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Abstract

AIM: To investigate the anti-tumor effects of paeonol
in gastric cancer cell proliferation and apoptosis /n vitro
and /n vivo.

METHODS: Murine gastric cancer cell line mouse fore-
stomach carcinoma (MFC) or human gastric cancer cell
line SGC-7901 was cultured in the presence or absence of
paeonol. Cell proliferation was determined by 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay,
and cell cycle and apoptosis by flow cytometry and TUNEL
staining. Tumor growth after subcutaneous implantation
of MFC cells in mice was monitored, and the effects of
treatment with paeonol were determined.

RESULTS: /n vitro, paeonol caused dose-dependent in-
hibition on cell proliferation and induced apoptosis. Cell
cycle analysis revealed a decreased proportion of cells
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in GO/G1 phase, with arrest at S. Paeonol treatment in
gastric cancer cell line MFC and SGC-790 cells signifi-
cantly reduced the expression of Bcl-2 and increased
the expression of Bax in a concentration-related manner.
Administration of paeonol to MFC tumor-bearing mice
significantly lowered the tumor growth and caused tumor
regression.

CONCLUSION: Paeonol has significantly growth-inhibi-
tory and apoptosis-inducing effects in gastric cancer cells
both /n vitro and in vivo.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is the fourth most common cancer and the
second leading cause of cancer-related death in the world.
Gastric cancer represents roughly 2% (25500) of all new
cancer cases yeatly in the United States'. However, gastric
cancer is much motre common in many parts of the world
including China. With delayed symptoms, most of gastric
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cancer patients are often diagnosed at an advanced stage,
and the 5-year survival remains less than 20%'". Surgical
resection remains the only curative treatment. But with high
rates of local recurrence and systemic spread (including
peritoneal metastases), attempts to improve the outcomes
of this disease have incorporated the use of adjuvant che-
motherapy. However, the high incidence rate of severe side
effects of the drugs used in the chemotherapy limits its
therapeutic results. Thus, there has been growing interest
in developing more effective chemotherapeutic agents for
gastric cancef.

Natural products are potential sources of novel antican-
cer drugs that may be applicable to cancer chemotherapy.
The anti-tumor potential of components from Chinese
herbal medicines has been of great interest. With thousands
of years of experience, Chinese herbal medicines are con-
sidered as a rich source of new therapeutic agents. Paconol
is the main component of a Chinese herbal medicine pre-
pared from the root bark of Paeonia montan. 1t has various
pharmacological and physiological effects such as sedation,
hypnosis, antipyresis, analgesia, anti-oxidation, anti-inflam-
mation, anti-bacteria, immuno-regulation and anti-tumor
effects” . Our previous studies showed that paeonol in-
hibited the proliferation of different tumor cell lines i vitro
and suppressed tumor growth in xenograft tumor models
in vive .

In this study, we found for the first time that paconol
exerted the impressive biological effects in blocking the
growth of gastric cancer cells 7 vitro, and in an allograft
mouse model as well. We also observed that the growth
inhibitory effects of paconol were mediated by induction
of apoptotic cell death vz increasing the Bax/Bcl-2 rato.
The results of this investigation may provide a scientific
explanation for the traditional application of this herbal
medicine in gastric cancer therapy.

MATERIALS AND METHODS

Drugs and chemicals

The compound paeonol with 98% purity was purchased
from Tianshi Pharmaceutical Factory of Tongling (Cat.
No. 010521) (Tonglin, Anhui, China). For 77 vivo experi-
ments, paconol was suspended in 0.5% sodium carboxy-
methylcellulose (CMC-Na) to the desired concentrations.
In vitro, the cells were seeded and treated with the control
vehicle (0.1% DMSO), or different concentrations of pae-
onol for the indicated time. 5-fluorouracil (5-FU) injection
was obtained from Shanghai Haipu Pharmaceutical Facto-
ry, China (Cat. No. 031109) (Shanghai, China). RPMI-1640
medium was from GIBCO BRL, Life Technologies Inc.
(Grand Island, New York, USA), and 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and
acridine orange (AO) were from Sigma Co. (St. Louis, MO,
USA). DNA-Prep-Reagents Kit was bought from Beck-
man Coulter Co. (Miami, FL, USA. Cat. No. 760279K).
Rabbit polyclonal antibodies against human Becl-2 and Bax
were all purchased from Lab Vision Corporation (Fremont,
California, USA) and streptavidin-biotin-peroxidase (S-P)
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reagents kit was obtained from Fuzhou Maxim Biotech,

Ltd. (Fuzhou, Fujian, China).

