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Abstract. Butein (3,4,2',4'-tetrahydroxychalcone) is a poly-
phenol derived from various natural plants and is capable of 
inducing several types of death in cancer cells. However, the 
molecular mechanisms underlying butein-induced breast 
cancer cell apoptosis remain unknown. The present study aimed 
to prove that butein inhibits the proliferation of MDA-MB‑231 
human breast cancer cells in a dose- and time-dependent 
manner. Butein markedly induced the generation of reactive 
oxygen species (ROS), decreased the phosphorylation of extra-
cellular signal-regulated kinase (ERK), increased p38 activity, 
diminished Bcl-2 expression, induced caspase 3 cleavage and 
was associated with poly(ADP-ribose) polymerase (PARP) 
cleavage. Our findings also indicate that ROS may play an 
important role in butein-induced apoptosis, as pre-treatment 
with the antioxidant, N-acetyl cysteine (NAC), prevented 
butein-induced apoptosis. In conclusion, our results demon-
strate that butein inhibits the proliferation of breast cancer cells 
through the generation of ROS and the modulation of ERK 
and p38 activities. We also demonstrate that these effects may 
be abrogaged by pre-treatment with NAC. Our results suggest 
that butein may function as a potential therapeutic agent for the 
treatment of breast cancer.

Introduction

Extracts from certain dietary foods or medical plants may 
function as chemopreventive agents and may inhibit tumori-
genesis, including the initiation and promotion of several types 
of human cancer (1,2). Butein (3,4,2',4'-tetrahydroxychalcone) 

is a bioactive polyphenol that is isolated from a number 
of plants, including Semecarpus anacardium, Dalbergia 
odorifera and Rhus verniciflua Stokes (R. verniciflua) (3). In 
Korea, butein is used as a food additive (3). Butein has been 
shown to demonstrate multiple biological functions, including 
anti-inflammatory, antioxidative and antimicrobial functions 
(4,5). Butein abolishes the effects of lipopolysaccharide-
induced inflammation through the inhibition of nuclear 
factor κB (NFκB) activities and c-jun N-terminal kinase 
(JNK)-dependent pathways (5). Butein has also been shown 
to exert free radical scavenging activities and suppress 
H2O2-induced cytotoxicity in RAW264.7 macrophage cell 
lines (4). Additionally, butein decreases phorbol ester-induced 
skin cancer formation (6), ameliorates renal concentration 
capacity in cisplatin-induced renal failure (7), attenuates 
diabetic complications (8) and facilitates recovery in carbon 
tetrachloride-induced liver fibrosis (9).

Previous reports have focused on the anti-proliferative and 
anti-metastatic effects of butein. Jang et al showed that flavo-
noids isolated from R. verniciflua inhibited proliferation and 
triggered apoptosis in human osteosarcoma cells (10). These 
compounds, including butein, enhance p53 and Bax expres-
sion, decrease Bcl2 levels and subsequently induce apoptosis 
in osteosarcoma cells (11). Butein inhibits the colony formation 
of UACC-812 human breast cancer cells when it is co-cultured 
with fibroblast cells (11). Butein-treated colon adenocarci-
noma and HeLa cells showed a significant reduction in cell 
proliferation (12,13). Iwashita et al showed that butein also 
triggered melanoma cells to undergo apoptosis, as evidenced 
by DNA condensation, DNA fragmentation and an increased 
frequency of hypodiploid cells; the authors also demonstrated 
that increased Bax and decreased Bcl-xL levels contribute 
to this butein-induced apoptosis (14). The treatment of U937 
human leukemia cells with sublethal concentrations of butein 
has been shown to sensitize the cells to tumor necrosis factor-
(TNF)-related apoptosis-inducing ligand (TRAIL)-induced 
apoptosis through increasing caspase 3-dependent path-
ways (14). Moreover, butein suppresses the signal transduction 
and activation of transcription 3 (STAT3) activity and reduces 
STAT3 target gene expression in multiple myeloma cells and 
human hepatocarcinoma cells (15,16). Treatment with butein 
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was shown to induce G2/M arrest, by enhancing ataxia telangi-
ectasia mutated (ATM), Chk1 and Chk2 activities in hepatoma 
cells (15). Butein has also been found to inhibit the invasion and 
angiogenesis of prostate cancer through the downregulation of 
matrix metalloproteinase (MMP)‑9 and vascular endothelial 
growth factor expression (17).

