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Wogonin Induces Apoptosis by Activation of
ERK and p38 MAPKSs Signaling Pathways and
Generation of Reactive Oxygen Species in
Human Breast Cancer Cells

Ji Sun Yu, and An Keun Kim*

Wogonin is a one of the bioactive compounds of Scutel-
laria baicalensi Georgi which has been shown to have
antiinflammatory, anticancer, antiviral and neuroprotective
effects. However, the underlying mechanisms by which
wogonin induces apoptosis in cancer cells still remain
speculative. Here we investigated the potential activation
of MAPKs and generation of reactive oxygen species
(ROS) by wogonin on MCF-7 human breast cancer cells.
These results showed that wogonin induced mitochondria
and death-receptor-mediated apoptotic cell death, which
was characterized by activation of several caspases, in-
duction of PARP cleavage, change of antiapoptotic/pro-
apoptotic Bcl-2 family member ratios and cleavage of Bid.
We also found that generation of ROS was an important
mediator in wogonin-induced apoptosis. Further investiga-
tion revealed that wogonin activated ERK and p38 MAPKs,
which was inhibited by N-acetyl cysteine (NAC), a ROS
scavenger, indicating that wogonin-induced ROS are as-
sociated with MAPKs activation. These data demonstrate
that wogonin may be a novel anticancer agent for treat-
ment of breast cancer.

INTRODUCTION

Flavonoids belong to a chemical class of polyphenolic com-
pounds that are present in all vascular plants. They have been
reported to exhibit a variety of beneficial effects, including anti-
oxidant, antiinflammatory, antiviral, antitumor and antiallergic
activities (Fresco et al., 2006; Ramos, 2007), resulting in a
search for dietary flavonoids with novel therapeutic effects.
Scutellaria baicalensis Georgi has been widely used for the
treatment of hyperlipemia, atherosclerosis, hypertension, dys-
entery, and inflammatory diseases such as atopic dermatitis.
One of the bioactive compounds in Scutellaria baicalensis
Georgi is Wogonin (5,7-dihydroxy-8-methoxyflavanone). Wogonin,
a monoflavonoid, has been shown to have antiinflammatory,
antiviral and neuroprotective effects (Chi et al., 2003; Enomoto
et al., 2007; Huang et al., 2006; Lee et al., 2003; Ma et al.,

2002; Tai et al., 2005). The anti-inflammatory activity of wogonin
likely involves suppression of iNOS induction and COX-2 ex-
pression. Consequently, nitric oxide synthesis and prosta-
glandin E2 production are inhibited (Chen et al., 2008; Kim et
al., 2001). In addition, it has been reported that wogonin
posesses anticancer activities in several cancer cells, including
myelogenous leukemia cells (Lee et al., 2002), hepatomacellu-
lar carcinoma cells (Wang et al., 2006a), breast cancer cells
(Chung et al., 2008), murine sacrcoma S 180 cells (Wang et al.,
2006b) and bladder cancer cells (Ikemoto et al., 2000). Interest-
ingly, wogonin has no effect on inducing apoptosis in PBMCs
and fibroblasts (Liu et al., 2002). On the other hand, a number
of studies have demonstrated the therapeutic potential of
wogonin against other carcinoma cells, but its mechanism of
action remains to be elucidated.

Here we provide evidence that wogonin induced apoptosis in
MCF-7 human breast cancer cells by generation of ROS and
activation of MAPK signaling pathways.

