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Radix Sophorae Flavescentis inhibits proliferation and
induces apoptosis of AGS human gastric cancer cells
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Abstract. Traditional herbal medicines are being
increasingly used worldwide to treat cancer. Radix Sophorae
Flavescentis (RSF) is a Chinese herb, which has numerous
pharmacological properties, including anti-tumour effects.
In this study, we investigated the mechanisms underlying
RSF-induced apoptosis in human gastric cancer cells (AGS
cells). We found that RSF treatment (20-200 pg/ml) inhibited
the proliferation of AGS cells and increased the sub-Gl
phase ratio. RSF-induced cell death was associated with the
downregulation of BCI-2 and upregulation of Bax. In addition
to increasing the expression levels of apoptosis-mediating
surface antigen FAS and Fas ligand, RSF also activated
caspase-3; however, mitogen-activated protein kinase appeared
to inhibit RSF-induced cell death. RSF also led to an increased
production of reactive oxygen species. Based on these results,
we propose that RSF could be a potential therapeutic agent for
gastric cancer.

Introduction

Gastric cancers that develop from the lining of the stomach
are highly aggressive. Currently, gastric cancers are the
second leading cause of cancer-related deaths worldwide (1-3),
and development of novel therapeutic options is urgently
required (3).

Traditional herbal medicines have become increasingly
popular among cancer patients (4,5), mainly because of
minimal complications and side-effects from treatment and
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improved quality of life (5-7). Radix Sophorae Flavescentis
(RSF) is an ancient Chinese herb (8) that contains active
ingredients such as sophordine, matrine, and sophocar-
pine (8,9). RSF has detoxification, diuretic, and insect repellent
properties (10). It is also one of the important ingredients for
the treatment of contact dermatitis and local pruritus of the
vagina (11,12). It also has other pharmacological properties,
such as antibacterial, anti-tumour, and anti-viral (against
hepatitis B virus) effects (12-14). RSF induces apoptosis of
laryngeal neoplasm Hep2 cells (15), esophageal carcinoma
TE-8 cells (10), and PC-3 prostate cancer cells (16). However,
evidence is minimal in order to recommend RSF for use in
the treatment of gastric cancers. Therefore, we investigated
the mechanisms underlying apoptosis induced by RSF in AGS
cells to improve our understanding and also expand the scope
of its therapeutic applications.

Materials and methods

Preparation of RSF. Radix Sophorae extract was purchased
from the Korea Plant Extract Bank (Ochang, Chungbuk,
Korea). Following the supplier instructions, Radix Sophorae
was extracted in 95% ethyl alcohol at 45°C for 3 days. The
extracted solution was filtered and evaporated at 45°C. The
dried extract was dissolved in methanol and diluted in water to
obtain a final concentration 2 mg/ml. Matrine and oxymatrine
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) were
dissolved in methanol and diluted in water to obtain solutions
with final concentrations of 100, 200, 300, 400 and 500 pg/ml.
Solutions of Radix Sophorae, matrine, and oxymatrine were
filtered through a 0.45 ym regenerated cellulose membrane
filter (Sartorius AG, Goettingen, Germany). Analytical
high-performance liquid chromatography (HPLC) was
performed in a JASCO HPLC system (JASCO, Hachioji,
Tokyo, Japan) comprising a PU-980 pump, and an AS-950-10
autosampler equipped with MD-2010 Plus multi-wavelength
detector. The chromatographic separation was performed with
a Waters Symmetry® C18 (4.6x250 mm, particle size 5 ym)
column. The ultraviolet (UV) detection was set at 220 nm. A
reverse-phase HPLC assay was performed using an isocratic
system with methanol:water containing 3% phosphoric acid
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(4:96 v/v) as the mobile phase for a 30 min run. The flow rate
was set to 1 ml/min and the column was maintained at 30°C.
Similar to the previous HPLC run, the UV detection was set
at 220 nm. The injection volume was 10 pl. The standard
calibration curve of matrine and oxymatrine showed linearity
(r2>0.999") in the range of 100-500 pug/ml. Quantitative
analysis was repeated three times, and all data are expressed
as mean + standard deviation. The concentrations of matrine
and oxymatrine were determined to be 70.47+1.27 and
299.87+3.746 mg/g, respectively.

