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Antitumor effect of extracts from moutan cortex
on DL D-1 human colon cancer cells in vitro
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Abstract. Moutan cortex, the root bark of Paeonia suffru-
ticosa Andrews (Paeoniaceae), is a traditional Chinese
medicine widely used for the treatment of various diseases.
In the present study, we examined the antiproliferative effect
and apoptosis-inducing activity of paconol and the crude total
glycosides (CTG) extracted from moutan cortex against DLD-1
human colon cancer cells in vitro. Cell viability was measured
using the WST-8 assay. Apoptosis was detected by Hoechst
33258 fluorescence staining and flow cytometry. Paeonol and
the CTG significantly reduced cell viability in a dose- and
time-dependent manner. The induction of apoptosis in DLD-1
cells was characterized by morphological changes and an
increased percentage of hypodiploid cells. After treatment for
48 h with paeonol (400 pg/ml) or CTG (200 pg/ml), the ratio
of apoptotic cells reached 34.79 and 48.12%, respectively. The
findings obtained indicate that paeonol and the CTG extracted
from moutan cortex have a significant growth-inhibitory effect
on human colon cancer cells. This effect may be related to the
induction of apoptosis.

Introduction

Colon cancer is amont the leading causes of premature
mortality in developed countries (1-3). Recently, colon cancer
rates have increased in Asia due to a rapid escalation in the
adoption of westernized dietary patterns (4). Natural products
have been seen as potential sources of novel anticancer drugs
for the past several decades (5). Many plants have been exam-
ined to identify new and effective anti-cancer compounds, as
well as to elucidate the mechanisms of cancer prevention via
apoptosis.

Moutan cortex, the root bark of Paeonia suffruticosa
Andrews (Paeoniaceae), has been used extensively in
eastern Asian countries as a traditional Chinese medicine
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for the treatment of various diseases. Most pharmacological
investigations of moutan cortex have addressed its central
nervous system activities, and its anti-oxidative and sedative
actions (6-10).

Paeonol (2-hydroxy-4-methoxyacetophenone) (Fig. 1),
a major active component isolated from moutan cortex (11),
shows extensive pharmacological activities including antioxi-
dation, anti-inflammation and immunoregulation (12). There
is a wealth of information pertaining to paeonol-induced
apoptosis in various tumor cell lines (13-15). The crude total
glycosides (CTG) of moutan cortex exhibit anti-inflammatory
activity, immunomodulatory action, and a protective effect
against liver injury (16-18). Cells undergoing apoptosis are
recognized and engulfed by macrophages without damage to
neighboring cells (19).

The apoptosis-inducing activities of these extracts are
expected to provide a novel means of chemoprevention and
chemotherapy in the treatment of cancer. However, little infor-
mation is available regarding the ability of paconol or CTG to
prevent colon cancer. In the present study, we obtained clear
evidence of the apoptosis-inducing and anti-proliferative
effects of paeonol and CTG on DLD-1 human colon cancer
cells.

Materials and methods

Materials. The human colon cancer cell line DLD-1 was
obtained from the Cell Resource Center for Biomedical
Research, Aging and Cancer, Tohoku University. Moutan
cortex was purchased from Luoyang Huayi Biotechnology
Co. (Henan, P.R. China). RPMI-1640 medium was purchased
from Sigma Co. (St. Louis, MO, USA). Fetal bovine serum was
purchased from CSL Limited (Parkville, Australia). A Cell
Counting kit-8 was purchased from Dojin East (Tokyo, Japan).
Propidium iodide (PI) was purchased from Sigma-Aldrich Co.
(St. Louis, MO, USA). Hoechst 33258 was purchased from
Calbiochem-Novabiochem Co. (San Diego, CA, USA).

Preparation of paeonol and CTG. Dried moutan cortex
materials were ground in a mill. The resulting powder (50 g)
was dissolved in 500 ml of distilled water, and paeonol was
extracted by steam distillation. The distillate was collected
and left to cool at 4°C overnight, and the acicular crystal was
dried in a silica gel desiccator. The purity of the paconol used
in this study was >97%, as determined by HPLC.
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Figure 1. Chemical structure of paeonol.

The residual fraction of the paeonol extraction was
combined with 400 ml of 99% ethanol (80% final concentration)
and extracted over 2 h by refluxing extraction. The extract was
filtered through Whatman no. 4 filter paper, then the filtrated
(400 ml) was then evaporated and lyophilized. The paconol and
CTG were dissolved in DMSO and stored at -20°C.

