
582 Neoplasma 62, 4, 2015

doi:10.4149/neo_2015_070

Induction of apoptosis by capsaicin in hepatocellular cancer cell line 
SMMC-7721 is mediated through ROS generation and activation of JNK 
and p38 MAPK pathways
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Capsaicin, one of the major pungent ingredients found in red peppers, has been shown to have anti-carcinogenic effect 
on various cancer cells through multiple mechanisms. In this study, we investigated the apoptotic effect of capsaicin on hu-
man hepatocellular cancer cell line SMMC-7721, as well as the possible mechanisms involved. Treatment of SMMC-7721 
cells with capsaicin resulted in a dose-dependent inhibition of cell-viability and induction of apoptosis which was associated 
with the generation of ROS and persistent disruption of mitochondrial membrane potential. These effects were significantly 
blocked when cells were pretreated with a general antioxidant N-acetyl cysteine (NAC). We also found that capsaicin induced 
JNK and p38 MAPK phosphorylation. JNK and p38 MAPK inhibitor effectively blocked capsaicin-induced SMMC-7721 
cell apoptosis. In addition, NAC completely blocked phosphorylation of JNK and p38 MAPK induced by capsaicin. Our 
results indicate that capsaicin induced in SMMC-7721 cell apoptosis through generation of intracellular ROS and activation 
of JNK and p38 MAPK pathways.

Key words: capsaicin, hepatocellular cancer, apoptosis, ROS, JNK and p38

Hepatocellular carcinoma is the sixth most common solid 
cancer and the third leading cause of cancer-related mortality 
worldwide [1]. The occurrence of hepatocellular carcinoma 
is multi-factorial and it often develops under an established 
background of chronic liver diseases [2, 3]. In 2008, there 
were estimated 748,300 new liver cancer cases and 695,900 
cancer mortalities worldwide [4,5]. Half of these cancer cases 
and cancer-associated mortalities were estimated to occur 
in China [6]. Liver transplantation or surgical resection 
remain the first-line treatments for hepatocellular carci-
noma [7]. However, patients often present symptoms at the 
advanced stages of hepatocellular carcinoma and, therefore, 
the first-line treatments are not effective for the majority 
of Hepatocellular carcinoma cases. Due to high recurrence 
rates, even following surgical resection, the long-term prog-
nosis of hepatocellular carcinoma remains unsatisfactory. 
Chemotherapy is often the only treatment for advanced and 
inoperable hepatocellular carcinoma. However, its outcomes 
are often discouraging due to poor tolerance and low effi-
cacy [8]. It is therefore of particular interest to impose new 

therapeutic strategies and to improve the prognosis of this 
potentially fatal disease.

It is reported that herbal and botanical products, as well as 
selected food supplements and spices have an anticarcinogenic 
potential [9]. Capsaicin (N-vanillyl-8-methyl-1-nonenamide) 
is a homovanillic acid derivative and the chief pungent prin-
ciple found in hot red chilli peppers derived from Capsicum 
fruit extracts [10]. Due to its analgetic activity, topical ap-
plication of capsaicin has been used in clinical practice for 
the treatment of neuropathic pain [11]. Capsaicin has been 
revealed to inhibit growth and induce apoptosis in various 
malignant cell lines [12-18]. The mechanisms included genera-
tion of reactive oxygen species, disruption of mitochondrial 
transmembrane potential, and activation of caspase-9 and 
caspase-3. Recently, reports have shown that capsaicin triggers 
apoptosis in human hepatoma HepG2 cells [19, 20]. However, 
the mechanisms underlying capsaicin-induced apoptosis are 
still not well established.

In the present study, we investigated whether capsaicin 
could induce apoptosis in human hepatoma cancer SMMC-
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7721 cells, and determined the effect of intracellular ROS 
and JNK, p38 MAPK on capsaicin-induced SMMC-7721 
cell apoptosis. We showed for the first time that capsaicin 
induced intracellular ROS generation and activated JNK and 
p38 MAPK, which contributed to SMMC-7721 cell apoptosis. 
Taken together, the present study provides strong evidence 
supporting an important role of ROS and JNK, p38 MAPK 
in mediating capsaicin-induced apoptosis in hepatoma cancer 
cells.

