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Anti-tumor effect of Radix Paeoniae Rubra extract on
mice bladder tumors using intravesical therapy
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Abstract. Radix Paeoniae Rubra (RPR) is the dried root of
Paeonia lactiflora Pallas and Paeonia veitchii Lynch, and is a
herbal medicine that is widely used in traditional Chinese medi-
cine for the treatment of blood-heat and blood-stasis syndrome,
similarly to Cortex Moutan. The present study identified the
same three components in RPR and Cortex Moutan extracts.
In addition, it has been reported that RPR has an anti-cancer
effect. Bladder cancer is the seventh most common type of
cancer worldwide. Due to the high recurrence rate, identifying
novel drugs for bladder cancer therapy is essential. In the
present study, RPR extract was evaluated as a bladder cancer
therapy in vitro and in vivo. The present results revealed that
RPR extract reduced the cell viability of bladder cancer cells
with a half maximal inhibitory concentration of 1-3 mg/ml,
and had an extremely low cytotoxic effect on normal urothelial
cells. Additionally, RPR decreased certain cell cycle popula-
tions, predominantly cells in the G1 phase, and caused a clear
sub-G increase. In a mouse orthotopic bladder tumor model,
intravesical application of RPR extract decreased the bladder
tumor size without altering the blood biochemical parameters
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of the mice. In summary, the present results demonstrate the
anti-proliferative properties of RPR extract on bladder cancer
cells, and its anti-bladder tumor effect in vivo. Compared to
Cortex Moutan extract, RPR extract may provide a more effec-
tive alternative therapeutic strategy for the intravesical therapy
of superficial bladder cancer.

Introduction

Radix Paeoniae Rubra (RPR),or Chishaoin Chinese, is the dried
root of the plant Paeonia lactiflora Pallas and Paeonia veitchii
Lynch, and is a widely used Chinese medical herb, which tastes
bitter. According to the traditional Chinese medicine (TCM)
meridian science theory, RPR exerts a major physiological
effect on the liver (1). RPR belongs to the light cold-type
TCM group and has heat-clearing (through cooling and acti-
vating blood), pain-relieving and stasis-dissipating effects (2).
Similarly to Cortex Moutan, RPR is normally used for the
treatment of blood-heat and blood-stasis syndromes in the
clinic (3). Previous studies have demonstrated that RPR has
various biological and pharmacological activities, including
anti-inflammatory,immunomodulatory (4), anti-angiogenic (5),
anti-atherosclerosis (6), anti-platelet (7), anti-diabetic (8),
anti-tumor (9), peripheral neuroprotective (10) and hepatopro-
tective effects (2). There are ~40 compounds that have been
screened and identified from RPR extracts. The major bioac-
tive constituents of RPR consist of monoterpene glycosides,
galloyl glucoses and other phenolic compounds (11,12).
Paeoniae Radix (Shaoyao in Chinese, the dried root of
Paeonia lactiflora Pallas. and/or P. veitchii Lynch.) and
Cortex Moutan (Mu Dan Pi in Chinese, the dried root bark
of P. suffruticosa Andr.) are obtained from plants belonging
to the Paeoniaceae family and Paeonia genus. It has been
reported that the dried roots of P. lactiflora and the dry root
bark of P. suffruticosa contain similar compounds, including
monoterpene glycosides, paeonol, paeoniflorin and gallic
acid (13). Total paeony glycosides, one of the components of
RPR, inhibits angiogenesis (5), human chronic myelogenous
leukemia K562 cell proliferation and xenografted tumor
growth (14), activates natural killer cells and elevates serum
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levels of interleukin (IL)-2 and IL-4, which significantly
reduces tumor growth in mice in vivo (9). In addition, crude
extracts of RPR reduces IL-10 and increases IL-8 levels in
Bacillus Calmette-Guérin (BCG)-activated primary human
blood macrophages (15). Furthermore, Bai Shao extract, which
is the dried product of boiled P. lactiflora Pall. root with the
bark removed, inhibits the development of rat bladder cancer,
induced by N-butyl-N-(4-hydroxybutyl) nitrosamine, via
apoptotic mechanisms (16).

