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 Cholangiocarcinoma (CCA) is biliary tract malignancy. Because no specific biomarkers 
are available, CCA patients frequently present with disseminated tumour that is too late for 
curative treatment, leading to a high mortality rate. Honokiol and magnolol are the hydroxylated 
biphenyl compounds isolated from Magnolia officinalis. Many studies have reported that 
honokiol and magnolol have antitumour effects on various types of cancer, but the evidence of 
the effects of these compounds on CCA cells has not yet been reported. This study therefore aims 
to evaluate the antitumour activities of honokiol and magnolol on CCA cell lines. The CCA cell 
lines were incubated with honokiol and magnolol before determining their responses. The results 
indicate that low concentrations of honokiol and magnolol suppressed CCA proliferation by 
induction of cell cycle arrest at G0/G1 and down-regulation of cyclin D1 protein. Moreover, these 
compounds exhibited an antimetastasis ability mediated by inhibiting migration, adhesion, and 
the MMP activities of CCA cells. In addition, at high concentrations of honokiol and magnolol 
activated CCA cell death associated with the apoptosis signalling pathway, along either an 
intrinsic or extrinsic pathway. Our data provides evidence that honokiol and magnolol have 
potential anticancer properties and are promising compounds for alternative CCA treatment.
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 Cholangiocarcinoma (CCA) is an 
epithelial malignancy which arises from 
cholangiocyte within either the intrahepatic or 
extrahepatic biliary tracts. CCA accounts for 3% 
of all gastrointestinal cancers and is the second 
most common primary hepatic tumour1. It is 
widely accepted that CCA development is strongly 
associated with liver fluke (Opisthorchis viverrini) 
infections, especially in the northeast of Thailand 
which has the highest incidence of CCA in the 
world2. CCA is asymptomatic in early stages of 

the disease, and the lack of specific biomarkers for 
clinical diagnosis are the major problems facing 
patients who frequently present metastasized 
tumours which are inappropriate for surgery. 
Furthermore, palliative treatment by chemotherapy 
is generally unsuccessful because of the extremely 
chemoresistant ability of this cancer, leading to 
poor prognoses and high mortality rates3. It is 
therefore imperative that new therapeutic agents 
against CCA are identified.
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 H o n o k i o l  ( 5 , 3 2  - D i a l l y l - 2 , 4 2 
-dihydroxybiphenyl) and magnolol (5,52 
-Diallyl-2,22 -biphenyldiol) are bioactive natural 
compounds extracted from the bark, seed cones, and 
leaves of Magnolia officinalis. Magnolia is widely 
cultivated in Asian counties such as China, Japan 
and Korea, and has been used in traditional Chinese 
herbal medicine. Honokiol and magnolol have 
isomer structures, and the difference between them 
is only the position of one hydroxyl group. Previous 
studies report that these compounds showed 
multiple pharmacological proproteins including 
a neuroprotective effect4, an antithrombotic 
effect5, an antiviral effect6, a metabolic effect7, 
anti-inflammatory effects8, anti-oxidant effects9, 
as well as antitumour effects10. Previous reports 
also indicate that honokiol and magnolol show 
antitumour activities in various cancer cell lines 
such as in colon cancer11, 12, lung cancer13, 14, breast 
cancer15, 16, prostate cancer17, 18, gastric cancer19, 20, 
ovarian cancer21, 22, lymphoma23, 24, thyroid cancer25, 

26, glioblastoma27, 28, melanoma29and liver cancer30.
The key mechanisms of low concentrations of these 
compounds on cancer cell are the antiproliferation 
and suppression metastasis ability of cancer 
cells, whereas high concentrations of honokiol 
and magnolol can induce cell death through cell 
apoptosis10. Therefore, honokiol and magnolol 
are potential antitumour agents. However, the 
mechanisms of these compounds in human CCA, 
especially in Thai liver fluke-related CCA, remain 
unknown.
 For the first time, this study reports the 
antitumour activities of honokiol and magnolol on 
Opisthorchis viverrini- associated human CCA cell 
lines, KKU-100 and KKU-213L5. We demonstrate 
that these compounds inhibit cell proliferation as 
well as suppress the cancer cell metastasis ability. 
Moreover, the induction of cell apoptosis and their 
mechanisms related to signalling pathways were 
also investigated. Our data indicates that honokiol 
and magnolol are potential therapeutic agents for 
CCA patients.

