (10mM), nifedipine (1mM), verapamil
(1mM), SK&F96365 (2 mM; store-operated Ca21 entry
inhibitor), H-89 (10mM; PKA [PKA] inhibitor), pro-
pranolol (100 mM; phospholipase D inhibitor), and
phorbol 12-myristate 13-acetate (PMA; 10 nM, PKC
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[PKC] activator) failed to alter 30mM econazole-
induced Ca21 signal in the presence of extracellular
Ca21. Conversely, the phospholipase A2 inhibitor
aristolochic acid (20 mM) and the PKC inhibitor GF
109203X (2 mM) inhibited 30mM econazole-induced
[Ca21]i rise (Fig. 3).

Internal Ca21 Stores for Econazole-Induced ½Ca21�i
Rises

Previous reports show that the endoplasmic
reticulum is a major Ca21 store in most cells [Heath-
Engel et al., 2008; Rizzuto et al., 2009]. Figure 4 shows
that after treatment with 1mM thapsigargin, an inhibitor
of the endoplasmic reticulum Ca21 pump [Thastrup
et al., 1990], for 380 s, the addition of 30mM econazole
failed to induce a [Ca21]i rise, compared with the
control econazole response shown in Figure 1B.

Involvement of Phospholipase C in Econazole-
Induced ½Ca21�i Rise

As econazole was able to release Ca21 from the
endoplasmic reticulum, the role of phospholipase C in
this release was examined. U73122, a phospholipase C
inhibitor [Thompson et al., 1991], was applied to see
whether this enzyme was required for econazole-
induced Ca21 release. Figure 5A shows that ATP
(10mM) induced a [Ca21]i rise of 35 nM72 nM
(n 5 3). ATP is a phospholipase C-dependent agonist
for [Ca21]i rise in most cells [Trautmann, 2009].
Figure 5B shows that incubation with 2mM U73122
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did not alter basal [Ca21]i but abolished ATP-induced
[Ca21]i rise suggesting that U73122 effectively sup-
pressed phospholipase C activity. U73343, an inactive
U73122 analog, failed to affect ATP-induced [Ca21]i

rise (n 5 3; not shown). Figure 5B also shows that
addition of econazole (30mM) after U73122 and ATP
treatments caused a [Ca21]i rise of 2472 nM (n 5 3),
which was smaller than the control econazole response
(Fig. 1B; 95 nM) by 75% (Po0.05).

Effect of Econazole on Cell Viability

Given that acute incubation with econazole induced
a substantial and lasting [Ca21]i rise, and that an
unregulated [Ca21]i rise often alters cell viability [Berridge,

0 50 100 150

0 50 100 150

0

50

100

150

ATP

A

250
0

50

100

150

U73122

B

econazole

[C
a2+

] i 
(n

M
)

[C
a2+

] i 
(n

M
)

ATP

Time (sec)

Time (sec)

200

Fig. 5. Effect of U73122 on econazole-induced Ca21 release.
Experiments were performed in Ca21-free medium. A: ATP (10mM)
was added as indicated. B: U73122 (2 mM), ATP (10 mM), and
econazole (30mM) were added as indicated. Data are typical of
several experiments.

0 200
0

50

100

150

thapsigargin

[C
a2+

] i 
(n

M
)

Time (sec)

econazole

400 600

Fig. 4. Intracellular Ca21 stores of econazole-induced Ca21 release.
In Ca21-free medium, thapsigargin (1mM), and econazole (30 mM)
were added at time points indicated. Data are typical of several
experiments.

%
 o

f c
on

tr
ol

 r
es

po
ns

e

0

20

40

60

80

100

ec
on

az
ole

La
3+

nif
ed

ipi
ne

ve
ra

pa
m

il
Ni2

+

*

*

SKF96
36

5
H-8

9

pr
op

ra
no

lol

ar
ist

oc
hic

ac
id

PM
A

GF10
92

03
X

Fig. 3. Effect of modulators of protein kinases C and blockers of Ca21

channels on econazole-induced [Ca21]i rise. Experiments were
performed in Ca21-containing medium. La31 (50 mM), Ni21 (10 mM),
nifedipine (1 mM), verapamil (1 mM), SK&F969365 (5mM), H-89
(10 mM), propranolol (100mM), aristolochic acid (20 mM), PMA
(10 nM), and GF 109203X (2mM) was added 1 min before addition
of 30 mM econazole for 200 s. Data are expressed as the percentage of
control. Control is the area under the curve of 30mM econazole-
induced [Ca21]i rise in the absence of pretreatment of any chemicals.
Data are mean 7SEM of three experiments. �Po0.05.

