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Abstract
!

Andrographis paniculata is an important herbal
medicine widely used in several Asian countries
for the treatment of various diseases due to its
broad range of pharmacological activities. The
present study reports that A. paniculata extracts
potently inhibit the growth of liver (HepG2 and
SK-Hep1) and bile duct (HuCCA-1 and RMCCA-1)
cancer cells. A. paniculata extracts with different
contents of major diterpenoids, including androg-
rapholide, 14-deoxy-11,12-didehydroandrogra-
pholide, neoandrographolide, and 14-deoxyan-
drographolide, exhibited a different potency of
growth inhibition. The ethanolic extract of
A. paniculata at the first true leaf stage, which
contained a high amount of 14-deoxyandrogra-
pholide but a low amount of andrographolide,
showed a cytotoxic effect to cancer cells about 4
times higher than the water extract of A. panicu-
lata at the mature leaf stage, which contained a
high amount of andrographolide but a low
amount of 14-deoxyandrographolide. Androgra-
pholide, not 14-deoxy-11,12-didehydroandrog-
rapholide, neoandrographolide, or 14-deoxyan-
drographolide, possessed potent cytotoxic activ-
ity against the growth of liver and bile duct cancer
cells. The cytotoxic effect of the water extract of
A. paniculata at the mature leaf stage could be ex-
plained by the present amount of andrographo-
lide, while the cytotoxic effect of the ethanolic ex-
tract of A. paniculata at the first true leaf stage
could not. HuCCA-1 cells showed more sensitivity
to A. paniculata extracts and andrographolide

than RMCCA-1 cells. Furthermore, the ethanolic
extract of A. paniculata at the first true leaf stage
increased cell cycle arrest at the G0/G1 and G2/M
phases, and induced apoptosis in both HuCCA-1
and RMCCA-1 cells. The expressions of cyclin-D1,
Bcl-2, and the inactive proenzyme form of cas-
pase-3 were reduced by the ethanolic extract of
A. paniculata in the first true leaf stage treatment,
while a proapoptotic protein Bax was increased.
The cleavage of poly (ADP-ribose) polymerase
was also found in the ethanolic extract of A. pani-
culata in the first true leaf stage treatment. This
study suggests that A. paniculata could be a prom-
ising herbal plant for the alternative treatment of
intrahepatic cholangiocarcinoma.
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!

AP1: andrographolide
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MLWE: water extract of the mature leaf of

A. paniculata
PS: phosphatidylserine
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Introduction
!

Andrographis paniculata (Burm.f.) Nees (Acantha-
ceae), generally known as “King of Bitters”, is an
important traditional herbal medicine widely
used for the treatment of various diseases such
Suriyo T et al. Andro
as respiratory infection, inflammation, cold, fever,
bacterial dysentery, and diarrhea in many Asia
and Southeast Asia countries, including China, In-
dia, and Thailand [1]. A. paniculata has a broad
range of pharmacological beneficial properties,
for example, anti-inflammatory, immunostimula-
graphis paniculata Extracts… Planta Med 2014; 80: 533–543



Fig. 1 Chemical structures of major constituent diterpenoids of Andro-
graphis paniculata. AP1: andrographolide; AP3: 14-deoxy-11,12-didehy-
droandrographolide; AP4: neoandrographolide; AP6: 14-deoxyandrogra-
pholide; MW: molecular weight.
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tory, antidiarrheal, antiviral, antimalaria, hepatoprotective, car-
dioprotective, hypoglycemic, and anticancer activities [2,3]. Phy-
tochemical investigations of the aerial parts of A. paniculata re-
vealed the presence of a large number of diterpenoids, including
AP1, AP3, AP4, and AP6 [4]. The chemical structures of these diter-
penoids are shown in l" Fig. 1. These diterpenoids exhibit differ-
ent pharmacological activities. AP1 showed strong anti-inflam-
matory and anticancer properties [3,5]. Our previous studies
demonstrated that AP3 had a potent hypotensive property [6]
and antiplatelet activity [7]. Furthermore, AP4 showed anti-infec-
tive and anti-hepatotoxic activities, while AP6 showed immuno-
modulatory and anti-atherosclerotic activities [8]. Our recent
study indicated the changes in the content of these four active di-
terpenoids at different plant growth stages of A. paniculata. AP1 is
found at the highest level in leaves at vegetative and seed-form-
ing stages, while AP6 is found at the highest level in leaves at first
true leaf and transferring stages [9]. Therefore, A. paniculata ex-
tracts obtained at different plant growth stages may exert their
pharmacological activities differently.
Cholangiocarcinoma is regarded as inclusive of intrahepatic,
perihilar, and distal extrahepatic tumors of the bile ducts epithe-
lium. It is a relatively rare type of primary liver cancer but high
incidence rates have been reported in Southeast Asia, especially
Thailand [10,11]. Notably, recent epidemiological studies have
shown that the incidence and mortality rates of cholangiocarci-
noma are increasing globally [12,13]. The treatment of cholan-
giocarcinoma is challenging as the tumor is an aggressive malig-
nancy typified by poor prognosis and unresponsiveness to radio-
or chemotherapies [14,15]. Therefore, an alternative effective
treatment of cholangiocarcinoma is urgently needed.
Presently, there is a renewed interest in the search for anticancer
agents from medicinal herbs because they may prove to be a ma-
jor source of new and innovative drugs. A. paniculata and its ma-
jor constituent diterpenoids, especially AP1, have been shown to
have anticancer activity in both in vitro and in vivo experimental
models of various types of cancer [3]. However, there is no study
of A. paniculata or its major constituent diterpenoids against
cholangiocarcinoma. In the present study, we report the growth
inhibitory effect of A. paniculata extracts at different plant
growth stages and its major constituent diterpenoids, including
AP1, AP3, AP4, and AP6, on liver and bile duct cancer cells.
Results
!

