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Although capsaicin (8-methyl-N-vanillyl-6-nonenamide), a
pungent ingredient in a variety of red peppers of the genus
Capsicum, has been shown to induce apoptotic cell death in
many cancer cells, the exact mechanism of this action of
capsaicin is not completely understood. In this study, we
investigated the possible mediation of the NADPH
oxidase-modulated production of reactive oxygen species
(ROS) in the apoptotic mechanism of capsaicin in HepG2
human hepatoblastoma cells. Capsaicin induced apoptotic
cell death in a time- and dose-dependent manner.
Capsaicin at the concentration of inducing apoptosis also
markedly increased the level of ROS. The capsaicin-
induced generation of ROS and apoptosis was significantly
suppressed by treatment with antioxidants, DPPD and
tocopherol. In addition, inhibitors of NADPH oxidase,
diphenylene iodonium, apocynin and neopterine, pro-
foundly blocked the capsaicin-induced ROS generation
and apoptosis. The expression of Rac1N17, a dominant
negative mutant of Rac1, also significantly inhibited the
capsaicin-induced apoptosis. Activation of nuclear factor-
kB, a transcription factor essentially involved in ROS-
induced apoptosis, was also observed by treatment with
capsaicin. Collectively, these results suggest that the
NADPH oxidase-mediated generation of ROS may be
essentially involved in the mechanism of capsaicin-
induced apoptosis in HepG2 cells. These results further
suggest that capsaicin may be a valuable agent for
the therapeutic intervention of human hepatomas.
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Abbreviations: DCF, 20,70-dichlorofluorescein; DCFH, 20,70-
dichlorofluorescin; DCFH-DA, 20,70-dichlorofluorescin diacetate;
DPI, diphenylene iodonium; DPPD, N,N0-diphenyl-p-
phenylenediamine; FCCP, carbonylcyanide-p-(trifluoromethoxy)
phenylhydrazone; NF-kB, nuclear factor-kB; NMMA,

N G-monomethyl-L-arginine; PI, propodium iodide; ROS,
reactive oxygen species

INTRODUCTION

Capsaicin (8-methyl-N-vanillyl-6-nonenamide), is a
pungent ingredient in the genus Capsicum that has
been widely used as food condiments for almost
thousand years. Capsaicin has been shown to
inhibit growth and induce apoptosis in various
types of cancer cells, but not in normal counterpart
cells.[1 – 4] Intracellular Ca2þ and reactive oxygen
species (ROS) have been suggested as the signaling
molecules associated with apoptotic effects of
capsaicin in cancer cells.[3,5] However, the source
of ROS generated and the exact mechanism of
the apoptotic action of capsaicin were not
completely unrevealed.

Excessively produced ROS may result in cellular
damage through their interaction with cellular
macromolecules and structures.[6] ROS are proposed
as a common mechanism by which various
agents induce apoptosis.[7] The apoptosis-inducing
mechanisms of ROS include activation of proteases
and nucleases,[6] altered gene expression[8] and
changes in membrane permeability.[6]

Although the major biological process leading to
oxygen-derived generation of ROS is electron trans-
port associated with mitochondrial membranes,[9]

the membrane-bound NADPH oxidase appeared to
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play a role in production of ROS in conjunction with
apoptosis induced by various agents in HepG2
cells.[10,11] The NADPH oxidase is originally known
to produce ROS during the respiratory burst in
neutrophils.[12] It has also been found functionally
active in many non-phagocytic cells.[13 – 16] Activation
of this enzyme proceeds through a multistep
assembly at the plasma membrane of several
components including the two subunits of cyto-
chrome b558 (p22phox and gp91phox), the small GTP-
binding proteins (Rac and Rap1A), and the cytosolic
factors (p40phox, p47phox and p67phox).[17] These
components has also been detected and functionally
active in HepG2 cells.[18,19]

Thus, the purpose of this study was to investigate
(i) whether capsaicin induces apoptosis in the
HepG2 cells, (ii) whether the production of ROS is
involved in the mechanism of the capsaicin-induced
apoptosis and (iii) whether NADPH oxidase med-
iates the generation of ROS and apoptosis induced
by capsaicin.

