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Extract from Astragalus membranaceus
inhibit breast cancer cells proliferation
via PI3K/AKT/mTOR signaling pathway
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Abstract

Background: Astragalus membranaceus (AM) is a commonly used herb in traditional Chinese medicine (TCM),
which has been used as an essential tonic to treat various diseases for more than 2000 years. In this study, we
aimed to investigate the biological effects of extract from AM on breast cancer cell and its mechanism.

Methods: To prepare the extract, dried AM were ground and extracted with water extraction-ethanol supernatant
method. Then the main isoflavones in the extract was detect by HPLC analysis. Furthermore, the anti-proliferative
activity of AM extract was examined by MTT assay and morphological observation. Cell apoptosis was evaluated
with flow cytometric analysis. The expressions of total and phosphorylated PI3K, GS3Kβ, Akt and mTOR were
determined by western blot analysis.

Results: HPLC analysis demonstrated that AM extract contained with four kinds of isoflavones, campanulin, ononin,
calycosin and formononetin. The MTT test and morphological observation indicated that cells proliferation of
MCF-7, SK-BR-3 and MDA-MB-231were inhibited by AM extract in a dose dependent manner. Furthermore, flow
cytometric analysis displayed that after treated with 25 μg/ml and 50 μg/ml AM extract, apoptosis of breast cancer
cells was significantly increased as compared with DMSO and blank control group (all p < 0.05). Western blot
analysis found that the level of p-PI3K, p-GS3Kβ, p-Akt, and p-mTOR were significantly decreased, but the level of
total-mTOR was observably increased as compared with DMSO control group.

Conclusions: Taken together, the inhibited cell proliferation and induced cell apoptosis effect of AM extract via
PI3K/AKT/mTOR pathway confirmed the anti-tumor potential of AM. Therefore, our findings provide a new insight
into anti-cancer effect of AM extract as a promising agent in breast cancer treatment.
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Background
Breast cancer is the most threatening health problem for
women worldwide in incidence and mortality. In 2012,
an estimated more than 1.6 million new cases were diag-
nosed with breast cancer globally with 521,907 women
died due to breast cancer [1]. Surgical resection is the
most effective treatment for breast cancer. Chemotherapy,
radiotherapy and endocrine therapy are usually used to
eliminate remaining tumor cells, inhibit tumor growth,
and reduce breast cancer recurrence. These therapies

improve long-term survival and quality of life for breast
cancer patient [2]. Unfortunately, some patients experi-
ence treatment-related adverse effects or become resistant
to these reagents. Therefore, finding bioactive natural
products may provide an alternative strategy in breast
cancer treatment.
Aberrant activation of the PI3K/Akt/mTOR signaling

pathway has been shown in numerous cancers, including
breast cancers [3]. Accumulating evidence indicates that
the PI3K/AKT/mTOR signaling pathway plays a pivotal
role in the regulation of breast cancer growth, survival,
and motility as well as the acquisition of drug resistance,
and there are now extensive data indicating that various
components of this pathway as potential molecular
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targets for breast cancer treatment [4]. Therefore, PI3K/
AKT/mTOR signaling pathway is considered as an
attractive target for the development of new anticancer
agents that could be used alone or in combination with
other targeted therapies for treating breast cancer
patients.
Over the past few decades, researchers have studied

many biological properties of a number of promising
plants and herbs. Astragalus membranaceus (Radix
Astragali or “Huang Qi”, AM) has been used for medi-
cinal purposes in traditional Chinese medicine over
2000 years. It is well-known for its vital-energy tonifying,
skin reinforcing, diuretic, abscess-draining and tissue
generative actions [5]. In practice, AM is often combined
with other herbs, such as angelica, poria and ginseng, in
various complex prescription formulas [6–8]. In our
previous studies, we found that Yiqi formula (AM
combined with poria) enhanced the antitumor effects of
erlotinib on triple-negative breast cancer xenografts [9].
Although AM is usually combined with other herbs, it
can be taken separately by itself. It contains several types
of bioactive compounds including ploysaccharides, flavo-
noids, and saponins [10–15]. In recent years, AM has
been investigated in treating various cancers [16–22].
However, the effects of AM extract on breast cancer
are still unknown and very limited information is
available on the mechanism responsible for the anti-
cancer effects.
The purpose of this present work was to extract AM

through the water extraction-ethanol supernatant
method and determine its anti-proliferative effect on
three distinct breast cancer cell lines, MCF-7 (ER+), SK-
BR-3 (HER2+) and MDA-MB-231 (triple-negative). Our
results demonstrated that AM extract showed a cyto-
toxic effect on breast cancer cells, and its mechanism of
anticancer action seemed to induce breast cancer cell
apoptosis via PI3K/AKT/mTOR signaling pathway.