The extracts of A. paniculata at different plant growth stages
were prepared, and the contents of AP1, AP3, AP4, and AP6 in the
extracts were determined by HPLC‑DAD. The results showed that
A. paniculata extracts contained different amount of diterpenoids
(l" Fig. 2). For MLWE, the contents of AP1, AP3, AP4, and AP6 were
8.26, 0.62, 6.34, and 2.20mg/g dry weight, respectively (l" Table
1). Meanwhile, the contents of AP1, AP3, AP4, and AP6 in FTLEE
were 0.59, 5.74, 8.82, and 123.73mg/g dry weight, respectively.
Notably, the content of AP1 in MLWE was 14 times higher than
in FTLEE, while the contents of AP3 and AP6 in MLWE were 9.3
and 56.2 times lower than in FTLEE, respectively.
Since both MLWE and FTLEE contained different contents of the
major diterpenoids, next we investigated the cancer growth in-
hibiting effects of the extracts. The cytotoxic effects of MLWE
and FTLEE on hepatocellular carcinoma (HepG2 and SK-Hep1)
and intrahepatic cholangiocarcinoma (HuCCA-1 and RMCCA-1)
cell lines were evaluated by the MTT assay. The results demon-
Suriyo T et al. Andrographis paniculata Extracts… Planta Med 2014; 80: 533–543
strated that FTLEE exhibited cytotoxic effects to all tested cell
lines about 4 times higher than MLWE (l" Fig. 3). The IC50 values
(the concentration that inhibited 50% growth) of MLWE at 24 h
treatment in HepG2, SK-Hep1, HuCCA-1, and RMCCA-1 were
3.9, 2.6, 1.6, and 3.2mg/mL, respectively (l" Table 2). Moreover,
the IC50 values of FTLEE at 24 h treatment in HepG2, SK-Hep1,
HuCCA-1, and RMCCA-1 were 0.96, 0.55, 0.40, and 0.72mg/mL,
respectively. It should be noted that HuCCA-1 was the most sen-
sitive cell line to both MLWE and FTLEE followed by SK-Hep1,
RMCCA-1, and HepG2, respectively. Indeed, the IC50 values of
both A. paniculata extracts in HuCCA-1 cells were about 2 times
lower than in RMCCA-1 cells.
Previous results revealed that A. paniculata extracts at the differ-
ent growth stages, which consisted of different contents of diter-
penoids, showed different effects on cancer cells. Next, we fur-
ther investigated the cytotoxic effects of pure AP1, AP3, AP4, and
AP6 on hepatocellular carcinoma and intrahepatic cholangiocar-
cinoma cells. The results indicated that the cytotoxic potency of
AP1 was higher than AP3, AP4, and AP6 (l" Fig. 4). The IC50 values
of AP1 at 24 h treatment in HepG2, SK-Hep1, HuCCA-1, and
RMCCA-1 were 90.63, 47.74, 29.26, and 52.57 µM, respectively
(l" Table 3). Furthermore, the IC50 values of the other pure diter-
penoids, including AP3, AP4, and AP6 in HepG2, SK-Hep1, HuCCA-
1, and RMCCA-1, were found to be higher than 100, 100, 100, and
1000 µM, respectively. Note that gemcitabine (positive control)
concentration-dependently decreased cell viability. These results
suggested that AP1 possessed a potent cytotoxic activity against
the growth of hepatocellular carcinoma and intrahepatic cholan-
giocarcinoma cells, while AP3, AP4, and AP6 showed a low or non-
cytotoxic property against these cancer cell growths.
To correlate the cytotoxic effects of A. paniculata extracts with
the content of each diterpenoid present in the extracts, the con-



Fig. 2 Representative chromatograms of the ma-
jor constituent diterpenoids of Andrographis panicu-
lata extracts. AP1: andrographolide; AP3: 14-deoxy-
11,12-didehydroandrographolide; AP4: neoandrog-
rapholide; AP6: 14-deoxyandrographolide. (Color
figure available online only.)

Table 1 Contents of the major
constituent diterpenoids of An-
drographis paniculata extracts.

