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Magnolol, the major active compound found in Magnolia officinalis has a wide

range of clinical applications due to its anti-inflammation and anti-oxidation

effects. This study investigated the effects of magnolol on the growth of human

gallbladder carcinoma (GBC) cell lines. The results indicated that magnolol could

significantly inhibit the growth of GBC cell lines in a dose- and time-dependent

manner. Magnolol also blocked cell cycle progression at G0 ⁄G1 phase and induced

mitochondrial-related apoptosis by upregulating p53 and p21 protein levels and

by downregulating cyclin D1, CDC25A, and Cdk2 protein levels. When cells were

pretreated with a p53 inhibitor (pifithrin-a), followed by magnolol treatment,

pifithrin-a blocked magnolol-induced apoptosis and G0 ⁄G1 arrest. In vivo, mag-

nolol suppressed tumor growth and activated the same mechanisms as were acti-

vated in vitro. In conclusion, our study is the first to report that magnolol has an

inhibitory effect on the growth of GBC cells and that this compound may have

potential as a novel therapeutic agent for the treatment of GBC.

G allbladder carcinoma (GBC) is the most common cancer
of the biliary tract, with an incidence rate of 2.5 per

100 000 individuals.(1,2) Patients with GBC often do not show
early symptoms and may receive late diagnoses; thus, only a
minority of patients are candidates for curative resection, and
no reported benefit of neoadjuvant therapy for advanced GBC
exists.(3) The median survival time for GBC patients is less
than 1 year.(4,5) Therefore, identifying new therapeutic agents
against GBC is critical to improving patient health and
survival.

The tumor suppressor p53 is a key transcription factor and
regulates the expression of genes involved in the apoptosis,
angiogenesis, arrest, and DNA repair pathway.(6) It exerts its
function at the beginning of the intrinsic apoptotic pathway
and causes cell cycle arrest at G1 phase in response to DNA
damage. When the DNA damage is irreparable, the p53 protein
will activate the appropriate cellular signaling cascades to exe-
cute apoptosis. Thus, p53 is critical for maintaining genome
integrity (ploidy and structure) and for regulating both cell
growth and proliferation.(7–9) Moreover, previous studies have
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indicated that p53 status is a poor predictor of patient progno-
sis in various types of cancer.(10) Consistent with these critical
roles, p53 may be a promising target for cancer treatment.
Traditional herbal medicines containing various biologically

active natural compounds are claimed to have therapeutic effi-
cacy with minimal adverse effects.(11,12) Magnolol, a primary
active ingredient of the Chinese medicinal herb Magnolia offic-
inalis, displays a variety of pharmacological activities includ-
ing anti-oxidant and anti-inflammatory activities and central
nervous system depressant effects.(13,14) Recent studies have
indicated that magnolol induces antiproliferative effects by
blocking DNA synthesis and by inducing apoptosis and cell
cycle arrest in a wide variety of tumor cells including colon,
liver, and ovarian cancer cells.(15–17) However, the effects and
mechanism of magnolol on human GBC cells have never been
elucidated. In the present study, we show that magnolol effec-

tively inhibited the proliferation of GBC cells by arresting the
cell cycle at G0 ⁄G1 phase and blocked the induction of apopto-
sis by upregulating p53. This inhibition leads to the reduction
of localized tumor growth in mice, indicating that magnolol is
a promising therapeutic agent for the treatment of GBC.

Materials and Methods

Reagents. Magnolol was obtained from Sigma-Aldrich (St.
Louis, MO, USA) (Fig. 1a), dissolved in 100% DMSO, stored
at �20°C, and then diluted with cell culture media before use.
The final DMSO concentration did not exceed 0.1%. The p53
inhibitor pifithrin-a (PFT-a) was purchased from Beyotime
Institute of Biotechnology (Nantong, Jiangsu, China). A
Cell Counting Kit-8 (CCK-8) was purchased from Dojindo
Molecular Technologies (Kumamoto, Japan). All antibodies

