ONCOLOGY LETTERS 13: 3071-3079, 2017

Ruanjian Sanjie decoction exhibits antitumor activity
by inducing cell apoptosis in breast cancer
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Abstract. Traditional Chinese medicine, based on theories
developed and practiced for >2,000 years, is one of the most
common complementary and alternative types of medi-
cine currently used in the treatment of patients with breast
cancer. Ruanjian Sanjie (RJSJ) decoction, is composed of
four herbs, including Ban xia (Pinellia ternata), Xia ku cao
(Prunella vulgaris), Shan ci gu (Cremastra appendiculata)
and Hai zao (Sargassum pallidum), and has traditionally
been used for softening hard lumps and resolving hard tissue
masses. However, the active compounds and mechanisms of
action of RJSJ remain unknown. The present study demon-
strated the antitumor activity of RJSJ against Ehrlich ascites
carcinoma in Swiss albino mice and breast cancer xenografts
in nude mice. Notably, RJSJ does not induce body weight loss,
immune function toxicity or myelosuppression in mice, indi-
cating that it is safe and well tolerated. In addition, RJSJ shows
potent cytotoxicity against breast cancer cells in vitro by the
suppression of the anti-apoptotic proteins B-cell lymphoma
2 and survivin, leading to the activation of caspase-3/7 and
caspase-9, and the apoptotic cascade. These findings provide
a clear rationale to explore the therapeutic strategy of using
RJSJ alone or in combination with chemotherapeutic agents
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for breast cancer patients and the characterization of its active
principles.

Introduction

Breast cancer is the most frequent type of malignancy among
women worldwide (1). Although current treatments are
often associated with excellent short-term prognoses, <13%
of women develop recurrence within 9 years of the initial
treatment. In addition, >60% of women with localized breast
cancer eventually develop distant, late-stage disease (2). In
China, >20% of patients with breast cancer are diagnosed
at an advance stage of the disease, typically with metastatic
invasion (3). Although a large number of successful treatment
options are available for early breast cancer, standard treat-
ment protocols for advanced breast cancer cannot currently
circumvent patient relapse (4). Genetic reprogramming
during the metastatic process enables cancer cells to invade
distant organs and to acquire resistance to numerous types of
chemo- and radiotherapy, contributing to the high mortality of
advanced-stage breast cancer (5). Thus, improved therapeutic
options for the affected patients are required.

Complementary therapies such as traditional Chinese medi-
cine (TCM) have increased in popularity as a less intensive
and more ‘natural’ approach to achieving health or improving
quality of life, particularly for patients with advanced-stage
cancer (6). In the Yellow Emperor's Classic of Internal Medi-
cine, written circa 250 BC, the first clinical description and
phytotherapeutic treatment of breast cancer was recorded.
Besides anecdotal evidence of a cure for breast cancer using
TCM as a sole therapy (6), previous studies suggest that TCM
may be effective in breast cancer management. For example,
Huaier (Trametes robiniophila Murr) sensitizes breast cancer
cells to radiotherapy through the regulation of cell cycle and
DNA repair pathways (7). In vitro and in vivo testing of Scutel-
laria barbata in breast cancer has led to an ongoing clinical
trial (8); and a recent population-based study suggests that
adjunctive TCM therapy may lower the risk of mortality in
patients with advanced breast cancer (9).

Ruanjian Sanjie (RJSJ), composed of Ban xia
(Pinellia ternata), Xia ku cao (Prunella vulgaris), Shan ci gu
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(Cremastra appendiculata) and Hai zao (Sargassum pallidum),
is an empirical traditional Chinese herbal decoction used for
softening hard lumps and resolving hard masses (10). Although
the active principles and the mechanisms of action remain
unknown, extracts from certain individual herbal compo-
nents of RJSJ exhibit anticancer properties. For example,
Prunella vulgaris extracts exhibit growth-suppressive activity
on gastric cancer (11) and migration-suppressive activity on
liver cancer cells (12), whereas Sargassum pallidum extracts
exhibit cytotoxic effects in breast cancer MCF-7 cells
in vitro (13) and inhibit pancreatic cancer relapse in vivo (14).
The present study demonstrates that RJSJ exhibits antitumor
activity against Ehrlich ascites carcinoma (EAC) in Swiss
albino mice and breast cancer xenografts in nude mice. RJSJ
shows potent cytotoxicity against breast cancer cells in vitro
by the suppression of the anti-apoptotic proteins B-cell
Ilymphoma 2 (Bcl-2) and survivin, leading to the activation
of caspase-3/7 and caspase-9, and the apoptotic cascade. The
present findings offer a clear rationale to additionally explore
the therapeutic strategy of using RJSJ alone or in combination
with chemotherapeutic agents for patients with breast cancer
and the characterization of its active principles.

