
Abstract. Danshen (Salvia miltiorrhiza Bunge) is a herb
that has been widely and successfully used for treating inflam-
matory diseases in clinics in Asia. The relatively abundant
tanshinones, tanshinone I, tanshinone IIA, cryptotanshinone,
and dihydrotanshinone, have been isolated from Danshen.
These tanshinones are the major diterpenes isolated from
Danshen, and show cytotoxic effects on cell lines derived from
human carcinomas of the colon, ovary, lung, mouth, and
breast. Recently, anti-cancer activities of tanshinone IIA have
been reported, which suggest that the structurally similar
tanshinone I may possess similar cytotoxic effects on tumor
cells. We investigated the effect of tanshinone I on the
induction of apoptosis in human breast cancer cells (MCF-7
and MDA-MB-231) in vitro. Tanshinone I inhibited cell
proliferation of MCF-7 and MDA-MB-231 cells in a dose-
and time-dependent manner, as assayed by MTT. In addition,
TUNEL assay and flow cytometry showed that tanshinone I
significantly induced apoptosis in MCF-7 and MDA-MB-231
cells. The induction of apoptotic cell death was mediated by
the activation of caspase 3, the downregulation of the level of
the anti-apoptotic protein, Bcl-2, and the upregulation of the
level of the pro-apoptotic protein, Bax. Taken together, these
results reveal a potential mechanism for the anti-cancer effect
of tanshinone I on human breast cancer cells, and suggest

that tanshinone I may serve as an effective adjunctive reagent
in the treatment of human breast cancer.

Introduction

Danshen (Salvia miltiorrhiza Bunge) is a herb that has been
widely used in traditional Chinese medicine for treating
coronary heart diseases, such as angina pectoris and myo-
cardial infarction. Along with more than 20 phenolic acids,
about 30 diterpene compounds (including the relatively
abundant tanshinones, tanshinone I, tanshinone IIA, crypto-
tanshinone, and dihydrotanshinone) have been isolated from
Danshen (1). These abundant tanshinones are the major
diterpenes isolated from Danshen, and show cytotoxic effects
on cell lines derived from human carcinomas of the colon,
ovary, lung, mouth, and breast (2-4). Recently, the anti-cancer
activities of tanshinone IIA were reported (4-6). Another
tanshinone, tanshinone I, is structurally similar to tanshinone
IIA, and may possess similar cytotoxic effects on tumor
cells. Our preliminary studies indicated that tanshinone I
exhibits the strongest inhibitory effect on TNF-α-induced
adhesion molecules in endothelial cells, which are important
in the development of cancer metastasis (unpublished data).
However, the effect of tanshinone I on cancer cells and its
mechanisms of action are not yet understood.

Breast cancer is one of the most common malignancies in
women, and is the leading cause of death worldwide for
women between the ages of 40 and 55 (7). The diagnosis of
breast cancer falls into two broad categories, either estrogen
receptor (ER)-positive or ER-negative, based on the level of
ER in the cancer cells (8). ER is expressed in about 60%
of all breast cancers. ER-positive breast cancer generally has
a better prognosis, and is often responsive to antiestrogen
therapy. In contrast, ER-independent breast cancers are more
aggressive and unresponsive to antiestrogens (9). Breast
cancer is currently controlled by surgery and radiotherapy,
and frequently supported by adjuvant chemo- or hormono-
therapies. Given the fact that breast cancer is highly resistant
to chemotherapy (10), there is a great need for the
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development of new therapeutic drugs that are more efficient,
or will synergize with the existing drugs. Moreover, there is
still no effective cure for patients with advanced stages of the
disease, especially in cases of hormone-independent cancers
(10,11). In this study, we investigated the anti-carcinogenic
effect of tanshinone I, using MCF-7 cells as an in vitro model
for ER-positive breast cancer, and MDA-MB-231 cells as
an in vitro model of ER-negative breast cancer.