Materials and methods

Chemicals and reagents. Capsaicin (purity>99%), Ribonu-
clease A (RNase A), DCFH-DA, DiOC6, N-acetylcysteine(NAC) 
and dimethyl sulfoxide (DMSO) were obtained from Sigma-
Aldrich (St. Louis, MO, USA). Fetal bovine serum (FBS), 
trypsin containing EDTA, Roswell Park Memorial Institute-
1640 (RPMI-1640) and the Cell Counting Kit-8 (CCK-8) 
were obtained from Gibco BRL (Invitrogen, Grand Island, 
NY, USA). Annexin V-FITC/PI Apoptosis Detection Kit 
I was obtained from BD Bioscience. p38 inhibitor SB203580 
and JNK inhibitor SP600125 were obtained from Calbiochem 
(San Diego, CA, USA). Antibodies against JNK, p38, phospho-
JNK (Thr183/Tyr185), and phospho-p38 (Thr180/Tyr182), 
cytochrome c, caspase-3, β-actin and horseradish peroxidase 
(HRP)-conjugated secondary antibodies (goat anti-rabbit and 
goat anti-mouse) were purchased from Sigma.

Cell line and cell culture. The human hepatoma cancer 
SMMC-7721 cell line and normal hepatic cell line L-02 were 
obtained from the American Type Culture Collection. All cells 
were cultured in RPMI-1640 medium supplemented with 10% 
FBS, 100 units/mL penicillin, and 100 μg/mL streptomycin. 
Cells were maintained at 37°C in a humidified atmosphere 
of 5% CO2. The medium was changed every 2~3 days, and 
cells were subcultured when confluency reached 70%~80% 
by 0.25% trypsin at 37°C.

Cell viability assay. Cell viability was determined using the 
Cell Counting Kit-8 (CCK-8) assay. Briefly, The logarithmic 
phase human hepatoma cancer SMMC-7721 cells and normal 
L-02 cells were plated in 96-well culture plates (5×103 cells per 
well). After 24 h incubation, the cells were treated with vehicle 
alone (0.1% DMSO) at various concentrations (50, 100, 150, 
200, 250 and 300 μM) of capsaicin, followed by 48 h cell culture. 
Each group had 6 wells. 100μL CCK-8 was added to each well 1 
h before the end of incubation. The absorbance (A) of each well 
was read at 450 nm using an enzyme-linked immunosorbant 
assay (ELISA) reader (Bio-Tek ELx808, Winooski, VT, USA). 
Experiment was repeated three times. Percentage suvival rate 
was calculated using the following equation: Survival rate (%) 
= (Asample-Ablank)/(Acontrol-Ablank)×100%.

Apoptosis assay. Apoptosis assay was performed using 
Annexin V-FITC kit as described in the manufacturer’s 
instructions. SMMC-7721 cells were cultured in medium 
containing different concentrations of capsaicin (0, 150, 200 
or 250 μM) for 48 h at 6-well plates, and the floating and 

adherent cells were collected by centrifugation at 1000×g for 
5 min. Pooled cells were washed twice with cold PBS, gently 
resuspended in 100 μl of annexinV-FITC binding buffer. Then, 
5 μl Annexin V-FITC and 10 μl PI were added and incubated 
with the cells for 15 min in the dark at room temperature. The 
stained cells were analyzed directly by flow cytometry using 
the Cell Quest program (Becton-Dickinson).

Caspase-3 activity assay. Caspase-3 activities were as-
sayed using a Colorimetric Protease Assay Kit according to 
the manufacturer’s instructions (Keygen Biotech, Nanjing, 
China). Briefly, SMMC-7721 cells were treated with different 
concentrations of capsaicin (0, 150, 200 or 250 μM) for 48 h. 
The cells (1×106 cells/mL) were harvested, washed three times 
with PBS and re-suspended in 50 μl of the lysis buffer, kept 
on ice for 60 min, and then centrifuged (10,000 x g, 1 min 
at 4˚C). Supernatants containing 100 μg of protein were in-
cubated with 5 μl of enzyme specific colorimetric substrates 
Ac-DEVD-pNA (2 mM), at 37˚C for 4 h. The colorimetric 
release of p-nitroaniline from the Ac-DEVD-pNA substrate 
was measured using a lightwave of 405 nm with an ELISA 
reader (BIO-Tek ELx800).