Materials and methods

Herbs and preparation of aqueous extracts. All herbs in
the RJSJ formula were obtained from Tianjin Zhong Xin
Pharmaceutical Group Corporation Ltd. (Tianjin, China).
The dry weights of the four herbs were at fixed ratios
(Pinellia ternate: Prunella vulgaris: Cremastra appendicu-
lata: Sargassum pallidum=3:3:2:2). Whole herbs (900 g) were
ground to a powder and extracted twice with hot distilled
water, first with 10.5 liters and next with 15 liters, at 100°C for
30 min each. The solutions were combined and centrifuged
at 3,000 x g for 10 min at room temperature. The resulting
supernatant was filtered through 0.45-uym cellulose acetate
filters, concentrated using a rotary evaporator and spray-dried
to obtain a brown fine powder. This residue was dissolved in
PBS at the desired concentration and stored at -20°C as the
stock extract RJSJ solution.

Reagents, cell lines and mice. The breast cancer MDA-MB-231
and MCF-7 cell lines were obtained from the American Type
Culture Collection (Manassas, VA, USA) through the Cell
Resource Center of the Tianjin Cancer Hospital (Tianjin,
China) and were authenticated by short tandem repeat
profiling. The cells were cultured in Dulbecco's modified
Eagle's medium (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) with 10% fetal calf serum and 2 mM
L-glutamine (Gibco; Thermo Fisher Scientific, Inc.). The
cultures were maintained at 37°C in an air-5% CO, incubator at
constant humidity. Doxorubicin, 5-flurouracil (5-Fu) and MTT
were purchased from Sigma-Aldrich; Merck Millipore (Darm-
stadt, Germany). All animals, including 120 Swiss albino mice
(60 female and 60 male; age, 5-6 weeks; weight, 25-30 g) and
24 female nude mice (age, 5-6 weeks; weight, 20-25 g) were
obtained from Vital River Laboratories Co., Ltd. (Beijing,
China) and used according to the National Institutes of Health
guidelines for animal care (15). Animals were maintained at
between 21 and 24°C with an 8 h light/16 h dark cycle, and
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were allowed to feed ad libitum. All in vivo studies were
performed in the Central Laboratory of the Tianjin Institute
of Medical and Pharmaceutical Sciences (Tianjin, China), and
approved by the Committee on Ethics of the Tianjin Institute
of Medical and Pharmaceutical Sciences.

Acute toxicity study. An acute oral toxicity assay was
performed using healthy, non-pregnant, adult female, Swiss
albino mice (weight range, 25-30 g) divided into six groups.
Increasing oral doses of RJSJ (312.5, 625, 1,250, 2,500 and
5,000 mg/kg body weight) in distilled water were adminis-
tered by intragastric (i.g.) administration at 20 ml/kg to the
different test groups. The control group received distilled
water only. Following treatment, the mice were allowed to
feed ad libitum and monitored for mortality or any behavioral
changes for 14 days (16).

