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Abstract

Captopril, an angiotensin-converting enzyme (ACE) inhibitor, induced different Ca®"
signaling responses in various cell models. However, the effect of captopril on Ca’" homeostasis and cell
viability in hepatoma cells is unknown. This study examined whether captopril altered Ca?" homeostasis
and viability in HepG2 human hepatoma cells. Intracellular Ca>" concentrations in suspended cells were
monitored by using the fluorescent Ca**-sensitive dye fura-2. Cell viability was examined by using
4-[3-[4-lodophenyl]-2-4(4-nitrophenyl)-2H-5-tetrazolio-1,3-benzene disulfonate] water soluble tetrazolium-1
(WST-1). Captopril at concentrations of 500-3000 M induced cytosolic free concentrations of
Ca? ([Caz+]i) rises in a concentration-dependent manner. Ca’" removal reduced the signal by
approximately 15%. Mn?" has been shown to enter cells through similar mechanisms as Ca?" but
quenches fura-2 fluorescence at all excitation wavelengths. Captopril (3000 pM)-induced Mn2" influx
indirectly suggested that captopril evoked Ca’" entry. Captopril-induced Ca?" entry was inhibited
by 15% by a protein kinase C (PKC) activator (phorbol 12-myristate 13 acetate, PMA) and an
inhibitor (GF109203X) and three inhibitors of store-operated Ca?" channels: nifedipine, econazole
and SKF96365. In Ca’’-free medium, treatment with the endoplasmic reticulum Ca?* pump inhibitor
2,5-di-tert-butylhydroquinone (BHQ) abolished captopril-evoked [CaZ'], rises. Conversely, treatment
with captopril abolished BHQ-evoked [Ca®'|; rises. Inhibition of phospholipase C (PLC) with
U73122 inhibited 70% of captopril-induced [Ca?']; rises. Captopril at concentrations between 150-
550 pM Killed cells in a concentration-dependent fashion. Chelation of cytosolic Ca%* with 1,2-bis(2-
aminophenoxy)ethane-N,N,N’,N’-tetraacetic acid/acetoxy methyl (BAPTA/AM) did not reverse
captopril’s cytotoxicity. Together, in HepG2 human hepatoma cells, captopril induced [Ca']; rises
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and caused cell death that was not triggered by preceding [Ca>']; rises.

Key Words: Ca®*, captopril, endoplasmic reticulum, human hepatoma cells, viability

Introduction

Angiotensin-converting enzyme (ACE) inhibi-
tors contribute greatly to the cardiovascular field.
Captopril is a widely used ACE inhibitor for treat-
ing blood pressure-related disorders (26). Regard-
ing cardiovascular research, captopril was shown
to reverse the adverse cardiovascular effects of
polymerized hemoglobin (22) and counteract angio-
tensin II-mediated endothelial cell dysfunction by
modulating the p38/SirT1 axis (24). Additionally,
captopril has been shown to induce protective or
cytotoxic effects on different cell models. On the
aspect of protective effects, captopril inhibited neu-
trophil-dependent cytotoxicity in human endothelial
cells (1), prevented meconium-induced cytokine
expression and death in human lung cells (42), and
attenuated oxidative stress-induced endothelial cell
death (40). Conversely, captopril is a potential in-
hibitor of lung tumor growth and metastasis (2) and
induced cytotoxicity in human leukemic cells (9).
However, the effect of captopril on Ca’*-related
physiology in human hepatoma cells is still unclear.

A rise in cytosolic free concentrations of Ca*"
([Ca®"];) plays a crucial role in triggering and regu-
lating diverse cellular responses including prolif-
eration, apoptosis, secretion, contraction, protein
activation, gene expression, efc. (3). This Ca’" sig-
naling is composed of Ca®" influx from extracellu-
lar medium and Ca®" release from organelles, and is
precisely regulated by various signaling pathways
(13). In non-excitable cells such as hepatocytes, it
has been shown that the main pathway of Ca”" in-
flux is the store-operated Ca®" influx and the main
internal Ca®" store is the endoplasmic reticulum
Ca”" store (28).