Recently, the relationship between apoptosis and cancer
has been emphasized, with increasing evidence suggesting
that the related processes of neoplastic transformation, pro-
gression, and metastasis involve the alteration of normal
apoptotic pathways (12). The activation of apoptosis con-
tributes to the suppression of malignant transformation, and
has been characterized as a fundamental cellular activity for
preventing neoplastic development by eliminating genetically
damaged cells, or cells that have been improperly induced
to divide by a mitotic stimulus (13,14). Thus, induction of
apoptosis in cancer cells has become an indicator of the cancer
treatment response and reduction of mortality in patients.
The Bcl-2 protein family constitutes pro-apoptotic and anti-
apoptotic regulators of apoptosis. The Bcl-2 protein binds to
the pro-apoptotic protein, Bax, to form heterodimers, and the
molar ratio of Bax and Bcl-2 determines whether apoptosis
is induced or inhibited in the targeted tissues (15). Bax
controls cell death through its participation in the disruption
of mitochondria, and the subsequent release of cytochrome c
in the cytosol (16). Cytochrome c leads to the activation of
caspase-3, which is a key mediator of apoptosis (17-20).
Several chemotherapeutic and chemopreventive agents
have been shown to cause apoptotic cell death through
the activation of caspases (21,22).

This study aimed to examine the effect of tanshinone I on
cancer cell growth and apoptosis induction in 2 human
breast cancer cell lines, MCF-7 and MDA-MB-231.

Materials and methods

Materials. Tanshinone I was isolated and identified as
described previously (23) (Fig. 1). Tanshinone I purity (≥99%)
was validated by HPLC. Tissue culture medium RPMI-1640,
fetal bovine serum (FBS), and antibiotics (penicillin/strep-
tomycin) were supplied by Gibco-BRL (Rockville, MD).
Anti-Bax and anti-Bcl-2 antibodies were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA); cleaved form
of caspase-3 antibody was obtained from Cell Signaling
Technology (Beverly, MA). Enhanced chemiluminescence

(ECL) Western blotting detection reagent was from Amersham
(Buckinghamshire, UK). All other chemicals were supplied
by Sigma-Aldrich (St. Louis, MO).

Cell culture. MCF-7 and MDA-MB-231 human breast cancer
cells with high tumorigenic properties in nude mice were
obtained from American Type Culture Collection (ATCC,
Manassas, VA), and grown in RPMI-1640 supplemented
with 10% FBS, 2 mM L-glutamine, 25 mM HEPES, 25 mM
NaHCO3, 100 IU/ml penicillin, and 10 μg/ml streptomycin.

Cell viability assay. Cell viability was determined colori-
metrically using the MTT reagent. Cells at the exponential
phase were seeded at 104 cells/well in 24-well plates. After
different treatments, 20 μl of 5 mg/ml MTT solution was
added to each well (0.1 mg/ml) and incubated for 4 h. The
supernatants were aspirated and the formazan crystals in each
well were dissolved in 200 μl dimethyl sulfoxide (DMSO)
for 30 min at 37˚C, and 570 nm was read on the Microplate
Reader (Bio-Rad, Hercules, CA).

Western blot analysis. For the isolation of total cell extracts,
cells were lysed in PRO-PREP protein extract solution. The
sample was centrifuged at 13,000 rpm x 20 min at 4˚C.
Protein concentration was determined by the Bradford method.
An equal volume of 2X SDS sample buffer (0.1 M Tris-Cl,
20% glycerol, 4% SDS, and 0.01% bromophenol blue) was
added to an aliquot of the supernatant fraction from the
lysates and the samples were boiled for 5 min. Aliquots of
30 μg of protein were subjected to 10% SDS-polyacrylamide
gel electrophoresis for 1 h and 30 min at 110 V. The separated
proteins were transferred to a PVDF membrane for 2 h at
20 mA with an SD Semi-dry Transfer Cell (Bio-Rad). The
membranes were blocked with 5% non-fat milk in Tris-buffed
saline (TBS) containing 0.05% Tween-20 (TBS-T) for 2 h
at room temperature. Subsequently, the membranes were
incubated overnight at 4˚C with anti-Bax, anti-Bcl-2, and
anti-cleaved caspase-3 antibodies at a concentration of 1:500
(4 μg/ml) in 5% skim-milk in TBS-T. Bound antibodies were
detected by horseradish peroxidase-conjugated anti-rabbit
IgG. The membranes were washed and then developed using
a Western blotting Luminol Reagent system (Amersham).