EAC tumor model and RJSJ treatment. The EAC cells were
obtained from Tianjin Institute of Medical and Pharmaceu-
tical Sciences (Tianjin, China) and were maintained in vivo in
the Swiss albino mice by intraperitoneal (i.p.) transplantation
of 2x10° cells per mouse every 10 days. For treatments, mice
were divided into four groups of 12 animals each as follows:
Group 1, control group; group 2, treated every other day with
20 mg/kg 5-Fu by i.p. injection; group 3, treated daily with
500 mg/kg RJISJ by i.g.administration; and group 4, treated with
20 mg/kg 5-Fu by i.p. injection combined with i.g. 500 mg/kg
RIJSJ. The experiment was started by inoculating EAC cells
(2x109 cells per mouse) subcutaneously to all animals, and the
treatments were initiated 24 h subsequently. On day 8, subse-
quent to the administration of the last dose followed by 18 h
fasting, all animals were sacrificed by cervical dislocation.
Thymi and spleens were collected for thymus and spleen index
determination calculated according to the following formulae:
Spleen index=spleen weight (mg)/body weight (g); and thymus
index=thymus weight (mg)/body weight (g).

In vivo breast cancer xenografts. A total of 1x107
MDA-MB-231 cells were suspended in 0.1 ml PBS containing
50% Matrigel (BD Biosciences, Franklin Lakes, NJ, USA)
and injected into the mammary fat pad of 4-5-week-old
female nude mice. Tumor size was measured every other
day in two dimensions using a caliper, and the tumor volume
was calculated with the following formula: Tumor volume
(mm?*)=0.5xab’ (with a and b being the longest and shortest
diameter of the tumor, respectively). When the average tumor
volume reached 400 mm?, the tumor-bearing mice were
randomly divided into four groups with 6 animals/group:
Group 1, control group, received normal saline; group 2 was
treated every other day with 1 mg/kg doxorubicin by i.p. injec-
tion; group 3 was treated daily with 500 mg/kg RJSJ by i.g.
administration; and group 4 was treated with a combination of
1 mg/kg doxorubicin and 500 mg/kg RJSJ as aforementioned.
Tumor volume was monitored until the mice were sacrificed
by cervical dislocation when the tumor size was >18 mm in
diameter in either direction, and the tumors were collected for
RNA extraction.

Cell viability analysis. MTT assays were performed to eval-
uate the cell viability in response to drug treatments and to
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determine the concentration of drug that inhibited cell growth
by 50% (ICs,) subsequent to 3 days of treatment (17).

Caspase activity measurement. A total of 1x10* cells
were incubated with RJSJ in a 96-well plate for 24 h. The
caspase-3/7 and caspase-9 activities were measured using the
Caspase-Glo 3/7 Assay and Caspase-Glo 9 Assay kits, respec-
tively (Promega Corporation, Madison, WI, USA), according
to the manufacturer's protocol. Fluorescence was measured
using a GloMax 20/20 Luminometer (Promega Corporation).

Hoechst 33258 staining assay. The nuclear morphology of the
cells treated with RJSJ was observed subsequent to Hoechst
33258 staining. The MCF-7 and MDA-MB-231 cells, at a
density of 2.5x10%/well, were seeded in 6-well plates, cultured
for 24 h, and treated with different concentrations of RJSJ
for 48 h. The cells were then washed twice with PBS, fixed
in 4% paraformaldehyde at 4°C for 30 min, and stained with
10 pg/ml Hoechst 33258 for 15 min at 37°C. Changes in
nuclear morphology were monitored with an Olympus IX51
inverted microscope (Olympus Corporation of the Americas,
Inc., Central Valley, PA, USA).

Flow cytometry.For cell apoptosis analysis,an Annexin V-fluo-
rescein isothiocyanate (FITC) and propidium iodide (PI)
double-staining apoptosis detection kit (BD Biosciences) were
used according to the procedure suggested by the manufac-
turer. In total, 2x10° cells were washed twice with PBS and
suspended in 100 ul binding buffer, followed by staining with
5 ul Annexin V-FITC and 5 ul PI for 15 min in the dark at
room temperature. The fluorescence intensity was measured
with a flow cytometer (BD FACSCanto II; BD Biosciences)
and the average percentage of Annexin V-positive cells was
used as a measure of apoptosis, both in the early and late
stages, according to Hu et al (18).