Cell culture and reagents. The AGS human gastric adeno-
carcinoma cell line was used for the experiments. These cells
were propagated in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
with 10% heat-inactivated fetal bovine serum (Invitrogen;
Thermo Fisher Scientific, Inc.) and 1% antibiotic mix (peni-
cillin and streptomycin) (Invitrogen; Thermo Fisher Scientific,
Inc.) at 37°C. SP600125 and PD98059 were purchased from
Tocris (Bristol, UK). All other reagents were obtained from
Sigma-Aldrich (Merck KGaA).

Cell viability assay. Cell viability was studied using the
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assay. AGS cells were treated with MTT solution and
incubated for 2 h at 37°C, following which, absorbance was
measured at 570 nm.

Cell-cycle analysis. To AGS cells, ethyl alcohol was added
and the cells vortexed prior to overnight incubation at 4°C.
Samples were centrifuged for 5 min and the supernatant was
discarded. Cell pellets were resuspended in propidium iodine
(PI) staining solution (5 mg/ml; 2 ul) containing RNase
(2 pl) (17,18) and centrifuged at 20,000 x g for 10 sec. After
incubation at room temperature for 40 min in the dark, the
samples were analysed using a fluorescence-activated cell
sorter (FACScan; Becton-Dickinson, Mountain View, CA,
USA) set at A.=488 nm and using the Cell-Quest software
(Becton-Dickinson, Franklin Lakes, NJ, USA).

Western blotting. Total cell extract was prepared using
RIPA buffer (Cell Signaling Technology Inc., Danvers, MA)
containing 1 mM phenylmethylsulfonyl fluoride (PMSF).
Protein content was measured using the Bradford method
(Bio-Rad Laboratories, Hercules, CA). Equal amounts of
proteins were fractionated by SDS-PAGE and transferred to
a PVDF membrane (Bio-Rad Laboratories, Hercules, CA).
Membranes were blocked for at least 1 h with 5% non-fat dry
milk prior to incubating overnight with antibodies against
Bcl-2 (cat. no. SC-783; Santa Cruz Biotechnology, Dallas,
TX, USA), Bax (cat. no. SC-493; Santa Cruz Biotechnology),
JNK (cat. no. #9252; Cell Signaling Technology, Beverly, MA,
USA), p-JINK (cat. no. #9255; Cell Signaling Technology),
p38 MAPK (cat. no. #9228; Cell Signaling Technology),
p-p38 MAPK (cat. no. #9211; Cell Signaling Technology,
Beverly, MA, USA) and p-actin (cat. no. SC-47778; Santa
Cruz Biotechnology) at 4°C. The membrane was further
incubated with secondary antibodies conjugated to HRP at
room temperature for 1 h. Bands of interest were visualised by
chemiluminescence (Super Signal West Femto; Thermo Fisher
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Scientific, Inc.). Secondary horseradish peroxidase-conjugated
antibodies, including goat anti-rabbit IgG (cat. no. sc-2004;
Santa Cruz Biotechnology) and goat anti-mouse IgG (cat.
no. SC-2005; Santa Cruz Biotechnology), were used. Relative
intensities of protein (BCI-2 and Bax) bands were analyzed
with a GS-710 Image Densitometer (Bio-Rad Laboratories,
Hercules, CA, USA).