Andrographis paniculata

extracts

Diterpenoids (mg/g dry weight)

AP1 AP3 AP4 AP6
Mature leaf water extract 8.26 ± 0.02 0.62 ± 0.00 6.34 ± 0.02 2.20 ± 0.01

First true leaf ethanol extract 0.59 ± 0.02 5.74 ± 0.05 8.82 ± 0.02 123.73 ± 0.19

AP1: andrographolide; AP3: 14-deoxy-11,12-didehydroandrographolide; AP4: neoandrographolide; AP6: 14-deoxyandrographolide
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centration of each diterpenoid in the A. paniculata extracts for
the IC50 valuewas calculated and then compared to the IC50 value
of each pure diterpenoid. The results showed that the concentra-
tion of AP1 inMLWE in HepG2, SK-Hep1, HuCCA-1, and RMCCA-1
cells had IC50 values of 91.92, 61.28, 37.71, and 75.42 µM, respec-
tively (l" Table 4). Note that these concentrations of AP1 in MLWE
for the IC50 values were very close and correlated well with the
IC50 value of AP1 in the same cell lines (l" Table 3), while the con-
centrations of AP3, AP4, and AP6 in the MLWE had IC50 values far
lower than the IC50 values of each pure diterpenoid. Furthermore,
the concentrations of all four diterpenoids in FTLEE had IC50 val-
ues far lower than the IC50 values of each pure diterpenoid. These
results suggested that the cytotoxic effect of MLWE could be ex-
plained by the present amount of AP1, while the cytotoxic effect
of FTLEE could not be explained by the present amounts of AP1,
AP3, AP4, or AP6.
Since FTLEE showed a potent cytotoxic effect to intrahepatic chol-
angiocarcinoma cells, we then determined the effects of FTLEE on
the cell cycle of HuCCA-1 and RMCCA-1 cells. The cells were incu-
bated with different cytotoxic concentrations (0.2–1.2mg/mL) of
FTLEE for 24 h. Cell cycles weremeasured by flow cytometry with
PI staining. The results showed that FTLEE concentration-depen-
dently decreased the percentage of cells in the S phase in both
HuCCA-1 and RMCCA-1 cells (l" Fig. 5). The percentage of HuC-
CA-1 cells in the S phase decreased from 37.46% for the control
to 21.86% for cells treatedwith 0.8mg/mL of FTLEE. Furthermore,
the percentage of RMCCA-1 cells in the S phase decreased from
37.84% for the control to 20.17% for cells treated with 1.2mg/mL
of FTLEE. The decrease of cells in the S phase was accompanied
with a significantly increased percentage of cells in the G0/G1
and G2/M phases. Notably, the positive control (100 µM of etopo-
side) completely decreased the percentage of cells in the S phase
Suriyo T et al. Andrographis paniculata Extracts… Planta Med 2014; 80: 533–543



Fig. 3 Effects of Andrographis paniculata extracts
on hepatocellular carcinoma (HepG2 and SK-Hep1)
and intrahepatic cholangiocarcinoma (HuCCA-1
and RMCCA-1) cell viability. Cells were treated with
(A) 0.1–10mg/mL of MLWE or (B) 0.1–1.5mg/mL
of FTLEE for 24 h. Cell viability was assessed by the
MTT assay. Each data point represents the mean ±
standard error of three independent experiments
and is expressed relative to the control. (Color fig-
ure available online only.)

Table 2 Calculated IC50 values of
Andrographis paniculata extracts in
hepatocellular carcinoma and in-
trahepatic cholangiocarcinoma
cells.

Andrographis paniculata extracts IC50 value at 24 h treatment (mg/mL)

Hepatocellular carcinoma Cholangiocarcinoma

HepG2 SK-Hep1 HuCCA-1 RMCCA-1

Mature leaf water extract 3.9 2.6 1.6 3.2

First true leaf ethanol extract 0.96 0.55 0.40 0.72
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and dramatically increased the percentage of cells in the G2/M
phase. Since unattached floating cells were removed by the me-
dium removal step before PI staining, the percentage of cells in
the sub-G1 phase, which are the fragmented DNA cells and rep-
resent the late stage of apoptosis, showed no difference among
the groups after treatment with FTLEE or even in the positive
control etoposide. These results suggested that the FTLEE of
A. paniculata induced cell cycle arrest at the G0/G1 and G2/M
phases in intrahepatic cholangiocarcinoma cells.
In order to further study whether the loss of cell viability induced
by FTLEE was associated with apoptosis, we then determined the
death mechanism of FTLEE in both HuCCA-1 and RMCCA-1 cells.
Apoptosis is characterized by various biochemical features in-
cluding PS externalization to the cell surface, which can be deter-
mined by an annexin V-FITC apoptosis detection kit. Cells were
incubated with different cytotoxic concentrations (0.2–1.0mg/
mL) of FTLEE for 24 h, and then the cells were analyzed for apo-
ptosis and necrosis by flow cytometry with annexin V/PI dual
staining. The results demonstrated that FTLEE induced apoptotic
cell death in a concentration-dependent manner in both HuCCA-
1 and RMCCA-1 cells (l" Fig. 6). In HuCCA-1 cells, 7.9–37.8% of ap-
optotic cells resulted from the treatment of FTLEE at 0.2–0.8mg/
mL, while only 5.5% of cells underwent apoptosis in the control
(l" Fig. 6B). In RMCCA-1 cells, 10.9–50.9% of apoptotic cells re-
sulted from the treatment of FTLEE at 0.4–1.0mg/mL. In addition,
only 7.1% of RMCCA-1 cells in the control underwent apoptosis.
Note that the significant differences from the control were
started at the 0.4 and 0.6mg/mL-treated groups in HuCCA-1 and
RMCCA-1 cells, respectively. In addition, 100 µM of etoposide sig-
nificantly increased the number of apoptotic cells in both HuCCA-
1 and RMCCA-1 cells. These results suggest that apoptosis is the
mainmode of cell death induced by FTLEE in intrahepatic cholan-
giocarcinoma cells.
To explore the potential signaling pathways underlying FTLEE-in-
duced HuCCA-1 and RMCCA-1 cell cycle arrest and apoptosis, the
expression of the cell cycle regulatory protein, namely cyclin-D1,
and apoptotic regulatory proteins, including Bcl-2 (anti-apoptot-
Suriyo T et al. Andrographis paniculata Extracts… Planta Med 2014; 80: 533–543
ic protein), caspase-3, Bax (proapoptotic protein), and PARP
cleavage, were measured. Western immunoblots were per-
formed on protein lysates of HuCCA-1 and RMCCA-1 cells treated
with FTLEE at cytotoxic concentrations (0.2–1.2mg/mL) for 24 h.
The results showed that cyclin-D1, Bcl-2, and the inactive proen-
zyme form of caspase-3 were concentration-dependently re-
duced in FTLEE treatment (l" Fig. 7). Meanwhile, the proapoptot-
ic protein Bax displayed upregulation in a concentration-depen-
dent manner in FTLEE-treated cells. In addition, PARP, a 116 kDa
nuclear enzyme, was cleaved to a fragment of 85 kDa in the FTLEE
treatment. Taken together, these results confirmed that the
FTLEE of A. paniculata altered the cell cycle process and activated
the apoptotic signaling pathway in intrahepatic cholangiocarci-
noma cells.
Discussion
!