Drug resistance clonogenic assay. A total of 1x10° cells/well
in a 6-well plate were treated with different concentrations of
RIJSJ for 1 week. Resistant clones were fixed with 4% parafor-
maldehyde, stained with 0.2% crystal violet and counted. The
crystal violet retained in the cells was quantified by solubiliza-
tion with 0.5% acetic acid and measurement of optical density
at 592 nm.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was isolated
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.)
following the procedure suggested by the manufacturer.
The complementary(c) DNA was generated using oligo(dT)
primers and SuperScript III Reverse Transcriptase (Invit-
rogen; Thermo Fisher Scientific, Inc.) using 2 pg total RNA.
Specific primers for each gene (Table I) were designed using
Primer Express software (version 3.0; Applied Biosystems;
Thermo Fisher Scientific, Inc.). qPCR was carried out using
SYBR-Green I (Takara Biotechnology Co., Ltd., Dalian,
China) and detected using an ABI Prism® SDS 7900 Real-Time
PCR System (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The cycling conditions were 95°C for 15 sec and 60°C
for 1 min, for 40 cycles. A standard curve for each gene was
included in each PCR amplification for the calculation of the
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Table I. Oligonucleotides used for quantitative polymerase
chain reaction.

Name Sequence (5'to 3')

RPS14-forward
RPS14-reverse

Bcl-2-forward
Bcl-2-reverse

TCACCGCCCTACACATCAAACT
CTGCGAGTGCTGTCAGAGG
CAGTTGGGCAACAGAGAACCAT
AGCCCTTGTCCCCAATTTGGAA
GGACCACCGCATCTCTACAT
GACAGAAAGGAAAGCGCAAC

Survivin-forward
Survivin-reverse

Bcl-2, B-cell lymphoma 2; RPS14, ribosomal protein S14.

Table II. Results of acute toxicity studies.

Animals (n) Body weight (g)

Groups Day 1 Day 14 Day 1 Day 14
Control 12 12 20.88+0.80 30.96+2.04
RJSJ (mg/kg)

3125 12 12 20.88+0.80 28.96+2.52°

625 12 12 20.88+0.80 30.26+1.94*

1,250 12 12 20.88+0.80 29.57+2.26"

2,500 12 12 20.88+0.80 31.06+£2.57*

5,000 12 12 20.88+0.80 29.71+2.83*

Data are presented as the mean + standard deviation (n=12 per group).
“P>0.05 vs. control group. RJSJ, Ruanjian Sanjie.

quantification cycle value (19). Relative transcript levels were
normalized with ribosomal protein S14.

Protein extraction and western blotting. A modified radioim-
munoprecipitation assay buffer (50 mM Tris-HCI, 150 mM
NaCl, 0.25% SDS, 1% Triton X-100, 0.25% sodium deoxycho-
late, 1 mM EDTA, 1 mM ethylene glycol-bis (3-aminoethyl
ether)-N,N,N',N'-tetraacetic acid and 1 mM dithiothreitol) with
a mixture of protease inhibitors (EMD Millipore, Billerica,
MA, USA) was used for protein isolation from whole cells
or nuclear fraction. Protein concentrations were determined
using a bicinchoninic acid protein assay kit (Pierce; Thermo
Fisher Scientific, Inc.). An equal quantity, 50 pg, of protein
was resolved on 12% polyacrylamide gels and transferred
onto nitrocellulose membranes (EMD Millipore), and blocked
with 5% blotting-grade milk (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) in PBS containing 0.1% Tween-20. The
membranes were incubated with primary antibodies against
Bcl-2 (1:1,000 dilution; cat. no., SOE3; Cell Signaling Tech-
nology Inc., Danvers, MA, USA) or survivin (1:1,000 dilution;
cat. no. 71G4B7; Cell Signaling Technology, Inc.) at 4°C
overnight. A horseradish peroxidase-conjugated anti-rabbit
immunoglobulin G secondary antibody (1:2,000 dilution; cat.
no. 7074; Cell Signaling Technology, Inc.) was incubated with
the membranes for 2 h at room temperature. Immunoblotting
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Figure 1. RJSJ treatment is effective and well tolerated in EAC tumor models. (A) Tumor size and (B) body weight of EAC-bearing mice subsequent to
treatment with PBS (control), 5-Fu, RJSJ or 5-Fu plus RISJ. (C) Effect of different drug treatments on RBC count, left panel, and Hb content, right panel.
(D) Effect of different drug treatments on the spleen, left panel, and thymus, right panel, indexes. (E) Effect of different drug treatments on WBC, left panel,
and neutrophil, right panel, counts. The results presented are the mean + standard deviation of 12 mice per group. ‘P<0.05. RBC, red blood cell; WBC, white
blood cell; RJSJ, Ruanjian Sanjie; EAC, Ehrlich ascites carcinoma; Hb, hemoglobin; 5-Fu, 5-fluorouracil.