MATERIAL AND METHODS

Materials
 Honokiol and magnolol powders were 
purchased from Sigma-Aldrich (St. Louis, MO, 
USA) which is HPLC grade with  ≥ 98% purity. The 

honokiol and magnolol powder was reconstituted 
with DMSO and ethanol, respectively. 
Cell culture
 Poorly and well differentiated human 
CCA cell lines, KKU-100 and KKU-213were 
obtained from the Japanese Collection of Research 
Bioresources (JCBR) Cell Bank (Osaka, Japan)31. 
The immortalized cholangiocyte, MMNK1 cell 
linewas a gift from Prof. Kobayashi N. Cell 
lines were maintained according to international 
guidelines on good cell culture practice in 
Dulbecco’s modified Eagle’s medium(DMEM) 
at 37°C humidified atmosphere with 5% CO2, 
supplemented with 5% fetal bovine serum, 100 
units/mL of penicillin, 100 µg/mL of streptomycin, 
and 0.25 µg/mL of amphotericin B.
Cell cytotoxicity
 The cell cytotoxicity was carried out by 
MTT assay. Briefly, CCA cell lines were seed at 
density 5×103 cells per well in 96-well plate. After 
cultivation for 12 h, honokiol and magnolol were 
added in different concentrations and incubated 
for 24 and 48 h. Subsequently, 0.5 mg/mL of MTT 
reagent was added and incubated for another 4 h. 
The formazan product was dissolved by DMSO 
and measured light absorbent by microplate 
spectrophotometer at 540 nm. The %cell viability 
was calculated following the formula ((honokiol 
or magnolol treated Abs540)/(control Abs540)) × 100 
(%).
Colony formation
 CCA cell lines were treated with different 
concentrations of honokiol and magnolol for 
24 h. After that, treated cells were counted and 
seeded into 6-will plate at 1×103 cells per well 
and continually cultured for 10 days. Cell culture 
medium was replaced with fresh medium every 3 
days. The cell colonies were fixed with methanol 
and stained with 0.5% crystal violet for 30 minutes. 
Colony counting was performed under inverted 
microscope, only if they contain more than 50 cells 
per colony. The %colony formation was calculated 
following equation ((number colony of honokiol 
or magnolol treated cells/1000)/(number colony of 
control/1000)× 100 (%).
Cell cycle analysis
 Cell cycle analysis was performed utilizing 
Muse™ Cell Analyzer from Millipore (MA, USA) 
following manufacturer’s instruction. Briefly, 
after incubated with different concentrations of 
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honokiol and magnolol for indicated time, treated 
cells were washed with PBS before fixing with 
70% ethanolfor3 h. Then, cells were stained with 
propidium iodide (PI) and processed for cell cycle 
analysis.
Apoptosis analysis
 Annexin V & Dead Cell and Caspase 
3/7 expression assay were performed utilizing 
Muse™ Cell Analyzer from Millipore (MA, USA) 
following manufacturer’s instruction. Briefly, after 
exposed with different concentrations of honokiol 
and magnolol for indicated time, treated cell were 
incubated with Annexin V and Dead Cell Reagent 
(7-AAD), and Muse™ Caspase-3/7 reagent before 
analyzing for Annexin V/PI staining and Caspase 
3/7 expression, respectively. The results were 
representing by event of live cell, apoptotic cell 
and dead cell. 
Western blot analysis
 After incubating CCA cell lines with 
indicated treatment, treated cell were washed with 
ice-cold PBS before lysing with RIPA lysis buffer 
plus protease inhibitor cocktail. Then, protein 
lysate was collected by centrifugation and qualified 
the concentration by using Bradford assay. The 
protein was then separated by sodium dodecyl 
sulfate polyacrylamide gel electrophoresisand 
transferred onto PVDF membranes. After that, 
membranes were blocked the non-specific binding 
by 5% skim milk buffer for 1 h before washing 
with TBST buffer. The membranes were then 
incubated with each primary antibody, anti-caspase 
3, anti-caspase 8, anti-caspase 9 and anti-cyclin D1 
(antibodies were purchased from Cell Signaling 
(MA, USA))with gentle shaking at 4 °C overnight. 
Then, membranes were washed with TBST and 
incubated with HRP-linked anti-rabbit antibody 
(Cell Signaling, MA, USA)) for 1 h at room 
temperature, and washed again before incubating 
with detection reagent. The image was developed 
by Chimidoc™ XRS and analyzed by Image Lab 
(Bio-Rad, CA, USA).
Cell adhesion assay
 CCA cell lines 2×104 cells were pretreated 
with honokiol or magnolol for 30 minutes before 
seeding onto 96-well plate precoated with Matrigel, 
incubatedfor 15-40 minutes (depending on cell 
type) at37°C humidified atmosphere with 5% CO2. 
The unattracted cells were removed by washing 
with PBS for 3 times before staining with 0.5% 