Bladder cancer is the seventh most common type of cancer
in men worldwide (17). The highest incidence (age standard-
ized rate and proportions per 100,000) is reported in southern
Europe, including 27.1 in men and 4.1 in women (18). In total,
>90% of bladder cancer cases are diagnosed histologically
as urothelial carcinoma (UC) (18), which is classified into
two groups due to the pathogenesis: Superficial and invasive
UC. Immunotherapeutic and chemotherapeutic agents are
two types of intravesical therapeutic agents for bladder cancer
therapy. BCG is an immunotherapeutic agent and mitomycin C
is a chemotherapeutic agent (19). BCG provokes considerable
and occasionally serious side-effects (20), and the recurrence
rate of cancer following BCG therapy remains high in spite
of intravesical chemotherapy (21). Therefore, improvement in
bladder cancer therapy is required. Research concerning the
identification of novel agents or methods for bladder cancer
treatment remains ongoing; intravesical anti-tumor herbal
medicine has demonstrated an excellent therapeutic result in a
mouse orthotopic bladder tumor model (3), which provides an
ideal animal bladder tumor model for studies (22).

A previous study using this animal model demonstrated that
combretastatin A-4, a natural tubulin polymerization inhibitor,
reduced bladder tumor growth via intravesical therapy (23).
However, another natural compound, curcumin, did not demon-
strate an effect in this mouse model (24). It was observed that
baicalein, a natural compound derived from the root of Scutel-
laria baicalensis Georgi, only had a small anti-bladder tumor
effect through intraperitoneal application (25). Notably, when
using an extract from Cortex Moutan, which is the root bark
of P. suffruticosa Andr., the anti-bladder tumor effect was
increased compared with the effect observed with the aforemen-
tioned natural compounds (3). Therefore, these findings suggests
that Chinese traditional medicines may provide an alternative in
the treatment of UC via intravesical application. The anti-tumor
effect of RPR extract, which contains similar compounds to
Cortex Moutan extract, on bladder cancer remains unknown.
The present study investigated the anti-cancer effect of RPR
extract in bladder cancer cell lines, and in vivo in a mouse
orthotopic bladder tumor model.

Materials and methods

Cell culture and RPR extract preparation. Human bladder
papillary transitional cell carcinoma BFTC 905 cells were
obtained from the Bioresource Collection and Research Center
(Hsinchu, Taiwan). Mice bladder carcinoma MB49 cells were
kindly provided by Dr Timothy L. Ratliff (Purdue Cancer
Center, West Lafayette, IN, USA). BFTC 905 and MB49 cells
were maintained in RPMI-1640 medium supplied with 10%
fetal bovine serum (FBS), 1% penicillin and 1% streptomycin.
Human simian virus (SV) 40-transformed uroepithelial
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SV-HUC-1 cells (Bioresource Collection and Research Center)
were maintained in Ham's F12 nutrient mixture supplemented
with 7% FBS. All cell culture reagents were purchased from
Gibco® (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
The cells were incubated in a CO, incubator at 37°C, with
5% CO, and 95% filtered air. RPR and Cortex Moutan were
purchased from Sun Ten Pharmaceutical Co., Ltd. (New
Taipei, Taiwan). RPR and Cortex Moutan were prepared by
mixing each powder with RPMI-1640 medium (50 mg/ml;
stock concentration), and subsequently sonicated on ice for
60 min, filtered using qualitative Millex® filter paper (0.45 ym
and 0.2 ym; Merck Millipore, Darmstadt, Germany) and
stored at -80°C until required. Control group cells were treated
with the same volume of RPMI-1640 but without RPR.