signals were detected using the SuperSignal West Pico Chemi-
luminescent Substrate (Pierce; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. All the membranes
were re-probed with anti-f-actin antibody (1:200 dilution;
cat. no. sc47778; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA), which served as a loading control.

Statistical analysis. All statistical analyses were performed
using SPSS software (version 22.0; IBM SPSS, Armonk, NY,
USA). All in vitro experiments were performed in triplicate
and the results are presented as the mean + standard deviation.
Analysis of variance followed by a Tukey's test was performed
in the present study to evaluate significant differences among
groups. Two-sided P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Acute toxicity studies. In order to evaluate the potential RJSJ
toxicity, the present study performed an acute toxicity study.
For this purpose, the mortality of animals treated with the
highest RJSJ dose (5,000 mg/kg) was monitored. The present
study observed that RJSJ was safe at oral doses as high as
5,000 mg/kg body weight, causing no mortality, behavioral
change, locomotor ataxia, diarrhea or weight loss in mice
during 14 days of observation. Additionally, food and water
intake did not differ between the groups studied (Table II).

Administration of RJSJ in combination with 5-Fu is more
effective and safer than the chemotherapeutic treatment alone
in EAC tumor models. To test the RJSJ antitumor efficacy
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Figure 2. RJSJ is cytotoxic to breast cancer cells. (A) Dose-response curves used to calculate the ICy, of RJSJ for MCF-7 and MDA-MB-231 cells. (B) ICs,
values of RJSJ of MCF-7 and MDA-MB-231 cells. (C) Cells were treated with different concentrations of RJSJ in 6-well dishes for 7 days and then stained
with crystal violet. Pictorial data are representative images of wells from 3 independent replicates, left panel. The dye was solubilized and the OD at 592 nm
was measured, right panel. Numerical data represent the mean + standard deviation of 3 independent experiments. "P<0.05. RJSJ, Ruanjian Sanjie; ICs,, 50%

inhibitory concentration; OD, optical density.

in vivo, EAC tumor models were established. The animals
were divided into different groups and treated with 5-Fu,
RJSJ or 5-Fu plus RJSJ. Tumor growth steadily progressed
during the following 8 days in the control group, whereas
tumor volume increased at similar rates in the 5-Fu and RJSJ
groups (P=0.86). The animals receiving 5-Fu alone exhibited
significant body weight loss (P=0.037), which was absent in
those animals treated with RJSJ alone. Notably, the group
receiving 5-Fu and RJSJ exhibited the slowest tumor growth,
with body weight loss not greater than that obtained with 5-Fu
alone (Fig. 1A and B).

The hematological parameters of mice treated with RJSJ
were observed to be significantly different to those from
5-Fu-treated mice. Although there were no differences in the
hemoglobin content or red blood cell count between control
and 5-Fu-treated mice (P=0.73), treatment with RJSJ at a dose
of 500 mg/kg body weight significantly increased the level
of the aforementioned hematological parameters (Fig. 1C)
(P=0.04). As the thymus and spleen are organs directly
affecting the immune function, the present study determined
the effect of the aforementioned treatments on the thymus and
spleen indexes. As expected from a chemotherapeutic drug,
5-Fu affected the two organs, with a significant reduction in
both thymus and spleen indexes (P=0.02). However, RJSJ
blocked the side effects of 5-Fu, and the thymus and spleen
indexes were indistinguishable between the combination
and control groups (Fig. 1D) (P=0.92 and 0.95, respectively).
Additionally, the white blood cell and neutrophil counts