MATERIALS AND METHODS

Materials

Wogonin was purchased from Wako Pure Chemicals (Japan).
Wogonin was dissolved in dimethyl sulfoxide (DMSO) at a
maximum concentration of 0.1%. Minimum Essential Medium
(MEM), Dulbecco’s phosphate buffered saline (DPBS), fetal
bovine serum (FBS), penicillin-streptomycin, sodium pyruvate
and trypsin-EDTA were purchased from WelGENE (Deagu,
Korea). Insulin was purchased from Gibco-BRL (USA). MTT [3-
(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide], N-
acetyl- -cysteine (NAC) and DMOS were purchased from
Sigma-Aldrich (USA). The 2',7'-dichlorofluorescein diacetate
(DCFH-DA), the JNK inhibitor (SP600125) and a p38 inhibitor
(SB203580) were purchased from Calbiochem (USA). An ERK
inhibitor (U0126), B-actin, caspase 8, caspase 9, poly(ADP-
ribose) polymerase (PARP) antibodies, the MAPK family anti-
body sampler kit, and the phospho-MAPK family antibody
sampler kit were purchased from Cell signaling (USA). Bcl-2
and Bax antibodies were purchased from Santa Cruz Biotech-
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nology (USA).

Cell lines and cell culture

The human breast cancer cell line, MCF-7, was obtained from
American Type Culture Collection (ATCC, USA). The cells
were maintained in MEM supplemented with 10% FBS, penicil-
lin/streptomycin, 1% sodium pyruvate, and 0.01 mg/ml insulin.
Cultures were routinely maintained at 37°C in a humidified
atmosphere of 5% CO..

Determination of cytotoxicity

The effect of drugs on the proliferation rate/cytotoxicity of MCF-
7 cells was assessed by using a colorimetric (MTT) assay.
Briefly, cells were grown in 96-well flat-bottomed plates in me-
dia with 10% FBS allowed attach overnight. Then media was
removed and replaced with fresh media with varying concentra-
tions of drug. At the end of the treatment, medium was replaced
with an MTT (2.5 mg/ml) solution and cells were incubated at
37°C. Following 4 h of incubation, MTT solution was discarded
and the resulting formazan crystal was solubilized with DMSO.
The optical densities were measured at 570 nm and results
were calculated as a percentage of unexposed control.

Flow cytometry analysis of apoptotic cells

Apoptotic cells were quantified by Annexin V and PI double
staining using a kit purchased from BD biosciences (USA).
MCEF-7 cells exposed to various concentrations of drugs were
harvested by trypsinization and washed twice with cold PBS.
The cells were resuspended in 1x binding buffer at a concen-
tration of 10° cells/ml and 200 pl cell suspensions were stained
with 5 pl of an Annexin V-FITC solution and 5 pl of a PI solution
for 15 min at room temperature in the dark. Fluorescence was
analyzed on a FACSCanto Il (BD Biosciences, USA). Cells that
were FITC+/PI- were considered to be apoptotic cells.

Western blot analysis

After treatment with wogonin, cells were washed with phos-
phate-buffered saline, harvested, and lysed in RIPA buffer (50
mM Tris-HCI [pH 8.0] with 150 mM NaCl, 1.0% Nonidet P-40,
0.5% sodium deoxycholate, and 0.1% sodium dodecy! sulfate)
containing protease and phosphatase inhibitors (Roche, USA).
After centrifugation, the supernatant was separated and stored
at -70°C until use. Protein concentrations were quantified by
using a protein assay kit (Bio-Rad, USA). Equal amounts of pro-
tein were subjected to sodium dodecy! sulfate-polyacrylamide
gel electrophoresis and transferred to a polyvinylidene diflu-
oride membrane. The membrane was blocked and incubated
with primary antibody overnight in Tris-buffered saline with
0.2% Tween-20 and 2.5% nonfat dry milk (or 2.5% bovine se-
rum albumin). Following three washes for 10 min with Tris-
buffered saline with 0.2% Tween-20, blots were incubated with
a horseradish peroxidase-conjugated secondary antibody. The
blots were washed again three times in Tris-buffered saline with
0.2% Tween-20 and visualized with an ECL advance detection
system.