Chromatographic separation. High-performance liquid
chromatography (HPLC; Hitachi, Ltd., Tokyo, Japan) analysis
was performed on a Purospher®STAR RP-18 endcapped
HPLC column (internal diameter x length, 4.6x250 mm;
pore size, 5 ym; Merck Millipore). Methanol, ethanol or
RPMI-1640 medium were used as the solvents to dissolve
gallic acid, methyl gallate and paeoniflorin, while prepared
RRP and Cortex Moutan were injected directly for HPLC
analysis. A binary gradient elution system composed of
acetonitrile (Sigma-Aldrich) as solvent A and 0.1% phos-
phoric acid as solvent B was used. The gradient elution was
as follows: 0-5 min, 10-15% solvent A (90-85% solvent B);
5-25 min, 15-22% solvent A (85-78% solvent B); 25-45 min,
22-70% solvent A (78-30% solvent B); 45-46 min, 70-80%
solvent A (30-20% solvent B); 46-50 min, 80% solvent A (20%
solvent B). The mobile phase flow rate was 0.8 ml/min and the
column temperature was maintained at 25°C. The ultraviolet
light detector was set at 275 nm.

Cell viability assay. Cell viability was determined using
a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT; Sigma-Aldrich, St. Louis, MO, USA) assay,
according to the manufacturers's protocol, and direct cell
counting. MB49 (24 h assay, 4x10* cells/well; 48 h assay,
3x10* cells/well) or BFTC 905 (24 h assay, 8x10* cells/well;
48 h assay, 4x10* cells/well) cells were cultured in 24-well
plates (Nunc™; Thermo Fisher Scientific, Inc.), while
SV-HUC-1 cells (24 h assay, 6x10* cells/well; 48 h assay,
4x10* cells/well) were cultured in a 96-well plate (Nunc;
Thermo Fisher Scientific, Inc.). After 24 h, cells were incubated
with various concentrations of RPR extract concentrations (0,
0.5, 1,2, 3,3.5 mg/ml)for an additional 24 and 48 h. The MTT
assay is based on the conversion of the tetrazolium salt by mito-
chondrial dehydrogenase to a formazan product. Following
cell incubation with 0.5 mg/ml MTT, the culture medium was
discarded, and formazan products were dissolved in dimethyl
sulfoxide (Sigma-Aldrich). Each well was measured by light
absorbance at 550 nm (SpectraMax 340PC384 microplate
reader; Molecular Devices, LLC, Sunnyvale, CA, USA). In
direct cell counting, the cells were detached using trypsin
(Gibco; Thermo Fisher Scientific, Inc.), stained with trypan
blue (Sigma-Aldrich) and counted using a haemocytometer
(Neubauer-improved; Paul Marienfeld GmbH & Co. KG,
Lauda-Ko6nigshofen, Germany). The result was expressed as
a percentage relative to the cell number of the control group.
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Figure 1. High-performance liquid chromatography analysis of RPR and Cortex Moutan extracts. RPR and Cortex Moutan extracts were prepared using
RPMI-1640 medium. The solvents for the standards are (A) ethanol (gallic acid and methyl gallate), methanol (paeoniflorin) and (B) RPMI-1640 medium.
Peak 1, gallic acid; Peak 2, methyl gallate; Peak 3, paeoniflorin. Arrows indicate the peaks of gallic acid, methyl gallate and paeoniflorin in the two extracts.

RPR, Radix Paeoniae Rubra.

Cell cycle analysis. MB49 (24 h assay, 2.2x10° cells/well;
48 h assay, 1.4x10° cells/well) and BFTC 905 (24 h assay,
2.2x10° cells/well; 48 h assay, 1.4x10° cells/well) cells were
seeded in 6-well plates (Nunc; Thermo Fisher Scientific, Inc.).
Following a 24 h incubation, RPR extract was added (0, 0.5,
1,2, 3, 3.5 mg/ml). After 24 and 48 h, cells were trypsinized,
centrifuged at 640 x g and 25°C for 5 min (Model 3740;
Kubota, Tokyo, Japan), and fixed with ice-cold 75% ethanol
overnight at 4°C. Subsequently, the ethanol was removed and
the cells were stained with a DNA staining solution, containing
1 mg/ml propidium iodide (Sigma-Aldrich) and 10 mg/ml ribo-
nuclease A (Sigma-Aldrich) dissolved in phosphate-buffered
saline for 30 min at room temperature. The DNA content of the
stained cells was measured using a FACScan™ flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA). The cell doublets
were removed by gating the left region of FL2-W/FL2-A plot
for analysis. Cell cycle data from flow cytometry was analyzed
using ModFit LT™ software (version 3.0; Verity Software
House, Inc., Topsham, ME, USA).