crystal violet in 20% methanol for 30 minutes. 
Attracted cells were randomly photographed under 
microscopy at 10X objective. After that, crystal 
violet was eluted by 70% ethanol and measured 
light absorbent by microplate spectrophotometer 
at 570 nm. The % cell adhesion was calculated 
following the formula ((honokiol or magnolol 
treated Abs570)/(control Abs570)) × 100 (%).
Cell scratch assay
 CCA cell lines were seeded onto 6-well 
plate and incubated at37°C humidified atmosphere 
with 5% CO2 until 90-100% confluent. Then, cells 
were scratched by using 200 µL pipette tip before 
washing with PBS. Culture medium was replaced 
by complete medium containing honokiol or 
magnolol. After that, the scratching wound was 
monitoring photographed under microscope at 
10X objective for desired time interval. Scratching 
wound area was measured using ImageJ program 
and calculated % migration following equation 
((area at 0 h – area at x h)/(area at 0 h) × 100 (%).
Gelatin zymography
 CCA cell lines were seeded onto cell 
culture dish and incubated at 37°C humidified 
atmosphere with 5% CO2 until 80% confluent. Cell 
culture media was removed and washed with PBS 
for 3 times before replacing with serum-free medium 
containing honokiol or magnolol in different 
concentration. After continually cultured for 24 
h, conditioned medium was collected, for KKU-
213L5, conditioned medium was concentrated 
using Amicon® Ultra-2 Centrifugal Filter units 
(Millipore MA, USA) following manufacturer’s 
instruction for 10x final concentration. The 
conditioned medium was then mixed with sample 
loading buffer before subjecting to 10% SDS-
PAGE containing 1% gelatin. Then, the gel was 
washed with washing buffer (pH 7.5, 2.5% Triton 
X-100) for 30 minutes, and incubated in developing 
buffer (pH 7.5, 1% Triton X-100, 50 mM Tri-HCl, 5 
mM CaCl2 and 1 µM ZnCl2) overnight at 37 °C. Gel 
was then stained with 0.5% Coomassie blue R-250 
in 45% methanol, 10% acetic acid, and destained 
with 45%methanol, 10% acetic acid until clear 
bands. The gelatinolytic activity of MMPs was 
visualized by gel photographed using Chimidoc™ 
XRS (Bio-rad®). 
Statistical analysis
 All values were presented as mean ± 
SD. Significant differences between groups were 
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assessed using one-way or two-way analysis of 
variances (ANOVA), followed by the Tukey-
Kramer and Dunnett’s test when appropriate. 
The statistical testing was performed using the 
GraphPad Prism version 7. At P-value less than 
0.05 were considered as statistically significant.