The effects of captopril on Ca®" signaling
have been studied in different models. It has been
shown that captopril decreased intracellular Ca*"
content in isolated rat cardiomyocytes (36) and
reduced vasoconstriction and Ca”" fluxes in aortic
smooth muscle (43, 44), but enhanced bradykinin-
induced Ca”" transients in cultured bovine aorta
endothelial cells (18). Although captopril evoked
different Ca®* responses in various models, the ef-
fect of captopril on hepatoma cells is unknown. In
order to understand the physiological significance
of a Ca’" signal, it is important to elucidate the

S

mechanisms underlying the signal.

A previous study has shown that captopril has
antifibrosis effects on hepatic fibrosis development
in rats (37). Therefore, the risk of having capto-
pril prescribed in a hepatic pathological condition
or the hepatotoxicity in long-term use of captopril
should be cautioned (37). This study was aimed to
explore the effect of captopril on Ca”" homeostasis
and cell viability, and to explore their relationship.
The HepG2 human hepatoma cell was used in this
study because it produces measurable [Ca®"]; rises
upon pharmacological stimulation. It has been
shown that in this cell, [Ca®’]; rises and death can
be evoked by stimulation with chemicals such as ta-
moxifen (21), pyroglutamyl-histidyl-glycine (pEHG)
(29) and tectorigenin (19). The Ca**-sensitive fluo-
rescent dye fura-2 was applied to measure changes
in [Ca2+]i. The [Ca2+]i responses were character-
ized, the concentration-response relationships were
established, the pathways underlying captopril-
caused Ca”" influx and Ca®" release were explored.

Materials and Methods
Chemicals

The reagents for cell culture were from Gibco®
(Gaithersburg, MD, USA). Aminopolycarboxylic
acid/acetoxy methyl (fura-2/AM) and 1,2-bis(2-
aminophenoxy)ethane-N,N,N’,N’-tetraacetic acid/
acetoxy methyl (BAPTA/AM) were from Molecular
Probes” (Eugene, OR, USA). All other reagents were
from Sigma-Aldrich® (St. Louis, MO, USA) unless
otherwise indicated.

Cell Culture

HepG2 human hepatoma cells obtained from
Bioresource Collection and Research Center (Taiwan)
were cultured in minimum essential medium (MEM)
supplemented with 10% heat-inactivated fetal bovine
serum, 100 U/ml penicillin and 100 ug/ml strepto-
mycin.

Solutions Used in [ Ca2+],- Measurements

Ca’"-containing medium (pH 7.4) had 140
mM NaCl, 5 mM KCIl, I mM MgCl,, 2 mM CacCl,,
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10 mM 4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid (HEPES), and 5 mM glucose. Ca’'-
free medium contained similar chemicals as Ca®'-
containing medium except that CaCl, was replaced
with 0.3 mM ethylene glycol tetraacetic acid (EGTA)
and 2 mM MgCl,. Captopril was dissolved in ab-
solute alcohol as a 0.1 M stock solution. The other
chemicals were dissolved in water, ethanol or dim-
ethyl sulfoxide (DMSO). The concentration of or-
ganic solvents in the experimental solutions did not
excged 0.1%, and did not affect viability or basal
[Ca™"];.