Fig. 1. Magnolol inhibits cell proliferation and colony formation in gallbladder cancer (GBC) cells. (a) Chemical structure of magnolol. (b–d)
HUVECs, GBC-SD, and SGC-996 cells were treated with various concentrations of magnolol for 24, 48, and 72 h. Cell viability was assessed by
CCK-8 assay. (e,f) Magnolol suppressed the colony formation abilities of GBC-SD and SGC-996 cells. Cells were treated with magnolol and then
cultured in fresh medium for 14 days to form colonies. The values represent the mean � SD of three independent experiments. ***P < 0.001.
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were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). All cell culture supplies were obtained from Invit-
rogen Gibco (Carlsbad, CA, USA).

Cell culture. The GBC-SD cell line and HUVEC line were
purchased from the Shanghai Institutes for Biological Sciences
(Shanghai, China). The GBC-SD cell line was established from
a 61-year-old male patient with poorly differentiated GBC. The
SGC-996 cell line, isolated from the primary mastoid adenocar-
cinoma of the gallbladder obtained from a 61-year-old female
patient, was provided by the Academy of Life Science, Tongji
University (Shanghai, China). All cells were maintained in
DMEM with 10% (v ⁄v) bovine calf serum and were routinely
cultivated in a humidified incubator at 37°C and 5% CO2.

Cell viability assay. Cell viability was determined using
CCK-8 according to the manufacturer’s instructions. Briefly,
cancer cells were seeded in 96-well plates and were treated for
either 48 h with magnolol at serial concentrations (0, 10, 20,
and 30 lmol ⁄L) or with magnolol at various times (0, 24, 48,
or 72 h). After each treatment, CCK-8 solution (10 lL) was
added to each well, and the cells were incubated for 3 h. The
absorbance was recorded at an optical density of 450 nm using
a microplate reader (Bio-Tek, Norcross, GA, USA) to calculate
the percentages of cell survival. The IC50 values were deter-
mined by plotting a linear regression curve.

Colony formation assay. The GBC-SD and SGC-996 cell lines
treated with different concentrations of magnolol were counted
and seeded in 12-well plates (in triplicate) at 100 cells per well.
The medium was replaced with fresh culture medium every
3 days. Colonies were counted only if they contained more than
50 cells. The number of colonies was counted from the sixth day
after seeding, and then the cells were stained with crystal violet.
The rate of colony formation was calculated using the following
equation: colony formation rate = (number of colonies ⁄number
of seeded cells) 9 100%.

Cell cycle and apoptosis analyses. Propidium iodide (PI) stain-
ing was used to analyse DNA content and cell cycle distribu-
tion. After exposure to different concentrations of magnolol
for 24 h, the cells were harvested and fixed in 70% ethanol.
Then, the cells were centrifuged (875g, 5 min), incubated with
RNase (100 mg ⁄mL) at 37°C for 30 min, and stained with PI
(50 mg ⁄mL in PBS). The cellular DNA content and cell cycle
distribution were analyzed by flow cytometry (FACSCalibur;
BD, Bedford, MA, USA).
Apoptosis analyses were carried out using an annexin

V–FITC Apoptosis Detection Kit (BioVision, Milpitas, CA,
USA). Cells (5 9 105) were exposed to different concentra-
tions of magnolol for 24 h. Then, the cells were collected by
centrifugation and resuspended in 500 lL of 1 9 binding buf-
fer. Next, annexin V–FITC (5 lL) and PI (5 lL) were added
to the cells. After the cells were incubated at room temperature
for 5 min in the dark, they were analyzed by FACS using a
flow cytometer (FACSCalibur; BD). Cells that stained positive
for early apoptosis (annexin V–FITC-stained only) and for late
apoptosis (annexin V–FITC- and PI-stained) were combined
for analysis.

Mitochondrial membrane potential (DΨm) assay. After the
cells were treated with different concentrations of magnolol for
48 h, they were collected and washed twice with cold PBS. Then
the cells were incubated with rhodamine 123 (Sigma-Aldrich)
for 30 min in the dark. Subsequently, the cells were washed
twice with cold PBS and analysed by flow cytometry.