Reverse transcription-polymerase chain reaction (PCR).
Total RNA was isolated using TRIzol Reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), and converted to cDNA
using AccuPower RT-PreMix (Bioneer Co., Daejeon, Korea).
Specific DNA sequences were amplified using AccuPower
PCR-PreMix (Bioneer Co.). PCR primers used in this study
are: Fas 5-"ATGCTGGGCATCTGGACCCTCCTA-3' forward
and 5'-TCTGCACTTGGTATTCTGGGTCCG-3' reverse;
FasL 5'-ACTTCCGGGGTCAATCTTGC-3' forward and
5'"TAGAACATCTCGGTGCCTGTA-3' reverse; and B-actin
5'-CAAGAGATGGCCACGGCTGCT-3' forward and 5-TCC
TTCTGCATCCTGTCGGCA-3' reverse. Amplified products
were analysed in 1% agarose gel, and images were captured
using the GelDoc-It TS Imaging System (UVP, Upland, CA,
USA).

Caspase assay. Caspase-3 assay kits (Cellular Activity Assay
Kit Plus; BioMol Plymouth, PA, USA) were used. After
resuspending the cells in ice-cold cell lysis buffer, the super-
natant was removed. Supernatant samples were incubated with
caspase substrate (400-IM Ac-DEVD-pNA; 50 ul) at 37°C.
Each sample was read at 405 nm at several time-points.

Measurement of ROS production. ROS generation in AGS
cells was quantified using DCF-DA (2', 7'-dichlorodihydro-
fluorescein diacetate; Molecular Probes, Eugene, OR, USA).
The cells were treated with 20 ul DCF-DA at 37°C for 30 min
and washed with PBS. Fluorescence was measured using an
FACS system (Becton-Dickinson, Mountain View, CA, USA),
and at excitation/emission wavelength of 488/525 nm.

Statistical analysis. Results are expressed as the mean =+ stan-
dard error of the mean. N values refer to the number of cells
used in the experiments. One-way analysis of varaicne with
Tukey's post hoc comparison was used for multiple compari-
sons. Statistical analysis was performed using Prism 6.0
(GraphPad Software, Inc., La Jolla, CA, USA) and Origin 8.0
(OriginLab Corporation, Northampton, MA, USA) software
programs. P<0.05 was considered to indicate a statistically
significant difference.

Results

Identification of standard components of RSF. Matrine and
oxymatrine were identified based on the HPLC chromatogram
of RSF with retention times of 11.6 and 25.7 min, respectively

(Fig. 1).

Apoptosis by RSF in AGS cells. To determine whether RSF
suppresses AGS cell growth, MTT assays were performed
after culturing cells with different concentrations of RSF
for 24 h. Cell viability decreased remarkably following RSF
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Figure 1. Presence of matrine and oxymatrine in Radix Sophorae Flavescentis extract was established by high-performance liquid chromatography and
their levels were quantified using calibration curves obtained with purchased standards. High-performance liquid chromatograms of (A) Radix Sophorae
Flavescentis extract and standard compounds (B) Matrine and (C) Oxymatrine detected at a wavelength of 220 nm.
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Figure 2. RSF inhibits the cell viability in AGS cells. Cell viability was determined by MTT assay. (A) RSF reduced cell viability in a dose-dependent manner,
over a 24 h period. Number of viable cells following treatment with RSF are expressed as percentages of untreated cells. (B) Matrine reduced cell viability in
a dose-dependent manner. (C) Oxymatrine additionally reduced cell viability in a dose-dependent manner. Results are presented as the mean + standard error
of the mean. "P<0.05, “P<0.01 vs. untreated cells. RSF, Radix Sophorae Flavescentis; CTRL, control.

treatment. Culturing in the presence of RSF concentrations of
20, 40, 60, 80, 100, or 200 pg/ml inhibited AGS survival by
94.9+1.1, 86.8+1.3, 84.4+0.9, 70.6+1.5, 59.0£1.6, or 23.2+2.5,
respectively, as determined by MTT assay (n=6; Fig. 2A).
In addition, we investigated the effects of matrine and
oxymatrine, the major ingredients in RSF, on cell viability
by using the MTT assay. The presence of matrine (0.1, 0.2,
0.5, 1, or 5 mg/ml) or oxymatrine (1, 2, 4, 5, or 10 mg/ml)