MATERIALS AND METHODS

Materials

Powdered Eagle’s minimum essential medium
(MEM) and Earle’s basal salt solution (EBSS),
trypsin solution, capsaicin, tocopherol, DPPD,
rotenone, malonate, antimycin A, metyrapone,
allopurinol, NMMA, FCCP, hydroxyurea, DPI,
apocynin, neopterine, sodium pyruvate, probenecid,
PI, ribonuclease A and all salt powders were
obtained from Sigma Chemical CO. (St. Louis,
MO). Capsaicin was dissolved in ethanol prior to
use. DCFH-DA was from Molecular Probes, Inc.
(Eugene, OR). Fetal bovine serum (FBS) and
antibiotics (penicillin and streptomycin mixture)
were purchased from GIBCO (Grand Island, NY).
DCFH-DA was prepared as stock solutions in
dimethyl sulfoxide (DMSO), then diluted with
aqueous medium to the final desired concentrations.
The stock solutions of drugs were sterilized by
filtration through 0.2 mm disc filters (Gelman
Sciences, Ann Arbor, MI).

Cell Line and Cell Culture

HepG2 human hepatoblastoma cell line was pur-
chased from American Type Culture Collection
(Rockville, MA). HepG2 cells were grown at 378C
in a humidified incubator under 5% CO2/95% air in
a MEM supplemented with 10% FBS, 200 IU/ml
penicillin, 200mg/ml of streptomycin and 1 mM
sodium pyruvate. Culture medium was replaced
every other day. After attaining confluence the cells
were subcultured following trypsinization.

DNA Isolation and Electrophoresis

DNA isolation was done according to Hockenbery
et al.[20] HepG2 cells were collected by centrifugation
(200g, 10 min), washed twice in phosphate buffered
saline (PBS) (pH 7.4) and resuspended at a density of
4 £ 106 cells/400 ml in hypotonic lysing buffer
(5 mM Tris, 20 mM EDTA, pH 7.4) containing 0.5%
Triton X-100 for 30 min at 48C. The lysates were
centrifuged at 13,000g for 15 min at 48C. Fragmented
DNA was extracted from the supernatant with
phenol-chloroform-isoamylalcohol, precipitated by
addition of 2 volumes of absolute ethanol and 0.1
volume of 3 mM sodium acetate, and treated with
RNAse A (500 U/ml) at 378C for 3 h. The pattern of
DNA fragmentation was visualized by electrophor-
esis in 1.8% agarose gel containing ethidium bromide
and photographed under UV light.

Flow Cytometric Analysis of Apoptosis

For flow cytometry analysis, HepG2 cells were
collected and washed twice with PBS buffer (pH 7.4).
After fixing in 80% ethanol for 30 min, cells were
washed twice, and resuspended in PBS buffer
(pH 7.4) containing 0.1% Triton X-100, 5mg/ml PI
and 50mg/ml ribonuclease A for DNA staining.
Cells were then analyzed by a FACScan (BIO-RAD,
Hercules, CA). At least 20,000 events were evaluated.
All histograms were analyzed using WinBryte
software (BIO-RAD, Hercules, CA) to determine
percentage of nuclei with hypodiploid content
indicative of apoptosis.[21]

The normal lipid organization of the plasma
membrane is altered soon after apoptosis is initiated.
Thus, annexin-V binding was also employed as an
indicator of apoptosis,[22] to demonstrate the loss
of phospholipid asymmetry and the presence of
phosphatidylserine on the outer layer of the plasma
membrane. It was analyzed using a commercial kit
(Boehringer Mannheim Biochemicals, Mannheim,
Germany). Cells were washed in cold PBS, and
resuspended in binding buffer. A portion of cell
suspension (500ml) was exposed to Annexin-V-
FLUOS. The cells were gently vortexed, incubated
at room temperature for 20 min in the dark, and then
analyzed by FACScan within 1 h of staining.

Intracellular ROS Measurement

Relative changes in intracellular ROS in the HepG2
cells were monitored using a fluorescent probe,
DCFH-DA.[23] DCFH-DA diffuses through the cell
membrane readily and is hydrolyzed by intracellular
esterases to non-fluorescent DCFH, which is then
rapidly oxidized to highly fluorescent DCF in
the presence of ROS. The DCF fluorescence intensity
is proportional to the amount of ROS formed
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intracellularly.[24] Cells were washed twice and
resuspended at a concentration of 4 £ 105 cells/ml
in Hank’s solution. For loading DCFH-DA into the
cells, cells were incubated with the dye for 2 h at a
final concentration of 5mM at 378C. Fluorescence
(excitation wavelength set at 485 nm and the
emission wavelength at 530 nm) was monitored in
a well-stirred cuvette.