Detection of morphological apoptosis by Hoechst 33342 stain-

ing. The GBC cell lines were treated with different concentra-
tions of magnolol for 48 h, then washed with PBS and fixed in

methanol:acetic acid (3:1) for 15 min at room temperature.
The fixed cells were washed with PBS and stained with 5 lg
⁄mL Hoechst 33342 for 10 min. Then the morphological
changes in the Hoechst 33342-stained nuclei of cells were
observed using a fluorescence microscope (Leica, Wetzlar,
Germany).

Western blot analysis. Total cell lysates were separated on
10% SDS-PAGE gels and then transferred to PVDF mem-
branes (Millipore, Bedford, MA, USA). The membranes were
blocked and then probed with primary antibodies directed
against corresponding proteins overnight at 4°C. After the
membranes were washed, they were incubated with the appro-
priate HRP-linked secondary antibodies and visualized using
enhanced chemiluminescent detection reagent.

In vivo efficacy of magnolol. BALB ⁄ c homozygous (nu ⁄nu)
nude mice (6–8 weeks old, 18–20 g body weight) that were
bred in-house were maintained in a specific pathogen-free
environment. Exponentially growing GBC-SD cells
(2.5 9 106) were suspended in 100 lL PBS and injected s.c.
into the left axilla of recipient mice. On day 5, tumor-bearing
mice were randomly divided into four groups (control, 5, 10,
and 20 mg ⁄ kg), with five animals in each group. Magnolol
was administered to the mice in the latter three treatment
groups by i.p. injection every day at 5, 10, or 20 mg ⁄kg,
respectively. Control animals received i.p. injections of
DMEM. On day 28, all mice were killed, and tumors were dis-
sected and weighed. Animal procedures were carried out in
accordance with the institutional guidelines of Shanghai Jiao-
tong University (Shanghai, China).

Statistical analysis. The results of each experiment are pre-
sented as the mean � SD where applicable. Statistically signif-
icant differences in each assay were determined using SPSS

version 18.0 (SPSS, Chicago, IL, USA). Differences in each
group were tested for significance using ANOVA. P < 0.05 was
considered statistically significant.

Results

Magnolol inhibits cell proliferation and colony formation in

GBC-SD and SGC996 cells. Deregulated cell proliferation is a
hallmark of cancer.(18) To determine the effects of magnolol on
GBC cell proliferation and independent growth, we investigated
the proliferative activities and independent growth of GBC-SD
and SGC-996 cell lines by CCK-8 and colony formation assays.
The results indicated that magnolol significantly diminished the
proliferative activities of both cancer cell lines in a dose- and
time-dependent manner compared with the control group
(Fig. 1b,c). The IC50 values of magnolol against GBC-SD and
SGC-996 cell viability were 20.5 � 6.8 lmol ⁄L and
14.9 � 5.30 lmol ⁄L, respectively, after 48 h. However, mag-
nolol treatment did not markedly inhibit HUVEC viability
(Fig. 1d). In addition, the colony formation rates of GBC-SD
and SGC-996 cells in magnolol-treated groups were markedly
lower than that of the control group (Fig. 1e,f; P < 0.001 each).

Magnolol induces mitochondrial-related apoptosis in GBC-SD

and SGC-996 cells. Apoptotic cells with nuclear condensation
and fragmentation can be visualized using Hoechst 33258 and
DAPI staining. To determine the effects of magnolol treatment
on GBC cell apoptosis, Hoechst 33258 staining and flow cyto-
metric analysis were carried out. After GBC cells were
exposed to four concentrations of magnolol (0, 10, 20, and
30 lmol ⁄L) for 48 h, the apoptosis index of GBC cells in
magnolol-treated groups was markedly higher than in the
control group) (Fig. 2a–c; *P < 0.05, **P < 0.01,
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Fig. 2. Magnolol induces apoptosis in gallbladder cancer (GBC) cells. (a–c) GBC-SD and SGC-996 cells were analyzed by flow cytometry with
annexin V–FITC ⁄ propidium iodide (PI) staining after magnolol treatment. Annexin V versus PI plots from the gated cells show the populations
corresponding to viable (annexin V� ⁄ PI�), necrotic (annexin V� ⁄ PI+), early apoptotic (annexin V+ ⁄ PI�), and late apoptotic (annexin V+ ⁄ PI+)
cells. The data are presented as the mean � SD of three independent experiments. (d) Changes in nuclear morphology during apoptosis were
observed by Hoechst 33342 staining and visualized by fluorescence microscopy. *P < 0.05, **P < 0.01 versus control.