A. paniculata has a broad range of pharmacological properties
such as anti-inflammatory and anticancer activities. The present
study showed that A. paniculata extracts strongly inhibited the
growth of intrahepatic cholangiocarcinoma (HuCCA-1 and
RMCCA-1) and hepatocellular carcinoma (HepG2 and SK-Hep1)
cells. Sincewe found that only AP1, not AP3, AP4, or AP6, possessed
a potent cytotoxic activity against these cancer cell lines, we
speculated that AP1, which is a major diterpenoid of A. panicula-
ta, may play an important role on this cytotoxic effect of A. pani-
culata extracts. The IC50 value of AP1 at 24 h exposure in HepG2
cells in the present study (90.63 µM) is very similar to that re-
ported by Li and colleges in 2007 (about 120 µM) [16]. AP1 was
shown to possess potent cytotoxic activity on various cancer cell
lines, such as KB (epidermoid leukemia) and P388 (lymphocytic
leukemia) cells, whereas no such activity was observed for AP3
and AP4 [17]. It has been reported that AP1 contained an α-alky-
lidene γ-butyro-lactone moiety and three hydroxyls at C-3, C-19,
and C-14, which are responsible for the cytotoxic activity against
cancer cells [18]. Interestingly, A. paniculata extracts at different



Fig. 4 The effects of pure diterpenoids including andrographolide (AP1),
14-deoxy-11,12-didehydroandrographolide (AP3), neoandrographolide
(AP4), and 14-deoxyandrographolide (AP6) on hepatocellular carcinoma
(HepG2 and SK-Hep1) and intrahepatic cholangiocarcinoma (HuCCA-1 and
RMCCA-1) cell viability. Cells were treated with (A) 0.1–100 µM of AP1, (B)

0.1–100 µM of AP3, (C) 0.1–100 µM of AP4, (D) 0.1–1000 µM of AP6, or (E)
0.1–100 µM of gemcitabine (positive control) for 24 h. Cell viability was as-
sessed by the MTT assay. Each data point represents the mean ± standard
error of three independent experiments and is expressed as a relative value to
control. (Color figure available online only.)

Table 3 Calculated IC50 values of
pure diterpenoids on hepatocellu-
lar and intrahepatic cholangiocar-
cinoma cells.

Diterpenoids IC50 value at 24 h treatment (µM)