Determination of caspase 9 activity

The enzymatic activity of caspase 9 was evaluated by using a
colorimetric assay kit (Millipore, USA) according to the protocol
provided by manufacturer. It is based on the spectrophotomet-
ric detection of the chromophore p-nitroaniline (pNA) after
cleavage from an enzyme substrate of caspase 9, LEHD- pNA.
MCF-7 cells were seeded in 6 well plates at 5 x 10° cells/well
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Fig. 1. The effects of wogonin on inhibition of cell proliferation in
breast cancer MCF-7 cells. (A) Chemical structure of wogonin (B)
Cell viability was analyzed using the MTT assay as described in the
“Materials and Methods”. Cells were incubated with wogonin at the
concentrations indicated for 24 and 48 h. Viability was calculated as
the percent of control. The bars represent the mean values + SD
triplicate (n = 3). ***P < 0.001 versus control values.

and then incubated with chemicals for 24 h. Floating cells and
attached cells were collected, centrifuged and washed with cold
PBS twice. Cells were pelleted, and lysed in the provided buffer
and incubated on ice for 10 min. Lysates were centrifuged at
14,000 rpm for 10 min at 4°C, and protein content was meas-
ured by the Bradford assay (Bio-Rad, USA). The supernatant
was incubated with the caspase 9 substrate in assay buffer for
2 h at 37°C. The optical density of the release of pNA was
quantified spectrophotometrically at 405 nm.

Measurement of intracellular ROS levels

The 2',7'-dichlorofluorescein diacetate (DCFH-DA) was used to
monitor the intracellular ROS levels. Cells were plated in 96
well plates at a density of 5 x 10° and exposed to varying con-
centrations of drug. DCFH-DA was added to drug-treated cells
at a final concentration of 5 uM and cells were incubated for 30
min at 37°C. Fluorescence intensity was measured using a
Cytofluor 2350 plate reader (Millipore, USA) at an excitation
wavelength of 485 nm and an emission wavelength of 530 nm.

Statistical analysis

All experiments were done independently at least three times
and values were expressed as means + SD. Significant differ-
ences between groups were analyzed by using a repeated-
measure ANOVA followed by Dunnett's. A P-value of < 0.05
was considered statistically significant.
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Fig. 2. Wogonin induces apoptotic cell death. (A) Determination of apoptosis by flow cytometry. Flow cytometric analysis was carried out by
using Annexin V-FITC and PI double-staining on MCF-7 cells treated with or without wogonin at the concentrations indicated for 48 h. The
bars represent the percentage of apoptotic cells after treatment as indicated. The bars represent the mean values + SD (n = 3). *P < 0.05; **P
< 0.01 versus control values. (B) Degradation of procaspase 9, procaspase 8 and PARP in wogonin-treated MCF-7 cells. Cells were treated
with wogonin for 48 h. Cell lysates were then examined by Western blot analysis to verify the activation of caspases and PARP. Band intensi-
ties were normalized to B-actin and presented as a bar graph. The bars represent the mean values + SD (n = 3). *P < 0.05; **P < 0.01; **P <
0.001 versus control values. (C) Western blot analysis of Bcl-2 family members including Bcl-2, Bax and Bid in wogonin-treated MCF-7 cells.
Cells were treated with wogonin for 48 h. Cell lysates were then examined by Western blot analysis to verify the activation of Bcl-2 family
members. Band intensities were normalized to B-actin and presented as a bar graph. The bars represent the mean values + SD (n = 3). *P <
0.05; **P < 0.01; ***P < 0.001 versus control values. (D) Wogonin activated caspase 9 in MCF-7 cells. The cells were incubated with wogonin
for 48 h. After adding assay buffer and LEHD-pNA, the samples were incubated at 37°C for 1 h. The OD of the samples was read at 405 nm.
Relative caspase 9 activity was compared to non-treated controls. The bars represent the mean values + SD (n = 3). **P < 0.01, ***P < 0.001.