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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Fig. 3. Magnolol disrupts mitochondrial integrity in gallbladder cancer (GBC) cells. (a–c) Flow cytometric analysis of the mitochondrial mem-
brane potential (DΨm). GBC-SD and SGC-996 cells were treated with magnolol and stained with rhodamine 123. Cells with high DΨm are marked
“survival”, and those with low DΨm are marked “apoptosis”. The percentages of cells with low DΨm (apoptosis) are shown. (d) Western blot
analysis of apoptosis-related proteins in both cell lines. b-Actin was used as a loading control. The data are presented as the mean � SD of three
independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 versus control. PARP1, poly(ADP-ribose) polymerase 1.
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***P < 0.001). Moreover, GBC cell apoptosis was confirmed
using Hoechst 33258 staining, which revealed increased cell
membrane permeability and nuclear condensation (Fig. 2d). In

addition, a decline in the DΨm is a characteristic of apoptosis.
In this study, the DΨm in magnolol-treated GBC cells was
examined using rhodamine 123, which can be used to estimate

Fig. 4. Magnolol induces cell cycle arrest at G0 ⁄G1 phase and regulates expression of cell cycle-related proteins in gallbladder (GBC) cells. (a–c)
GBC-SD and SGC-996 cells were treated with magnolol (0, 10, 20, and 30 lmol ⁄ L) for 48 h. The cell cycle phases of the treated cells were evalu-
ated by flow cytometry. The data are expressed as the mean � SD (n = 3). (d,e) Expression levels of CDC25A, cyclin D1, and CDK2 were measured
by Western blot analysis, and b-actin was used as a loading control. The results are representative of three independent experiments.
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membrane integrity and membrane potential changes. A dose-
dependent dissipation of potential was observed in the mito-
chondrial membranes of GBC cells after 48 h of incubation
with magnolol (Fig. 3a–c). In addition, magnolol treatment
resulted in a time-dependent increase in Bax ⁄Bcl-2 levels, as
well as the caspase-9-dependent activation of caspase-3 and of
a cleaved form of poly(ADP-ribose) polymerase (Fig. 3d).
These results indicate that magnolol-induced GBC cell apopto-
sis occurs through the mitochondria caspase-dependent
pathway.

Magnolol induces G0 ⁄G1 arrest in GBC-SD and SGC-996 cells.

To determine whether magnolol inhibited cell cycle progres-
sion, cell cycle distribution proteins and related regulators
were studied. Magnolol induced cell cycle arrest in G0 ⁄G1

phase in a concentration-dependent manner in both GBC cell
lines (Fig. 4a–c). Moreover, magnolol treatment resulted in a
time-dependent decrease in the expression of CDK2, CDC25A,
and cyclin D1 proteins (Fig. 4d). These results showed that
cell cycle arrest in G0 ⁄G1 phase also accounts for the antipro-
liferative effect of magnolol in both cell lines possibly by dis-
turbing the expression of cell cycle regulators.