244 KUO ET AL.

Drug Dev. Res.



2006], experiments were performed to examine the effect
of overnight incubation with econazole on viability of OC2
cells. Cells were treated with 0–70mM econazole over-
night, and the tetrazolium assay was performed. In the
presence of 10–70mM econazole, cell viability decreased in
a concentration-dependent manner (Fig. 6A).

Relationship Between Econazole-Induced [Ca21�i
Rise and Cell Death

The next issue was whether the econazole-induced
cytotoxicity was related to a preceding [Ca21]i rise.

The intracellular Ca21 chelator BAPTA/AM [Tsien,
1980] was used to prevent a [Ca21]i rise during
econazole pretreatment. Figure 6B shows that BAP-
TA/AM loading did not significantly alter control cell
viability. In the presence of 50mM econazole, BAPTA
loading worsened econazole-induced cell death (n 5 3;
Po0.05).

Possible Role of ERK MAPK in Econazole-Induced
Cell Death

Since a [Ca21]i rise did not contribute to
econazole-induced cell death, the role of mitogen-
activated protein kinase (MAPKs) were explored.
PD98059 (ERK inhibitor; 10mM), SP600125 (JNK
inhibitor; 10mM), and SB203580 (p38 MAPK inhibitor;
10mM) were applied to see whether they prevented
econazole-induced cell death. Because SP600125 and
SB203580 considerably reduced cell viability in the
absence of econazole (n 5 3; not shown), they were not
suitable for this experiment. In contrast, Figure 7
shows that PD98059 did not alter control viability but
enhanced 20mM econazole-induced cell death by 34%
(n 5 3; Po0.05).

Possible Involvement of Apoptosis in Econazole-
Induced Cell Death

The percentage of cells that underwent apoptosis
was analyzed by flow cytometry via measuring sub-
diploidy nuclei, a hallmark of apoptosis, after cells
were treated with 0–70 mM econazole overnight. As
shown in Figure 8, apoptosis was observed in
10–70mM econazole-treated groups. The subG1 phase
was 1.970.2% (n 5 3; Po0.05) in controls. After
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incubation with 10–75 mM econazole, subG1 phase
increased in a concentration-dependent manner.

DISCUSSION

Ca21 handling has a key role in the physiology of
nearly all cell types including oral cancer cells [Boot-
man et al., 2001]. The involvement of Ca21 in oral cell
function has been demonstrated. Berberine induced
apoptosis in human HSC-3 oral cancer cells, which was
mediated by simultaneous activation of the death
receptor-mediated and mitochondrial pathway that
was accompanied by a [Ca21]i rise [Lin et al., 2007].
The present study is the first to demonstrate that
econazole caused [Ca21]i rise and death in OC2 human
oral cancer cells. The data suggest that econazole
increased [Ca21]i by depleting intracellular Ca21 stores
and causing Ca21 influx from the extracellular milieu,
since removing extracellular Ca21 reduced a part of
econazole-induced [Ca21]i rise. Removal of extracel-
lular Ca21 reduced the econazole response throughout
the measurement, suggesting that Ca21 influx occurred
during the complete stimulation period. The econa-
zole-induced Ca21 influx in OC2 cells appears to be
mediated by non-L-type Ca21 channels in a PKC- and
phospholipase A2-dependent manner. Previous evi-
dence showed that L-type Ca21 channels might exist
in OC2 cells [Huang et al., 2009]. Our data show that
inhibition of PKC decreased econazole-induced Ca21

signal, whereas OKC activation had no effect. PKC
activity can regulate Ca21 signals. Ashida et al. [2008]
showed that Ca21 oscillation induced by P2Y2 receptor
activation was regulated by a neuron-specific subtype
of PKC (gammaPKC). Rathore et al. [2008] reported
that hypoxia activated NADPH oxidase to increase