/[ ca* ]; Measurements

Confluent cells grown on 6 cm dishes were
trypsinized and made into a suspension in culture
medium at a concentration of 10° cell/ml. Cell vi-
ability was determined by trypan blue exclusion.
The viability was greater than 95% after the treat-
ment. Cells were subsequently loaded with 2 uM
fura-2/AM for 30 min at 25°C in the same medium.
After loading, cells were washed with Ca®"-con-
taining medium twice and was made into a suspen-
sion in Ca’'-containing medium at a concentration
of 107 cell/ml. 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 RF-5301PC spec-
trofluorophotometer immediately after 0.1 ml cell
suspension was added to 0.9 ml Ca®"-containing or
Ca’’-free medium, by recording excitation signals
at 340 nm and 380 nm and emission signal at 510
nm at 1-s intervals. During the recording, reagents
were added to the cuvette by pausing the record-
ing for 2 s to open and close the cuvette-containing
chamber. For calibration of [Ca®’];, after comple-
tion of the experiments, the detergent Triton X-100
(0.1%) and CaCl, (5 mM) were added to the cuvette
to obtain the maximal fura-2 fluorescence. Then
the Ca*" chelator EGTA (10 mM) was added to
chelate Ca”’" in the cuvette to obtain the minimal
fura-2 fluorescence. Control experiments showed
that cells bathed in a cuvette had a viability of 95%
after 20 min of fluorescence measurements. [Ca’'];
was calculated as previously described (17). Mn*"
quenching of fura-2 fluorescence was performed in
Ca**-containing medium containing 50 uM MnCl,.
MnCl, was added to cell suspension in the cuvette
30 s before the fluorescence recoding was started.
Data were recorded at excitation signal at 360 nm
(Ca®'-insensitive) and emission signal at 510 nm at
1-s intervals as described previously (25).

Cell Viability Analyses

S

The measurement of cell viability was based
on the ability of cells to cleave tetrazolium salts by
dehydrogenases. Increases in the amount of devel-
oped color correlated proportionally with the num-
ber of live cells. Assays were performed according
to manufacturer’s instructions (Roche Molecular
Biochemical, Indianapolis, IN, USA). Cells were
seeded in 96-well plates at a density of 10% cell/
well in culture medium for 24 h in the presence
of captopril. The cell viability detecting reagent
4-[3-[4-lodophenyl]-2-4(4-nitrophenyl)-2H-5-tet-
razolio-1,3-benzene disulfonate] (water soluble tet-
razolium-1, WST-1; 10 ul pure solution) was added
to samples after captopril treatment, and cells were
incubated for 30 min in a humidified atmosphere.
The cells were incubated with/without captopril
for 24 h. In the experiments using BAPTA/AM to
chelate cytosolic Ca®" to inhibit cytosolic [Ca®'];
rises, cells were treated with 5 uM BAPTA/AM for
1 h prior to incubation with captopril. The cells
were washed once with Ca’'-containing medium
and incubated with/without captopril for 24 h. The
absorbance of samples (Ays0) was determined using
a multiwall plate reader. Absolute optical density
was normalized to the absorbance of unstimulated
cells in each plate and expressed as a percentage
of the control value. The absorbance of samples
(A4s0) was determined using an enzyme-linked im-
munosorbent assay (ELISA) reader. Absolute opti-
cal density was normalized to the absorbance of
unstimulated cells in each plate and expressed as a
percentage of the control value.

Statistics

Data are reported as mean =+ standard error
of the mean (SEM) of three separate experiments.
Data were analyzed by one-way analysis of vari-
ances (ANOVA) using the Statistical Analysis Sys-
tem (SAS®, SAS Institute Inc., Cary, NC, USA).
Multiple comparisons between group means were
performed by post-hoc analysis using the Tukey’s
HSD (honestly significantly difference) procedure.
A P-value less than 0.05 was considered significant.

Results
Effect of Captopril on [Ca*']