Identification of apoptosis by flow cytometry analysis
(FACS). For the analysis of apoptosis using FACS, 1.5x106

cells/100-mm culture dish were treated with tanshinone I in a
dose- and time-dependent manner, fixed in 70% (v/v) ethanol
at -70˚C for 1 h, then washed twice with cold PBS and
resuspended in propidium iodide staining solution (5 μg/ml
propidium iodide, 0.7 μg/ml ribonuclease A, 10 mM Tris
pH 7.0, 1 mM NaCl, and 0.1% NP-40). Following incubation
in the dark for 30 min at room temperature, cellular DNA
was measured to determine cell cycle profiles, using a FACS
Calibur® (Becton-Dickinson Biosciences, Franklin Lakes,
NJ) and CellQuest® software. At least 20,000 cells were
analyzed from each sample and the presence of a sub-G1

compartment indicated apoptosis.

Terminal deoxynucleotidyl transferase-mediated dUTP nick-
end labeling (TUNEL) assay. MCF-7 and MDA-MB-231
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Figure 1. Chemical structure of tanshinone I extracted from Danshen (Salvia
miltiorhiza).
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cells were seeded on coverslips in a 6-well plate until 80%
confluent, followed by treatment with tanshinone I for 24 h
at the indicated doses (1, 5, 10 and 50 μM). Cells were
subsequently washed twice with PBS and fixed with 4%
paraformaldehyde in PBS overnight at 4˚C. Fixed cells
were washed with 0.1% Tween-20 in PBS (PBS-T), and
permeabilized for 90 min at 37˚C in PBS containing 0.5%
Triton X-100. Apoptotic cells were determined using an
In Situ Cell Death Detection Kit (Roche Applied Science,
Penzberg, Germany). After staining, cells were washed for
5 min in PBS-T three times, and observed using a confocal
laser scanning microscope. TUNEL-positive cells were
photographed in four or more randomly chosen fields.

Statistical evaluations. Scanning densitometry was performed
using an Image Master® VDS (Pharmacia Biotech Inc.,
San Francisco, CA). Treatment groups were compared using
one-way analysis of variance (ANOVA), and the Newman-
Keuls test was used to detect any significant differences
identified in the ANOVA. P<0.05 or P<0.01 was accepted as
significant.

Results

Tanshinone I induces cell death in MCF-7 and MDA-MB-231
breast cancer cells, in a dose- and time-dependent manner.
In order to examine cell viabilities of MCF-7 and MDA-
MB-231 cells in response to tanshinone I, cells were dose-

dependently treated with tanshinone I for 24, 48 and 72 h. As
shown in Fig. 2, 50 μM tanshinone I markedly suppressed
cell viability at 24 h in MCF-7 cells as well as in MDA-MB-
231 cells. However, with increasing incubation times, even
low doses of tanshinone I significantly decreased cell viability.
Incubation with tanshinone I (50 μM) for 72 h decreased
cell viability by about 92% in MCF-7 cells, and 79% in
MDA-MB-231 cells. Tanshinone I induced cytotoxicity
more effectively in MDA-MB-231 cells than in MCF-7 cells
at low doses (1 or 5 μM) and at 24-h or 48-h treatment.

Tanshinone I induces apoptotic cell death by decreasing
the Bcl-2/Bax ratio and activating cleavage of caspase-3
in breast cancer cells. To examine if tanshinone I-induced
cytotoxicity was due to the induction of apoptotic cell death
in both breast cancer cell lines, the levels of the apoptosis-
associated proteins, Bcl-2, Bax, and cleaved caspase-3, were
detected by Western blot analysis. Since tanshinone I induced
maximum levels of Bcl-2 and Bax at 4-h treatment and
cleaved form of caspase-3 at 6-h treatment in MCF-7 and
MDA-MB-231 cells (data not shown), the cells were treated
in a dose-dependent manner with tanshinone I for 4 h to
detect Bcl-2 and Bax, or for 6 h to detect the cleaved form of
caspase-3. Western blot analysis showed that tanshinone I
dose-dependently increased pro-apoptotic Bax protein levels
and decreased anti-apoptotic Bcl-2 levels in parallel in MCF-7
and MDA-MB-231 cells (Fig. 3). In addition, tanshinone I
dose-dependently increased the levels of cleaved caspase-3 in
both breast cancer cell lines (Fig. 3). Interestingly, similar to
Fig. 2, low dose tanshinone I (1 or 5 μM) more effectively
induced the cleaved form of caspase-3 in MDA-MB-231
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Figure 2. Tanshinone I suppresses cell viabilities of MCF-7 and MDA-MB-
231 cells. The effect of tanshinone I on cell viability was measured in a
concentration- and time-dependent manner by MTT. (A) MCF-7 and (B)
MDA-MB-231 cells were incubated with tanshinone I for 24, 48 and 72 h.
It was clearly observed that tanshinone I significantly decreased cell
viabilities of both cell lines in a concentration- and time-dependent manner.
The data represents the mean ± SD of 3 separate experiments performed in
triplicate. 