inhibited the survival of AGS cells (n = 5; Fig. 2B and C).
To determine whether RSF induces apoptosis, cell cycle was
studied by using flow cytometry. Cells were treated with RSF
for 24 h (with concentrations ranging from 20 to 200 ug/ml;
Fig. 3). The sub-Gl phase ratio was found to be increased by
RSF by 4.8+0.1 at 20 pg/ml, 5.6+1.0 at 40 pug/ml, 8.8+3.0 at
60 pg/ml, 9.0+1.3 at 80 ug/ml, 12.1£1.9 at 100 pg/ml, and
22.3+7.2% at 200 pug/ml compared to that of the untreated
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Figure 3. Induction of apoptosis in AGS cells by RSF. (A) Cells were treated
with RSF for 24 h (at concentrations between 20 and 200 pg/ml). Cell cycle
analysis was conducted by flow cytometry. (B) Sub-G1 fractions were signifi-
cantly and dose-dependently increased by RSF. Results are presented as the
mean + standard error of the mean. 'P<0.05, “P<0.01 vs. untreated cells. RSF,
Radix Sophorae Flavescentis; CTRL, control.

cells (n=6, respectively; Fig. 3A and B). These results suggest
that RSF has anti-cancer effects and these effects are linked
to apoptosis.

Mitochondria- and caspase-dependent pathways in AGS
cells. To determine whether RSF-induced apoptosis in
AGS cells is regulated by Bcl-2 (anti-apoptotic) and Bax
(pro-apoptotic), we performed western blotting after exposing
the cells to various concentrations of RSF (ranging from 20
to 200 pg/ml). While Bcl-2 expression was inhibited by RSF,
Bax was upregulated (Fig. 4A). Also, the Fas/FasL system,
a key player in the death receptor-mediated apoptosis, was
examined. Fas and FasL expression levels were both up-regu-
lated by RSF (Fig. 4B). Caspase assays were performed to
assess the activity of caspase-3 in the AGS cells. Caspase
activity increased after treatment with RSF (concentration
ranging from 20 to 200 xg/ml), and that these activities were
suppressed by zZVAD-fmk (Fig. 4C). These results suggest that
RSF-induced apoptosis is mediated by a mitochondrial- and
caspase-dependent pathway in AGS cells.

c-Jun N-terminal kinase (JNK) and mitogen-activated protein
kinase (MAPK) pathways in AGS cells. To investigate the
involvement of MAPK pathways in the inhibition of AGS cell
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proliferation by RSF, cell viability was measured after treating
the cells with different concentrations (from 20 to 200 ug/ml)
of RSF, with or without the JINK inhibitor or MAPK inhibitor
(SP600125 or PD98059) using the MTT assay. Co-treatment
notably inhibited RSF-induced cell death when cells were
co-treated with 200 pg/ml of RSF. Co-treatment with RSF (20,
40, 60, 80, 100, or 200 ug/ml) and SP600125, inhibited cell
survival by 98.3+1.6, 92.6+3.1, 87.0+2.1, 88.9+2.1, 82.7+3.0,
and 67.6+1.6%, respectively, also determined by the MTT
assay (n=6; Fig. 5A). Co-treatment with RSF (20, 40, 60, 80,
100 or 200 pg/ml) and PD98059 also inhibited cell survival,
but by 96.2+2.1, 94.3+1.2, 87.6+2.0, 76.4+1.9, 69.5+2.1, and
46.3+1.7%, respectively (n=6; Fig. 5B). The expression of
proteins corresponding to JNK, p-JNK, p38 MAPK and p-p38
MAPK was observed using western blotting analysis. The
expression of p-JNK and p-p38 MAPK protein increased with
RSF addition (Fig. 5C). These results suggest that both JNK
and MAPK are involved in the RSF-induced apoptosis of AGS
cells.

Intracellular reactive oxygen species (ROS) pathway in AGS
cells. As ROS plays a key role in apoptosis, we studied whether
RSF can generate ROS in AGS cells. To check whether ROS
generation was associated with RSF-induced apoptosis, ROS
was investigated using a fluorescent dye, DCF-DA. As indi-
cated in Fig. 6A, when the cells were exposed to RSF, ROS
levels increased. Flow cytometry indicated that ROS genera-
tion significantly increased in a dose-dependent manner (RSF
from 20 to 200 ug/ml) (Fig. 6B).