Fig. 1A shows that the basal [Ca’’]; level
was 51 + nM. At 500-3000 uM, captopril induced
concentration-dependent rises in [Ca®'];. At a con-
centration of 3000 uM, captopril induced gradually
increasing [Ca®']; rises that reached 160 + 2 nM at
250 s. The response saturated at 3000 uM because
3500 uM captopril did not induce a greater [Ca®']..
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Fig. 2. Effect of captopril on Ca*" influx by measuring Mn?"
= 200. quenching of fura-2 fluorescence. Experiments were
2 a, 3000 M performed in Ca2+-containing medium. MnCl, (50
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Time (sec) Data are mean + SEM of three separate experiments.
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Fig. 1. Effect of captopril on [Ca®']; in fura-2-loaded cells.
(A) Captopril was added at 25 s. The concentration
of captopril was indicated. The experiments were
performed in Ca**-containing medium. Y axis is the
[Ca?"]; induced by captopril in Ca*'-containing me-
dium. (B) Effect of captopril on [Ca']; in the absence
of extracellular Ca®". Captopril was added at 25 s in
Ca®"-free medium. Y axis is the [Ca®]; rise induced
by captopril in Ca**-free medium. (C) Concentration-
response plots of captopril-induced [Ca2+]i rises in
the presence or absence of extracellular Ca®>". Y axis
is the percentage of the net (baseline subtracted) area
under the curve (25-250 s) of the [Ca2+]i rises induced
by 3000 uM captopril in Ca”-containing medium.
Data are mean + SEM of three experiments. *P < 0.05
compared to open circles.

In Ca*'-free medium, captopril also induced con-
centration-dependent rises in [Ca*']; at 500-3000
uM. At 3000 pM, captopril induced immediate

S

Captorpil-Induced Mn* Influx

Mn*" has been shown to enter cells through
similar mechanisms as Ca>’ but quenches fura-2
fluorescence at all excitation wavelengths (25). Thus
this method was used to confirm that captopril-in-
duced [Ca®']; rises involved Ca®" influx. The ratio-
nal is that Ca’" influx could be revealed by quench-
ing of fura-2 fluorescence excited at the Ca**-in-
sensitive excitation wavelength of 360 nm by Mn?".
Fig. 2 shows that 3000 uM captopril evoked an
instant decrease in the 360 nm excitation signal that
reached a maximum value of 122 + 2 arbitrary units
at 145 s. This suggests that Ca*" influx participated
in captopril-evoked [Ca®"]; rises.

Regulation of Captopril-Induced [ Ca2+],- Rises
Effort was made to examine the Ca’’ influx

pathway and the regulation of captopril (3000 uM)-
induced Ca*" response (Fig. 3). In Ca®"-containing
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Fig. 3. Effect of Ca®*" channel modulators on captopril-
induced [Ca®]; rises. In blocker- or modulator-treated
groups, the reagent was added 1 min before captopril
(3000 uM). The concentration was 1 pM for nife-
dipine, 0.5 uM for econazole, 5 uM for SKF96365, 10
nM for phorbol 12-myristate 13-acetate (PMA), and
2 uM for GF109203X. Data are expressed as the per-
centage of control (Ist column) that is the area under
the curve (25-200 s) of 3000 uM captopril-induced
[Ca2+]i rises in Ca2+-containing medium, and are mean
+ SEM of three separate experiments. *P < 0.05
compared to the 1* column. Data are mean + SEM of
three separate experiments.

medium, three Ca** entry inhibitors: nifedipine (1
uM), econazole (0.5 uM) and SKF96365 (5 uM);
phorbol 12-myristate 13 acetate (PMA; 1 nM; a
protein kinase C, PKC activator); and GF109203X
(2 uM; a PKC inhibitor) were applied 1 min before
captopril (3000 uM). All these chemicals inhibited
captopril-induced [Ca®"]; rises by approximately
15%. This suggests that store-operated and PKC-
regulated ca* entry were involved in captopril-
induced [Ca2+]i rises.

Sources of Captopril-Induced Ca** Release

It has been established that the endoplasmic
reticulum is a major Ca*" store in most cell types
(3). Thus the role of the endoplasmic reticulum
in captopril-caused Ca’" release in HepG2 cells
was explored. The experiments were performed in
Ca**-free medium to exclude the contribution of
Ca®" influx. Fig. 4A shows that addition of 50 uM
2,5-di-tert-butylhydroquinone (BHQ), an endoplas-
mic reticulum Ca®" pump inhibitor (27, 35) after
treatment with 3000 uM captopril did not cause
[Ca2+]i rises. Fig. 4B shows that after BHQ evoked
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Fig. 4. Effect of BHQ on captopril-induced Ca®" release. (A)(B)
BHQ (50 uM) and captopril (3000 uM) were added at
time points indicated. Experiments were performed
in Ca®'-free medium. Data are mean + SEM of three
separate experiments.