Measurement of intracellular ROS. Intracellular ROS gen-
eration was determined by measuring the levels of super-oxide 
and hydrogen peroxide produced in the cells by flow cytometry 
after staining with 6-carboxy-2, 7-dichlorodihydrofluorescein 
diacetate (DCFH-DA) as described previously [21]. Fluores-
cence generation was due to the hydrolysis of DCFH-DA to 
dichlorodihydrofluorescein (DCFH) by non-specific cellular 
esterases, and the subsequent oxidation of DCFH by peroxides 
was measured by means of flow cytometry. Briefly, SMMC-
7721 cells (1×106 cells/well) were seeded in 6-well plates for 
24 h and then exposed to different concentrations (0, 150, 
200 or 250 μM) of capsaicin. After incubation for 48 h, cells 
were harvested and washed twice, re-suspended in 500 μl of 
DCFH-DA (10 μM) incubated at 37˚C in the dark for 30 min 
and analyzed by flow cytometry (Becton Dickinson FACS 
Calibur). Approximately 10,000 cells were evaluated for each 
sample. The data are means from experiments performed in 
triplicate.

The changes of mitochondrial membrane potential 
(MMP). The level of Mitochondrial Membrane Potential in 
SMMC-7721 cells was determined by flow cytometry (Becton 
Dickinson FACS Calibur) using DiOC6 (4 μmol/l). Briefly, 
SMMC-7721 cells (1×106 cells/well) were seeded in a 6-well 
plate. After adherence for 24 h, cells were treated with differ-
ent concentrations (0, 150, 200 or 250 μM) of capsaicin. After 
incubation for 48 h, The cells were harvested and washed twice, 
re-suspended in 500 μl of DiOC6 (4 μmol/L) and incubated 
at 37˚C for 30 min, followed by immediate analysis by flow 
cytometry at 488 nm.

Western blot analysis. SMMC-7721 cells were exposed 
to the desired concentration of capsaicin in the absence or 
presence of inhibitors for the indicated periods. Both adher-
ent and floating cells were collected, and then western blot 
analysis was performed. The cells were washed with ice-cold 
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PBS, and lysed on ice for 40 min in a solution containing 
50 mM Tris, 1% Triton X-100, 0.1% SDS, 150 mM NaCl, 
2 mM Na3VO4, 2 mM EGTA, 12 mM β-glycerolphosphate, 
10 mM NaF, 16 μg/ml benzamidine hydrochloride, 10 μg/
ml phenanthroline, 10 μg/ml aprotinin, 10 μg/ml leupeptin, 
10 μg/ml pepstatin, and 1 mM phenylmethylsulfonyl fluo-
ride, and then lysed at 4˚C for 60 min. The cell lysate was 
centrifuged at 14,000 x g for 15 min, and the supernatant 
fraction was collected for western blotting. Protein content 
in the supernatant fraction was determined by bicinchoninic 
acid (BCA) assay kit (Sigma) according to the manufacturer’s 
instructions. The protein lysates (20 μg/lane) were separated 
by electrophoresis on 12% SDS polyacrylamide gel and then 
transferred to a nitrocellulose membrane. After blocking 
for 1 h in 10% nonfat dry milk in Tris-buffered saline, the 
membrane was incubated with the desired primary antibody 
for 1 h. The membrane was then treated with the appropri-
ate peroxidase-conjugated secondary antibody, and the 
immunoreactive proteins were detected using an enhanced 
chemiluminescence kit (NEN Life Science Products, Boston, 
MA, USA) according to the manufacturer’s instructions. 
Each membrane was stripped and reprobed with antibodies 
against actin to correct for differences in protein loading. 
Quantitative data were expressed as mean ± SD of the rela-
tive levels of the objective protein and control β-actin of each 
group of cells from three independent experiments.

Statistical analysis. All results were confirmed in at 
least three separate experiments. Statistical analysis was 
performed using SPSS 17.0. Significant differences were 
determined by ANOVA, followed by the Student’s t-test for 
statistical analysis. The data were expressed as mean ± SD. 
A P-value <0.05 was considered to indicate a statistically 
significant difference.