Animals and cell lines

Murine gastric cancer cell line mouse forestomach carci-
noma (MFC) and human gastric cancer cell line SGC-7901
were purchased from Shanghai cell bank, Chinese Acad-
emy of Sciences. Six-week-old male healthy Kunming
mice were obtained from the Animal Department of
Anhui Medical University, and were maintained on a 12 h
light/12 h datk cycle from 6:00 AM to 18:00 PM under a
regulated environment (20 £ 1°C). Animals were housed
in plastic cages with free access to food and water. All
procedures followed the guidelines for use of animals in
research set by the Association of Laboratory Animal Sci-
ences and the Center for Laboratory Animal Sciences at
Anhui Medical University.

Cell culture

Cells were cultured in RPMI-1640 medium supplement-
ed with 10% fetal bovine serum (FBS) and incubated at
37°C in humid atmosphere with 5% COx.

Cell proliferation assay: Cells were cultured in 96-well
plates at a density of 1 X 10 cells with 100 plL. medium
overnight, and then treated with various concentrations
of drugs. After 44 h of drug exposure, MTT solution
(5 mg/mL) was added to the plates. The cells were in-
cubated at 37°C for another 4 h. Formazine was solved
in 150 pL/well DMSO and absotbance was detected at
490 nm using ELx 800 Strip reader (Bio-Tek, USA). Each
drug concentration was tested in five replicates from
which the mean, standard deviation and coefficient of
variation wete calculated. The drug concentration capable
of inhibiting cell growth by 50% relative to untreated con-
trols was calculated as follows: Inhibition percentage (%)
= (1-As0 am of expetimental well)/ A0 am of control well.
The median inhibitory concentration (ICso) (defined as
the drug concentration inhibiting cell growth by 50%) was
calculated from the dose-response curves.

Cell cycle analysis: Cells were seeded (2 X 10” cells/well)
in 6-well plates, treated with or without paconol for 48 h
and then trypsinized, washed in phosphate-buffered saline
and fixed in ice-cold 70% ethanol-phosphate-buffered sa-
line. DNA was labeled with propidium iodide. Cells wete
sorted by flow cytometry, and cell cycle profiles were deter-
mined using Mcycle software (Beckman Coulter, Fullerton,
CA).

Apoptosis assay: Apoptosis was analyzed by two meth-
ods. First, sub-G1 DNA analysis was conducted by flow
cytometry. Cells were cultured in 6-well plates. Non-ad-
herent cells were removed by gentle washing, and the me-
dium was removed and replaced with fresh medium con-
taining paeonol at the desired concentrations. After 24 h
of drug exposure, cells were collected and centrifuged at
2000 r/min in a 15 mL tube for 5 min, fixed with 70%
ethanol for 4 h, washed twice with phosphate buffered sa-
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line (PBS), and then 500 L propidium iodide (PI) stain-
ing buffer was added in the dark at room temperature for
30 min according to the procedure of DNA-Prep Coulter
reagents kit. A minimum of 1 X 10° cells treated for each
group were analyzed using an EPICS XI.-MCL Coulter
counter. Second, acridine orange fluorescence staining
was performed as follows. Cells were seeded overnight in
6-well plates containing cover slips. After incubation with
the drug for 48 h, the cover slips were washed twice with
PBS, fixed with 95% ethanol for 15 min, acidified with 1%
acetic acid for 30 s, dyed with 0.1 mg/mL acridine orange
for 10 min, differentiated with 0.1 mol/L CaClz for 2 min,
and then washed with PBS for 3 times. The cover slips
were sealed and observed under fluorescence microscope.

Apoptotic cells in sections of mouse tumor tissues
were detected using an i sitn apoptosis detection kit (Pro-
mega) according to the instructions of the manufacturer.
Cells were visualized under light microscope.