Western Blot Analysis

Cells were washed with PBS solution and centrifuged
at 1000g for 5 min. Cell pellets was lysed for 15 min at
48C in whole cell extraction buffer containing 50 mM
Hepes (pH 7.4), 0.5% Nonidet P-40, 10% glycerol,
137 mM NaCl, 1 mM EGTA, 10 mM NaF, 1 mM
vanadate, 1 mM phenylmethylsulfonyl fluoride,
2 mg/ml leupeptin, 2 mg/ml aprotinin, 1 mg/ml
pepstatin A, 40 mM a-glycerophosphate, 0.1 mM
DTT. Lysates were centrifuged at 20,000g for 10 min
at 48C, and supernatant proteins were separated on
10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) gel and transferred to
Hybond ECL nitrocellulose membrane (Amersham
Life Science, Buckinghamshire, England) at 30 V for
overnight. The membrane was blocked with 5% skim
milk in Tween-20 containing Tris buffered saline
(TTBS) (20 mM Tris–HCl (pH 7.6), 150 mM NaCl,
0.05% Tween-20) and incubated with primary anti-
human NF-kB (p65) antibody in TTBS containing 5%
skim milk. After incubation with horseradish
peroxidase-conjugated anti-IgG antibody, immuno-
detected proteins were visualized by using enhanced
chemiluminescence assay kit (Amersharm Life
Science, Buckinghamshire, England). The immuno-
blots were scanned and analyzed on an imaging
densitometer (UVP, Cambridge, UK).

Transfection of Cells

Cells at 60% confluence were transiently transfected
with pEXV-myc-N17rac1, pEXV-wtrac1 or empty
pEXV vector with FuGENE6 transfection solution
(Roche) in a serum free medium for 24 h. After the
medium was changed to fresh full growth medium,
cells were further incubated for 24 h, then, treated
with capsaicin. The expression levels of transfected
wtRac1 and Rac1 mutant proteins were detected by
immunoblotting with anti-Rac1 antibody (Santa
Cruz Biotechnology).

Data Analysis

All experiments were performed four times. Data
were expressed as mean ^ standard error of the mean
(SEM) and were analyzed using one way analysis of
variance (ANOVA) and Student–Newman–Keul’s

test for individual comparisons. p-Values less than
0.05 were considered statistically significant.

RESULTS

Induction of Apoptotic Cell Death by Capsaicin

The effect of capsaicin on apoptotic cell death of
HepG2 cells was examined using three independent
methods. Capsaicin induced DNA fragmentation in
a concentration-dependent manner studied by
agarose gel electrophoresis as depicted in Fig. 1A.
Capsaicin also induced loss of phospholipid asym-
metry, resulting in appearance of phosphatidylserine
on the outer layer of the plasma membrane assessed
by annexin-V binding, as depicted in Fig. 1B.
Furthermore, capsaicin induced apoptosis in a
time-related manner tested by flow cytometry by
determining hypodiploid DNA content stained with
PI[21] as shown in Fig. 1C. The apoptotic effect of
capsaicin was prominent at the concentration of
200mM. Taken together, these results indicate that
capsaicin induced apoptotic cell death in the
HepG2 cells.

Role of ROS in the Capsaicin-induced Apoptosis

To determine the role of ROS in the capsaicin-
induced apoptosis of HepG2 cells, we first examined
whether capsaicin generates ROS assessed by DCF
fluorescence.[23] As shown in Fig. 2A and B, capsaicin
(250mM) induced a slow and sustained increase in
intracellular ROS level, which was significantly
inhibited by antioxidants, DPPD (10 mM) and
tocopherol (l00mM). To determine the role of ROS
in the capsaicin-induced apoptosis, we investigated
whether DPPD and tocopherol could suppress the
apoptosis induced by capsaicin. As shown in Fig. 3C
and D, DPPD (10mM) and tocopherol (l00mM)
significantly lowered hypodiploid DNA content
induced by capsaicin, indicating that ROS may be
involved in the mechanism of the capsaicin-induced
apoptosis in the HepG2 cells.