Due to the high prevalence and increasing drug resistance 
of breast cancer, this disease has become the leading cause 
of cancer-related mortality in women. Studies focusing on 
natural compounds for the treatment of breast cancer have 
begun to emerge (18). A polyphenol-rich fraction purified 
from R. verniciflua containing fesetin, sulfuretin and butein, 
has demonstrated anti-proliferative effects both in gastric and 
breast cancer (19). Butein also diminishes the testosterone-
induced cell proliferation of breast cancer cells by reducing 
aromatase activity (19). Chua et al demonstrated that butein 
suppresses the migration and invasion of breast cancer through 
the inhibition of NFκB activity and subsequent decrease 
in CXC chemokine receptor  4 (CXCR4) expression (20). 
Recently, butein has been shown to block phorbol 12-myristate 
13-acetate (PMA)-elevated cyclooxygenase 2 (COX2) expres-
sion by inhibiting extracellular signal-regulated kinase (ERK) 
activation in cancerous and non-cancerous breast cells (21). 
However, the effects of butein on the growth and prolifera-
tion of breast cancer cells remain unclear. In this study, the 
molecular mechanisms of the effects of butein on breast cancer 
cell proliferation are delineated for the first time.

Materials and methods

Materials. All chemicals that were used, including butein, 
isopropanol, dimethylsulfoxide (DMSO) and propidium iodine, 
were purchased from Sigma Chemical Company (St. Louis, 
MA, USA). The phospho-p38 antibody was purchased from 
Cell Signaling Technology (Beverly, MA, USA). Antibodies 
against p38, phospho-ERK and ERK were obtained from 
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-β 
actin and horseradish peroxidase (HRP)-conjugated secondary 
antibodies were obtained from Sigma Chemical Company. 
Dulbecco's modified Eagle's medium (DMEM), fetal bovine 
serum and penicillin-streptomycin mixture were obtained 
from Gibco Laboratory (Gaithersburg, MO, USA).

Cell culture. The human breast cancer cell line MDA-MB-
231 was maintained in DMEM supplemented with 10% fetal 
bovine serum, 100 units/ml penicillin and 100 µg/ml strepto-
mycin at 37˚C in a humidified atmosphere of 5% CO2.

3-(4,5 Dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide 
(MTT) assay. Cells were seeded in 24-well plates at a 
density of 4x104 cells/ml and were treated with the indicated 
concentrations of butein for 24 or 48 h. After removing the 
supernatant, the cells were incubated with fresh medium 
containing 5.0 mg/l MTT at 37˚C for an additional 3 h. After 
washing with phosphate-buffered saline (PBS), the purple-
blue formazan was dissolved in 1 ml of isopropanol, and the 
absorbance was measured at 563 nm.

Reactive oxygen species (ROS) analysis. Cells treated with the 
indicated concentrations of butein, with or without pre-treatment 

with 1 mM N-acetyl cysteine (NAC) for 1 h, were loaded with 
5 µM fluorescent probe 2',7'-dichlorodihydrofluorescein diace-
tate (H2DCFDA; Molecular Probes Inc., Eugene, OR, USA) at 
37˚C for 1 h. The fluorescence intensity was analyzed on BD 
biosciences FACscan system using CellQuest™ Pro software.