Results

Drug toxicity test. To investigate the effect of capsaicin 
on growth, SMMC-7721 and L-02 cells were treated with in-
creasing concentrations of capsaicin (0-300 μM) for 48 h. Cell 
viability was determined by CCK-8 assay. As shown in Fig. 1, 
the growth of SMMC-7721 cells was significantly inhibited by 
capsa icin treatment in a dose-dependent manner with an IC50 
of about 200 μM. On the other hand, the viability of normal 
hepatic cells was minimally affected following exposure even 
to high concentrations of capsaicin that were highly cytotoxic 
to cancer cells 

Effects of capsaicin on induction of apoptosis. To de-
termine whether the antiproliferative activity of capsaicin in 
SMMC-7721 cells was caused by apoptosis. SMMC-7721 cells 
were treated with varying concentrations of capsaicin (0, 150, 
200 or 250 μM) for 48 h, and flow cytometric analysis was 
performed using Annexin V-FITC/PI-stained SMMC-7721 
cells. We found that the apoptotic cell ratio in the control 
group was ~8.5±0.8%, while the numbers of apoptotic cells 
in the presence of capsaicin-treated groups increased to 
20.9±1.2%, 40.6±1.7% and 52.1±1.9% at 48 h, respectively. 
There were significant differences in the apoptotic ratio of cells 
between the capsaicin-treated groups and the control group 
(P<0.05) (Fig. 2A and B). To further examine the ability of the 
capsaicin therapy to induce apoptosis, caspase-3 activities in 
SMMC-7721 cells were evaluated. As demonstrated in Fig. 
2C, a dose-dependent increase in the caspase-3 activity was 
observed after the exposure of cells to increasing concentra-
tions of capsaicin. Next, we evaluated caspase-3 activation in 
SMMC-7721 cells tested by Western blotting. The capsaicin 
treatments also induced a dose-dependent activation of 
caspase-3 in SMMC-7721 cells (Fig. 2D and E).

Figure 1. Toxicity effects of capsaicin on SMMC-7721 and L-02 cells as determined by Cell Counting Kit-8 (CCK-8) assay. The SMMC-7721 and L-02 
cells were treated with different concentrations of capsaicin for 48 h. cell viability was measured using CCK-8 assay with six replicates per concentra-
tion of capsaicin. Results of data derived from three separate experiments are expressed as percent survival of capsaicin treated cells compared to that 
of DMSO treated control cells. data are presented as mean ± SD. *P<0.05 vs. the control.
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Capsaicin causes ROS generation and disrupts the mi-
tochondrial membrane potential ( MMP) in SMMC-7721 
cells. The disruption of mitochondrial integrity is one of the 
early events leading to apoptosis. Loss of MMP is an important 
event during the mitochondrial pathway of apoptosis [22]. 
Several studies have implicated reactive oxygen species (ROS) 

generation as a possible mechanism for induction of apoptosis 
by various anticancer agents [23]. And a loss of MMP is as-
sociated with the generation of ROS. We wanted to determine 
whether capsaicin induced the loss of MMP and the generation 
of ROS in SMMC-7721 cells. Therefore, intracellular ROS gen-
eration the changes of MMP in control and capsaicin-treated 

Figure 2. Apoptosis-inducing effects of capsaicin in SMMC-7721 cells. (A) The SMMC-7721 cells were treated with various concentrations of capsaicin 
(150, 200, 250 μM) or vehicle for 48 h, and then stained with Annexin V-FITC/PI and analyzed by flow cytometry. Results were representative of three 
independent experiments. (B) The percentage of apoptotic cells was presented as the mean±SD of three independent experiments. *P<0.05 vs. the control. 
(C) Cell lysates were assayed for caspase-3 activity as described in Materials and methods. Data were presented as the mean ± SD of three independent 
experiments. *P<0.05 vs. the control. (D) Active caspase-3 protein levels were investigated by Western blot. β-actin protein was performed as loading 
control. (E) Quantified data of Western blot analysis were presented. *P<0.05 vs. the control. 
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cells were evaluated by flow cytometry. As shown in Fig. 3, As 
compared with the control group, the MMP decreased to 84.35 
± 3.04%, 65.17 ± 2.78% and 47.48 ± 2.39% in cells treated with 
capsaicin at 150, 200 and 250 μM, respectively. While the level 
of DCFH fluorescence(ROS generation) increased to 6.71 ± 
0.45%, 10.93 ± 0.62% and 14.68 ± 0.71% in cells treated with 
capsaicin at 150, 200 and 250 μM, respectively. These results 
demonstrated that capsaicin induced mitochondria damage, 
diminished MMP and increased ROS production in SMMC-
7721 cells in a concentration-dependent manner. Studies have 
confirmed that high intracellular ROS normally disrupted the 
mitochondrial membrane potential. so we reasoned that ROS 
production might promote mitochondrial dysfunction and 
trigger mitochondria-mediated apoptosis.