RESULTS

Wogonin inhibits cell proliferation in human breast cancer
cells in a concentration- and time-dependent manner

The overall cytotoxic effect of wogonin in breast cancer cells
was assessed using an MTT assay. As shown in Fig. 1B,
wogonin inhibited cell proliferation in a concentration- and time-
dependent manner when compared to the control. At the high-
est concentration, cell viability after 48 h of treatment was inhib-
ited 84% compared to untreated cells. Because the 1Csy was
around 100 puM after wogonin treatment for 48 h, we used
wogonin ranging between 50-200 uM in future assessments.

Wogonin induces apoptosis in human breast cancer cells
To determine whether wogonin-induced cell death involved
apoptosis, we next investigated the extent of apoptosis by flow
cytometry analysis, using double staining with Annexin-V and
PIl. Quantitative evaluation by flow cytometry showed that
treatment of MCF-7 cells with wogonin increased the percent-
ages of apoptotic cells as compared with untreated control cells
(Fig. 2A). It was observed that treatment with wogonin in-
creased the number of apoptotic cells from 0% to 21.7% in a
dose-dependent manner.

Next, the effect of wogonin on caspases which are crucial
mediators in the apoptotic pathways was investigated. Exami-
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nation of caspase activation in wogonin-treated MCF-7 cells
showed that caspase 9 was activated in a concentration-depen-
dent fashion, similarly to PARP cleavage (Fig. 2B).

Wogonin induces apoptosis through the mitochondrial
pathway in human breast cancer cells

To examine the mitochondrial apoptotic events associated with
wogonin-induced apoptosis, we analyzed the alteration in Bcl-2
family proteins and caspase 9 activity. The results from im-
munoblot analysis showed that wogonin treatment changed the
proapoptotic/antiapoptotic Bcl-2 ratio through increased Bax
and decreased Bcl-2 protein levels (Fig. 2C). In addition, we
measured caspase 9 activity, an initiator caspase in the mito-
chondrial pathway, using a colorimetric assay kit. As shown in
Fig. 2D, treatment of MCF-7 cells with wogonin increased cas-
pase 9 activities. Cells treated with Wogonin at 200 uM showed
6.1-fold higher activities when compared to untreated cells.
These observations suggest that wogonin-induced apoptosis
via the mitochondrial pathway.

Wogonin-induced apoptosis related with caspase 8

and Bid activation

To investigate the possibility wogonin-induced apoptosis was
associated with death receptor pathway, we examined caspase
8 and Bid activation. Caspase 8 is one of the initiator caspases
in the death receptor pathway of apoptosis. Activation of cas-
pase 8 leads to cleavage of Bid (Hengartner, 2000). As shown
in Figs. 2B and 2C, wogonin treatment reduced the level of
procaspase 8 and Bid in a concentration-dependent manner.
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These data suggest possible activation of the death receptor
pathway as a possible mechanism of action by wogonin on
MCEF-7 cells.

Wogonin triggers ROS generation

In aerobic organisms, ROS are produced during normal cellular
function by mitochondria and various enzyme systems. There is
growing evidence that ROS play a role in the early signals that
modulate apoptosis. ROS levels are increased in cells exposed
to various stimuli, such as anticancer drugs and UV irradiation
(Benhar et al., 2002; Simon et al., 2000). To investigate whether
wogonin triggers ROS generation in human breast cancer cells,
we monitored the change of intracellular ROS using the oxida-
tion-sensitive fluorescent dye, DCFH-DA. DCFH-DA-based
assays revealed that intracellular ROS levels were elevated in
MCF-7 cells following treatment with wogonin. Cells treated
with wogonin at 200 uM showed a 1.5-fold higher ROS produc-
tion compared to untreated cells (Fig. 3A).