Western blot analysis. MDA-MB-231 cells were treated with the 
indicated concentrations of butein for 48 h and then cell lysate 
extraction was performed. Protein concentration was detected 
by using a Bradford protein assay kit (Bio-Rad Laboratories, 
Hercules, CA, USA). Protein (20 µg) was separated by a 10% 
polyacrylamide gel and electrotransferred to a nitrocellulose 
membrane. The membrane was blocked by PBS containing 0.5% 
non-fat milk for 1 h at room temperature. After being washed 
with PBS containing 0.1% Tween-20 (PBST), the membrane 
was probed with primary antibodies at 4˚C overnight. The 
following day, the membrane was washed with PBST and then 
incubated with HRP-conjugated goat anti-mouse IgG antibody 
(Santa Cruz Biotechnology; 1:5,000 dilution) at room tempera-
ture for 1 h. The membrane was extensively washed with PBS, 
and the reactive signal was detected using an enhanced chemi-
luminescence kit (Amersham Pharmacia Biotech, UK). β-actin 
expression was used as the loading control.

Statistical analysis. Reported data are the means ± standard 
deviation (SD) of 3 independent experiments and were evalu-
ated by the Student's t-test with SPSS. A p-value <0.05 was 
considered to indicate a statistically significant difference.

Results

Butein inhibits cell proliferation in breast cancer cells. 
Previous reports have shown that butein is a potent anti-
proliferative agent for several types of cancer. The present 
study investigated the cytotoxic effects of butein on the breast 
cancer cell line, MDA-MB-231. Low doses (6.25 and 12.5 µM) 
of butein did not affect cell viability, whereas treatment with 
25, 50 and 100 µM butein reduced cell viability to 88, 73 and 
61% after 24 h and to 66, 49 and 26% after 48 h, respectively 
(Fig. 1). In addition, a significantly increased sub-G1 popula-
tion was found in the 50 and 100 µM butein-treated groups 
(Table  I). Taken together, our results suggest that butein 
induces apoptosis in breast cancer cells.

Butein modulates ERK and p38 activity in breast cancer cells. 
In general, ERK is involved in cell proliferation, whereas JNK 
and p38 participate in stress-induced apoptosis (22). To detect 
whether MAPK family proteins are involved in butein-induced 
apoptosis, the phosphorylation of ERK and p38 was measured 
by western blot analysis. As shown in Fig. 2A, ERK phos-
phorylation was significantly decreased in the butein-treated 
cells (90% at 6.25 µM, 80% at 12.5 µM, 75% at 25 µM, 61% at 
50 µM and 45% at 100 µM, compared with 100% in the control 
group). By contrast, 100 µM butein increased the phosphoryla-
tion of p38 up to 1.59-fold compared with the vehicle-treated 
group (Fig. 2B). No overt alteration in JNK phosphorylation 
was observed in the presence of butein (data not shown).

Effects of butein on apoptosis-related protein expression. In 
order to determine whether butein affects apoptosis-related 
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protein expression, cell lysates derived from butein-treated 
MB‑MDA‑231 cells were harvested, and the expression of 
Bcl-2, caspase 3 and poly-(ADP-ribose)-polymerase (PARP) 
were analyzed by western blot analysis. The expression of the 
anti-apoptotic protein, Bcl-2, was dramatically decreased in 
a dose-dependent manner based on the butein concentration. 
In addition, butein also reduced pro-caspase 3 expression 
and increased cleavage of PARP in a dose-dependent manner 
(Fig. 3). However, no significant alteration in Bax expression 
was found in the presence of butein (data not shown).

Butein triggers ROS generation. To examine whether butein 
triggers ROS production, butein-treated MB-MDA-231 cells 
were stained with 2'-7'-dichlorofluorescin diacetate fluores-
cent dye and were analyzed by flow cytometry. As shown in 
Fig. 4A, treatment with 50 and 100 µM butein significantly 
increased ROS generation. Pre-treatment with NAC signifi-
cantly decreased ROS production.