Role of NADPH Oxidase in the Capsaicin-induced
ROS Generation and Apoptosis

To clarify the sites of the capsaicin-induced ROS
production, we investigated the effects of various
drugs that inhibit the mitochondrial respiratory
chain enzymes, cytosolic non-mitochondrial ROS-
generating enzymes or plasma membrane NADPH
oxidase, on the capsaicin-induced ROS generation
and apoptosis. The effects of capsaicin (250mM) on
the ROS level and apoptosis were not significantly
altered either by inhibition of mitochondrial
electron transport with inhibitors of Complex I,
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succinate dehydrogenase or Complex III (10mM
rotenone þ 5 mM malonate and 5mM antimycin A,
respectively) or by the mitochondrial uncoupler,
FCCP (0.1mM) as summarized in Table I. These
mitochondrial enzyme inhibitors did not have a
significant influence on the basal level of ROS and
apoptosis, except that antimycin A and FCCP
significantly increased only the basal level of ROS.
These results indicate that mitochondria may not
be the site of ROS production induced by capsaicin.
In addition, the capsaicin-induced ROS production
and apoptosis was not significantly influenced by
treatment with specific inhibitors of the enzymes
which can potentially generate ROS, cytochrome
P-450, nitric oxide synthase, xanthine oxidase and
ribonucleotide reductase (500 mM metyrapone,
100mM NMMA, 100mM allopurinol and 1.5 mM
hydroxyurea, respectively). However, inhibitors of
the membrane-bound NADPH oxidase, 5 mM
DPI,[25] 500mM apocynin[26] and100mM neopter-
ine,[27] significantly suppressed both the ROS
generation (Fig. 3A and B) and apoptosis (Fig. 3C
and D) induced by capsaicin (250mM). As a matter of
fact, it has been detected the activity of NADPH
oxidase similar to that found in neutrophils and the
presence of Rac1 which is an important component

for activation of NADPH oxidase in the HepG2
cells.[18] Thus, we further investigated the involve-
ment of Rac1 in NADPH oxidase-dependent apop-
tosis by capsaicin by measuring the apoptosis of the
cells transfected with wild-type Rac1 (wtRac1) or
dominant negative mutant of Rac1 (Rac1N17) in the
presence of capsaicin (250mM). Transfection of
the cells with empty vector itself did not affect the
capsaicin-induced apoptosis as shown in Fig. 4.
HepG2 cells expressing wtRac1 showed enhanced
apoptosis, whereas the capsaicin-induced apoptosis
was significantly decreased in the cells with
Rac1N17. These results strongly suggest that non-
phagocytic NADPH oxidase may play an important
role in apoptotic cell death induced by capsaicin in
the HepG2 cells.

Further Evidence of ROS Involvement in
Capsaicin-induced Effects: Activation of NF-kB

Since activation of NF-kB appears to be commonly
involved in the ROS-induced apoptotic processes,[28]

we further examined whether capsaicin activates
NF-kB assessed by Western blot analysis. As depicted
in Fig. 5, capsaicin (250mM) reduced cytosolic NF-kB
and I-kB that inhibits NF-kB activation, but increased

FIGURE 1 Capsaicin (Cap) induces apoptosis in a concentration- and time-dependent manner in HepG2 human hepatoblastoma cells.
In the experiments of (A) cells were treated for 24 h with or without each concentration of capsaicin. DNA was isolated from the cells and
analyzed by 1.8% agarose gel electrophoresis. Lane M represent DNA marker. In the experiments of (B) the cells were incubated in the
absence (control) or in the presence of capsaicin for 24 h. Cells were stained with Annexin-V-FLUOS and analyzed by flow cytometry. Note
that in the presence of capsaicin there is a shift in Annexin-V-FLUOUS fluorescence. This is due to the binding of annexin-V to membrane
phospholipids of cells undergoing apoptosis. Results are representative of four experiments. In the experiments of (C and D) the cells were
incubated with capsaicin (250mM) for each designated time. The number of apoptotic cells was measured by flow cytometry as described
in text. The region to the left of the G0/G1 peak, designated A0, was defined as cells undergoing apoptosis-associated DNA degradation.
In bar graphs (C) the data represent the mean values of four replications with bars indicating SEM. *p , 0.05 compared to control.
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nuclear level of NF-kB in a time-dependent manner.
These results demonstrate that ROS act as an
essential component in the mechanism of the
capsaicin-induced apoptosis in the HepG2 cells.

DISCUSSION

Capsaicin has been reported to induce apoptosis in
various cancer cells.[14,16 – 19] Consistently, the results

FIGURE 2 Effects of antioxidants on the generation of ROS (A and B) and apoptosis (C and D) induced by capsaicin (Cap) in HepG2
human hepatoblastoma cells. The data (A) show changes in levels of ROS as a function of time, which was measured by DCF fluorescence
method. The arrow shows the time point for addition of capsaicin (250mM). DPPD (10mM) and tocopherol (100mM) were used.
These drugs were incubated for 5 h before the detachment of the cells from the bottom of culture flask, and added again 10 min before
capsaicin treatment. Quantitative changes (B) were expressed as percent changes of the maximum increase in DCF fluorescence induced by
the drug compared to control condition in which the cells were treated with a drug-free vehicle. In the experiments of (C and D) the cells
were incubated with or without capsaicin (250mM) for 24 h. DPPD (10mM) and tocopherol (100mM) were given 30 min before capsaicin
application. The measurement of apoptotic cells was the same as in Fig. 1. In bar graphs (B and D) the data represent the mean values of
four replicates with bars indicating SEM. *p , 0.05 compared to control condition in which the cells were incubated with capsaicin-free
medium. #p , 0.05 compared to capsaicin alone.