Animal tumor allograft model and treatment with drugs
Kunming mice were injected with MFC cells (ip), and the
second generation of the cells from the mice with ascites
was collected under aseptic condition. The collected cells
were diluted in normal saline to a concentration of 1 X
10" cells/I and injected into the right upper flank regions
of each mouse. After 7 d, they were weighed and random-
ized into 5 groups (7 = 12-20): A negative control group
was given an equal amount of normal saline (intragastric
administration), a positive control group was treated with
intrapetitoneal injection of 5-FU (2.5 mg/kg per day) and
three paconol groups were intragastrically administrated
with paeonol (100, 200 and 400 mg/kg per day). Drugs
were administrated daily by gavage for 11 d. In addition,
we used the mice without tumor injection as normal
groups. On day 12, all mice were weighed and killed, and
the tumor was removed and weighed.

Immunohistochemical analysis for Bcl-2 and Bax
Cells were cultured in 6-well plates containing cover slips
overnight. After exposure to drug for 24 h, the cover
slips were washed twice with PBS, fixed with 4% para-
formaldehyde solution for 25 min. The standard strepta-
vidinbiotin-peroxidase method was used for immunohis-
tochemical stain. Briefly, endogenous peroxidase activity
was blocked by incubation in endogenous peroxidase
blocking solution for 10 min followed by incubation with
normal non-immune serum for 10 min at room tempera-
ture. Samples were incubated overnight at 4°C with pri-
mary antibodies against Bcl-2 and Bax, washed with PBS
and incubated with biotinylated secondary anti-rabbit
antibody for 30 min at 37°C. After washing, the samples
were incubated with streptavidin-peroxidase at 37°C for
20 min. Diaminobenzidine/hydrogen peroxidase was
used as a chromogen and samples were counterstained
with hematoxylin. As negative control, PBS was used in-
stead of primary antibody and other steps were followed
in the same way.

The immunohistochemical results were quantitatively

1494

&?s:iﬁmg"‘ WJG | www.wjgnet.com

Li N et a/. Anti-tumor effects of paeonol in gastric cancer

80 r ’ MFC a
r -l SGCG7901

Inhibitory rate (%)
Py (o))
o o

N
o

0 7.81 15.63 31.25 62.5 125
Paeonol (mg/L)

Figure 1 Paeonol inhibits the proliferation of mouse forestomach carcinoma
and SGC-7901 cells in vitro. Mouse forestomach carcinoma (MFC) or SGC-7901
cells (1 x 10" cells) were incubated either alone (control) or in the presence of
different concentrations of paeonol for 48 h and cell proliferation was measured
by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide method. Treat-
ment with paeonol caused dose-dependent inhibition of cell proliferation. °P < 0.05,
paeonol treated vs untreated control. Data are mean + SD (n = 6).

analyzed by a biological image analysis system which con-
sists of Nikon ECLIPSE 80i biology microscope, Nikon
Digital Camera DXM 1200F, ACT-1 version 2.63 software
(Japan), and JEOA 801D morphologic biological image
analysis software version 6.0 (Jie Da Technologies, Inc,
China). Samples were observed in three randomly selected
optical fields under microscopy (X 400) and the average
optical density was measuted.

Statistical analysis

Data were expressed as mean + SD. Analysis of variance
test was used for determining differences between groups,
and P < 0.05 was regarded as statistically significant.

RESULTS

Anti-proliferative effects of paeonol in cultured gastric
cancer cells

To evaluate the effects of paeconol on cell viability, gastric
cancer cell line MFC or SGC-7901 cells were cultured with
varying concentrations of paeonol. Exposure to paconol
for 48 h produced a dose-dependent suppression of cell
proliferation in both MFC and SGC-790 cells (Figure 1).
The ICso of paeonol on MFC and SGC-790 cells were
60.10 and 82.60 mg/L, respectively.