Figure 3. Tanshinone I activates the caspase-3 pathway and decreases the
Bcl-2/Bax ratio in breast cancer cells. Cells were treated with tanshinone I in
a concentration-dependent manner for 4 and 6 h as described in Materials
and methods, and total proteins were extracted. The levels of Bcl-2, Bax,
and cleaved form of caspase-3 were determined in MCF-7 (A) and MDA-
MB-231 (B) cells by Western blot analysis. These data were confirmed by 3
independent experiments.
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cells. These results show that tanshinone I induces apoptotic
cell death in breast cancer cells through the downregulation

of the Bcl-2/Bax ratio, and the upregulation of caspase-3
cleavage.
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Figure 4. Flow cytometry analysis of tanshinone I-treated MCF-7 (A) and MDA-MB-231 (B) cells. Cells were exposed to various concentrations of
tanshinone I for 24, 48 and 72 h. The treated cells were harvested, stained with propidium iodide, and examined by FACS analysis. Cell cycle was presented
as a percentage of cell population at each dose at 24 h, and time-dependently at a high dose (50 μM). The data represent the mean ± SD of three separate
experiments performed in triplicate. One-way analysis of variance was used to compare the multiple group means followed by Newman-Keuls test
(significance compared to control, **P<0.01).
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Tanshinone I induces apoptotic cell death in breast cancer
cells as shown by FACS analysis. Next, we performed flow
cytometry to confirm whether tanshinone I could induce cell
apoptosis in a dose- (1, 5, 10 and 50 μM) and time- (24,
48 and 72 h) dependent manner. As shown in Fig. 4A, the
apoptotic cell population (sub-G1) was markedly increased
as the concentration and incubation time of tanshinone I
was increased in MCF-7 cells. FACS analysis indicated that
50 μM tanshinone I increased the apoptotic cell population
by 14, 26 and 27% at 24, 48 and 72 h, respectively. A similar
effect of tanshinone I was observed in MDA-MB-231 cells
(Fig. 4B). The effect of tanshinone I on MDA-MB-231 cells
was more significant compared with that of MCF-7 cells;
tanshinone I at 50 μM induced apoptotic cell populations of
21, 26 and 29% at 24, 48 and 72 h, respectively, and 24-h

treatment of tanshinone I induced apoptotic cell death by
14.1% compared to 6.5% in MCF-7 cells (Fig. 4B). However,
it is not clear from these results where in the cell cycle
tanshinone I arrested these cells.

Tanshinone I induces apoptotic cell death in breast cancer
cells as shown by TUNEL assay. TUNEL assay also showed
that the number of TUNEL-positive cells induced by tanshi-
none I at 24 h-treatment was significantly increased as the
concentration of tanshinone I was elevated in MCF-7
and MDA-MB-231 cells (Fig. 5). The results indicate that
even low concentrations of tanshinone I (1 and 5 μM)
showed apoptosis-inducing effects, and at high doses (10 and
50 μM), the fraction of apoptotic cell bodies was markedly
increased by tanshinone I. In summary, the data indicate that
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Figure 5. Tanshinone I-induced apoptotic cell death as shown by TUNEL assay. Representative micrographs of TUNEL staining of cancer cells are shown
after cells were treated with or without tanshinone I in a dose-dependent manner (1, 5, 10 and 50 μM) for 24 h. Tanshinone I significantly increased
the positive nuclei (green) in MCF-7 (A) as well as MDA-MB-231 cells (B). Data were confirmed by 3 independent experiments. One-way analysis of
variance was used to compare the multiple group means by Newman-Keuls test (significance compared to control, **P<0.01).
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tanshinone I effectively induces apoptosis in both breast
cancer cell lines.