[Ca21]i through the mitochondrial PKC signaling axis
in pulmonary artery smooth muscle cells. Phospholi-
pase A2 activity is associated with Ca21 fluxes. Tedesco
et al. [2009] show that snake PLA2 neurotoxins
induced Ca21 overload in nerve terminals of cultured
neurons. Lupescu et al. [2006] suggest that human
parvovirus B19 capsid protein VP1-induced Ca21 entry
was inhibited when phospholipase A2 activity was
suppressed. Another possible mechanism that might
contribute to the econazole-induced [Ca21]i rise is that
econazole inhibited plasma membrane Ca21ATP
pump so that Ca21 could not be pumped out of the
cells and [Ca21]i would rise via leaks in the plasma
membrane. Whether econazole-induced Ca21 entry
was mediated by store-operated Ca21 channels was
uncertain since SK&F96365, a presumed inhibitor of
store-operated Ca21 entry [Mason et al., 1993; Abad
et al., 2008], failed to affect econazole-induced [Ca21]i

rise. Higher concentrations of SK&F96365 (5–20mM)
were tested; however, basal [Ca21]i was elevated
significantly by these treatments. SK&F96365 has been
shown to cause [Ca21]i rise in other cell types [Jan
et al., 1999b]. The lack of inhibition of La31 and Ni21

on econazole-induced Ca21 response could be because
these metals not only inhibited Ca21 influx but also
inhibited Ca21 efflux through the plasma membrane
Ca21 pump [Park et al., 1996] and thus, masked the
inhibitory effect on Ca21 influx. Whether OC2 cells
possess L-type Ca21 channels is unclear. A previous
report showed that nifedipine inhibited safrole
(a carcinogen)-induced [Ca21]i rise in OC2 cells
[Huang et al., 2005]. In the present study, L-type Ca2

1 channel blockers failed to affect econazole-induced
Ca21 signal. Furthermore, PKA and phospholipase D
did not appear to play a role because H-89 and
propranolol did not affect the econazole response.
Activation of phospholipase C produces IP3 and
diacylglycerol, which activates PKC. Thus the result
that econazole-induced [Ca21]i rise was inhibited by
inhibition of PKC implicates a role of phospholipase C
in econazole-induced response.

Regarding the Ca21 stores involved in econazole-
induced Ca21 release, the thapsigargin-sensitive stores
might be the dominant store responsible for econazole-
induced Ca21 release as thapsigargin pretreatment
abolished the econazole-induced [Ca21]i rise. Consis-
tent with the PKC data, it appears that phospholipase
C-dependent pathways played a significant role in
econazole-induced Ca21 release, since the response
was substantially reduced when phospholipase C
activity was suppressed.

Econazole is toxic to several cell lines including
human colon cancer cells [Ho et al., 2005] and mouse
lymphoma and human T-cell leukemia cells [Zisterer
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Fig. 8. Econazole-induced apoptosis. After treatment with 0–70mM
econazole for 24 h, cells were examined for apoptosis by using flow
cytometry. Data are the mean7SEM of three experiments. �Po0.05 as
compared with control (without econazole).
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et al., 1997]. In the present study, econazole was
cytotoxic to OC2 oral cancer cells in a concentration-
dependent manner. Ca21 overloading can initiate
processes leading to alterations in cell viability
[Berridge, 2006]. As econazole induced [Ca21]i rises
and cell death, it was of interest whether the death
occurred in a Ca21-dependent manner. Our data show
that the econazole-induced cell death was even
enhanced by preventing econazole-induced [Ca21]i

rise. This implies that in this case, econazole-induced
cell death was not triggered by a [Ca21]i rise. Emptying
of intracellular Ca21 stores and/or influx of extracel-
lular Ca21 can modulate cell viability in many cells
[Clapham, 1995]. However, Ca21-independent cell
death occurs in some cells (e.g., thymic lymphoma
cells) [Matuszyk et al., 1998] and neutrophils [Das,
1999]. MAPKs play a pivotal role in various cellu-
lar responses, including proliferation and apoptosis
[Blüthgen and Legewie, 2008]. Thus, we explored
whether ERK, JNK, and p38 MAPKs were involved in
econazole-induced cell death. Our results suggest a
possible role of ERK MAPK in the cytotoxicity of
econazole. However, the increase in cell death seen in
the study may also be due to cumulative effect of
inhibitor and econazole. Additionally, econazole-in-
duced cell death involved apoptosis as based on
propidium iodide staining, consistent with the apopto-
tic effect of econazole observed in other cells [Sobecks
et al., 1996; Ho et al., 2005].

Collectively, the present data show that econazole
induced Ca21 release and Ca21 influx, and evoked non-
Ca21-triggered, ERK MAPK-related apoptosis in OC2
human oral cancer cells. As a rise in [Ca21]i can
interfere with many cellular processes, caution should
be taken in using econazole for other in vitro studies,
and it should be noted that econazole at concentrations
of 410mM may be apoptotic.
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