RESULTS

Honokiol and magnolol inhibited cancer cell 
proliferation in CCA cells
 To determine the inhibition effect on 
CCA cell line KKU-100 and KKU-213L5 were 
incubated with honokiol and magnolol before 
measuring the cell viability using MTT assay. The 
results indicated that these compounds significantly 
suppressed the proliferation ability of KKU-100 
and KKU-213L5 in a dose- and time-dependent 
manner (Figure 1A). The IC50 of honokiol with 
KKU-100 at 24 and 48 h were 48.82 and 28.93 
µM, and with KKU-213L5 were 49.99 and 26.31 
µM (Table 1), respectively. Whereas, the IC50 of 
magnolol with KKU-100 at 24 and 48 h were 
72.86 and 34.2 µM, and with KKU-213L5 were 
69.51 and 50.64 µM (Table 1), respectively. 
Moreover, we also studied the cytotoxicity of these 
compounds on immortalized human cholangiocyte. 
Interestingly, the IC50 of honokiol and magnolol 
on treated MMNK-1 cell line was higher than 
the CCA cell lines (Table 1), which suggests 
that these compounds showed less cytotoxicity 
in human cholangiocyte. Furthermore, long 
term antiproliferation of honokiol and magnolol 
was confirmed by colony formation assay. Our 
data showed that concentrations less than IC50 
significantly suppressed the colony formation rates 
of both CCA cell lines compared with the control 
group (Figure 1B-C).

Honokiol and magnolol enhanced cell cycle 
arrest in CCA cell
 To study the underlying antiproliferation 
mechanism of honokiol and magnolol, cell cycle 
analysis and the protein expression of treated 
CCA cell lines were investigated. Treatment of 
honokiol at 20 to 40 µM and magnolol at 40 to 60 
µM significantly increased cell populations at G0/
G1 phase, but depleted the cell populations at the 
S and G2/M phases (Figure 2A-D). The results 
indicate that both compounds arrested the cell 
cycle of KKU-100 and KKU-213L5 at the G0/G1 
phase in a dose-dependent manner. Additionally, 
the same concentrations of honokiol and magnolol 
markedly decreased the expression of cyclin D1 
in a dose-dependent manner (Figure 2E). These 
results suggest that these compounds suppressed 
CCA cell line proliferation mediated by cyclin D1 
degradation and were the cause of cell cycle arrest.
Honokiol and magnolol induced CCA cell 
apoptosis
 Previous studies indicate that honokiol 
and magnolol proficiently induced cancer cell 
apoptosis. To prove this hypothesis, CCA cells 
were incubated with honokiol and magnolol for 24 
h before evaluating cell apoptosis using annexin V/
PI staining. We found that 50 to 70 µM of honokiol 
significantly induced apoptosis in KKU-100 
and KKU-213L5. Magnolol at 60 to 80 µM was 
found to significantly enhance apoptosis in both 
CCA cells (Figure 3A). These findings indicate 
that honokiol and magnolol exhibited apoptosis 
induction on CCA cells in a dose-dependent 
manner. Moreover, the induction of cell apoptosis 
was proved by caspase-3/-7 activation testing, 
which is the executioner enzyme for apoptosis 
induction. At the same concentration of the 
compounds, the results showed that caspase-3/-7 

Table 1.  IC50 of honokiol and magnolol 
on cholangiocyte and CCA cell lines

Cell lines                    Honokiol (µM)                  Magnolol (µM)
 24 hours 48 hours 24 hours 48 hours