Discussion

Breast cancer is the most common neoplasm in women of
both developed and developing countries (7). The human
breast cancer cell line, MCF-7, is ER-positive, but appro-
ximately one-third of breast cancers are ER-negative, with
the latter carrying a worse prognosis (9,24). Therefore, it is
important to identify new agents that are effective in both
ER-positive and -negative breast cancers. Our results demon-
strate that tanshinone I not only has a powerful inhibitory
effect on the proliferation of ER-positive human breast cancer
cells, but also significantly inhibits the growth of human
ER-negative cells in vitro. In this study, we found for the
first time that tanshinone I has potential anti-cancer activities
in the human breast cancer cell lines, MCF-7 (ER-positive)
and MDA-MB-231 (ER-negative), and appears to exert this
anti-cancer effect by inhibiting proliferation and inducing
apoptotic cell death.

The mitochondrial apoptotic pathway has been described
as an important mediator of apoptotic cell death in mammalian
cells (25). The induction of apoptosis protects organisms
against neoplastic development (13,14). Many genes have
been reported to be linked with the regulation of programmed
cell death under physiological and pathological conditions,
including the Bcl-2 and Bax genes, which are believed to
have a major role in determining a cell's survival or death
after apoptotic stimuli. Bax is normally found as a monomer
in the cytosol of non-apoptotic cells. In response to apoptotic
stimuli, Bax oligomerizes and translocates to the outer mito-
chondrial membrane (26), where it induces mitochondrial
membrane permeabilization (27) and cytochrome c release
(28). Overexpression of the anti-apoptotic protein, Bcl-2, has
been found to stabilize the outer membrane and prevent the
release of cytochrome c following a variety of insults. In this
study, tanshinone I dramatically increased the level of the
pro-apoptotic protein, Bax, and significantly decreased the
level of anti-apoptotic protein, Bcl-2, in both MCF-7 and
MDA-MB-231 breast cancer cell lines (Fig. 3). In concert
with these changes, caspase-3 activation was induced by
tanshinone I in a dose-dependent manner (Fig. 3). It has
been reported that the ratio of anti-apoptotic proteins to pro-
apoptotic proteins is more important than the actual protein
levels in determining whether apoptosis will proceed (29).
Thus, it is reasonable to suggest that the apoptotic potential
of tanshinone I is directly related to its ability to alter the
ratio of pro-apoptotic proteins to anti-apoptotic proteins in
targeted cells.

Tanshinone I also showed an inhibitory effect on cell
viability in MCF-7 and MDA-MB-231 cells. To determine
whether cell death was due to the induction of apoptosis,
FACS analysis and the TUNEL assay were performed. The
induction of apoptosis and/or the inhibition of cell proliferation
is highly correlated with the activation of a variety of intra-
cellular signaling pathways to arrest the cell cycle in the G0,
G1, S, or G2-M phases. From our results, it is not easy to
determine which checkpoint tanshinone I targets. However,
because tanshinone I significantly increased the sub-G1 phase

cell population in both cell lines, we speculate that
tanshinone I may arrest cells in the G0-G1 phase in a time-
dependent manner. Additionally, the TUNEL assay showed an
increased number of apoptotic bodies in the cells after
treatment with tanshinone I in a concentration-dependent
manner. Thus, it is clear that tanshinone I has the ability to
induce apoptosis in breast cancer cells.

In conclusion, this study determined an anti-cancer effect
of tanshinone I mediated by the induction of apoptosis, which
is associated with caspase-3 activation and the altered ratio
between Bcl-2 and Bax protein levels, in MCF-7 and MDA-
MB-231 cells. As apoptosis has become a new therapeutic
target in cancer research, these results confirm the potential
of tanshinone I as an agent of chemotherapeutic and cyto-
static activity in human breast cancer cells. However, further
investigation of its activity in vivo is necessary to elaborate
on and exploit this nascent promise.
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