[Ca2+]i rises of 52 + 1 nM, captopril (3000 uM)
added afterwards also did not induce [Ca2+]i rises.
This suggests that captopril induced [Ca®"]; rises by
releasing Ca** from the endoplasmic reticulum.

A Role of Phospholipase C (PLC) in Captopril-Induced
[Ca2+]i Rises

In most cells, PLC is a key enzyme that
modulates the release of Ca** from the endoplasmic
reticulum (4). Thus the involvement of PLC in
captopril-induced Ca*' release from the endoplasmic
reticulum was examined. U73122 is a selective inhibitor
of PLC and was used to investigate the role of PLC
in captopril-induced Ca*" release (33). First, Fig. 5A
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Fig. 5. Effect of U73122 on captopril-induced Ca*" release. Experiments were performed in Ca*'-free medium. (A) ATP (10 uM)
was added at 25 s. (B) First column is 3000 uM captopril-induced [Ca"]; rises. Second column shows that 2 uM U73122
did not alter basal [Ca2+]i. Third column shows ATP-induced [Ca2+]i rises. Fourth column shows that U73122 pretreatment
for 60 s abolished ATP-induced [Ca®'] ; rises (*P < 0.05 compared to 3rd column). Fifth column shows that U73122 (incubation
for 60 s) and ATP (incubation for 30 s) pretreatment inhibited 3000 uM captopril-induced [Ca2+]i rises. Data are mean +

SEM of three experiments.

depicts that ATP (10 uM) induced [Ca2+]i rises that
reached 60 + 2 nM at 200 s. ATP is a PLC-associated
trigger of [Ca®"]; rises in most cell types (15). Fig. 5B
shows that incubation with 2 yM U73122 did not
alter basal [Ca”'], but abolished ATP-evoked [Ca®'];
rises. This implies that U73122 fully inhibited PLC
activity. The results also show that incubation with
2 uM U73122 inhibited 70% of 3000 uM captopril-
induced [Ca2+]i rises. U73343 is a PLC-insensitive
structural analog of U73122 and is often used as a
control for U73122 activity. Our data show that U73343
(2 uM) did not alter ATP-evoked [Ca2+]i rises (not
shown). This suggests that U73122 inhibited cap-
topril-induced [Ca%]i rises via acting on PLC.

Effect of Captopril on Cell Viability

Because [Ca2+]i rises may regulate viability (4),
experiments were conducted to examine the effect
of captopril on viability of HepG2 cells. Cells were
treated with 0-550 uM captopril for 24 h, and the
tetrazolium assay was performed. In the presence
of 150-550 uM captopril, cell viability decreased
concentration-dependently (Fig. 6).

S

Lack of an Effect of BAPTA/AM on Reversing Captopril-
Induced Cell Death

Another important question was whether the
captopril-induced cell death was induced by [Ca*");
rises. The intracellular Ca?* chelator BAPTA/AM
(34) was applied to prevent [Ca*"); rises during cap-
topril treatment. After treatment with 5 uM BAP
TA/AM, 3000 uM captopril failed to evoke [Ca2+]i
rises (not shown). This suggests that BAPTA/AM
chelated cytosolic ca*". Fig. 6 also shows that 5
uM BAPTA/AM loading did not alter the control
value of cell viability. In the presence of 150-550
uM captopril, BAPTA/AM loading did not reverse
captopril-induced cell death. Therefore, the data
suggest that captopril-induced cell death was not
caused by preceding rises in [Ca®"];.