Pre-treatment with the antioxidant agent, NAC, prevents 
butein-induced protein expression and cell death. To deter-
mine whether the butein-induced apoptosis is mediated by 

Table I. Cell cycle distribution of butein- and/or NAC-treated MDA-MB-231 cells.

Treatment group	 Sub-G1 (%)	 G0/G1 (%)	 S (%)	 G2/M (%)

Control	 0.38±0.12	 48.93±3.75	 9.43±0.73	 30.59±7.79
Butein 6.25 µM	 0.35±0.1 	 47.93±5.38	 9.57±1.68	 32.47±5.69
Butein 12.5 µM	 0.39±0.2 	 49.42±7.84	 9.32±1.13	 30.39±6.73
Butein 25 µM	 0.67±0.37	 47.33±8.78	 9.54±1.58	 44.08±7.04
Butein 50 µM	 3.71±0.6a 	 45.69±6.08	 16.26±1.77 	 24.73±1.69
Butein 100 µM	 11.22±2.62a 	 50.42±11.44	 8.53±4.19	 24.01±2.71
NAC alone	 0.51±0.34	 57.82±7.45	 9.56±1.23	 16.64±4.39
Butien 50 µM + NAC	 1.57±0.33b	 51.77±8.82	 11.43±1.81 	 24.16±1.98
Butien 100 µM + NAC	 3.61±0.79b	 52.09±4.82	 11.63±3.37 	 24.01±2.71

ap<0.05 compared to control group; bp<0.05 compared to 50 and 100 µM butein group. NAC, N-acetyl cysteine.

Figure 1. Effects of butein on the cell viability of breast cancer cells. MDA-
MB‑231 human breast cancer cells were treated with the indicated concentrations 
of butein for 24 (closed circle) and 48 h (diamond). Cell viability was measured 
by MTT assay. Data presented are the means ± SD from at least 3 independent 
experiments. *p<0.05, **p<0.01 compared with the vehicle-treated group.

Figure 2. Effects of butein on extracellular signal-regulated kinase (ERK) 
and p38 phosphorylation. MDA-MB‑231 cells were treated with the indicated 
concentrations of butein for 48 h. Cell lysates were harvested and subjected to 
western blot analysis using (A) phospho-ERK and ERK and (B) phospho-p38 
and p38 antibodies. Data represent 1 of at least 3 independent experiments. 
β-actin was used as the internal control.

Figure 3. Effects of butein on apoptosis-related protein expression. Cell lysates 
derived from butein-treated MDA-MB-231 cells were subjected to western 
blot analysis. The expressions of poly(ADP-ribose) polymerase (PARP), Bcl-2 
and caspase 3 were measured. Arrow indicates the cleaved form of PARP. 
β-actin was used as the internal control.
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ROS generation, the cells were pre-treated with 1 mM NAC 
and were subsequently co-treated with the indicated concen-
trations of butein for an additional 48 h. Cell viability was 
measured by MTT assay, and the apoptotic population was 
detected by flow cytometry. Pre-treatment with NAC mark-
edly increased the viability of butein-treated cells as shown by 
MTT assays (Fig. 4B). Similarly, NAC pre-treatment decreased 
the sub-G1 population from 3.71-1.57 and 11.22-3.61%, in 
response to 50 and 100 µM butein treatment, respectively 
(Table I). Moreover, to address whether the effects of butein 
on apoptosis-related protein expression are affected by the 
abrogation of ROS generation, the phosphorylation of ERK 
and p38 was measured in NAC-pre-treated cells. Notably, as 
shown in Fig. 5, pre-treatment with NAC significantly blocked 
the butein-induced phosphorylation of p38. In addition, ERK 
phosphorylation was upregulated in the presence of NAC. 

Our findings suggest that the generation of ROS, which may 
modulate ERK and p38 activities, plays an important role in 
butein-induced apoptosis.