Hepatocellular carcinoma Cholangiocarcinoma

HepG2 SK-Hep1 HuCCA-1 RMCCA-1

AP1 90.63 47.74 29.26 52.57

AP3 > 100 > 100 > 100 > 100

AP4 > 100 > 100 > 100 > 100

AP6 > 1000 > 1000 > 1000 > 1000

AP1: andrographolide; AP3: 14-deoxy-11,12-didehydroandrographolide; AP4: neoandrographolide; AP6: 14-deoxyandrographolide
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plant growth stages which contained different contents of major
diterpenoids exhibited different cytotoxic potency to cancer cells.
The present study firstly showed that FTLEE, which contained a
low amount of AP1 but a high amount of AP6, showed a more po-
tent growth inhibiting effect to liver and bile duct cancer cells
than MLWE, which contained a high amount of AP1 but a low
amount of AP6. The cytotoxic effect of MLWE could be explained
by the present amount of AP1 while the cytotoxic effect of FTLEE
could not. We hypothesized that the interaction between active
diterpenoids, especially AP1 and AP6, may play a certain role in
the growth inhibiting effect of FTLEE. Furthermore, other bioac-
tive compounds that were present in the extracts apart from the
four diterpenoids mentioned above may also contribute to this
cytotoxic effect since more than 20 diterpenoids and 10 flavo-
noids had been identified in the ethanolic extract of A. paniculata
[8]. The HPLC chromatogram (l" Fig. 2) indicates the unknown
compounds in FTLEE (at retention times of 4.138, 4.681, and
5.048min) which did not present in MLWE. It is possible that
the other bioactive compounds in FTLEE may play a certain role
on the inhibitory effects of cancer growth. Other ethanolic extract
diterpenoids, for example, isoandrographolide, exhibited anti-
proliferative activities to human leukemia HL-60 cells higher
than AP1 [19]. Furthermore, it has also been shown that some less
abundant diterpenoids, including 14-acetylandrographolide,
3,19-isopropylideneandrographolide, and 14-deoxy-14,15-dide-
hydroandrographolide, exhibited strong cytotoxic activities and
induced cell cycle arrest against various types of cancer [20,21].
However, these hypotheses remain inconclusive and need further
study.
Suriyo T et al. Andrographis paniculata Extracts… Planta Med 2014; 80: 533–543



Fig. 5 The effects of the ethanolic extract of the
first true leaf of Andrographis paniculata on the in-
trahepatic cholangiocarcinoma cell cycle. HuCCA-1
cells were treated with 0.2–0.8mg/mL and RMCCA-
1 cells were treated with 0.6–1.2mg/mL of first true
leaf ethanol extract (FTLEE) or 100 µM of etoposide
(positive control) for 24 h and then subjected to
flow cytometry with PI staining. A The representa-
tive histograms between PI intensity and cell num-
bers of HuCCA-1 cells. The cell cycle phase distribu-
tion of (B) HuCCA-1 cells and (C) RMCCA-1 cells
after treatment with FTLEE. The data are the per-
centage mean of each cell cycle phase ± standard
error of three independent experiments. * Repre-
sents a statistically significant difference from the
controls at p < 0.05. (Color figure available online
only.)

Table 4 Concentrations of each
diterpenoid in the extracts of An-
drographis paniculata at the IC50

value.

Cell lines Concentration of diterpenoids in the extracts at the IC50 value (µM)

AP1 AP3 AP4 AP6
Mature leaf water extract

HepG2 91.92 7.27 51.45 25.65

SK-Hep1 61.28 4.85 34.30 17.10

HuCCA-1 37.71 2.98 21.11 10.52

RMCCA-1 75.42 5.97 42.21 21.05

First true leaf ethanol extract

HepG2 1.62 16.58 12.66 353.06

SK-Hep1 0.93 9.50 7.26 203.47

HuCCA-1 0.67 6.91 5.28 147.98

RMCCA-1 1.21 12.43 9.50 266.36

AP1: andrographolide; AP3: 14-deoxy-11,12-didehydroandrographolide; AP4: neoandrographolide; AP6: 14-deoxyandrographolide
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The difference in sensitivity among cancer cell lines to
A. paniculata extracts or AP1 has also been observed in this study.
We also found that HuCCA-1 cells showed a twofold increase in
Suriyo T et al. Andrographis paniculata Extracts… Planta Med 2014; 80: 533–543
sensitivity to A. paniculata extracts or AP1 than RMCCA-1 cells.
Furthermore, it has been reported that AP1 induced cytotoxic cell
death in adenosquamous cholangiocarcinoma KKU-M213 cells at