Methods
Chemicals, reagents, and antibodies
Campanulin, ononin, calycosin and formononetin
were purchased from Phytomarker Ltd. (Tianjin,
China). Penicillin, streptomycin, phosphate-buffered
saline (PBS), trypsin-EDTA, DMEM, RPMI 1640 and
fetal bovine serum (FBS) were obtained from Invitro-
gen (Carlsbad, CA, USA). 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) and Annexin
V/propidium iodide (PI) were purchased from Sigma
(St. Louis, MO, USA). Fluorescein isothiocyanate
(FITC)-labeled secondary antibody was obtained from
Invitrogen (Carlsbad, CA, USA). Antibodies against
PI3K, p-PI3K, GS3Kβ, p-GS3Kβ, AKT, p-AKT, mTOR,
p-mTOR and β-actin were purchased from Cell
Signaling Technology (Danvers, MA, USA). Goat anti-

rabbit and goat anti-mouse peroxidase conjugated
secondary antibodies were purchased from Bio-Rad
(Hercules, CA, USA).

Plant material and extract preparation
Root of AM in dried form of preeminent grade was
bought from Luyan pharma Co. Ltd. (Fuzhou, China).
The scheme of the extraction procedure was shown in
Fig. 1. Briefly, for the water extraction, AM were
extracted with 100 °C distilled water for 4 h at a ratio of
1:10 (w/v). This procedure was repeated twice. The
aqueous extract was centrifuged at 12000×g for 20 min
and filtered through a filter paper (GF/A, 47 mm; What-
man, UK). Then the water extraction was added to 1
volumes of 100% ethanol and then stored at 4 °C for
48 h. The precipitate and aqueous supernatant 1 were
separated and collected by centrifugation at 18,000×g for
30 min. Then the precipitate was washed with 50%
ethanol for twice and filtered to obtain the aqueous
supernatant 2. The aqueous supernatant 1 and super-
natant 2 were added together, then concentrated in a
vacuum evaporator and lyophilized to obtain the water
extraction-ethanol supernatant.

High pressure liquid chromatography (HPLC) analysis
Analysis of isoflavones in AM extract were performed
using a liquid chromatograph (Series 1100, Agilent
Technologies, Palo Alto, CA, USA), consisting of ultra-
violet (UV) detector, a dual pump, an autosampler, an
ELSD (Alltech Associates, Deer field, IL, USA), a ZOR-
BAX ODS C18 column and a guard column using HP
Chem Station software (Agilent Technologies). The
column temperature was maintained at a constant 40 °C,
and the mobile phase flow rate was 1 ml/min. The
mobile phase consisted of acetonitrile and H2O, which
were applied in a gradient of acetonitrile as follows:
0–10 min, 25–35%; 10–25 min, 35–45%; 25–35 min,
45–55%; 35–42 min, 55–71%. UV detection was per-
formed at 251 nm, and sample size was 20 μl.

Cell culture and maintenance
MCF-7, SK-BR-3 and MDA-MB-231 (human breast can-
cer) cells were procured from American Type Culture
Collection (ATCC, Manassas, VA, USA) and maintained
under the conditions as previously described [9, 23].
MCF-7 cell line (ER+, HER2−) was cultured in Dulbecco’s
modified Eagle medium (DMEM, Hyclone, UT, USA) sup-
plemented with 10% fetal bovine serum (FBS, Hyclone)
and 1% penicillin/streptomycin (Invitrogen, NY, USA).
SK-BR-3 cell line (ER−, PR−, HER2+) was maintained in
McCoy’s 5a medium supplemented with 10% FBS and 1%
penicillin/streptomycin. MDA-MB-231 cell line (a triple-
negative breast cancer (TNBC) cell line, ER−, PR−, and
HER2−) was maintained in DMEM containing 10% FBS
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with 1% penicillin/streptomycin. All cells were grown as
monolayers and were maintained in a humidified CO2

incubator at 37 °C in 5.0% CO2 and 95.0% air. The media
was changed every two or three days. Cells were detached
with 0.25% Trypsin-EDTA in PBS.