Discussion

In terms of Ca2" signaling, captopril affected
Ca?' homeostasis in isolated rat cardiomyocytes (36),
aortic smooth muscle (43, 44), and cultured bovine
aorta endothelial cells (18). This study represents
the first attempt to explore the effect of captopril
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Fig. 6. Cytotoxic effect of captopril. Cells were treated with
0-550 uM captopril for 24 h, and cell viability assay
was performed. Data are mean + SEM of three ex-
periments. Each treatment had six replicates (wells).
Data are expressed as percentage of control response
that is the increase in cell numbers in captopril-free
groups. Control had 10,337 + 252 cells/well before
experiments, and had 13,657 + 887 cells/well after
incubation for 24 h. *P < 0.05 compared to control. In
each group, the Ca>" chelator BAPTA/AM (5 uM) was
added to cells followed by treatment with captopril in
medium. Cell viability assay was subsequently per-
formed.

on Ca?" signaling and viability in HepG2 cells.
Our study shows that captopril increased [Ca'],
in HepG2 cells. The Ca?" signal was composed of
Ca?' entry and Ca2" release because the signal was
reduced by 15% by removing extracellular Ca?".
The Mn2* quenching data also suggest that Ca%" in-
flux occurred during captopril incubation.

The store-operated CaZ" entry plays a key role
in nonexcitable cells (28). In HepG2 cells the dom-
inant Ca%" entry pathway is the store-operated CaZ"
channels (7, 32). Our findings show that captopril-
evoked [Ca?'], rises were inhibited by 15% by
econazole, nifedipine, and SKF96365. These three
compounds have been used to inhibit store-operated
Ca?' entry, although there are so far no selective
inhibitors for this entry (8, 10, 14). Therefore, cap-
topril appears to cause Ca?" entry via store-operated
Ca2" entry.

The activity of many protein kinases can as-
sociate with Ca?" signaling. It has been shown that
Ca2"-dependent PKC isoforms have specialized
roles in short-term synaptic plasticity (6). Con-
versely, bovine parainfluenza-3 virus selectively
depletes a Ca2™independent, phospholipid-depen-
dent PKC in bovine alveolar macrophages (12).
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Our data show that captopril-evoked [Ca®']; rises
were inhibited by 15% by enhancing or inhibiting
PKC activity. This suggests that a normally main-
tained PKC level is needed for captopril to induce a
full Ca?* response. The interactive relationship be-
tween PKC and store-operated Ca%" entry has been
established. Steatosis has been shown to inhibit
liver cell store-operated Ca?" entry and reduce en-
doplasmic reticulum Ca2?* through a PKC-dependent
mechanism (38). Because 15% of captopril-induced
[Ca?"], rises was via Ca?" influx, this influx appears
to involve PKC-regulated store-operated CaZ" entry.

Nifedipine is a L-type voltage-gated CaZ"
channel inhibitor, and has some minor effects on
voltage-dependent Ca?" channels. In most cases,
nifedipine does not affect store-operated CaZ" entry.
Although nifedipine may affect store-operated Ca2*
entry through the mechanism independent of L-type
Ca?" channels in rabbit arteriolar smooth muscle (8),
it is not sure how nifedipine affects HepG2 cells.
Furthermore, regarding econazole, although previ-
ous studies have demonstrated the multiple effects
of econazole on store-operated Ca2" entry on other
cell types (16, 20), econazole itself is not com-
monly used as a specific store-operated Ca%" entry
inhibitor. Therefore, besides the store-operated and
PKC-regulated Ca?" entries, L-type voltage-gated
Ca?" channel may be also involved in captopril-
induced [Ca?*], influx.

Regarding the Ca2' stores involved in capto-
pril-evoked Ca?* release, the BHQ-sensitive endo-
plasmic reticulum store seemed to be the dominant
one. One possible pathway was that captopril acts
similarly to BHQ by inhibiting the endoplasmic
reticulum Ca?*-ATP pump (27). The data further
show that the Ca2" releases was via a PLC-depen-
dent mechanism because the release was greatly
inhibited (70%) when PLC activity was inhibited.
The PLC-independent release may involve other
mechanisms such as the phospholipase A2 pathway
(28).