Mouse orthotopic bladder tumor model. In total, 16 female
C57BL/6 mice aged 5 weeks were provided by the National
Laboratory Animal Center (Taipei, Taiwan). Animals were
maintained at the animal care facility of the Biotechnology
and Health Hall, National Chiayi University (Chiayi, Taiwan)
for 1 week prior to the start of the present study. The mice were
housed in polycarbonate cages, provided with food and water
ad libitum and maintained on a 12-h light-dark cycle at 22+2°C.
MB49 cells stably transformed with the luciferase gene to
produce MB49-Luc cells were provided by Dr. Hsiao-Sheng
Liu of National Cheng Kung University (Tainan, Taiwan);
MB49-Luc cells grew more quickly than MB49 cells. The

implantation of murine bladder cancer MB49-Luc cells into
C57BL/6 mice was performed as previously described (26-28).
Following MB49-Luc cell inoculation (day 1), the mice were
randomly assigned to two groups (8 mice/group); one group
was intravesically treated with RPMI-1640 medium (control
mice) and the other group received 2.5 mg/mouse RPR
extract intravesically on days 4, 6, 8, 10, 12, 14, 16, 18 and 20
(RPR-treated mice). On day 21, the mice were sacrificed and
the bladder tumor volumes were measured prior to formalin
(Sigma-Aldrich) fixation of the tumor. The present study was
approved by the Institutional Animal Care and Use Committee
of National Chiayi University (Approval No. 103031).

Statistical analysis. Data are presented as the mean + stan-
dard error of the mean. The data were statistically evaluated
by performing one-way analysis of variance with SigmaPlot
software (version 11.0; Systat Software, Inc., San Jose, CA,
USA). P<0.05 indicated a statistically significant difference.

Results

Major components of RPR extract and Cortex Moutan extract.
Paeoniae Radix and Cortex Moutan belong to the Paeoniaceae
family and contain numerous similar compounds. Previ-
ously, Cortex Moutan extract was observed to exert effective
anti-bladder tumor activity (3); therefore, using the same extrac-
tion preparation procedure, the present study prepared RPR
and Cortex Moutan extract and determined their components
using HPLC. Fig. 1A demonstrates that gallic acid, methyl
gallate and paeoniflorin were identified in RPR and Cortex
Moutan extracts. RPMI-1640 medium was used as a control,
and no peaks for gallic acid, methyl gallate and paeoniflorin
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Figure 2. Cytotoxicity of RPR extract in bladder cancer and normal urothelial cells. The cytotoxicity was analyzed subsequent to RPR treatment for 24 and 48 h.
(A) Cytotoxicity of RPR extract in human bladder papillary transitional cell carcinoma BFTC 905 cells using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay. (B-D) Cytotoxicity of RPR extract in (B) BEFTC 905, (C) mice bladder carcinoma MB49 and (D) human SV40-transformed uroepithelium SV-HUC-1
cells using direct cell counting. Control cells were treated with the same volume of medium but without RPR. The cell number for the control was regarded as
100%. Data are represented as the mean + standard error of the mean. The experiment was repeated three times. RPR, Radix Paeoniae Rubra; SV, simian virus.
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cell carcinoma BFTC 905 and (B) mice bladder carcinoma MB49 cells were treated with RPMI-1640 medium alone (0 mg/ml RPR) or RPR extract dissolved
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Table I. Blood biochemical parameters following intravesical application of RPR extract in 8 mouse orthotopic bladder tumor

models.