Paeonol induces S phase cell cycle arrest in cultured
gastric cancer cells

To determine whether paconol decreased viability of
cultured gastric cancer cells by inhibiting cell growth, we
investigated the effect of paeconol on cell cycle distribu-
tion. After propidium iodide staining and flow cytometric
analysis, paconol treated gastric cancer cells revealed a
dose-dependent increase accumulation in the number of
cells in S phase at 24 h. Concomitant with this blocking,
there was a dose-dependent decrease in the number of
cells accumulating in the GO/G1 phase, and also a de-
crease in G2/M phase but only in MFC cell line, which
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Figure 2 Effects of paeonol on cell cycle of mouse forestomach carcinoma
and SGC-7901 cells in vitro. A: Mouse forestomach carcinoma (MFC) cells; B:
SGC-7901 cells. The number of cells in G0/G1, S, G2/M phases was determined
by flow cytometry. Values are expressed as the mean + SD from three replicate
experiments (n = 6). °P < 0.05, °P < 0.01, paeonol treated vs untreated control.

is consistent with the finding that paeonol blocks the cell
cycle at the S phase (Figute 2).

Induction of apoptosis by paeonol in cultured gastric
cancer cells

As arrest of cell cycle progression in tumor cells is usually
associated with concomitant activation of cell apoptosis
pathways, we checked the induction of apoptosis after
paconol-treated gastric cell cultures. By flow cytometric
analysis, the number of cells with sub-G1 DNA content,
which represents apoptotic cell population, was signifi-
cantly increased in a concentration-dependent manner in
both MFC and SGC-790 cells (Figure 3A-C) after 24 h
paconol treatment. Consistent with this finding, there
was an increased number of apoptotic cells stained with
acridine orange after paconol treatment compared with
untreated gastric cancer cells. The cells treated with pae-
onol for 48 h showed typically apoptotic changes, includ-
ing reduction in cell volume, chromatin condensation and
deformed and fragmented nuclei (Figure 3D).

Induction of apoptosis by paeonol is associated with
increase of Bax/Bcl-2 ratio in vitro

The streptavidin-peroxidase method was used to exam-
ine the expression of Bcl-2 and Bax. Positive Bcl-2 and
Bax staining was identified by brown and yellow staining
mainly in cytoplasm or membrane (Figure 4). Treatment
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of paeonol in gastric cancer cell line MFC and SGC-790
cells significantly reduced the number of Bcl-2 positive
cells, with weak to moderate staining in a concentration-
related manner while the number of Bax positive cells was
increased in the paeonol-treated group in a concentration-
related manner.

Paeonol inhibits gastric tumor growth in vivo associated
with induction of apoptosis and inhibiting proliferation
Based on the observed anti-proliferative and proapoptotic
effects of paeonol in gastric cancer cell lines 7 vitro, we next
tested whether paeonol treatment could affect growth of
gastric cancer cells 7z vivo. For these studies, we established
the experimental model of MFC tumor-bearing mice and
then treated these animals with paeonol (100, 200 and
400 mg/kg per day, ip). We also used 5-FU (2.5 mg/kg
per day, ip) as positive control. Most of the mice devel-
oped visible subcutaneous MFC tumors 7 d after MFC
cell injection. The mice with visible subcutaneous MFC
tumors were divided randomly into 5 groups. Paconol or
5-FU treatment was started and lasted 11 d. The volume
of tumor was calculated every 2 d (Figure 5A). When the
experiment was terminated 11 d later, mice treated with
paconol (100, 200, and 400 mg/kg per day) had reduction
in tumor growth by 37.55%, 51.62% and 54.15%, respec-
tively compared with the model controls. The inhibitory
rate of positive control group treated with 5-FU injection
was 69.68%. Interestingly, 3/20 mice died in the model
control group while 0/12 mice died in all paconol groups,
and 2/12 mice died in 5-FU group during the expetiment,
indicating no severe drug toxicity of paeonol under these
doses.

Histological analysis of MFC tumors from untreated
mice revealed pootly differentiated, infiltrating gastric can-
cer with high mitosis rates. In contrast, tumors from mice
receiving paeonol showed few mitotic cells (Figure 5B).
Compared with the control tumors, mitotic rates were sig-
nificantly lower in tumors from mice receiving paeconol.

We found that paconol not only decreased the prolif-
erative rate of subcutaneously implanted gastric cancer,
but also significantly increased the rate of apoptosis. Thus,
while MFC tumors from untreated mice showed almost
no TUNEL staining (Figure 5C), tumor cells from mice
receiving paeonol showed frequent condensed nuclei and
cytoplasmic shrinkage.