MMNK1 54.23 29.72 75.46 54.19
KKU-100 48.82 28.93 72.86 34.2
KKU-213L5 49.99 26.31 69.51 50.64

CCA cell lines were treated with honokiol and magnolol for 24 and 48 h, cell 
viability was carried out by MTT assay, and the IC50 was calculated using 
GraphPad Prism version 7.
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Fig. 1. The antiproliferative effect of honokiol and magnolol on CCA cells.  (A) Chemical structure of honokiol and 
magnolol. (B) MMNK1, KKU-100 and KKU-213L5 were treated with honokiol and magnolol following indicated 
concentration, after 24 and 48 h, cell viability was determined using MTT assay. Cells were treated with DMSO and 
ethanol as negative control, and all groups were normalized with control group. The results represented as mean ± 
SD from three independent experiments. (C) Honokiol and magnolol suppressed colony formation ability of CCA 
cells. Treated KKU-100 and KKU-213L5 were cultured for 10 days to form colonies. The colonies were counted 
under microscope (×40), and quantified to % colony formation (D), all groups were normalized with control group. 
The results represented as mean ± SD from three independent experiments. A P-value < 0.05 was considered 
statistically significant; P-value < 0.05 (*), P-value < 0.01 (**) and ñ -value < 0.001 (***)
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Fig. 2. Honokiol and magnolol inhibited cell proliferation mediated by arresting cell cycle and cyclin D1 degradation. 
(A) CCA cells were incubated with honokiol and magnolol for 24 h and cell cycle was analyzed using Muse™ Cell 
Analyzer (A, C), the percentage of G0/1, S and G2/M phase cell distribution was quantified (B, D). The results 
represented as mean ± SD from three independent experiments. A ñ-value <0.05 was considered to significant; 
P-value <0.05 (*), P-value <0.01 (**) and P-value <0.001 (***). (B) Honokiol and magnolol down-regulate 
the expression of cyclin D1. CCA cells were treated with honokiol and magnolol as indicated dose for 24 h, and 
the expression of cyclin D1 was evaluated by Western blot analysis. Indicating values showed protein expression 
normalized to b-actin.
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Fig. 3. The induction of cell apoptosis of honokiol and magnolol on CCA cells. (A) CCA cells were treated with 
honokiol and magnolol for 24 h before analyzing with Muse™ Cell Analyzer. Annexin V versus PI from the gated 
cell show the cell population as percentage of live, early apoptotic, late apoptotic/dead, and dead cell. (B) Treated 
CCA cells were stained with caspase-3/7 reagent kit and 7-AAD before analyzing with Muse™ Cell Analyzer. 
Caspase-3/-7 versus 7-AAD from the gated cell show the cell population as percentage of live, apoptotic, late 
apoptotic/dead, and dead cell. The results represented as mean ± SD from three independent experiments, except the 
activity of caspase-3/-7 experiment with magnolol treatment that represented data. A P -value <0.05 was considered 
to significant; P -value <0.05 (*), P -value <0.01 (**) and P -value <0.001 (***)
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Fig. 4. Honokiol and magnolol induced caspase-dependent apoptosis. (A) KKU-100 and KKU-213L5 were incubated 
with honokiol and magnolol following indicated concentration and times, and apoptosis associated signaling proteins 
were determined using Western blot analysis. Inset values indicate protein expression normalizing with b-actin.

activity increased when incubated with honokiol 
and magnolol for 24 and 36 h in a dose-dependent 
manner (Figure 3B), suggesting that honokiol and 
magnolol potentially induced CCA cell apoptosis. 
Interestingly, these results indicate that KKU-
100 and KKU-213L5 were more susceptible to 
apoptosis with honokiol than magnolol.