Discussion

Flavonoids, which are compounds found in fruits and vegeta-
bles, have received a great deal of attention for their application 
as chemopreventive and chemotherapeutic agents  (23,24). 
Butein, one of the major constituents of R. verniciflua, has been 
shown to exert a wide range of biological functions. Butein has 
been demonstrated to inhibit the proliferation of several human 
cancer cell lines, including B16 melanoma 4A5 cells  (14), 
lymphoma (3), breast carcinoma (19) and osteosarcoma 
cells (10). In this study, the molecular mechanisms underlying 
the role of butein in the cell proliferation of breast cancer cells 

Figure 4. Pre-treatment with N-acetyl cysteine (NAC) reverses the effects of butein on: (A) reactive oxygen species (ROS) generation and (B) cell viability. 
MDA-MB-231 cells were pre-treated with 1 mM NAC and then treated with 50 or 100 µM butein for an additional 48 h. Cells were stained with DCFDA and 
ROS was analyzed by flow cytometry. X and Y axis denote the DCFDA intensity and cell count, respectively. Line indicates the 102 intensity. (B) Cells were 
treated as mentioned above and the cell viability was measured by MTT assay. Data are the means ± SD from at least 3 independent experiments. Black bar 
indicates treatment with butein alone. Gray bar indicates combined treatment of butein and NAC. **p<0.01 compared with the group treated with butein alone.
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were delineated for the first time. Our data demonstrate that 
butein reduces cell viability in a dose- and time-dependent 
manner. Butein induced cell apoptosis, as evidenced by an 
increase in the sub-G1 cell population. Treatment with butein 
elevated ROS generation, enhanced the proteolytic activity of 
caspase 3, decreased the expression of Bcl-2 protein, decreased 
the phosphorylation of ERK and stimulated p38 phosphoryla-
tion. Pre-treatment with the antioxidant, NAC, significantly 
abrogated butein-induced apoptosis.

Mitogen-activated protein kinase (MAPK) family proteins 
have been shown to regulate numerous cellular functions, 
such as cell proliferation, cell growth and apoptosis, in 
response to different extracellular stimuli (22,25). In general, 
ERK-mediated growth factors enhance cell proliferation, 
whereas JNK and p38 kinases transduce signals from stress and 
inflammation to promote apoptosis (26). Flavonoid-triggered 

cancer cells undergo apoptosis through the modulation of 
MAPK protein kinases (27-29). Epigallocatechin-3-gallate 
(EGCG) inhibits ERK activation and increases p38 kinases 
and JNK activity, which subsequently enhances apoptosis in 
pancreatic cancer cells (30). Treatment with quercetin signifi-
cantly reduces the phosphorylation of ERK and AKT, which is 
accompanied by decreased cell viability in glioma and HepG2 
cells (31,32). In bladder cancer cells, treatment with butein 
decreases the phosphorylation of ERK in a time-dependent 
manner (33). Lau et al showed that butein attenuated COX2 
expression induced by PMA, via the inhibition of ERK 
activities (21). In our study, treatment with butein significantly 
abrogated ERK activities in MDA-MB-231 breast cancer cells, 
consistent with previous observations. Unlike other flavonoids 
that induce p38 activation, Lee et al showed that treatment with 
butein significantly diminished TNF-α-mediated MMP-7 and 
interleukin 8 production by decreasing p38 activity in HT-29 
cells (34). However, our findings provide the first evidence that 
treatment with butein significantly elevates p38 activity in a 
dose-dependent manner. Taken together, our results indicate 
that treatment with butein attenuates survival signals (ERK) 
and elevates death signals (p38), which leads to apoptosis in 
breast cancer cells.