Magnolol-induced apoptosis and G0 ⁄G1 arrest regulated by

p53. As a transcription factor, p53 plays a central role in

apoptosis and cell cycle arrest.(6) Therefore, the role of p53
in magnolol-induced apoptosis and G0 ⁄G1 arrest was studied.
Cells were pretreated with 20 mmol ⁄L PFT-a, a p53 inhibi-
tor, for 1 h before magnolol treatment for an additional
48 h. As shown in Figure 5a–d, pretreatment with PFT-a
prevented the magnolol-induced apoptosis and reduced
G0 ⁄G1 phase cell accumulation. To investigate the possible
mechanism of magnolol’s effect, we detected the protein
levels of p53 and its downstream regulator p21 using Wes-
tern blot analysis. The results indicated that pretreatment
with PFT-a reduced the phosphorylation of p53 and the
level of p21 protein (Fig. 5e), suggesting that p53 and p21
activation regulate magnolol-induced apoptosis and G0 ⁄G1

phase arrest. Taken together, these data showed that mag-
nolol initiated apoptosis and G0 ⁄G1 phase arrest through the
p53 pathway.

Magnolol inhibits tumor xenograft growth. To further investi-
gate the effect of magnolol on tumor growth in vivo, we i.p.
injected DMEM or three increasing doses of magnolol into
nude mice with s.c. GBC-SD tumor xenografts. Our results
showed that tumor growth in the three treatment groups was
significantly inhibited in a dose–response manner compared
with that in the control group (Fig. 6a–c). Furthermore,

Fig. 5. Magnolol-induced apoptosis and G0 ⁄G1 arrest regulated by p53. Cells were incubated for 1 h in the presence or absence of pifithrin-a
(PFT-a; 20 mmol ⁄ L), and then 20 lmol ⁄ L magnolol was added for an additional 48 h. (a,b) Distribution of cells undergoing apoptosis was deter-
mined by flow cytometry. (c,d) Cell cycle distribution was determined by flow cytometry. (e) Apoptosis and G0 ⁄G1 checkpoint-related proteins
were detected by Western blot. The values presented are means � SD from three independent experiments. **P < 0.01, ***P < 0.001 versus con-
trol. CDC2, Cell division cycle 2.
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Western blot and IHC analyses showed a significant increase
in activated caspase-3 and a decrease in CDC2 expression in
the tumors of magnolol-treated mice, which was consistent
with the in vitro results (Fig. 6d,e).

Discussion

Gallbladder cancer is the sixth most common form of diges-
tive tract malignancy worldwide.(1) At present, no effective
therapy for advanced GBC is available. Therefore, it is nec-
essary to identify new therapeutic agents to treat this dis-
ease. Chinese herbal medicines exhibit effective antitumor
activities with minimal toxicity and are a valuable source of
novel chemotherapeutic agents. Magnolol, which is isolated
from M. officinalis, is a novel, natural hydroxylated biphenyl
compound.(13,19) Magnolol is commonly used to treat various
ailments due to its muscle relaxant, anti-oxidative, anti-in-
flammatory, and steroidogenesis-stimulating activities. In
addition, magnolol has dose- and time-dependent antitumor
activity in several cancers, including colon, bladder, lung,

and gastric carcinoma.(19–23) In lung cancer, magnolol
induces apoptosis of non-small-cell lung cancer cell lines
through a caspase-independent pathway.(20) Magnolol led to
the downregulation of b-catenin ⁄TCF (T cell factor)-targeted
downstream genes such as c-myc, MMP-7, and urokinase-
type plasminogen activator in human colon cancer cells.(23)

In human epidermal growth factor receptor 2 (HER2)-over-
expressing ovarian cancers, magnolol acts against HER2 and
its downstream PI3K ⁄Akt ⁄mTOR signaling network to result
in suppression of HER2-mediated transformation and meta-
static potential.(17) However, magnolol’s cytotoxicity towards
GBC cells and its underlying mechanisms of action have
not yet been elucidated.
In this study, our results showed that magnolol significantly

suppressed tumor cell growth in vivo and in vitro. In addition,
because apoptosis and cell cycle arrest in cancer cells are
major indicators of anticancer effects, we investigated the
effects of magnolol on these two phenomena. The results indi-
cated that magnolol induced G0 ⁄G1 phase cell cycle arrest and
mitochondria-related apoptosis through the p53 signaling