Honokiol and magnolol induced apoptosis 
mediated by either mitochondria-dependent or 
mitochondria-independent pathways
 CCA cell lines confirmed the induction 
of cell apoptosis of honokiol and magnolol. Cells 
were treated with honokiol or magnolol at high 
concentrations (100 µM) for different incubation 
durations before determining the expression of 
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Fig. 5. The inhibitory effects of honokiol and magnolol on cell adhesions of CCA cells. (A) honokiol and (B) 
magnolol pretreated KKU-100 and KKU-213L5 were allowed to attach on Matrigel-coated plate for indicating times. 
Attached cell were photographed (×100) after crystal violet staining, cell number was quantified by measuring light 
absorbent at 570 nm before calculating to %adhesion by normalized with control group. The results represented as 
mean ± SD from three independent experiments. A P -value <0.05 was considered to significant; P -value <0.05 (*), 
P -value <0.01 (**) and P -value <0.001 (***)
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Fig. 6. The inhibition effect of honokiol and magnolol on cell migration of CCA cells. Confluent KKU-100 and KKU-
213L5 were scratched and treated with (A) honokiol and (B) magnolol at indicating concentration and incubation 
times. The migrated cells were photographed (×100) and measured the migration area by using ImageJ, follow by 
calculation of percentage of migration (C). The results represented as mean ± SD from three independent experiments. 
A P -value <0.05 was considered to significant; P -value <0.05 (*), P -value <0.01 (**) and P -value <0.001 (***)
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caspase-3 by Western blot analysis. The biological 
compound treatment with KKU-100 and KKU-
213L5 resulted in time-dependent increases of 
cleaved caspase-3 (17 and 19 kDa), beginning at 
4 h for honokiol, and 8 h for magnolol (Figure 
4A). Additionally, to elucidate the underlying 
mechanism of honokiol and magnolol-mediated 
apoptosis, the expression levels of caspase-8 
and caspase-9 were also evaluated. Interestingly, 
honokiol and magnolol increased the cleaving of 
procaspase-8 (57 kDa) to p10 activated form (10 
kDa), and also induced the proteolytic activity of 
procaspase-9 (47 kDa) to cleaved caspase-9 (35 
and 37 kDa) in both CCA cells (Figure 4A). When 
the results were correlated by flow cytometer, the 
apoptosis induction ability of honokiol was found 
to be stronger than magnolol. Taken together, 
the results conclude that these herbal-derived 
compounds activated CCA cell apoptosis through 
the caspase-dependent pathway, which is either 
a mitochondria-dependent or a mitochondria-
independent pathway.
Honokiol and magnolol suppressed adhesion 
and migration of CCA cells
 Activation of cell invasion and metastasis 
is a hallmark of cancer. Therefore, we next 
determined whether honokiol and magnolol 
inhibited the metastatic behaviour of CCA cells. 
The adhesion assay was performed using a 
matrix gel-coated 96-well plate, with the results 
showing that 15 to 60 µM of honokiol significantly 
suppressed the adhesion of KKU-100 and KKU-
213L5 in a dose-dependent manner (Figure 5A), 
while at 40 to 80 µM for magnolol (Figure 5B). 
Noticeably, at 15 µM of honokiol and 40 µM 
of magnolol inhibited KKU-213L5 adhesion, 

which is markedly lower than for KKU-100. 
To further examine the effects of honokiol and 
magnolol on cell migration, CCA cells were treated 
with compounds and the migration ability was 
monitored at 12 and 18 or 24 h. We found that 15 
to 30 µM of honokiol and 40-60 µM of magnolol 
significantly inhibited the migration of KKU-100 
and KKU-213L5 in both concentration- and time-
dependent manners (Figure 6A-C). These results 
suggest that honokiol and magnolol exhibited 
anti-metastasis activities on CCA cells at sub IC50 
concentrations.
Honokiol and Magnolol suppressed the invasion 
of CCA cells by inhibiting MMP activity
 Metastasis is the accumulated result 
of multiple changes in cancer cells, not only in 
terms of cell adhesion and migration, but also 
cell invasion. Hence, we also studied the effect of 
honokiol and magnolol on MMP activity, which is 
the most crucial enzyme for tumour invasion owing 
to their ability to degrade ECM and basement 
membranes using gelatin zymography. We found 
that 10 to 40 µM of honokiol and 15 to 60 µM of 
magnolol markedly inhibited the MMP activities 
of KKU-100 in a dose-dependent manner, at 92 
and 72 kDa for MMP-9 and MMP-2, respectively 
(Figure 7A). These results strongly support the 
previous data which suggested that honokiol and 
magnolol potentially inhibit the metastasis ability 
of CCA cells at noncytotoxic concentrations.