Cell proliferation assay. DLD-1 cancer cells were cultured in
RPMI-1640 medium supplemented with 10% heat-inactivated
fetal bovine serum and antibiotics (100 U/ml penicillin and
100 pg/ml streptomycin) at 37°C in 5% (v/v) CO,. To evaluate
the effect of the extracts on the proliferation and viability
of DLD-1 cancer cells, the cells were seeded at a density
of 5x10° cells/well containing 100 pl of culture medium in
96-well plates. After cultivation for 24 h, the medium was
replaced with fresh medium supplemented with various
concentrations of the extracts and further cultivated for the
indicated periods (Fig. 2). The extracts dissolved in DMSO
were added to the culture medium at a final concentration
of 12.5-300 pg/ml. The final concentration of DMSO in the
culture medium was 0.5% (v/v). The control culture received
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only DMSO at a concentration of 0.5% (v/v) (vehicle alone).
After further incubation, 10 ul of WST-8 reagent was added
to each well of a 96-well plate, followed by incubation for
3 h at 37°C. The number of viable cells was determined with
absorbance at 450 nm. The wells without the extracts and the
free cells (culture medium alone) were used as blanks. Data
were expressed as percentages of the controls.

Morphological study of DLD-1 apoptotic cells. Cells were
seeded in 6-well plates at a density of 2x10° cells/ml containing
2 ml of culture medium and cultured for 24 h. The medium
was then exchanged for one containing 100, 200 or 400 pg/ml
of the extracts. After 48 h of incubation, the cells were stained
with Hoechst 33258 (10 ug/ml), and changes in the nuclei
were observed through a UV filter with a Leica fluorescence
microscope.

Quantitative analysis of DLD-1 apoptotic cells. Pl staining
was used for the quantitative analysis of apoptosis. Briefly,
cells were seeded in 6-well plates at a density of 2x10° cells/
ml and treated with the extracts as described above for the
morphological study. After exposure to the extracts for the
indicated periods, a total of 1-5x10° cells were harvested by
trypsin treatment, washed with PBS, and then fixed with
cold 70% ethanol in PBS at 4°C for at least 4 h. The cells was
re-suspended in 1.0 ml PBS for 5 min, filtered with a 400
mesh sieve and stained with 50 ul PI solution (1.0 mg/ml in
PBS) at 4°C for 30 min in the dark. DNA histograms were
generated by flow cytometry (BD-LSR, BD Biosciences).
Data from 10,000 cells per sample were collected, and the
percentage of apoptotic cells was obtained using CellQuest
software (Becton Dickinson).
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Figure 2. Paeonol and CTG inhibit the proliferation of DLD-1 cancer cells. DLD-1 cells in 96-well plates were treated with paconol (A-1 and A-2) or CTG
(B-1 and B-2) at the indicated concentrations. Cell proliferation was measured at the indicated times using the WST-8 assay. The number of viable cells was
proportional to the absorbance. Data are the mean + SD of three independent experiments. “Significantly different from control values; P<0.05.
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Figure 3. Apoptosis induced in DLD-1 cancer cells by paeonol or CTG. Morphological changes observed by fluorescence microscopy with Hoechst 33258
staining. DLD-1 cells were incubated for 48 h in the presence of (A) DMSO alone and in the presence of (B) paeonol (400 pg/ml) or (C) CTG (200 pg/ml).

Arrows, apoptotic cells. Magnification x400.
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Figure 4. Percentage of apoptotic cells in the DLD-1 cell line treated with paeonol or the CTG. The percentage of apoptotic cells was obtained by flow cytometry.
DLD-1 cells were incubated with 5% DMSO (A-1, B-1, C-1 and D-1) or with 200 yug/ml paeonol (A-2 and B-2), 400 zg/ml paeonol (A-3 and B-3), 100 pg/ml
CTG (C-2 and D-2), or 200 pg/ml CTG (C-3 and D-3). A and C, treatment duration of 24 h; B and D, treatment duration of 48 h.

Statistical analysis. Values are expressed as the mean + SD.
The significance of differences as compared to the respective
controls for each experimental test condition was assayed using
the Student's t-test, with P<0.05 or 0.01 considered significant.