Fig. 6 Effects of the ethanolic extract of the first
true leaf of Andrographis paniculata on intrahepatic
cholangiocarcinoma cell apoptosis. HuCCA-1 and
RMCCA-1 cells were treated with 0.2 − 1.0mg/mL
of FTLEE or 100 µM of etoposide (positive control)
for 24 h. Cell apoptosis was detected by flow cy-
tometry with annexin-V-FITC/PI dual staining.
A The representative histograms of flow cytometric
analysis using double staining with annexin-V-FITC
(FITC‑A) and PI (PI‑A). Q1 (annexin-V−/PI+) is cells in
necrosis; Q2 (annexin-V+/PI+) is cells in late apopto-
sis; Q3 (annexin-V−/PI−) is normal cells; Q4 (annexin-
V+/PI−) is cells in early apoptosis. The percentage of
apoptotic cells of (B) HuCCA-1 cells and RMCCA-1
cells after treatment with FTLEE. The data are the
means of the percentage of apoptotic cells that in-
clude the cells in early apoptosis and late apoptosis
± standard error of three independent experiments.
* Represents a statistically significant difference
from the control at p < 0.05.
(Color figure available online only.)
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24 h exposure with an IC50 value higher than 50 µM [22], while
our study showed that AP1 induced cytotoxic cell death in HuC-
CA-1 cells with a lesser IC50 value (29.26 µM). This could be ex-
plained, in part, to the difference in molecular characteristics of
the different cancer cells. HuCCA-1 cells were established from a
Thai cholangiocarcinoma patient with a chronic infection by liver
fluke Opisthorchis viverrini [23], while there is no evidence of this
parasite infection in RMCCA-1 cells [24]. Long-term liver fluke in-
fection induced by chronic injury and inflammation of the biliary
epithelium has been well recognized [25]. Moreover, we found
that COX-2, which is a key inflammatory protein, was highly ex-
pressed in HuCCA-1 cells while it was detected lower in RMCCA-
1 cells [unpublished data]. It has been reported that COX-2 specif-
ically inhibited Fas-mediated apoptosis in cholangiocarcinoma
KMBC cells and COX-2 inhibitor NS-398 restored Fas-mediated
apoptosis in COX-2 transfected cells [26]. It is well documented
that the anti-inflammatory activity of AP1 occured via the inhibi-
tion of COX-2 activity and expression [27]. All together, these sug-
gest that the etiology of cancer cells, especially inflammation
background, could influence the anticancer properties of
A. paniculata extracts and AP1. However, this hypothesis remains
inconclusive and warrants further study.
The present study also revealed that FTLEE increased cell cycle
arrest and apoptosis in intrahepatic cholangiocarcinoma cells.
This A. paniculata extract induced intrahepatic cholangiocarcino-
ma cell cycle arrest at the G0/G1 and G2/M phases. The effect was
likely due to the reduction of cyclin-D1 expression. Our observa-
tions are in line with previous studies which indicated that AP1
induced cell cycle arrest at the G0/G1 or G2/M phase in various
cancer cell lines, for example, hepatoma cells (HepG2 and Hep3B)
[16,28], colorectal carcinoma Lovo cells [29], prostate cancer PC-
3 cells [30], acutemyeloid leukemic HL-60 cells [31], and lung ad-
enocarcinoma CL1–5 cells [32]. Furthermore, a recent study dem-
onstrated that the AP1 analogue, which was modified from the
parent compound by adding an epoxide moiety at the core struc-
ture C-17 and a silicon-based molecule, tert-butyldiphenylsilyl,
at the C-19 side chain, induced adenosquamous cholangiocarci-
noma KKU-M213 cell cycle arrest at the sub-G0 and G2/M phases
Suriyo T et al. Andrographis paniculata Extracts… Planta Med 2014; 80: 533–543



Fig. 7 Effects of the ethanolic extract of the first true leaf of Andrographis
paniculata on cell cycle regulatory protein (cyclin-D1), anti-apoptotic pro-
tein (Bcl-2), proapoptotic proteins (caspase-3 and Bax), and poly (ADP-ri-
bose) polymerase cleavage in intrahepatic cholangiocarcinoma cells. HuC-
CA-1 and RMCCA-1 cells were treated with 0.2–1.2mg/mL of FTLEE for
24 h. Cyclin-D1, Bcl-2, caspase-3, Bax, and PARP cleavages were measured
by Western immunoblot. β-actin was used to ensure an equal amount of
loaded protein.

540 Original Papers
El
ec

tr
o
n
ic

re
p
ri
n
t
fo
r
p
er
so

n
al

u
se
[22]. Our results also indicated that A. paniculata extract induced
intrahepatic cholangiocarcinoma cell apoptosis. This effect was
consistent with the downregulation of the key anti-apoptotic
regulatory protein Bcl-2, upregulation of the crucial proapoptotic
regulatory protein Bax, and reduction of the inactive proenzyme
form of caspase-3 which plays a central role in the execution
phase of cell apoptosis. These results are in agreement with our
previous report and others which showed that AP1 caused apo-
ptosis by increasing the expression of p53, Bax, caspase-3, and
decreasing the expression of Bcl-2 in various cancer cell lines
such as neuroblastoma SK‑N‑SH [33], breast adenocarcinoma
T47D and MDA‑MB‑231 [34,35], melanoma B16F-10 [36], pan-
creatic cancer (AsPC-1, Panc-1, BxPC-3, SW1990, and Capan-1)
[37], acute promyelocytic leukemia HL-60 and NB4 [31,38], gas-
tric cancer BGC-823 [39], hepatocellular carcinoma HepG2 and
SMMC-7721 [35,40], prostate carcinoma DU145, PzHPV-7, and
PC-3 [41–43], cervical cancer HeLa [35], and lung adenocarcino-
ma CL1–5 [32] cells.
Our study revealed that the increasing concentration of A. pani-
culata treatment enhanced Bax protein expression and reduced
the expression of Bcl-2 protein. Bax is one of the most important
proapoptotic Bcl-2 family members promoting the mitochron-
drial apoptotic pathway, whereby it undergoes transformation
and oligomerization to form pores in the outer mitochondrial
membrane, leading to the release of proapoptotic proteins from
mitochrondria such as cytochrome C [44]. Bcl-2 is another impor-
tant protein involved in the mitochondria-dependent apoptosis
that has anti-apoptotic activity [45]. This suggests that an intrin-
sic mitochondria-dependent pathway might be involved in
A. paniculata-induced cholangiocarcinoma apoptotic cell death.
Numerous studies indicated that AP1 promoted apoptosis in hu-
man cancer cells by affecting an intrinsic mitochondria-depen-
dent pathway [30,31,35]. Furthermore, the reduction of the in-
active proenzyme form of caspase-3 and cleavage of PARP were
also observed in the present study, indicating that it was a cas-
pase-dependent apoptosis. A recent study also revealed that AP1
induced vascular smooth muscle cell apoptosis via ceramide-
Suriyo T et al. Andrographis paniculata Extracts… Planta Med 2014; 80: 533–543
p47phox-ROS and caspase-3 signaling cascade [46]. Notably, the
intensities of the cleaved active forms of caspase-3 bands (17/19-
kD) were very weak (data not shown). This may be due to the se-
lected time point of FTLEE treatment not being suitable to detect
these active caspase-3 forms since the two subunits of active cas-
pase-3 are rapidly degraded and unstable from the ubiquitin-
proteasome system [47]. Our results showed that cyclin-D1,
which is a key regulator involved at the G0/G1 checkpoint, was
reduced in A. paniculata treatment. Cyclin-D1 is an important
transcriptional target of NF-κB [48,49]. Previous studies indi-
cated that AP1 and AP3 potently inhibited NF-κB activation [50–
53], which may be the reason leading to the reduction of cyclin-
D1 in A. paniculata treatment.
In conclusion, this study revealed that A. paniculata potently in-
hibited the growth of intrahepatic cholangiocarcinoma (HuCCA-
1 and RMCCA-1) cells. Indeed, this growth inhibiting effect of
A. paniculatawas caused by the induction of cell cycle arrest and
apoptosis. All together, this study suggests that A. paniculata and
its major bioactive compounds, such as AP1, may be a promising
candidate for bile duct cancer treatment. In light of the lack of ef-
fective therapeutic options for bile duct cancer, A. paniculata is an
herbal treatment option that is worthy of consideration for fur-
ther research. Further in vivo studies using an animal model such
as a tumor xenograft nude mouse model for a cholangiocarcino-
ma study may be used to confirm the present in vitro results of
FTLEE as an anticancer drug and provide more physiological rel-
evant evidence.
Materials and Methods
!