DISCUSSION

 Late diagnoses, insufficient treatment 
and the therapeutic resistance of CCA result in 
five-year survival rates for CCA patient is very 

Fig. 7. The suppression of MMPs activities by honokiol and magnolol on CCA cells. (A) KKU-100 and KKU-213L5 
were incubated with honokiol and magnolol for 24 h. The concentrated condition medium was using to assess the 
activities of MMPs by gelatin zymography before visualizing by Gel Dox RX+
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low32. Therefore, development of an effective 
therapeutic agent for the treatment of CCA is 
imperative. Herbal medicine is one of the most 
commonly used alternative treatments for cancer 
patients. And effective antitumour effects that have 
reduced toxicity are the valuable sources of novel 
therapeutic agents. In the present study, for the first 
time we demonstrated the antitumour activities of 
honokiol and magnolol against CCA cells, these are 
well-known herbal-derived compounds that have 
multiple pharmacological effects. 
 Uncontrolled cell proliferation a hallmark 
of cancer which promotes unlimited cancer 
growth and the cause of widespread cancer 
metastasis. The results of this study showed that 
honokiol and magnolol significantly suppress 
the proliferation ability of CCA cells, while 
they exhibit less cytotoxicity in immortalized 
cholangiocyte. Moreover, the IC50 of honokiol on 
human monocyte-derived macrophage was further 
investigated and showed higher than CCA cells and 
MMNK-1, confirm that this compound showsless 
cytotoxicity on normal cell compared with cancer 
cell (manuscript in preparation). According to the 
size of compounds that makes them able to penetrate 
to tumour mass and potentially able to kill cancer 
cells. Previous study has reported that honokiol 
can pass through the blood-brain-barrier and can 
be a cause of neuroblastoma apoptosis33. This 
suggested that these compounds are interesting for 
the study and development of CCA treatment due 
to their anticancer proliferation while minimally 
toxic.In addition, the antiproliferation of honokiol 
and magnolol was further investigated. We 
demonstrated that these compounds exhibit cell 
cycle arrest at the G0/G1 phase for both KKU-100 
and KKU-213L5. The induction of cell cycle arrest 
at G0/G1 with low concentrations of honokiol were 
found in various cancer cell lines, such as prostate 
cancer17and pancreatic cancer34, whereas magnolol 
promoted cell arrest at G0/G1 and G2/M phases 
in breast cancer35and colorectal cancer36. Previous 
studies indicated that the activation of STAT3 
contributes to CCA carcinogenesis and progression 
which promotes cell proliferation mediated by the 
NF-kB signalling pathway, including cyclin D1 
which is cell cycle regulation protein in the G1/S 
phase cell transition37, 38. Therefore, the induction 
of cell cycle arrest at the G0/G1 to S phases by 
honokiol and magnolol were further demonstrated 