declined in the 5-Fu treatment group, a toxic side effect due to
myelosuppression (20). By contrast, RJSJ in combination with
5-Fu prevented these side effects (Fig. 1E). In summary, treat-
ment with RJSJ at 500 mg/kg exhibited significant anticancer
activity; however, the administration of RJSJ together with
5-Fu exhibited a greater effect in inhibiting tumor growth than
either compound alone without inducing body weight loss or
reducing the level of immune function or myelosuppression.
Thus, the administration of RJSJ in combination with 5-Fu is
more effective and safer than the chemotherapeutic treatment
alone.

Toxicity of RJSJ against breast cancer cells. As TCM has
been used in the management of breast cancer (6-9), the
present study monitored the effect of RJSJ on the growth of
breast cancer MCF-7 and MDA-MB-231 cell lines using MTT
assays. RJSJ exhibited an inhibitory effect on the growth of
the cell lines, with ICs, values of 578 ug/ml for MCF-7 and
635 pg/ml for MDA-MB-231 (Fig. 2A and B). At 1 mg/ml,
RJSJ showd cytotoxicity on 80-90% of the cancer cells. To
additionally evaluate the cytotoxic effect of RJSJ on breast
cancer cells, MCF-7 and MDA-MB-231 cells were treated with
RIJSJ, and crystal violet staining was used to determine the
cell mass 1 week subsequent to treatment. Consistent with the
aforementioned MTT assays, RJSJ significantly decreased the
capacity of breast cancer cells to survive in a dose-dependent
manner (Fig. 2C) (P=0.02). Thus, RJSJ is a potent cytotoxic
agent against breast cancer cells.
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Figure 3. RJSJ induces apoptosis in breast cancer cells. (A) Representative fluorescence images of MCF-7 cells, upper panel, and MDA-MB-231 cells, lower
panel, stained with Hoechst 33258 subsequent to treatment with RJSJ for 24 h; red arrows indicate cell shrinkage and nuclear fragmentation (magnifica-
tion, x200). (B) Cells were treated with RJSJ at different concentrations for 48 h. Annexin V/propidium iodide staining was detected with flow cytometry.
Representative plots of 3 independent experiments are shown. Quantitative data show the average percentage of Annexin V-positive cells in early apoptosis,
lower right quadrant, and late apoptosis, upper right quadrant, of 3 independent experiments, right panel. (C) Caspase-3/7 and caspase-9 activities in MCF-7,
left histograms, and MDA-MB-231, right histograms, cells subsequent to RJSJ treatment. (D and E) Bcl-2 and survivin expression levels in MCF-7 and
MDA-MB-231 cells determined using (D) reverse transcription-quantitative polymerase chain reaction and (E) western blot analysis subsequent to RJSJ
treatment for 48 h. Pictorial data show representative images of 3 independent experiments. Numerical data represent the mean + standard deviation of 3
independent experiments. 'P<0.05. RJSJ, Ruanjian Sanjie; Bcl-2, B-cell lymphoma 2; mRNA, messenger RNA.