Chemicals and standard pure diterpenoids
Andrographolide (AP1, purity 98%), gemcitabine hydrochloride
(purity ≥ 98%) and etoposide (purity ≥ 98%) were purchased from
Sigma-Aldrich. Another three diterpenoids, namely, 14-deoxy-
11,12-didehydroandrographolide (AP3, purity 96%), neoandrog-
rapholide (AP4, purity 99%), and 14-deoxyandrographolide (AP6,
purity 99%), were isolated and purified in-house from A. panicu-
lata according to our previous report [4].

Preparation of Andrographis paniculata extracts
A. paniculata plants were identified by Dr. Wongsatit Chuakul
and a voucher specimen was deposited at the Pharmaceutical
Botany Mahidol Herbarium, Department of Pharmaceutical Bot-
any, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand
(PBM 3760). Two dried A. paniculata rawmaterials were selected.
One was the aerial part of A. paniculata at the 50% flowering
stage (mature leaf stage) harvested from Nakornpathom Prov-
ince, Thailand. Another one was the aerial part of A. paniculata
at the first true leaf stage harvested from the greenhouse at the
Chulabhorn Research Institute, Bangkok. Plant materials were
washed and then dried in an oven at 35–45°C. The dried plant
materials were ground into a powder using a blender (Waring
Commercial) and kept at room temperature until extraction. For
MLWE, 3 kg of aerial parts at the 50% flowering stage of
A. paniculata were extracted with 15 L of hot water (70–75°C)
for 30min. The extract was then filtered and collected. The resi-
due was re-extracted twice with 15 L of hot water each time. The
combined water extracts were concentrated by using a spray dry
method. For another A. paniculata extract, the FTLEE was pre-
pared by extracting 4.1 g of first true leaf stage powder in 80mL
ethanol. The residue was re-extracted twice with 80mL ethanol
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each time. The combined ethanol extracts were concentrated by
using a rotary evaporator at a temperature of < 50°C.

Chromatographic analysis of Andrographis paniculata
extracts
Twenty-five milligrams of MLWE were dissolved in 2.0mL of hot
water (70–75°C) and vigorously shaken (two replicates per sam-
ple). The extract solutions were left at room temperature until
they cooled down. The FTLEE was accurately weighed (7.04mg,
two replicates per sample) and then dissolved in 1.0mL metha-
nol. The dissolved extract solutions were filtered through a 0.45-
µm nylon membrane (Chrom Tech) prior to HPLC analysis. The
four active diterpenoids, namely AP1, AP3, AP4, and AP6, in the ex-
tracts of A. paniculata were analyzed simultaneously by
HPLC‑DAD (Agilent Technologies) on a reverse-phase column
(Zorbax SB‑C18; 4.6 × 75mm, 3.5 µm) connected to a cartridge
guard column (Agilent Technologies), according to our previous
study [9]. Briefly, the mobile phase consisted of 28% acetonitrile
in water with a flow rate of 1.2mL/min. The temperature of the
column was controlled at 25°C and the detection with the diode
array detector (DAD; Model G1315A, Agilent Technologies) at
205 nm. The injection volume was 5 µL. A standard mixture con-
taining AP1, AP3, AP4, and AP6 in methanol was prepared in the
range of 0.5–1000 µg/mL. The peak area of each compound was
plotted against the concentration.