ROS is involved in wogonin-induced apoptosis

We observed that the levels of intracellular ROS were elevated
wogonin-treated MCF-7 cells and postulated that the genera-
tion of ROS might cause apoptotic cell death. To examine
whether ROS was associated with wogonin-induced apoptosis,
cells were treated with wogonin in the presence or absence of
the N-acetyl-cysteine (NAC), a ROS scavenger. Pretreatment
of NAC decreased the generation of ROS induced by wogonin
(Fig. 3B) and flow cytometric analysis showed that wogonin-
induced apoptosis was attenuated in NAC pretreated-cells as
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Fig. 3. The effect of wogonin on the production of ROS. (A) The production of intracellular ROS in wogonin-treated MCF-7 cells was detected
by using DCFH-DA measured with a spectrofluorometer (excitation: 485 nm; emission: 535 nm). The bars represent the mean values + SD (n
= 3). *P < 0.05; ***P < 0.001 versus control values. (B) Pretreatment with NAC reduces wogonin-generated ROS. Cells were pretreated with 5
mM of NAC for 1 h and then treated with wogonin at 200 uM. The production of intracellular ROS was detected using by DCFH-DA and

measured with a spectrofluorometer (excitation: 485 nm; emission: 535 nm). The bars represent the mean values + SD (n =

3). *P < 0.05

versus control values. (C) NAC attenuates wogonin-induced apoptosis. Cells were pretreated with NAC (5 mM) for 1 h, followed by woginin at
200 pM for 48 h. Flow cytometric analysis was carried out by double-staining with annexin V-FITC and PI. The bars represent the percentage
of apoptotic cells. The bars represent the mean values + SD (n = 3). *P < 0.05 versus control values.

compared to cells treated with wogonin alone (Fig. 3C). These
findings indicate that the generation of ROS may be a mediator
in wogonin-induced apoptosis.

ERK and p38 signaling pathways contribute to induction of
apoptosis in wogonin treatment in MCF-7

Since activated MAPKs play a critical role in apoptosis, we
analyzed by immunoblotting the phosphorylation of MAPK fam-
ily members including ERK, JNK and p38. As shown in Fig. 4A,
treatment of wogonin increased the amount of phosphorylation
of ERK and p38 in a concentration-dependent manner, while
JNK was not significantly activated by wogonin treatment.

We further investigated the role of MAPKSs in wogonin-media-
ted apoptosis in MCF-7 breast cancer cells by employing phar-
macological inhibitors of MAPKs. The data showed that phar-
macological inhibitors of p38 attenuated wogonin-induced apo-

ptosis and similar results were shown with an ERK inhibitor (Fig.

4C). But, a JNK inhibitor, SP600125 did not affect the extent of
apoptosis in wogonin-treated cells. In addition, a selective in-
hibitor of ERK (U0126), and p38 (SB203580) not only blocked
phosphorylation of ERK and p38 in pretreated cells but also
reduced phosphorylation of ERK and p38 in wogonin-treated
MCEF-7 cells (Fig. 4C). These data indicate that MAPKs such as
ERK and p38 play a role in wogonin-induced apoptosis.

Role of ROS in wogonin-induced MAPK activation

To understand a relationship between generation of the intra-
cellular ROS and activation of ERK and p38 MAPK in wogonin
treatment, MCF-7 cells were treated with wogonin in the pres-
ence or absence of NAC. As shown Fig. 5, pretreatment of NAC
restored wogonin-induced p38 MAPK and ERK phosphoryla-
tion as compared to wogonin treatment alone. These data sug-
gest that ROS generation is involved in wogonin-induced
MAPK activation.