ONCOLOGY LETTERS 13: 3071-3079, 2017

RJSJ promotes cell apoptosis, induces caspase activity and
modulates the expression of apoptosis-associated genes.
Next, the present study investigated whether the cytotoxic
effect of RISJ on breast cancer cells is mediated by promoting
cell apoptosis using Hoechst 33258. Following apoptosis, an
increase in membrane permeability permits the dye to enter
into the cell and to stain condensed chromosomes, which is an
indicator of apoptosis (21). The present study observed dense
blue fluorescent particles within the nucleus or cytoplasm in
addition to nuclear morphological changes following 48 h
of incubation with RJSJ in MCF-7 and MDA-MB-231 cells
(Fig. 3A), indicating the activation of apoptosis. Flow cyto-
metric Annexin V/PI analysis additionally confirmed these
initial findings, as the number of apoptotic cells increased
following RJSJ treatment in a dose-dependent manner
(Fig. 3B) (P=0.011). In order to determine whether these
events were accompanied by caspase activation, the activities
of caspase-3/7 and -9 were measured. In accordance with the
Annexin V/PI analysis, RJISJ markedly induced caspase-3/7
and caspase-9 activities in a dose-dependent manner in
the cells (Fig. 3C) (P=0.02 for caspase-3/7 and P=0.03 for
caspase-9). As the induction of apoptotic cell death can be
partly due to the alteration of pro-survival and pro-apoptotic
proteins, the present study evaluated the messenger RNA
levels of numerous survival and apoptotic genes. RT-qPCR
and western blotting results revealed that RJSJ inhibited the
expression of the pro-survival Bcl-2 and survivin proteins
in MCF-7 and MDA-MB-231 cells (Fig. 3D and E). Thus,
RJSJ induces caspase activity and the downregulation of the
pro-survival proteins Bcl-2 and surviving, leading to apoptosis
in breast cancer cells.

Administration of RJSJ in combination with doxorubicin is
more effective and safer than the chemotherapeutic treatment
alone in breast cancer xenografts. As the significant antitumor
activity of RJSJ was observed in both breast cancer cells and
EAC tumor models, it was investigated whether the antitumor
efficacy of RJSJ may be maintained in a breast cancer xeno-
graft model generated with highly metastatic MDA-MB-231
cells. As the aim of the present study was to explore whether
RJSJ may be effective in advanced breast cancer, the tumor
volume was monitored, and when the average tumor volume
reached ~400 mm?, the tumor-bearing mice were randomly
divided into four groups of 6 animals/group prior to the
initiation of the treatments. Tumor growth steadily progressed
during the following 15 days in the control group, whereas
tumor volume increased at a lower rate in the doxorubicin- and
RJSJ-treated groups. Notably, the animals receiving doxoru-
bicin alone exhibited a significant body weight loss, ~20%
reduction compared with that of the control group (P=0.03).
By contrast, no significant body weight loss was observed in
the animals treated with RJSJ alone (P=0.86). Additionally, the
group receiving doxorubicin and RJSJ displayed the smallest
tumors (P=0.047), with no additional mouse body weight loss
(P=0.76 for combined group vs. doxorubicin group), indicating
that the RJSJ-doxorubicin combination is more efficacious and
better tolerated than doxorubicin alone (Fig. 4A and B). The
expression of anti-apoptotic Bcl-2 and pro-survival survivin
in the tumors was consistent with the in vitro results (Fig. 3D),
showing a downregulation of these genes following RJSJ
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Figure 4. Antitumor activity of RJSJ in MDA-MB-231 advanced xenograft
tumors. (A) Tumor size and (B) body weight of nude mice subsequent to
treatment with PBS (control), DOX, RJSJ or DOX plus RJSJ. Data are
presented as the mean tumor size + standard deviation of 6 mice per group.
(C) RNA was isolated from tumors 28 days post-implantation, and Bcl-2
and survivin messenger RNA expression was determined by quantitative
polymerase chain reaction. The individual tumor expression data, dots, and
the mean values, lines, are indicated. "P<0.05. RJSJ, Ruanjian Sanjie; Bcl-2,
B-cell lymphoma 2; DOX, doxorubicin.

administration (Fig. 4C) (P=0.03 for Bcl-2 expression and
P=0.013 for survivin expression). In summary, the administra-
tion of RJSJ in combination with doxorubicin is more effective
in reducing tumor size than the chemotherapeutic treatment
alone in mouse breast cancer xenografts.