Discussion

RSF is extracted from the dried root of Sophora Flavescens
Ait,and it contains alkaloids including matrine and oxymatrine
that form its key constituents (15,19). Modern pharmacological
experiments show that RSF has a variety of pharmacological
properties. It is commonly used for the treatment of viral hepa-
titis, cancer, viral myocarditis, and skin diseases (20,21). The
main components of RSF are alkaloids, flavonoids, alkylxan-
thones, quinones, and triterpene glycosides (20-22). Matrine
and oxymatrine are the two major alkaloids found in the
roots of Sophora sp. (21). They inhibit the growth of various
tumour cell lines (21-24). Matrine inhibits the invasiveness
and metastasis of various tumour cells, such as A375, Hel a,
and K-562 (25,26). Oxymatrine has anti-cancer effects against
human gastric, breast, and pancreatic cancer cells (27-29).
Although, many reports suggest that RSF inhibits the prolif-
eration of several cancer cell lines (23-29), its anti-cancer
activity in human gastric adenocarcinoma AGS cells remains
unclear. Therefore, we examined the mechanism behind this
phenomenon, and found that RSF induces apoptotic signalling
via mitochondrial- and caspase-dependent pathways mediated
by ROS generation in the human gastric cancer cells.

In the present study, AGS cell viability decreased remark-
ably following RSF treatment (Fig. 2A). Also, matrine
(Fig. 2B) or oxymatrine (Fig. 2C) inhibited the survival of
AGS cells. RSF is used in traditional Chinese medicine to
treat various diseases, and has the ability to clear heat and
dampness from the body (20,21). Matrine or oxymatrine is one
of the major bioactive compounds extracted from RSF (21).
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Figure 4. Bcl-2, Bax protein regulation and caspase-3 activities are shown in AGS cells after treatment with RSF. (Aa) Western blotting was performed on AGS
cells treated with different RSF concentrations for 24 h. Bcl-2 expression was downregulated by RSF, whereas, Bax expression was upregulated. Each level of
(Ab) Bcl-2 or (Ac) Bax protein expression was normalized to that of the corresponding (3-actin, and the mean values are presented as bar graphs. (B) Reverse
transcription-polymerase chain reaction was performed on AGS cells treated with different RSF concentrations for 24 h. The Fas and FasL expression levels
were upregulated by RSF. (C) Caspase assays were performed following the addition of the indicated RSF concentration for 24 h to the culture cells. Cells
were treated with zZVAD-fm as a pan-caspase inhibitor. 3-actin was used as the loading control. Results are presented as the mean + standard error of the
mean. ‘P<0.05, “P<0.01 vs. untreated cells. RSF, Radix Sophorae Flavescentis; CTRL, control; Bcl-2, B cell lymphoma 2; Bax, apoptosis regulator BAC; FAS,
apoptosis-mediating surface antigen FAS; FASL, Fas ligand.
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Figure 5. Effect of RSF on the MAPK pathway in AGS cells. Cell viability was determined in the presence of (A) SP600125 or (B) PD98059 by MTT assay.
Cells were co-treated with the indicated concentrations of RSF (both at 10 #M) for 24 h. (C) Expression of JNK, p-JNK, p38 MAPK and p-p38 MAPK
proteins was determined by western blotting with $-actin as the control. Results are presented as the mean + standard error of the mean. "P<0.05, “P<0.01
vs. untreated cells; “P<0.05. RSF, Radix Sophorae Flavescentis; CTRL, control; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein kinase; p,
phosphorylated.