Biochemical parameter Control RPR-treated P-value
SGOT, U/l 115.0£17.61 196.0+35.23 0.059
SGPT, U/l 24.50+1.74 31.40+2.73 0.051
BUN, mg/dl 28.50+0.84 26.30+2.39 0.400
Creatinine, mg/dl 0.500+0.01 0.500+0.02 1.000

Data are represented as the mean + standard error of the mean. There were no significant differences between control and RPR-treated groups.
RPR, Radix Paeoniae Rubra; SGOT, serum glutamate-oxaloacetate transaminase; SPGT, serum glutamate-pyruvate transaminase; BUN, blood

urea nitrogen.
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the mean + standard error of the mean. “"P=0.001.

were observed (Fig. 1B). Compared with alcohol (Fig. 1A),
RMPI-1640 as a solvent resulted in some minor noise signals
in the standards (Fig. 1B). The concentration ratio of gallic acid
is increased in Cortex Moutan compared with RPR extract. By
contrast, the concentration ratio of paeoniflorin is increased
in RPR compared with Cortex Moutan extract. The different
percentage of gallic acid, methyl gallate and paeoniflorin in
RPR and Cortex Moutan extracts indicates that the anti-tumor
and adverse effects of these two extracts may be different.

Cytotoxicity of RPR extract in BFTC 905, MB49 and
SV-HUC-I cells. The present study calculated the cytotoxicity
of RPR extract to cancer cells using an MTT assay. In human
bladder cancer BFTC 905 cells, the half maximal inhibitory
concentration (ICs,) of RPR extract was ~2.3 and 2.8 mg/ml at

48 and 24 h treatment times, respectively (Fig. 2A). The cells
were observed to have died at 48 h by microscopic observa-
tion; therefore, the present study analyzed the cytotoxicity
again using direct cell counting. The cells died following
3.0 and 3.5 mg/ml RPR treatment for 48 h. The IC;, was
~1.4 and 2.8 mg/ml at 48 and 24 h treatment in BFTC 905 cells
(Fig. 2B). In mouse bladder cancer MB49 cells, the ICy, of
RPR extract was ~1.4 and 1.8 mg/ml at 48 and 24 h treatment
(Fig. 2C). In human normal urothelial SV-HUC-1 cells, the
ICy, was >3.5 mg/ml at 24 h and ~3.5 mg/ml at 48 h (Fig. 2D).
According to these data and our previous study (3), RPR
extract demonstrates a similar anti-cancer effect and a lower
cytotoxicity to normal cells than Cortex Moutan extract; the
IC, of Cortex Moutan was >3.5 mg/ml at 24 h and 1.6 mg/ml
at 48 h in SV-HUC-1 cells (3).
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RPR extract clearly increases the number of cells in the
subGl1 population of the cell cycle. Cell cycle analysis was
performed in BFTC 905 and MB49 cells following RPR
extract treatment. RPR dose-dependently increased the
sub-Gl cell population while decreasing the G1 cell popula-
tion in BFTC 905 cells (Fig. 3A). RPR also increased the
sub-Gl cell population while decreasing the G1 and S cell
populations in MB49 cells (Fig. 3B). These results suggest that
RPR induces cell death in cells in G1 and S phases, which is
concurrent with an increase of the subGl cell population.

RPR extract inhibits tumor growth in a mouse orthotopic
bladder tumor model. Following tumor implantation at
day 1, intravesical application of RPR extract was performed
between day 4 and day 20 once every 2 days. The body weight
of the mice was not significantly altered between the control
and RPR-treated mice (Fig. 4A). The bladder tumor size was
calculated following sacrifice on day 21. RPR-treated mice
had a significantly decreased bladder tumor volume (P=0.001;
Fig. 4B). The blood biochemistry data of the mice demon-
strated no significant difference between the two groups
(Table I). These results suggest that intravesical RPR treatment
decreases bladder tumor size without exerting adverse affects
in the liver and kidneys.