Discussion

According to TCM, cancer is a systemic disease formed
when the internal functions of the body become imbal-
anced (22). Folk Chinese tradition attributes breast cancer to
the accumulation of toxins, heat, swelling and blood stasis in
the body. This pathology is cited as ‘breast rock’ in the most
ancient Chinese medical texts (6). More recently, pre-clinical
and clinical studies have shown that TCM combined with
conventional Western medicine, chemotherapy and radio-
therapy, can provide effective supportive care for patients with



3078

cancer (23-26). TCM increases the sensitivity of chemo- and
radio-therapeutics, reduces the side effects of the aforemen-
tioned therapies, and improves patient quality of life and
survival time (23-26). One classical model of TCM combination
therapy, called formula, has been advocated for >2,500 years.
Formulae always consist of different herbs or minerals, as their
components may act on multiple targets and show synergistic
therapeutic efficacy (27,28). For example, the Chinese medical
formula warming and relieving cold phlegm has demonstrated
an anticancer effect on hepatoma cells in vitro and on breast
cancer cells in vivo (29,30), whereas Xiaotan Sanjie, a tradi-
tional Chinese herbal decoction composed of 11 herbs, has
been shown to be effective in gastric cancer treatment (31,32).
However, despite a long tradition and anecdotal evidence of
cancer cures using TCM as a sole therapy (6), the key active
principles in Chinese formulae and their mechanisms of action
remain unknown.

In an effort to shed light on the underlying principles
involved in TCM, the present study investigated the anti-
tumor activity of RJSJ, a decoction of Pinellia ternata,
Prunella vulgaris, Cremastra appendiculata and
Sargassum pallidum traditionally used in China (10).
Although a number of preliminary studies indicate
tumor-inhibitory properties in extracts of several individual
components of RJSJ (11-14), no studies on the effect of
RJSJ on cancer have yet been published. The acute toxicity
assays of the present study indicate that RJSJ is safe and
well tolerated. However, the median lethal dose (LDs,) was
not calculated, as no mortality or behavioral changes were
observed at the highest dose used (5 g/kg).

The administration of RJSJ exhibits similar efficacy in
terms of tumor growth inhibition to that of 5-Fu in EAC
tumor models and to doxorubicin in advanced breast cancer
xenograft models. RJSJ is better tolerated than these two
chemotherapeutic drugs alone, without body weight loss or
toxicity due to myelosuppression. Notably, RJSJ reduces the
immunosuppressive reaction of tumor-bearing mice treated
by chemotherapeutic drugs and strengthens the immuno-
competence of the host. Having established the excellent
antiproliferative capacity of RJSJ when used in combination
with standard chemotherapeutics, the present study demon-
strated that the effect of RJSJ on breast cancer, both in vitro
and in vivo, can be at least partially attributed to its ability
to induce apoptosis. The administration of RJSJ results in
the activation of caspase-3,7 and -9, and the downregulation
of survivin and Bcl-2 expression, two pro-survival proteins.
These results are consistent with those from previous studies
indicating that Pinellia ternate extracts induce apoptosis in
human hepatoma cells (33). Prunella vulgaris also promotes
apoptosis and inhibits cell proliferation in human colorectal
cancer cells through targeting the signal transducer and
activator of transcription 3 pathway (34), decreases Bcl-2
expression, and increases Bcl-2-like protein 4 and Bcl-2-asso-
ciated death promotor expression in human pulmonary
adenocarcinoma cells (35). In addition, Sargassum pallidum
aqueous extract enhances antioxidant activities in rodent
gastric cancer (36), whereas Cremastra appendiculata
tuber extract shows potent cytotoxicity against MCF-7 and
MDA-MB-231 cells in vitro (37). These data suggest that
RJSJ may effectively eliminate breast cancer cells through
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modulating a variety of pathways in addition to apoptosis via
regulating Bcl-2 and survivin expression.

In conclusion, the present study observed that the TCM
RIJSJ decoction shows potent antitumor activity in vitro and
in vivo. RJSJ significantly induces cell apoptosis, activating
caspases-3,7 and 9, and suppressing Bcl-2 and survivin expres-
sion in breast cancer cells. Additionally, considering that i.g.
RIJSJ treatment is well tolerated, the combination of RJSJ and
chemotherapeutic drugs shows a synergistic effect in vivo,
particularly in advanced breast cancer xenograft models.
Additional investigation into the clinical implication of RJSJ
in cancer treatment and the characterization of its active prin-
ciples is required.
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