in the present study through the suppression of 
cyclin D1. These results are in accordance with 
previous reports that magnolol can inhibit the cell 
cycle of non-Opisthorchis viverrini-associated 
CCA and glioblastoma cell lines at G0/G1 by 
decreasing cyclin D1 expressionthrough regulation 
of NF-êB pathway27, 39, as well as KKU-213L5 
treated berberine that causes cell cycle arrest 
at G0/G1 mediated by down-regulated cyclin 
D1 expression38. Taken together, the results 
demonstrated that honokiol and magnolol suppress 
CCA cells proliferation, mediated by cell cycle 
arrest and cyclin D1 degradation at non-cytotoxic 
concentrations, which are related to cell viability 
and colony formation assays.
 We demonstrate that high concentrations 
of honokiol and magnolol induced cell apoptosis. 
The same concentrations of honokiol and magnolol 
did not only cause cell membrane internalization 
that possibly bind with annexin V, but also activated 
caspase-3/-7 enzyme activity. Moreover, honokiol 
and magnolol remarkably elevated the expression 
level of cleaved caspase-3 on both KKU-100 and 
KKU-213L5 cells, in a time-dependent manner. 
Fascinatingly, 100 µM honokiol showed the 
proteolytic activity of caspase-3 at 4 h, whereas 
magnolol was 8 h after treatment, which is consistent 
with annexin V and caspase-3/-7 activity results 
that honokiol exhibit a stronger apoptotic inducer 
ability on CCA cells than magnolol. Moreover, we 
also demonstrated that at same concentrations of 
the two compounds upregulated the expression of 
cleaved caspase-8 and -9. Therefore, these results 
provide strong evidence that high concentrations 
of honokiol and magnolol intensively induce cell 
apoptosis on CCA cells, mediated by either intrinsic 
or extrinsic pathways. It has been reported that 
high concentrations of honokiol and magnolol can 
stimulate reactive oxygen species, DNA damage 
and also proapoptotic protein that consequently acts 
directly on the mitochondrial membrane, resulting 
in the releasing of cytochrome C and activating 
caspase-9 and caspase-340. On another hand, these 
compounds can cooperate with Fas and TRAI 
ligand to enhance apoptosis mediated caspase-8 
and caspase-3, respectively40. 
 CCA is a highly aggressive malignancy 
that patients often present at an unresectable 
advanced metastasis stage, which is the cause of 
poor prognosis and high mortality rates41. In the 
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present study, we showed that low concentration 
of honokiol and magnolol suppressed the migration 
and adhesion abilities of KKU-100 and KKU-
213L5. These results are consistent with previous 
study which report that honokiol inhibits the 
adhesion activities of glioblastoma cell line 
through regulation of adhesion molecules such as 
ICAM-1 and VCAM-128. In addition to magnolol 
suppressing adhesion, the migration and invasion 
abilities of breast cancer and non-Opisthorchis 
viverrini-associated CCA cell lines are mediated 
by inhibiting of the NF-κB signalling pathway and 
MMP activities15, 39. The role MMP activities on 
CCA has previously described that high expression 
of MMP-9 was associated with poor prognosis 
in CCA patients42. Consequently, we further 
examined the effect of honokiol and magnolol on 
cell invasion by gelatin zymography. The results 
showed that honokiol and magnolol suppress MMP 
activities, which are MMP-2 and MMP-9. These 
findings indicate that non-cytotoxic concentrations 
of honokiol and magnolol exhibited anti-metastasis 
activities on CCA cells by inhibiting cell adhesion, 
migration and MMP-9, -2 activities.
 Previous studied have reported that 
the antitumour effect of honokiol is stronger 
than magnolol for various cancer types, such 
as squamous lung carcinoma13, 43and ovarian 
cancer21, 22. This phenomenon may be due to their 
own isomer structure, which are different by 
the position of the hydroxyl group that provides 
distinct properties, such as its solubility and binding 
pocket on target. Moreover, in this study we also 
investigated the effects of these compounds on two 
human CCA cell lines with different metastatic 
abilities. KKU-213L5, a high-invasive cell line, 
originated from adenosquamous CCA with well 
differentiation and KKU-100, a low-invasive cell 
line, was isolated from adenocarcinoma CCA with 
poor differentiation31.In this study, KKU-213L5 
was seemly more sensitive to apoptosis from both 
compounds than KKU-100, which is similar to a 
previous study of cepharathine on CCA cell lines 
that found drug exhibited greater cell cytotoxicity 
on KKU-100 than KKU-213L544. Although 
the in vitro experiments in this study provided 
convincing results of the antitumour activities of 
honokiol and magnolol, it is still inadequate to 
ensure that phenomena. Further in vitro and in 

vivo experiments additional required to evaluate 
this effect on CCA.
 In summary, we have demonstrated the 
antitumour activities of honokiol and magnolol 
on CCA cells. These herbal-derived compounds 
exhibited antiproliferation effects mediated by cell 
cycle arrest and cyclin D1 degradation. As well as 
inducing apoptosis through either mitochondria-
dependent or independent pathways in two types of 
human CCA cell lines, honokiol and magnolol also 
inhibited the metastasis abilities by inhibiting cell 
adhesion, migration and MMP-9, -2 activities. We 
propose that honokiol and magnolol are promising 
therapeutic agents for CCA patient therapy.
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