Capsaicin-induced ROS generation triggers apoptosis 
in SMMC-7721 cells. Next we sought to determine whether 
generation of ROS was an upstream event of capsaicin -me-
diated mitochondrial membrane damage and induction of 
apoptosis. When pretreatment of SMMC-7721 cells with 5 mM 
NAC (a general antioxidant) for 1 h, Our results revealed that 
capsaicin-mediated increase in ROS levels was significantly 
reduced and capsaicin-mediated decrease in mitochondrial 
membrane potential was considerably prevented (Fig. 4A), 
release of cytochrome c in the cytosol (Fig. 4B) and apoptosis 
induction in SMMC-7721 cells (Fig. 4A) were also obviously 
blocked. These results clearly established the protective role 
of NAC and involvement of ROS in capsaicin-mediated mi-
tochondrial damage and cell apoptosis.

Capsaicin causes activation of JNK and p38 in SMMC-
7721 cells. Oxidant stress is known to activate MAPKs family, 

specifically JNK and p38, by phosphorylation [24]. Since 
capsaicin induced intracellular ROS generation, we speculated 
that JNK and p38 could be involved in capsaicin –induced 
apoptosis. Thus, we investigated whether capsaicin could 
induce JNK and p38 phosphorylation in SMMC-7721 cells. 
SMMC-7721 cells were treated with varying concentrations 
of capsaicin for 48 h, followed by extraction of the cellular 
protein. The expressions of phosphorylated JNK and p38 
were determined by Western blot analysis. As shown in Fig. 
5, capsaicin induced increase in the phosphorylation of JNK 
and p38 in a dose-dependent manner.

JNK and p38 mediated capsaicin–induced apoptosis 
in SMMC-7721 cells. To determine whether JNK and p38 
were necessary for capsaicin-induced apoptosis, SMMC-7721 
cells were treated in the absence or presence of JNK inhibitor 
(SP600125) or p38 inhibitor (SB203580) for 1 h, respectively. 
capsaicin was subsequently added to the culture for 48 h. Our 
results demonstrated that Apoptosis induction by capsaicin 
significantly attenuated upon treatment with inhibitors of JNK 
(SP600125) or p38 MAPK (SB203580) (Fig. 6A ). These results 
showed both JNK and p38 were associated for capsaicin-induced 
apoptosis in SMMC-7721 cells. To elucidate the mechanistic 
order of intracellular ROS production and JNK, p38 phospho-
rylation. SMMC-7721 cells were incubated with NAC, an ROS 
scavenger, prior to capsaicin treatment. phosphorylation of JNK 
and p38 in SMMC-7721 cells induced by capsaicin were almost 
blocked in the presence of NAC (Fig. 6B). These results sug-
gested that intracellular ROS played a major role in the activation 
of JNK and p38 by capsaicin, as an upstream regulatory molecule 
in capsaicin-induced apoptosis in SMMC-7721 cells.

Figure 3. Effects of capsaicin on MMP and Intracellular ROS in SMMC-7721 cells. SMMC-7721 cells were treated with various concentrations of 
capsaicin(150, 200, 250 μM) or vehicle for 48 h. The zero concentration was defined as control and all other variables expressed relative to it. ROS and 
MMP were determined by staining with DCFH-DA and DiOC6, respectively. The stained cells were determined by flow cytometry as described in the 
Materials and Methods. (A) the changes of cells being stained for MMP were presented. (B) the changes of cells being stained for ROS were presented. 
Results are expressed as the mean±SD (n = 3) from three independent experiments. *P<0.05 vs. the control.
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Figure 4. N-acetyl cysteine (NAC) pretreatment prevented capsaicin-mediated ROS generation, mitochondrial depolarization and apoptosis. (A) 
SMMC-7721 cells were pretreated with 5 mM NAC for 1 h and then treated with DMSO or 200 μM capsaicin for 48 h and DCFH fluorescence, membrane 
potential and apoptosis were determined by flow cytometry. (B) Expression of cytochrome c was determined by Western blot and the quantification was 
performed assigning a value of 1 to the control group. the cytosolic fraction of the cells treated with NAC (5 mM, 1 h) and/or capsaicin (200 μM, 48 h). 
Each blot was stripped and reprobed with β-actin antibody to ensure equal protein loading. Results are expressed as the mean±SD (n = 3) from three 
independent experiments. *P<0.05 vs. the DMSO-treated control. **P<0.05 vs. capsaicin treatment alone.