FIGURE 3 NADPH oxidase mediates the capsaicin (Cap)-induced generation of ROS (A and B) and apoptosis (C and D) in HepG2
human hepatoblastoma cells. Experimental procedures and data presentations are the same as in Fig. 2. In these experiments DPI (5mM),
apocynin (500mM) and neopterine (100mM) were used as an inhibitor of NADPH oxidase. These drugs were given 10 and 30 min before
capsaicin (250mM) application in the experiments of (A and B) and (C and D), respectively. *p , 0.05 compared to control. #p , 0.05
compared to capsaicin alone.
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of the present study also demonstrated that capsaicin
induced apoptotic cell death in HepG2 human
hepatoblastoma cells, evaluated by three indepen-
dent methods, detection of DNA fragmentation
through agarose gel electrophoresis (Fig. 1A),
detection of phosphatidylserine translocation
through annexin-V binding assay (Fig. 1B), and
measurement of hypodiploid DNA contents through
flow cytometry (Fig. 1C).

The results of this study strongly suggest that
NADPH oxidase is the upstream signaling molecule
of the capsaicin-induced generation of ROS, and in
turn, induction of apoptosis in HepG2 cells. These
conclusions are based on (i) antioxidants which
completely blunted the generation of ROS by
capsaicin (Fig. 2A and B), significantly prevented
induction of apoptosis (Fig. 2C and D), (ii) capsaicin

induced activation of NF-kB, a common downstream
mediator of ROS[28] (Fig. 5), (iii) specific inhibitors of
NADPH oxidase significantly suppressed the cap-
saicin-induced generation of ROS (Fig. 3A and B)
and apoptosis (Fig. 3C and D) and (iv) transfection of
the cells with a dominant negative mutant of Rac1
(Rac1N17), an essential component for the activation
of NADPH oxidase,[17,18] significant reduced the
capsaicin-induced apoptosis (Fig. 4).

Oxidative stress is proposed as a common
mechanism of apoptosis.[7] In the HepG2 cells used
in this study, ROS appear to play an essential role in
apoptosis induced by various agents including
tamoxifen,[10] N-ethylmaleimide,[11] serum,[29] fenofi-
brate,[30] and arsenic trioxide.[31] The results of this
study further support this notion that ROS act as a
common mediator of apoptosis. Although the major

TABLE I Effects of various inhibitors of ROS-generating enzymes on the capsaicin-induced ROS generation and apoptosis in HepG2
human hepatoblastoma cells

[ROS]i (% increase)† % Apoptosis‡

Compound 2capsaicin +capsaicin 2capsaicin +capsaicin

None 120.4 ^ 10.2 442.6 ^ 53.5* 4.8 ^ 0.5 41.8 ^ 3.4*
Rotenone (10mM)+
Malonate (5 mM) 113.6 ^ 18.9 434.2 ^ 69.5* 9.8 ^ 2.3 49.7 ^ 6.3*
Antimycin A (5mM) 262.9 ^ 30.1* 494.1 ^ 48.9* 5.9 ^ 1.6 54.5 ^ 7.8*
FCCP (0.1mM) 280.7 ^ 32.8* 524.1 ^ 61.3* 7.5 ^ 2.8 59.3 ^ 8.6*
Metyrapone (500mM) 113.4 ^ 13.6 392.5 ^ 42.5* 8.1 ^ 1.4 48.9 ^ 4.3*
NMMA (100mM) 132.3 ^ 14.5 443.5 ^ 61.3* 7.8 ^ 2.2 44.8 ^ 4.2*
Allopurinol (100mM) 149.2 ^ 12.8 397.2 ^ 76.1* 9.5 ^ 1.0 47.8 ^ 4.6*
Hydroxyurea (1.5 mM) 134.6 ^ 17.4 453.7 ^ 85.4* 8.6 ^ 0.7 49.7 ^ 5.8*

All data represent the mean values ^ SEM. *p , 0.05 compared to control. Note that no drug tested did significantly alter both increased [ROS]i and apoptosis
induced by capsaicin. † [ROS]i was measured by DCF fluorescence method, and the values are expressed as percent increase of DCF fluorescence intensity
induced by treatment with or without capsaicin (250mM) for 1 h compared to that of initial time. Each drug was added 10 min before capsaicin treatment.
‡ Apoptosis was measured by flow cytometry. In the experiments the cells were incubated with capsaicin (250mM) for 48 h. Each drug was added 30 min
before capsaicin treatment.