DISCUSSION

Breast cancer has the highest incidence of neoplasms in
women (Jemal et al., 2009). Although several chemotherapeu-
tic drugs have been approved for use in the treatment of breast
cancer, these agents have a host of toxic side effects and ac-
quired resistance of drugs is a major problem fielding the clinic
(Arkin, 2005). Diminishing the side effects and maximizing drug
efficacy are major goals in cancer treatment. Wogonin, a bioac-
tive compound in Scutellaria baicalensis Georgi, has attracted
attention as an anticancer drug because it has less toxicity in
normal cells (Liu et al., 2002) and exerts anticancer activity in
several cancer cells (lkemoto et al., 2000; Wang et al., 2006b).
However, the underlying mechanisms by which wogonin induce
apoptosis in cancer cells are not known. Therefore, the aim of
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Fig. 4. Treatment of wogonin in MCF-7 cells induces activation of ERK, JNK and p38. (A) MCF-7 cells were treated with the indicated concen-
trations of wogonin. Cell lysates were examined by Western blot analysis using antibodies to phosphorylated ERK (p-ERK), total ERK, phos-
phorylated JNK (p-JNK), total JNK, phosphorylated p38 (p-p38) and total p38. Western blot band intensities were normalized by each total form of
MAPKSs and presented as a bar graph. The bars represent the mean values + SD (n = 3). *P < 0.05; **P < 0.01; ***P < 0.001 versus control
values. (B) The effect of MAPK inhibitors on wogonin-mediated apoptosis. Cells were incubated with wogonin (200 M) and/or pretreated with
the following MAPK inhibitors: 20 uM of U0126 (ERK inhibitor), 20 uM of SB203580 (p38 inhibitor) and 10 uM of SP600125 (JNK inhibitor).
Flow cytometry was performed by double-staining with Annexin V-FITC and PI. The bars represent the percentage of apoptotic cells and rep-
resent the mean values + SD (n = 3). *P < 0.05; **P < 0.01 versus control values. (C) Pharmacological inhibitors of MAPKs reduce phosphory-
lation of ERK and p38 in wogonin-treated cells. MCF-7 cells were pretreated with (i) 20 uM of U0126 (ERK inhibitor), (ii) 20 uM of SB203580
(p38 inhibitor) for 1 h before treatment with wogonin (200 uM). Cell lysates were examined by western blot analysis using antibodies to phos-
phorylated ERK (p-ERK), total ERK, phosphorylated p38 (p-p38) and total p38. Band intensities were normalized to each total form of MAPKs

and presented as a bar graph. The bars represent the mean values + SD (n = 3). *P < 0.05; **P < 0.01; *** P < 0.001 versus control values.

this study was to get insight into the mechanisms associated
with induction of apoptosis by wogonin. Our observations show
that wogonin induce mitochondria and death-receptor-mediated
apoptotic cell death, which is characterized by activation of
several caspases, induction of PARP cleavage, change in the
ration of antiapoptotic/proapoptotic Bcl-2 family members and
cleavage of Bid.

The mitochondrial apoptotic pathway which responds to vari-
ous stress stimuli such as DNA damage has been established
as an important signaling event in apoptosis (Khosravi-Far and
Esposti, 2004). Following the treatment of wogonin in MCF-7
cells, we detected increases of Bax and decreases in Bcl-2
expression, indicating that a change in the ratio of proapoptotic
and antiapoptotic Bcl-2 family members might contribute to
induction of apoptosis by wogonin. Additionally, we observed
that caspase 9 activity increased after treatment of wogonin.
These results suggest that wogonin-induced apoptosis might
also be mediated by the mitochondrial pathway. The death
receptor pathway is triggered by stimuli such as Fas, tumor
necrosis factor (TNF-o) and TRAIL (Ghobrial et al., 2005; Stra-
sser et al., 2000). Activation of the death receptor causes clea-
vage of caspase 8, which interacts with mitochondrial apoptotic
death pathways by cleaving Bid. In the present study, degrada-
tion of procaspase 8 and cleavage of Bid was observed. These
finding indicate that apoptosis by wogonin is correlated with the
death receptor apoptotic pathway.