Discussion

The present study provides the first evidence that RPR extract
has anti-bladder cancer activity and reduces mouse bladder
tumor size using intravesical therapy. Compared with Cortex
Moutan extract (3), RPR exhibits similar cytotoxicity in
mice bladder carcinoma MB49 cells and less cytotoxicity in
normal bladder SV-HUC-1 cells. Following mouse intravesical
therapy with RPR nine times, RPR also had a similar effect
in reducing bladder tumor volume as Cortex Moutan did.
Similarly to Cortex Moutan extract, there was no physiological
harm to the mice or damage to the liver or kidneys using blood
biochemical parameter analysis. The present data suggest that,
for intravesical therapy of bladder cancer, RPR extract may be
a more effective therapeutic agent than Cortex Moutan extract.

In the present component analysis using HPLC, there were
4 major peaks observed within the RPR extract. In addition to
gallic acid, methyl gallate and paeoniflorin, the peak between
gallic acid and methyl gallate was the 4th major peak (at
~11 min). In Cortex Moutan extract, there was also a 5th major
peak (at ~15 min). The components of the 4th and 5th peak
in the present analysis were not known without the standards;
however, they are not paeonol, since this elutes at ~30-40 min
under the same HPLC conditions (29). Paeonol and paeoniflorin
are two of the major compounds present in Cortex Moutan
extract (26,30). In RPR extract, paeoniflorin is increased
compared with Cortex Moutan extract, which suggests that,
in RPR extract, paeoniflorin may exhibit an anti-cancer effect
that has a lower cytotoxicity in normal bladder cells. It has been
reported that paeoniflorin exerts its antiproliferative activity
through cell cycle arrest and the Fas/Fas ligand-mediated
apoptotic pathway in human non-small cell lung cancer
A549 cells (27). Furthermore, paeoniflorin induces apoptosis
by downregulating B-cell lymphoma (Bcl)-2 and upregulating
Bcl-2-like protein 4 (Bax) and caspase-3 in a human cervical
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cancer cell line (28). Paeoniflorin also induces apoptosis in
hepatocellular carcinoma cells by downregulating prosta-
glandin E2 receptor subtype EP2 expression and increasing
the Bax-to-Bcl-2 ratio (31). In addition, paeoniflorin promotes
anti-cancer drug activity by inhibiting nuclear factor kB acti-
vation (32,33).

According to the present HPLC analysis and the observa-
tions of a previous study (26), gallic acid and methyl gallate
are two important components in RPR extract. There are
numerous studies that have investigated the anti-cancer effect
of gallic acid (34-37), and its chemopreventive effect (38,39).
In addition, there are certain studies concerning the
anti-cancer effect of methyl gallate (40,41). Therefore, the
three major components that exist in RPR extract (gallic acid,
methyl gallate and paeoniflorin) may work in combination to
contribute to the anti-tumor activity of RPR extract. In TCM
theory, the appropriate combination of various components
provides a synergic activity or reduces the adverse effect of
other compounds (42). The present study concerning RPR and
the previous study concerning Cortex Moutan (3), demonstrate
that these compounds produce effective anti-bladder tumor
activity without evident side-effects in vivo. RPR and Cortex
Moutan extracts exhibit more effective results in bladder
tumor therapy by intravesical application compared with pure
compounds of RPR and Cortex Moutan (23-25). This suggests
that RPR and Cortex Moutan extracts may be novel alternative
intravesical therapy agents for the treatment of bladder cancer.

Mouse orthotopic bladder tumor is a beneficial model
for human bladder tumors, and it aids in the demonstration
of treatment via the intravesical pathway, which is the most
extensive treatment for superficial bladder tumors (43). In
previous studies, an intravesical application of Cortex Moutan
provides a beneficial therapeutic effect, but it is cytotoxic to
human normal urothelial SV-HUC-1 cells (3). RPR extract
contains a mixture of bioactive compounds, and demonstrates
an effect in bladder cancer intravesical therapy with a lower
cytotoxicity in SV-HUC-1 cells.

In conclusion, the present data elucidate the anti-bladder
cancer effect of RPR extract in vitro and in vivo, and suggest
that RPR extract may provide an alternative therapeutic
strategy for the intravesical treatment of superficial bladder
cancer.
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