DISCUSSION

Paconol is a natural product extracted from the root
bark of Paeonia Suffruticosa Andren”. Tt is a white needle
crystal with a relatively low-melting point of 51-52°C.
The molecular formula of paeonol is CoH1003 and the
molecular weight is 166.18"". Our previous study demon-
strated the anti-neoplastic activity of paeonol in various
cell lines, such as human erythromyeloid cell line K562,
breast cancer gene cell line T6-17, human hepatoma cell
line Bel-7404, HepG2 and SMMC-7721, cervical can-
cer cell line Hela, and human colorectal cancer cell line
HT-29"""*" In this study, we found that paeonol inhib-
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Figure 3 Induction of apoptosis by paeonol in cultured mouse forestomach carcinoma and SGC-7901 cells. A: Paeonol increased the rate of apoptosis, as deter-
mined by the number of cells with sub-G1 DNA content by flow cytometry. Values are expressed as the mean + SD from three replicate experiments. °P < 0.05, °P < 0.01,
paeonol treated vs untreated control; B, C: Effects of paeonol on apoptosis of gastric cancer cell line SGC-7901 (B) and mouse forestomach carcinoma (MFC) cells (C) by
flow cytometry. One representative flow cytometry tracing was shown from three replicate experiments. AP: Apoptotic percentage; D: Fluorescent staining of nuclei (x 320)
in paeonol-treated and untreated cells by acridine orange. SGC-7901 and MFC cells treated with 62.5 mg/L paeonol for 48 h. Condensed and fragmented nuclei and apop-
totic bodies were seen in the paeonol-treated cells, but not in the control.

ited the proliferation of two kinds of gastric cancer cell We analyzed the effects of paeconol in two gastric can-
lines in a dose-dependent manner i vitro. Moreover, treat- cer cell lines 7z vitro. In both MFC and SGC-7901 cells,
ment of MFC tumor bearing mice with various doses of paconol caused dose-dependent growth inhibition and
paconol (100, 200 and 400 mg/kg per day) significantly arrest, and similar results have been observed in other
suppressed the tumor growth. Our results indicated that cancer cell lines in our previous studies™”. Flow cyto-
the anti-tumor effect of paeonol was related to induction metric analysis of the effects of paeonol on the cell cycle
of apoptosis. in treated gastric cancer cells revealed a dose-dependent
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Figure 4 Expression of Bcl-2 and Bax in mouse forestomach carcinoma and SGC-7901 cells with or without paeonol treatment (x 200). A: SGC-7901, cells
were treated with 62.5 mg/L paeonol or with vehicle control for 48 h. a: Untreated control; b: Paeonol treatment. Bax expression was detected by immunohistochemi-
cal analysis. Cells treated with paeonol had a significant increase in the expression of Bax. ¢: Untreated control; d: Paeonol treatment. Bcl-2 expression was detected
by immunohistochemical analysis. Cells treated with paeonol had a significant decrease in the expression of Bcl-2; B: Mouse forestomach carcinoma, cells were
treated with 62.5 mg/L paeonol or with vehicle control for 48 h. a: Untreated control; b: Paeonol treatment. Bax expression was detected by immunohistochemical
analysis. Cells treated with paeonol had a significant increase in the expression of Bax. ¢: Untreated control; d: Paeonol treatment. Bcl-2 expression was detected by
immunohistochemical analysis. Cells treated with paeonol had a significant decrease in the expression of Bcl-2.
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Figure 5 Paeonol inhibits gastric tumor growth in vivo associated with induction of apoptosis and inhibiting proliferation. A: Effects of paeonol or 5-fluorouracil
(5-FU) in tumor volume. Values are expressed as the mean + SD (n = 12-14). °P < 0.05, °P < 0.01, paeonol treated vs model group; B: Hematoxylin-eosin-stained
sections of mouse forestomach carcinoma (MFC) tumors from untreated controls showed numerous cells in mitosis (left), paeonol (200 mg/kg) treatment suppressed
cell proliferation, as indicated by the small number of mitotic cells (right) (x 400); C: TUNEL stained sections of MFC tumors from untreated control displayed occa-
sionally apoptotic cells (left). Tumors from mice treated with paeonol (200 mg/kg) had a prominent population of cells with condensed or fragmented nuclei and cyto-
plasm shrinkage, indicating apoptosis (right) (x 400). The arrows indicate apoptotic cells.

decrease in cell proliferation, a concomitant and propoz-
tionate accumulation of cells in phase S, and an increase
of cells in the sub-G1 fraction. The latter finding indicates
increased apoptosis, a finding confirmed by acridine or-
ange fluorescence staining. These results 7 vitro suggested
that paconol might have anti-proliferative effects and ar-
rest the cell cycle, leading to cancer cell apoptosis.