Cell proliferation assay
To assess the effects of AM extract on breast cancer
cells growth, MTT assay was performed as previously
described [23]. MCF-7, SK-BR-3 and MDA-MB-231 cells
were seeded into 96-well plates and cultured at a density
of 5 × 103 cells per well. After 24 h of incubation, the
cells were treated with vehicle (0.1% DMSO) or different
concentrations of AM extract (100, 50, 25 μg/ml) for
48 h. Then MTT solution was added to each well
(1.2 mg/ml) and incubated at 37 °C for 4 h. The concen-
tration of MTT-formazan product dissolved in DMSO
was estimated by measuring absorbance at 490 nm in an
absorbance micro-plate reader.

Morphological observation under inverted microscope
In order to investigate the effect of AM extract on
cell morphology, breast cells were seeded in 24-well
plates (105 cells/well). After 24 h of incubation, the
cells were treated with different concentrations of
AM extract for 48 h. Then breast cancer cells were
examined under inverted microscope (OLYMPUS
IX70-S8F, Olympus Optical Co., Ltd., Japan) and pho-
tographs were taken.

Detection of apoptosis via FITC-Annexin V/PI staining
For Annexin V/propidium iodide (PI) assay, MCF-7, SK-
BR-3 and MDA-MB-231 cells were stained with Annexin
V-fluorescein isothiocyanate and PI and evaluated for
apoptosis by flow cytometry according to the manufac-
turer’s protocol (BD PharMingen, San Diego, CA). In
brief, the breast cancer cells were seeded into six-well
plates at a density of 2 × 105cells/well. After 24 h incuba-
tion, breast cancer cells were exposed to 50 μg/ml of
AM extract for 24 h. Afterward, breast cancer cells were
harvested with 0.25% Trypsin–EDTA and washed twice
with phosphate-buffered saline (PBS), and then stained
with 5 μl of Annexin V-fluorescein isothiocyanate and
10 μl of PI (5 μg/ml) in 1× binding buffer (10 mM
HEPES, pH 7.4, 140 mM NaOH, and 2.5 mM CaCl2) for
15 min at room temperature in the dark. Labeled cells
were determined using a FACScan Cytometer (BD
Biosciences, San Jose, CA). Over 10,000 cells of each
sample were counted and there after the percentage of
apoptotic cell death was quantitatively analyzed. Three
independent experiments were performed.

Western blot analysis
Western blot analysis was performed as previously
described by our group [9, 23, 24]. After treatment with
various dosages of AM extract for 48 h, the breast
cancer cells (MCF-7, SK-BR-3 and MDA-MB-231) were
lysed for 15 min with RIPA buffer containing protease
and phosphatase inhibitors. The protein concentrations
were measured with a BCA kit (Beyotime, China). Equal
amounts of protein were separated by sodium dodecyl

Fig. 1 Schematic depiction of extraction method from AM
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sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to a polyvinylidene fluoride (PVDF)
membrane. The membrane was blocked with a solution
containing 5% nonfat dry milk TBST buffer (20 mM
Tris–HCl, pH 7.4, 150 mM NaCl and 0.1% Tween 20)
for 1 h. The indicated primary antibodies were incubated
overnight at 4 °C, washed, and monitored by immuno-
blotting using a DyLight 800-conjugated secondary anti-
body. The membrane was scanned using a LI-COR
Infrared Imaged Odyssey (Gene Company Limited).

Statistical analysis
All data were presented as the means ± standard
deviation (S.D.) of three independent experiments.
Statistical analysis was performed by Student’s t-test
or one-way analysis of variance (ANOVA). In all
cases, p < 0.05 was considered statistically significant.

Results
Identification of crude isoflavones in AM extract with
HPLC analysis
For detecting the isoflavones in AM extract, HPLC analysis
was used to compare AM extract with standard compo-
nents, campanulin, ononin, calycosin, and formononetin
(Fig. 2a). Campanulin, ononin, calycosin, and formono-
netin were detected in AM extract by HPLC analysis
at wavelengths of 251 nm. The retention times were
22.245 min, 36.779 min, 42.79 min, and 52.748 min,
respectively (Fig. 2b).

AM extract suppressed proliferation of breast cancer cell
The cytotoxic effect of AM extract was evaluated by
MTT assay. As indicated in Fig. 3a, AM extract mark-
edly inhibited breast cancer cell growth in a dose
dependent manner in 48 h. These results were further
confirmed by morphological examination (Fig. 3b).

AM extract induced apoptosis in breast cancer cells
Annexin V/PI staining was used to determine whether
the action of AM extract was associated with apoptosis
or not. As shown in Fig. 4, AM extract was strongly
effective on three cell types. Breast cancer cells treated
with 25 μg/ml and 50 μg/ml of AM extract for 24 h
showed a marked increase in the number of cells
apoptosis (Fig. 4).