Therefore, matrine or oxymatrine may be the major compo- Apoptosis can be initiated via two signalling pathways:
nents of RSF induced AGS cell death. Matrine or oxymatrine  The extrinsic and intrinsic pathway (30,31). The extrinsic
may have anti-cancer effects and in future, they will be used as ~ pathway is initiated by extracellular signals such as, Fas
anti-cancer agents, especially in gastric cancer. ligand (FasL) (32). The intrinsic pathway, on the other hand is
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regulated by Bcl-2 family proteins (33). Caspases belong to a
group of enzymes called cysteine proteases that are known to
induce apoptotic processes (34). In our study, Bcl-2 expression
was inhibited by RSF, while Bax expression was upregulated
(Fig. 4A). Fas and FasL expression levels were up-regulated
(Fig. 4B). Cell death is a complex biological phenomenon
regulated by multiple cellular processes, including apoptosis
and autophagy (35). Apoptosis and autophagy share common
molecular pathways and also exhibit synergistic or antagonistic
effects on each other during cell death (36-38). The relation-
ship between apoptosis and autophagy is largely unknown
in gastric cancer (39,40). Therefore, to develop anti-cancer
therapeutic agents, understanding the interactions between
apoptosis and autophagy is vital.

The induction of apoptosis leads to characteristic cell
changes and finally to death. These changes include blebbing,
cell shrinkage, nuclear fragmentation, chromatin condensa-
tion, and chromosomal DNA fragmentation (30,31). Apoptosis
involves a complex cascade of reactions regulated by specific
proteases called caspases, and results in DNA degradation (34).
Autophagy describes the fundamental catabolic mechanism
during which cells degrade dysfunctional and unnecessary
cellular components (41,42). This process is driven by the action
of lysosomes and promotes survival during starvation periods,

as the cellular energy level can thus be maintained (42). In
this study, RSF did not induce the autophagy (data not shown),
but the apoptosis. Therefore, these results suggest that RSF
may induce caspase-dependent AGS cell death, not lysosomal
enzyme-dependent cell death.

Medicinal herbs and their derivatives are increasingly
being used as a complementary treatment of cancer (41).
Many clinical studies have highlighted the benefits of
traditional herbal medicines on the quality of life of cancer
patients (43,44). Therefore, we propose that when combined
with chemotherapy, herbal medicines could enhance the effi-
cacy level and minimise toxic reactions.

Activated transient receptor potential melastatin 7
(TRPM7) channels contribute to a number of physiological and
pathophysiological processes (45-47). TRPM7 is a member of
the large TRP channel superfamily expressed in nearly every
tissue and cell type (48). Human gastric adenocarcinoma cells
express the TRPM7 channel, which is essential for cell survival
and is a potential pharmacological target for the treatment of
gastric cancer (49). Therefore, we plan to investigate the role
of TRPM?7 in RSF-treated gastric cancer cells in the future,
which we believe is a new research area.

The signalling pathway of RSF-induced apoptosis in
AGS cells can be summarised as follows. RSF promotes the
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expression of the pro-apoptotic factor Bax, but decreases
the expression of the anti-apoptotic factor Bcl-2. These
changes result in the release of cytochrome c in the cytosol.
Cytochrome c activates the caspase-3 cascade, which leads
to cell death via the intrinsic apoptotic pathway. Another
possible pathway is the extrinsic apoptotic pathway, which
acts through the ROS-mediated JNK/p38 MAPK cascade.
Therefore, we further propose that RSF-induced cell death
acts via a ROS-mediated JNK/p38 MAPK signalling pathway
that enhances the up-regulation of pro-apoptotic genes.

In conclusion, we have demonstrated that RSF inhibits
proliferation of AGS cells, and extends the sub-G1 phase ratio.
Additionally, RSF-induced apoptotic cell death is associated
with BCI-2 down-regulation and Bax up-regulation. RSF acti-
vates caspase-3 and mitogen-activated protein kinase (MAPK)
but the C-Jun N-terminal kinase (JNK) inhibitors negate
RSF-induced cell death. RSF also increases the generation of
reactive oxygen species (ROS). Therefore, RSF may cause cell
death via the intrinsic pathway in AGS human gastric cancer
cells, and these findings indicate that RSF is a useful potential
anticancer agent.
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