Results

Antiproliferative effects. To test the effect of the extracts on
the proliferation of DLD-1 cancer cells, the cells were treated
with various concentrations of paeonol or CTG for different
exposure times. The growth inhibition of DLD-1 cells was
determined using the WST-8 assay. The amount of yellow

formazan dye generated by dehydrogenase activity in cells is
directly proportional to the number of living cells in culture
medium. The results indicated that the extracts isolated from
moutan cortex exhibited remarkable antiproliferative effects
on DLD-1 cancer cells. The viability of DLD-1 cells treated
with paeonol or CTG decreased in a dose- and time-dependent
manner from 24 to 72 h of incubation (Fig. 2). After incuba-
tion for 48 h, the ICs, of paeonol on DLD-1 cells was 170 ug/
ml, while that of the CTG was 59 ug/ml. After 72 h of incuba-
tion with 200 ug/ml paeonol or CTG, the number of viable
cells decreased to 38.78 or 3.30%, respectively, compared to
the control.
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Apoptotic morphological changes. To examine whether
paconol or CTG inhibits the proliferation of DLD-1 cells
by inducing apoptosis, Hoechst 33258 staining was used to
observe the morphological changes induced by the extracts in
the cells. Control cells had round nuclei with well-distributed
chromatin, whereas typical apoptotic morphology, character-
ized by condensed chromatin, nuclear fragmentation and the
appearance of apoptotic bodies, was apparent after 48 h of
exposure to paeonol or CTG (Fig. 3).

Quantitative analysis of apoptotic cells. To further
quantitatively characterize the apoptosis process, the ratio
of apoptotic cells was evaluated by fluorescence-activated
cell sorting (FACS). The ratio of apoptotic cells increased
significantly in a dose- and time-dependent manner compared
to the control group (Fig. 4). After incubation for 48 h with
400 pug/ml paeonol or 200 pg/ml CTG, the ratio of apoptotic
cells reached 34.79 or 48.12%, respectively, compared to the
control.

Discussion

In the current study, we used a cell viability assay, morpho-
logical observation and FACS analysis to demonstrate for the
first time that paconol and CTG remarkably reduce viability
and induce apoptosis in human colon cancer DLD-1 cells.

As seen in the results, the growth of DLD-1 cells was
significantly inhibited in a dose- and time-dependent manner
after treatment with paeonol or CTG. A similar induction
of apoptosis in human hepatoma cell lines and esophageal
cancer cell lines has been reported for paeonol. Although the
mechanism of the antiproliferative effect of paeconol on tumor
cells is not entirely clear, it has been proposed that the induc-
tion of apoptosis is responsible for its growth inhibitory effect
in vitro (14,15).

Apoptosis is a physiological process controlling cell number
and proliferation that helps to maintain the homeostasis of
multicellular organisms (20). The induction of apoptosis is
considered an attractive strategy for cancer therapy (21,22).
The hypothesis that failure to undergo apoptosis contributes
to the development of resistance to anticancer agents has been
the subject of extensive research (22,23). It is believed that
agents that facilitate apoptosis should improve therapeutic
efficacy. In the present study, the DLD-1 cells treated with
paconol or CTG showed morphological changes typical of
apoptosis and sub-Gl population accumulation. The ratio
of apoptotic cells determined by FACS quantitative analysis
increased in a dose- and time-dependent manner.

These effects were correspondingly reflected in the reduc-
tion of cell viability. Internucleosomal degradation of DNA
due to the activation of endogenous endonuclease occurs
during apoptosis. These results indicate for the first time that
paconol or CTG reduces the viability of human colon cancer
cells by inducing apoptosis.

To identify the mechanism of paeonol-induced apoptosis,
Xu et al (14) examined the expression of the Bcl-2 protein
family, which is an important regulator of apoptosis (24).
It was suggested that the up- or down-regulation of the
Bcl-2 protein family by paeonol might be responsible for
apoptosis.

CTG extracted from moutan cortex with ethanol exhibit
anti-inflammatory activity, immunomodulatory action and
a protective effect against liver injury (16-18). Matsuda et al
examined the radical scavenging effects of seven paeonol
glycosides and four monoterpene glucosides from the
methanol-eluted fraction of Chinese moutan cortex, and
confirmed that the galloyl group was essential for the radical
scavenging effect (10). Using the Folin-Ciocalteu colorimetric
method, we estimated that there are numerous polyphenols
present in CTG. This is the first time the antitumor effects
of CTG have been evaluated in vitro. The polyphenol and
glycoside contents of CTG may contribute to its strong
antitumor effect. Further research is necessary to isolate
and quantify the compounds of CTG, and to investigate its
antitumor mechanisms.

In conclusion, both paeonol and CTG isolated from
moutan cortex decreased cell viability and induced apop-
tosis in the human colon cancer DLD-1 cell line, with
CTG exhibiting stronger effects. Our findings indicate that
paeonol and CTG potentially have chemopreventive or
chemotherapeutic effects on colon cancer. The mechanisms
behind the apoptosis induced by these extracts remains to
be clarified.
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