Effects of AM extract on the PI3K/AKT signaling pathway
To investigate the effect of AM extract on PI3K/AKT
signaling pathway in breast cancer cells, we performed
western blot analysis of phosphorylated and total- PI3K,
GS3Kβ, Akt and mTOR. Our results showed that AM
extract could inhibit the expressions of p-PI3K, p-
GS3Kβ, p-AKT and p-mTOR in a dose-dependent
manner (Fig. 5).

Discussion
In the present study, we demonstrated that extract
from AM, with water extraction-ethanol supernatant
method, has anti-proliferative activity on breast cancer
cell. This extract contented four kinds of isoflavones,
campanulin, ononin, calycosin, and formononetin. As
part of inhibitory effect on breast cancer cells prolif-
eration, the AM extract decreased the expression of
p-PI3K, p-GS3Kβ, p-AKT and p-mTOR, and led to
breast cancer cell apoptosis.
Since many bioactive constituents in plants are flavo-

noids, polysaccharides and saponins [13]. Flavonoids are
found in most parts of plants and have been shown to
have multiple biological activities such as anti-cancer,
anti-inflammation, antibacteria, antivirus, and immune-
stimulation [25, 26]. A recent published review by
Auyeung K. K. et al. presents that the AM contains fla-
vonoids within the range of 0.5–3.0 mg/g. A total of 12
different flavonoids can be isolated from AM. These fla-
vonoids include isoflavonones, isoflavans, pterocarpans,
flavonones, and chalcones, of which isoflavones are the
major constituents [5]. It has been reported that some of
isoflavones from AM, such as calycosin and formononetin
have inhibited cancer cell proliferation and metastasis
effect [17, 23, 25, 27, 28]. The most common extraction
method in herbal medicine is to boil the herb in hot water,
which is called decoction. Decoction has long been used
in traditional Chinese medicine, which is suitable for
extracting heat-stable compounds, hard plants materials
(e.g. roots and barks) and usually used for extracting oil-
soluble compounds [29]. It has been reported that
flavonoids were stable during heating reflux in water bath
for 30 min and they were better extracted in water-
alcoholic solution than by pure solvent [30]. So in this
study, we used the water extraction-ethanol supernatant
method to extract flavonoids from AM. Due to limited
experimental conditions, we only detected four isoflavo-
noids, campanulin, ononin, calycosin, and formononetin
in the AM extract (Fig. 2). Except these four compounds,
the extract may content other compounds, such as
polysaccharides and saponins. Because, there are many
unknown chromatographic peaks in the AM extract
(Fig. 2b). We will analyze the other compounds in
this extract, detect their biology activities in further
experiments and compare the content of active com-
ponents with different extraction methods.
The anti-proliferative effect of AM extract on different

breast cancer cell lines was present in Fig. 3. The
presented results showed that exposure of breast cancer
cells to AM extract for 48 h resulted in growth inhib-
ition in a dose-dependent manner. Moreover, treatment
with 50 μg/ml AM extract significantly promoted the
apoptosis of breast cancer cells (Fig. 4). Thus, these results
suggest that the AM extract inhibits the proliferation of
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Fig. 3 Cytotoxic effects of AM extract on three distinct breast cancer cell lines. a After treated with different concentration of AM extract for 48 h,
the cell proliferation was evaluated with MTT assay. Values are the mean ± S.D. of triplicate determinations of three independent experiments.
***p < 0.001, compared with blank control group (CTRL); #p < 0.05, ###p < 0.001, compared with DMSO group. b Morphological effect of AM
extract on breast cancer cells

Fig. 2 HPLC profile of AM extract. a HPLC chromatogram of mixed standard solutions, campanulin, ononin, calycosin, and formononetin. b HPLC
chromatogram of AM extract. Campanulin, ononin, calycosin, and formononetin were detected in AM extract. The retention times were 22.245 min
(peak 1), 36.779 min (peak 2), 42.79 min (peak 3), and 52.748 min (peak 4), respectively
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breast cancer cells by the induction of apoptosis. Induc-
tion of apoptosis is thus considered as a strategy for can-
cer control. As published data showed that AM extract
inhibited the growth of various cancer cells in vitro, such
as colon cancer cells [12, 31], hepatocellular carcinoma
[18, 21, 32], gastric cancer cell [16] and non-small lung
cancer cell [33]. Furthermore, total flavonoids from AM
have a significant inhibitory effect on human hepatocellu-
lar carcinoma BEL-7402 cell [34] and erythroleukemia
K562 cell in vitro [25]. To date, there are two main apop-
totic pathways: the extrinsic or death receptor pathway
and the intrinsic or mitochondrial pathway [35]. It has