Discussion

Epidemiologic studies have revealed that several dietary 
agents modulate diverse biochemical processes involved in 
carcinogenesis, including inhibition of carcinogen activa-
tion, cellular proliferation and tumor metastasis, blockade of 
tumor cell cycle progression and induction of apoptosis [25]. 

In vitro and in vivo studies have shown that dietary chemo-
preventive agents may serve as potent agents for enhancing 
the therapeutic effects of chemotherapy, radiotherapy or other 
standard therapeutics for the treatment of human cancers 
[26]. Capsaicin, a natural product from red chili pepper is the 
most frequently used spice all over the world, and has been 
demonstrated to possess inhibitory effects in various cancer 
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cells. However, the precise molecular mechanisms have not 
been well elucidated in hepatoma cancer cells. In this study, we 
found that capsaicin significantly inhibited SMMC-7721 cells 
proliferation in a dose-dependent manner but was not toxic 
to normal hepatic cells, and this in vitro effect was through 
the induction of apoptosis. Furthermore, Capsaicin induced 
apoptosis in SMMC-7721 cells was associated with the genera-

tion of ROS, disruption of mitochondrial membrane potential, 
release of cytochrome c in the cytosol which eventually led to 
the activation of caspase-3 cascade. Interestingly, induction 
of apoptosis in SMMC-7721 cells was also mediated by the 
sustained activation of JNK and p38 which were reversed in 
the presence of NAC in capsaicin-induced SMMC-7721 cell 
apoptosis.

Figure 5. Capsaicin promoted the phosphorylation of JNK and p38 in SMMC-7721 cells. SMMC-7721 cells were treated with various concentrations of 
capsaicin(150, 200, 250 μM) or vehicle for 48 h. and phosphorylated JNK (P-JNK) and phosphorylated p38 (P-p38) protein expressions were detected by 
western blot analysis. (A) Treatment with capsaicin increased the expression of P-JNK and P-p38. (B) The relative levels of P-JNK and P-p38 in SMMC-
7721 cells. The quantification was performed assigning value 1 to the control group. *P<0.05 vs. the control.

Figure 6. The role of JNK and p38 in capsaicin-induced apoptosis in SMMC-7721 cells. (A) Effects of JNK and p38 inhibitor on capsaicin-induced 
apoptosis. SMMC-7721 cells were pretreated with JNK inhibitor (SP600125, 20 μM) or p38 inhibitor (SB203580, 20 μM) for 1 h respectively. and then 
exposed to 200 μM capsaicin for 48 h in the presence of inhibitor. Apoptosis was analyzed by flow cytometer. (B) Effects of NAC on JNK and p38 activa-
tion. Cells were treated with NAC (5 mM, 1 h) and/or capsaicin (200 μM, 48 h). the phosphorylation of JNK and p38 was determined by Western blot. 
Each blot was stripped and reprobed withβ-actin antibody to ensure equal protein loading. Data from three independent experiments were represented 
as mean ± SD. *P<0.05 vs. the DMSO-treated control. **P<0.05 vs. capsaicin treatment alone.
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First, we investigated whether the antiproliferative activity 
of capsaicin in SMMC-7721 cells was due to apoptosis. In the 
present study, the results of the apoptosis assay revealed that 
capsaicin treatment induced apoptosis in a dose-dependent 
manner in SMMC-7721 cells. Previously, accumulated evi-
dence indicated that caspases, a family of cysteine proteases, 
play a pivotal role in the apoptotic process; caspase-3 is an 
apoptosis executioner and is activated by other activated cas-
pases, including caspas-8 and 9 [27,28]. Activated caspas-3 
subsequently cleaves certain specific substrates, includ-
ing poly (ADP-ribosyl) polymerase (PARP) and D4-GDI 
proteins, which are important for the occurrence of typical 
biochemical and morphological changes in apoptotic cells 
[27]. To further confirm that the antiproliferative activity 
of capsaicin was due to apoptosis, we examined caspase-3 
activity and activation, an event that is commonly used as 
a hallmark of apoptosis. Our results showed that caspase-3 
was activated after capsaicin treatment in SMMC-7721 
cells. These results suggest that apoptosis may be a potential 
general mechanism and provide a mechanistic basis for the 
antiproliferative as well as anti-neoplastic effects of capsaicin 
in SMMC-7721 cells.