The Bcl-2 family proteins have both anti- and pro-apoptotic 
functions. The ratio of pro-apoptotic (Bax) to anti-apoptotic 
(Bcl-2) proteins determines whether a cell lives or dies. An 
increased Bax/Bcl-2 ratio triggers apoptosis by releasing cyto-
chrome c from mitochondria, which in turn activates caspase 3 
(35). As proof of principle, butein induces apoptosis in HL60 
leukemia cells through diminished Bcl-2 and elevated Bax 
expression, which results in stimulated caspase 3 activity (36). 
Similarly, crude extracts of R. verniciflua, rich in butein, fustin 
and fisetin have demonstrated apoptotic effects on human 
osteosarcoma cells through the inhibition of Bcl-2 expression 
and the activation of Bax expression (10). In the present study, 
decreased Bcl-2 and pro-caspase 3 levels, accompanied by 
increased PARP cleavage, were found in butein-treated breast 
cancer cells.

The production of ROS, which damages DNA, proteins and 
lipids, has been associated with a number of human diseases, 
such as atherosclerosis and cancer (37,38). Increased ROS 
concentrations help facilitate the chemotherapeutic effects of 
flavonoids. Apigenin triggers prostate cancer cells to undergo 
apoptosis through the generation of ROS and the activation 
of the p53 pathway (40). Similarly, kaempferol and catechins 
also induce apoptosis in glioblastoma and malignant B cells, 
respectively, via the production of ROS (40,41). Emerging 
reports have demonstrated that elevated ROS levels trigger 
signal transduction pathways involved in apoptosis. In hepa-
toma cells, butein triggers ROS generation, modulates ATM, 
Chk1 and Chk2 activities, and subsequently causes cell cycle 
arrest in the G2/M phase (42). Very recently, it has also been 
shown that butein elevates ROS levels and subsequently trig-
gers apoptosis in neuroblastoma cells (43). Pre-treatment with 
antioxidants, such as NAC or glutathione, abrogates the effects 
of butein (41). In our study, concurrent with a previous report, 
treatment with 50 and 100 µM butein markedly induced ROS 
generation in MDA-MB-231 breast cancer cells. Pre-treatment 
with the antioxidant, NAC, counteracted the effects of butein 
on cell viability and ROS generation. However, G2/M phase 

Figure 5. Effects of N-acetyl cysteine (NAC) on phosphorylation of (ERK) 
and p38 in the presence of butein. MDA-MB-231 cells were pre-treated with 
1 mM NAC and then treated with 50 or 100 µM butein for an additional 48 h. 
Cell lysates were collected and subjected to western blot analysis using the 
indicated antibodies. p-ERK/ERK ratio and p-p38/p38 ratios were calculated 
and compared to the vehicle-treated group. The data represent 1 of 3 inde-
pendent experiments.

Figure 6. Summarization of the molecular mechanisms of butein on the 
inhibition of cell proliferation of breast cancer cells. Treatment with butein 
induced reactive oxygen species (ROS) generation, inhibited extracellular 
signal-regulated kinase (ERK) activity, enhanced p38 activation, decreased 
Bcl-2 expression, triggered the cleavage of pro-caspase 3 and poly(ADP-
ribose) polymerase (PARP) and consequently inhibited cell proliferation in 
breast cancer cells. Pre-treatment with N-acetyl cysteine (NAC) significantly 
blocked these butein-induced effects.
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arrest was not observed in butein-treated breast cancer cells. 
Our data reveal that butein triggers apoptosis, but not cell cycle 
arrest in breast cancer cells, via the generation of ROS.

In conclusion, our results, to our knowledge, provide the 
first evidence that butein triggers apoptosis in breast cancer 
cells via multiple mechanisms and the generation of ROS, 
inhibition of ERK, activation of p38, decreased Bcl-2 expres-
sion levels and induced cleavage of caspase 3 and PARP, 
whereas pre-treatment with the antioxidant, NAC, prevents 
these butein-induced effects (Fig. 6). In conclusion, our results 
suggest that butein has anti-proliferative effects and induces 
apoptosis in breast cancer cells.
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