FIGURE 4 Transfection with a dominant-negative mutant of
Rac1 (N17Rac1) reverses the apoptotic effect of capsaicin in HepG2
human hepatoblastoma cells. Cells were transfected with wt Rac1,
myc-tagged Rac1N17, and empty pEXV vector. The number of
apoptotic cells was measured by flow cytometry, as described in
Fig. 1. In these experiments 250mM of capsaicin was used.
*p , 0.05 compared to control.

FIGURE 5 Capsaicin induces activation of NF-kB in HepG2
human hepatoblastoma cells. Cells were treated with capsaicin
(250mM) for 24 h. Cell lysates containing equal amount of cytosolic
and nuclear proteins were analyzed by Western blot (A) using
anti-I-kB or anti-NF-kB (p65) antibodies. In (B), the immunoblots
were scanned and analyzed on an imaging densitometer (UVP,
Cambridge, UK).
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biological process leading to oxygen-derived gener-
ation of ROS is electron transport associated with
mitochondrial membranes,[9] recent reports have
demonstrated that the membrane-bound NADPH
oxidase acts as a major source of ROS production
particularly associated with apoptosis in
many cellular systems, including various cancer
cells,[10,11,32] lung epithelium[33] and mesangial
cells.[34] The results of the present study showing
that the capsaicin-induced generation of ROS and
induction of apoptosis is due to the activation of
NADPH oxidase, further support the active involve-
ment of the enzyme in the mechanism of ROS-asso-
ciated apoptosis.

The actions of capsaicin as an inhibitor of plasma
membrane NADH oxidase (PMNO) have been
closely linked to its induction of apoptosis in variety
of transformed cells.[35 – 37] PMNO transfers electrons
from cytoplasmic NADH via coenzyme Q to
extracellular electron acceptors such as oxygen.[38]

The enzyme appears to play an important role in the
regulation of internal redox equilibrium in response
to external stimuli.[39] Apoptosis induction of cancer
cells by capsaicin has been suggested to result from
generation of ROS through inhibition of PMNO.[37,40]

Thus, although the NADPH oxidase seems to play a
major role in the capsaicin-induced generation of
ROS and induction of apoptosis in HepG2 cells, the
involvement of the PMNO system in these actions of
capsaicin is not completely excluded, and remains to
be determined.

In this study, we did not determine how capsaicin
activates the NADPH oxidase, and it remains to
be studied in the future. Although speculated,
Ca2þ/calmodulin-dependent protein kinase-II may
be possibly involved in the mechanism of action of
capsaicin. Because it appears to activate Tiam1,[41] a
Rac1-specific exchange factor, and thus activate Rac1,
which is essentially required for the generation of
ROS by the NADPH oxidase in HepG2 cells.[18]

Indeed, in the HepG2 cells we observed that
capsaicin did increase intracellular Ca2þ concen-
tration (data not shown), which is required for the
activation of Ca2þ/calmodulin-dependent protein
kinase-II.[42] Another possibility may include the
involvement of arachidonic acid which seemed to
be implicated in the mechanism of activation of the
NADPH oxidase in phagocytic cells.[43,44]

Interestingly, in addition to generation of ROS,
capsaicin has been also reported to act as an
antioxidant.[45,46] In human glioblastoma cells, cap-
saicin appeared to induce apoptosis through
reduction of the basal generation of ROS.[47] Although
we do not know the exact reason of this discrepancy,
capsaicin may act as either a prooxidant or
antioxidant, depending on the cellular type. The
intriguing possibility that existence of the NADPH
oxidase system in the cells may determine this

opposite actions of capsaicin, should be tested in the
future study.

In conclusion, capsaicin induced apoptosis in
HepG2 human hepatoblastoma cells. The NADPH
oxidase-mediated generation of ROS may be impor-
tantly involved in the mechanism of apoptosis
induced by capsaicin. These results further suggest
that capsaicin may be useful for the treatment of
human hepatomas.
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