We also investigated the underlying mechanisms for
the apoptosis induction of gastric cancer cells. Apopto-
sis is a physiological process in controlling cell number
and proliferation that helps maintain the homeostasis of
multi-cellular organjsmsm’ls]. The hypothesis that failure
to undergo apoptosis contributes to the development of
resistance to anticancer agents has been the subject of ex-
tensive research!'”, Therefore, agents that facilitate apop-
tosis should improve therapeutic efficacy. In the present
study, the cells treated with paconol showed morphological
alterations typical of the apoptotic process, including re-
duction in cell volume, chromatin condensation, deformed
and fragmented nuclei, and so on. Similatly, apoptotic
peak appeared before Gi1 phase after paeonol treatment,
which resulted from the internucleosomal degradation of
DNA. Although understanding of the detailed signaling
pathways that trigger apoptosis is incomplete, this process
is controlled by a number of complex proteins. The Bcl-2
family proteins are key regulators of apoptosis and are
over-expressed in many malignancies'”. To examine the
mechanism of apoptosis, we examined the expression of
Bcl-2 protein family, which is an important regulator of
apoptosis. We found that paeonol decreased the expres-
sion of Bcl-2 and increased the expression of Bax, the ra-
tio of Bcl-2/Bax decreased correspondingly, which could
be an important mechanism contributing to the induction
of tumor cell apoptosis by paconol.

Having observed substantial suppression of gastric
cancer cell growth by paeonol treatment in vitro, we con-
ducted experiments designed to test the potential for
paeonol to exert protective effects against gastric cancer
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in vivo. It was recognized that the model used in this study,
i.e. mice injected with gastric cancer cells subcutaneously,
is an artificial one and is not necessarily equivalent to
the stepwise development of gastric cancer in human.
Nonetheless, the results here showed that treatment with
different doses of paeonol inhibited tumor growth in the
tumor-bearing mice.

In conclusion, the results obtained in the present study
indicate that paconol has significantly growth-inhibitory
and apoptosis-inducing effects in gastric cancer cells both
in vitro and 7n vivo. These promising data provide a ratio-
nale for further exploration of paeonol as a therapeutic
agent for gastric cancet.
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COMMENTS

Background

Gastric cancer is a common tumor which seriously threatens the human health
worldwide. Currently, a variety of cytotoxic and anti-proliferative agents have
been tested in gastric cancer. However, the high rate of severe side effects of
these drugs limits their therapeutic results. Thus, there is a critical need to de-
velop more strategies for chemotherapy of gastric cancer.

Research frontiers

Chinese herbal medicines are now attracting great attention in the world, which
also show promising effects in gastric cancer treatment. Paeonol, a natural
product extracted from the root of Paeonia Suffruticosa Andrew, has shown
anti-neoplastic activities in both cell lines and animal models.

Innovations and breakthroughs

This is the first report on the anti-proliferation, induction of apoptosis by paeonol
in gastric cancer in vitro and in vivo.
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Applications

Paeonol might be useful as a new agent in gastric cancer.

Terminology

Paeonol is isolated from the herb Pycnostelma paniculatum (Bunge) K.S., and
the root of the plant Paeonia Suffruticosa Andrew. It is a white needle crystal
with a relatively low melting point of 51-52°C. The molecular formula of paeonol
is CoH100s and the molecular weight is 166.18.

Peer review

The paper describes the effects of paenol on cell lines and a mouse model of
gastric tumor. The data have a potential interest in the field of cancer therapy. It
would be interesting to have some pieces of information on the chemical struc-
ture of paeonol and to discuss the possible molecular mechanism of the action
of this substance.
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