been reported that, AM induced hepatocellular carcinoma
cell [18] and gastric cancer cells [16] apoptosis via extrin-
sic or induced colon cancer cells via intrinsic pathway
[31]. However in this study, we only observed the phe-
nomena of AM extract on breast cancer cell proliferation
and cell apoptosis. We will analyze the expression of death
receptors, such as FasL/FasR, TNF-α/TNFR1, and Bcl-2
family such as Bcl-2, Bcl-x and cytochrome c in our next
experiment, to confirm the effect of AM extract on indu-
cing breast cancer cell apoptosis via which pathway.
To investigate the mechanisms by which AM extract

inhibit cell growth and promoted apoptosis in breast

a b

Fig. 5 Protein expressions of PI3K, GS3Kβ, Akt, mTOR, p-PI3K, p-GS3Kβ, p-Akt, and p-mTOR in breast cancer cells by western blot analysis. β-actin
was used as a protein loading control. *p < 0.05, **p < 0.01, ***p < 0.001, compared with blank control group (CTRL)

ba

Fig. 4 Analysis of cell apoptosis induced by AM extract in three distinct breast cancer cell lines. Breast cancer cells were treated with 50 μg/ml of
AM extract for 24 h, and cell apoptosis was assessed by flow cytometry with FITC-Annexin V/PI Staining. The data are representative of three
independent experiments carried out under the same conditions. *p < 0.05, **p < 0.01, ***p < 0.001, compared with blank control group (CTRL);
#p < 0.05, ##p < 0.01, ###p < 0.001, compared with DMSO group
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cancer cells, we analyzed PI3K/Akt/mTOR signaling
pathways after treatment with the AM extract. The
PI3K/Akt/mTOR is a major intracellular signaling path-
way, which plays a key role in cell proliferation, growth,
migration, metabolism and apoptosis [36]. Aberrant acti-
vation of the PI3K/Akt/mTOR pathway is found in
many types of cancer including breast cancer [37, 38].
The recent development and clinical testing of PI3K/
Akt/mTOR inhibitors have led to the conclusion that
targeting the PI3K/Akt/mTOR pathway is a promising
approach for the treatment of breast cancer [39]. After
treatment with the AM extract, the expression levels of
p-PI3K, p-GS3Kβ, p-Akt and p-mTOR were effectively
suppressed (Fig. 5). In light of the key role of PI3K/Akt/
mTOR signaling pathway in governing apoptosis, our
study showed that inhibition of PI3K/Akt/mTOR
pathway by the AM extract increase the apoptosis of
breast cancer cells. This results indicated that breast
cancer cells apoptosis induced AM extract were re-
lated to the inhibition of PI3K signaling pathway.
However, it is uncertain whether AM extract induces
breast cancer cells apoptosis only through the PI3K/
Akt/mTOR signaling pathway or by other pathways.
We will use siRNA experiments or PI3K/Akt inhibitor
in our further study.

Conclusions
In conclusion, in this study, we demonstrate that the
extract from AM with water extraction-ethanol super-
natant method inhibit cell growth and induce apoptosis
in cultured breast cancer cells. The effect of AM extract
to suppress breast cancer cells growth was associated
with its ability to inhibit PI3K/Akt/mTOR activity. These
results suggest that the AM could provide an alternative
strategy for breast cancer patients. Further studies are
needed to identify all components in the AM extract
and determine in vivo effects of this extract in animal
models, in order to better evaluate the therapeutic po-
tential of AM.

Additional files

Additional file 1: Figure S1. Cytotoxic effects of AM extract on three
breast cancer cell lines for 24 h. After treated with different concentration
of AM extract for 24 h, the cell prolieration was evaluated with MTT
assay. Values are the mean ± S.D. of triplicate determinations of three
independent experiments. **p < 0.01, ***p < 0.001, compared with blank
control group (CTRL); #p < 0.05, ##p < 0.01, ###p < 0.001, compared with
DMSO group. (PPTX 92 kb)

Additional file 2: Figure S2. Analysis of cell apoptosis induced by
AM extract in MCF-7 for 48 h. MFC-7 breast cancer cells were treated
with 25 μg/ml and 50 μg/ml of AM extract for 48 h, and cell
apoptosis was assessed by flow cytometry with FITC-Annexin V/PI
Staining. (PPTX 262 kb)
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