ROS which are not only produced through a variety of cellular
events, but also derived from exogenous sources, play impor-
tant role in the regulation of cellular functions such as cell prolif-
eration, differentiation and immune responses (Kamata and
Hirata, 1999). However, excessive production of ROS causes
oxidative stress, which contributes to adverse events including
heat failure, myocardial infarction and neuronal cell death
(Annunziato et al., 2003; Kumar and Jugdutt, 2003). Accumu-
lating evidence suggests that the increase in oxidative stress is
related with the apoptotic response induced by several antican-
cer agents. In addition, chemotherapeutic drugs are selectively
toxic to cancer cells since human tumor cells appear to gener-
ate ROS at a far greater rate than do normal cells and push
these already stressed cells beyond their limit (Schumacker,
2006). Our data demonstrate that wogonin can elevate the levels
of intracellular ROS. Furthermore, we observed that blocking
the increase of ROS with the antioxidant NAC resulted in de-
creased intracellular ROS levels as well as wogonin-induced
apoptosis. These data indicate that ROS accumulation contrib-
utes to wogonin-induced apoptosis in human breast cancer
cells.

MAPKs have been associated with regulation of cell fate
though apoptosis (Wada and Penninger, 2004). These signal-
ing pathways are activated by various stimuli such as cytokines,
UV irradiation and anticancer agents. Recent studies show that
p38 MAPK activation is necessary for cancer cell death initiated
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by a variety of anti-cancer agent (Johnson and Lapadat, 2002;
Shim et al., 2007). Consistent with these findings, we observed
that activation of p38 MAPK and ERK, but not JNK, are in-
volved in wogonin-induced apoptosis. Further, these effects
were abolished by inhibition of ERK and p38 MAPK by pre-
treatment with inhibitors and these inhibitors attenuated wogo-
nin-induced apoptosis. These observations suggest that p38
MAPK and ERK are involved in wogonin-mediated apoptosis.
Generally, the ERK signaling cascade is involved in cell prolif-
eration and differentiation (Johnson and Lapadat, 2002). How-
ever, ERK signaling pathways are also associated with stress
responses and may have proapoptotic roles in cells undergoing
apoptosis (Lin et al., 2009; Wada and Penninger, 2004; Wang
et al., 2000).

Modulation of ROS levels with antioxidants also plays a role
in activation of MAPKs (Ueda et al., 2002). In this study, elimi-
nation of ROS by NAC reduced ERK and p38 MAPK activation.
p38 MAPK is known as a stress-activated MAP kinase (SAPK)
and is activated by various stresses such as heat shock, os-
motic shock and X-rays, and by proinflammatory cytokines
including TNF-o. and interleukin-1 (IL-1) (Takeda et al., 2008;
Tibbles and Woodgett, 1999). Redox regulation appears to be
crucial in SAPK activation under stress. ROS function as inter-
mediates in SAPK activation in response to stress agents such
as anticancer drugs. Increasing ROS levels promote apoptosis
by stimulating pro-apoptotic signaling molecules including
MAPKSs (Benhar et al., 2002; Davis, 2000; Shen and Liu, 2006;
Yoshiike et al., 2008). These finding suggest that ROS genera-
tion is involved in wogonin-induced MAPK activation.

In summary, our study shows that wogonin-induced apop-
tosis in human breast cancer cells is coupled with generation of

ROS and activation of ERK and p38.
CONCLUSION

This study demonstrates that (1) growth of human breast can-
cer cells MCF-7 is highly sensitive to wogonin treatment; (2) the
decrease of cell proliferation is associated with apoptosis induc-
tion; (8) wogonin-induced apoptosis is correlated with activation
of both the mitochondrial and death receptor pathways; (4)
wogonin treatment increases ROS levels; (5) wogonin treat-
ment is associated with activation of ERK and p38 MAPKs
signaling (6) wogonin-induced ERK and p38 activation is in-
volved with the generation of ROS.

These results provide a basic mechanism for the anticancer
properties of wogonin and suggest that wogonin is a promising
candidate for chemotherapy and chemoprevention in breast
cancer.
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