PLC is one of the crucial enzymes that modulate
the release of Ca?* from the endoplasmic reticulum
Ca?* stores via the G-protein coupled receptors
(GPCR) signaling pathways (3, 4). Because capto-
pril-induced Ca?" releases was via a PLC-dependent
mechanism, captopril may affect Ca?" homeostasis
by activating GPCR signaling pathways in HepG2
cells. Heptahelical GPCR including G-protein
coupled Mas receptors have been shown to regulate
many vital body functions via ACE2/Angiotensin
1-7 (Ang 1-7) (30). A previous study has shown
that captopril improved postresuscitation hemody-
namics protection against pulmonary embolism by
activating the ACE2/Angiotensin 1-7 (Ang 1-7)/
G-protein coupled Mas receptor axis (39). In addi-
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tion, ACE2/Ang 1-7/G-protein coupled Mas recep-
tor axis has been shown to activate Akt signaling
to ameliorate hepatic steatosis in free fatty acid-
induced HepG2 cells (5). Therefore, it appears
that captopril may induce [Ca?']. rises through G-
protein coupled Mas receptor-regulated signaling
pathway in HepG?2 cells.

Previous studies have shown that captopril
affected Ca?' homeostasis through different path-
ways in isolated rat cardiomyocytes (36) and aortic
smooth muscles (43, 44). In isolated rat cardio-
myocytes, captopril (1-5 pM) decreased [Ca’'],
rises through voltage-operated Ca%" channels (36).
In aortic smooth muscles, captopril (10-20 uM) re-
duced Ca?" influx via PKC-sensitive pathways (43,
44). Our present data show that captopril (500-3000
uM) induced [Ca?*], rises by inducing PLC- and
PKC-regulated Ca2* release from the endoplasmic
reticulum and Ca2' entry via store-operated Ca2*
channels or L-type voltage-gated Ca2' channels in
HepG2 cells. Because various cell types derived
from different origins may have different mecha-
nisms of Ca2" homeostasis, depending on the physi-
ological function of this particular cell, it appears
that the mechanisms of the effect of captopril on
Ca?" homeostasis were different among those models.

A rise in [Ca®*]. may or may not alter cell vi-
ability depending on the agonist and cell type (31).
Our results show that captopril caused a Ca2*-
independent cell death in a concentration-dependent
(150-550 uM) manner. Previous studies have ex-
plored the plasma concentration of captopril after
oral administration (11, 23). The plasma level of
captopril may reach 50 uM. However, in patients
with cardiovascular or liver diseases, the plasma
concentration of captopril after oral administration
might be 10-fold higher than in healthy adults (11,
23). Our data show that captopril at a concentra-
tion of 150 uM induced cell death. Thus the poten-
tial use of captopril or its derivatives to cope with
human hepatoma deserves further exploration in the
future.

Viability and [Ca®']; assays were different
methodology in this study. In viability assays, cells
were incubated with captopril for 24 h in order to
gain significant changes in viability. Conversely,
[Ca’']; assays were performed online and terminat-
ed within 10 min, and trypan blue exclusion showed
that after treatment with captopril for this period of
time, cell viability was >95%. This explains 550
uM captopril decreased cell viability by approxi-
mately 90% while 3000 uM captopril did not alter
viability in [Ca®']; assays.

Together, the results show that captopril in-
duced Ca®" influx via PKC-sensitive store-operated
Ca’" entry and also Ca®' release from the endoplas-
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mic reticulum in a PLC-dependent manner. Capto-
pril also caused Ca”"-independent cell death. Given
that Ca®" signaling may affect diverse aspects of
cell patho-physiology, the [Ca®'];-elevating effect
and cytotoxicity of captopril should be noted in us-
ing this compound for other studies.
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