Fig. 6. Magnolol suppresses growth of xenograft gallbladder cancer (GBC) tumors in nude mice by causing apoptotic cell death. Tumor xeno-
grafts were established by s.c. implantation of GBC-SD cells into the left flank of nude mice. (a,b) Mice were treated with 0.1 mL vehicle (PBS) or
magnolol (5, 10, and 20 mg ⁄ kg) i.p. every day for up to 4 weeks. Tumor volumes were measured. (c) Tumors were excised from the animals and
weighed. (d) Western blot analysis revealed an increase in active caspase-3 and a decrease in CDC2 expression in magnolol-treated tumors com-
pared with vehicle-treated tumors. (e) Immunohistochemical analysis (9200) illustrates an increase in active caspase-3 and a decrease in CDC2
(Cell division cycle 2) expression in the magnolol-treated tumors compared with the vehicle-treated tumors. The data represent the mean � SD
of three independent experiments. ***P < 0.001 versus control.
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pathway. Moreover, we observed that magnolol had no toxic
effect on HUVECs. Therefore, magnolol is most likely a safe
molecule for potential clinical use in cancer therapy.
Apoptosis plays a crucial role in development and health

maintenance by eliminating unhealthy cells.(24) One of the
major apoptotic pathways in cancer cells involves mitochon-
dria.(25) In our study, we found that the mitochondrial apopto-
sis pathway played an important role in magnolol-mediated
apoptosis. A decrease in the DΨm was detected after treating
two GBC cell lines with magnolol for 48 h, indicating that
magnolol-induced apoptosis in GBC cells might occur by way
of the mitochondrial pathway. Cell cycle arrest is closely
linked to apoptosis. Deregulation of cell cycle progression is a
hallmark of tumor growth.(8,26) In the present study, we
observed that magnolol inhibited GBC cell proliferation by
arresting the cell cycle in G0 ⁄G1 phase in a dose-dependent
manner. Furthermore, we explored the molecular mechanisms
underlying magnolol-induced apoptosis and cell cycle arrest in
GBC cells.
Tumor suppressor p53 is a cell cycle regulator with a short

half-life.(6) The function of p53 is achieved by increasing p53
transcription and post-translational stabilization to escape ubiq-
uitin-dependent degradation.(27) Apoptosis mediated by p53 is
associated with Bcl2 and Bax, a pro-apoptotic member of the
Bcl2 family.(28) To examine the involvement of the mitochon-
drial pathway in magnolol-induced apoptosis, we examined the
levels of Bcl2, Bax, and p53. Our data indicated an increase in
p53 and Bax expression and a decrease in Bcl2 expression,
which resulted in a reduction in the DΨm and increased cyto-
chrome c release into the cytosol. Caspases are another impor-
tant family of proteins involved in the downstream events of
p53-mediated apoptosis.(9) Our results showed that magnolol
could induce p53-mediated apoptosis by activating the cas-
pase-3 and caspase-9 apoptotic cascade. These results indicated
that magnolol-induced apoptosis occurred through the p53
pathway in GBC cells.

Cell cycle progression is negatively regulated by the tumor
suppressor protein p53 and Cdk inhibitors, including p21.(18,29)

A member of the cyclin-dependent kinase inhibitor family,
p21, is widely recognized as a critical regulator that functions
during the transition from G1 phase into S phase. Activation of
p21 can induce G1 phase arrest through a p53-dependent path-
way.(30) Magnolol treatment significantly increased the expres-
sion of p53 and p21 proteins in a dose-dependent manner.
Indeed, pretreatment with a p53 inhibitor (PFT-a) prevented
magnolol-induced apoptosis and reduced the accumulation of
p21 and G0 ⁄G1 phase cells, suggesting that magnolol initiated
apoptosis and G0 ⁄G1 phase arrest through the p53 pathway.
In summary, the current study presents the first evidence

regarding the roles of magnolol in inducing cell cycle arrest
and promoting apoptosis in GBC cells by regulating the p53
signaling pathway. These anticancer properties indicate that
magnolol might provide new hope in the search for an effec-
tive therapeutic approach for GBC.
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