It is widely accepted that mitochondria plays a pivotal 
role in apoptotic process [29]. ROS, a group of highly reac-
tive molecules, including singlet oxygen, hydroxyl radicals, 
superoxide anion, nitric oxide and hydrogen peroxides, have 
been shown to play a key role in apoptotic cell death [30]. 
ROS are known to induce the collapse of MMP, therefore 
trigger a series of mitochondria-associated events including 
apoptosis [31]. Cytochrome c is an important regulating factor 
in the generation of mitochondrial membrane potential. In 
this study, the level of ROS was significantly increased and 
the MMP was significantly reduced in capsaicin-treated cells 
as compared with the control experiment. As was consistent 
with the previous study [32]. Moreover, when SMMC-7721 
cells were pretreated with NAC then treated with capsaicin, 
our studies revealed that NAC pretreatment not only blocked 
ROS generation but also offered significant protection against 
capsaicin-induced mitochondrial membrane potential dis-
ruption, release of cytochrome c and apoptosis induction 
in SMMC-7721 cells. Our results indicated that capsaicin 
induced apoptosis in SMMC-7721 cells was initiated by the 
generation of ROS, which was followed by the disruption 
of the mitochondrial membrane potential and release of 
cytochrome c into the cytosol leading to the activation of 
caspases cascade.

MAPK pathways are a family of serine-threonine pro-
tein kinases [33]. C-jun N terminal kinase (JNK) and p38 
MAPK constitute two major subfamilies of MAPK pathways 
that can participate in apoptosis [34]. JNK and p38 MAPK 
respond strongly to a variety of stress signals and have been 
implicated in mediating apoptotic responses [35]. It has 
been reported that capsaicin induced human gastric cancer 
cells apoptosis via JNK and p38 MAPK [36]. Based on these 
previous data, we hypothesized that capsaicin-induced 

SMMC-7721 cells apoptosis involves JNK and p38 MAPK 
pathways. Our data showed that capsaicin induced activa-
tion of JNK and p38 MAPK in a dose-dependent manner. 
Pretreatment of SMMC-7721 cells with JNK and p38 MAPK 
specific inhibitors (SP600125 or SB203580) almost blocked 
apoptosis induced by capsaicin. These results suggest that 
JNK and p38 MAPK were associated for capsaicin-induced 
apoptosis in SMMC-7721 cells. ROS are the known media-
tors of intracellular signaling cascades [37]. We also found 
that the presence of NAC inhibited activation of JNK, and 
p38 MAPK pathways. These findings suggest that intracel-
lular ROS generation precedes the activation of JNK and p38 
MAPK after capsaicin stimulation and ROS may be responsi-
ble for capsaicin-mediated activation of JNK and p38 MAPK. 
Consistent with this finding, a previous study indicated that 
NAC almost abolished the activation of JNK and p38 MAPK 
in corneal epithelial cells induced by Advanced Glycation 
End Products (AGEs) [38]. 

Taken together, our results demonstrate that capsaicin 
induced apoptosis in human hepatoma cancer cells is me-
diated by ROS generation, resulting in the activation of 
mitochondrial death pathway and the activation of JNK and 
p38 MAPK pathways, which eventually leaded to apoptosis in 
SMMC-7721 cells. However, certain molecular links remain 
to be clarified, such as whether JNK and p38 MAPK pathways 
are linked to mitochondrial apoptotic pathway, and how that 
acts on the mitochondrial apoptotic pathway. The specific 
mechanisms involved require further study. Based on these 
results, further in vivo and clinical studies are necessary to 
confirm our findings.
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