Cell culture
The human intrahepatic cholangiocarcinoma cell lines, including
HuCCA-1 and RMCCA-1, derived from epithelial bile duct tumor
masses of Thai cholangiocarcinoma patients were established
and kindly provided by Prof. Stitaya Sirisinha [23] and Dr. Kavin
Leelawat [24], respectively. HuCCA-1 and RMCCA-1 cells were
cultured in HAMʼs F-12 medium (Gibco) supplemented with
2mM L-glutamine (Gibco), 100 units/mL P/S (Gibco), and 10%
(v/v) FBS (JR Scientific, Woodland). Liver cancer cell lines, includ-
ing the Hep-G2 cell line (a human epithelial hepatocellular carci-
noma) and SK-Hep1 (a human liver adenocarcinoma), were pur-
chased from ATCC (Rockville). Hep-G2 cells were cultured in
minimum essential medium Eagle (Gibco) supplemented with
2mM L-glutamine, 1.0mM sodium pyruvate (Sigma-Aldrich),
0.1mM nonessential amino acids (Sigma-Aldrich), 100 unit/mL
P/S, and 10% FBS. SK-Hep1 cells were grown in RPMI 1640 me-
dium (Gibco) containing 2mM L-glutamine, 100 unit/mL P/S,
and 10% FBS. All cells were maintained at 37°C in a saturated hu-
midity atmosphere containing 95% air and 5% CO2.

Cell viability assay
Cell viability was measured by a quantitative colorimetric assay
with MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazo-
lium bromide) (Sigma-Aldrich) showing the mitochondrial activ-
ity of living cells. Cells were seeded in a 96-well plate (1 × 104

cells/well) and cultured overnight for attachment. The next day,
the cells were treated with various concentrations of A. panicula-
ta extracts (MLWE or FTLEE), its bioactive compounds (AP1, AP3,
AP4, or AP6), or gemcitabine (positive control) for 24 h. At the end
of the respective incubation period, the mediawere removed and
then 100 µl of MTT (500 µg/mL MTT in media) were added per
well, followed by the incubation of the plate for 4 h at 37°C for
color development. Then, MTT was removed and the cells were
lysed with DMSO (Sigma-Aldrich). Following solubilization, the
absorbance at 570 nmwasmeasured using amicroplate scanning
spectrophotometer (SpectraMax M3, Molecular Devices).
Apoptosis assay
Cells (5 × 106 cells) were seeded in a 100-mm plate and cultured
overnight for attachment. The next day, the cells were treated
with various concentrations of A. paniculata extract or 100 µM
of etoposide (positive control) for 24 h. The PS externalization
on apoptotic cells was detected by an annexin V-FITC apoptosis
detection kit (BD Biosciences). In brief, at the end of the incuba-
tion period, the medium was removed, cells were collected with
trypsin (Gibco), and the supernatant was removed by centrifuga-
tion at 500 × g, 4 °C for 5min. Cell pellets were washed twice with
PBS (Gibco), then resuspended in annexin-V binding buffer
(0.01M HEPES/NaOH, pH 7.4, 0.15mM NaCl, 2.5mM CaCl2), fol-
lowed by staining at room temperature in the dark with 5 µg/mL
of annexin-V-FITC and PI for 15min. The stained cells were ana-
lyzed by the flow cytometer BD FACSCanto (Becton Dickinson).
Green fluorescence (530/42 nm), indicative of the annexin-V-
FITC binding of apoptotic cells, and red fluorescence (585/
42 nm), indicative of PI uptake by damaged cells, were evaluated
using logarithmic amplification and electronic compensation for
spectral overlap. The amount of early apoptosis, late apoptosis,
and necrosis was measured as the percentage of annexin-V posi-
tive/PI negative, annexin-V positive/PI positive, and annexin-V
negative/PI positive cells, respectively.

Cell cycle assay
Cells (5 × 106 cells) were seeded in a 100-mm plate and cultured
overnight for attachment. The next day, the cells were treated
with various concentrations of A. paniculata extracts or 100 µM
of etoposide (positive control). After 24 h incubation, the cells
were analyzed for the distribution of sub-G1, G0/G1, G2/M, and
S phases of the cell cycle by flow cytometry with PI staining.
Briefly, the medium was removed and the cells were harvested
with trypsin, and then the supernatant was removed by centrifu-
gation at 500 × g, 4 °C for 5min. Cell pellets werewashedwith PBS
and fixed in 70% ethanol overnight at − 20°C. Then the cells were
washed with cold PBS and stained with PI solution [50 µg/mL PI
(Sigma-Aldrich) and 0.5 µg/mL RNAse (Sigma-Aldrich) in PBS] at
an ambient temperature for 15min. The cell cycle stages were
measured by flow cytometry and the data was analyzed by Mod-
fit LT software (Verity House Software).

Western immunoblotting assay
The cells (5 × 106 cells) were seeded in a 100-mm plate and cul-
tured overnight for attachment. The next day, the cells were
treated with various concentrations of A. paniculata extracts.
After 24 h incubation, the medium was removed and the cells
were harvested with trypsin, and the supernatant was removed
by centrifugation at 500 × g, 4 °C for 5min. Cells were lysed in ly-
sis buffer containing 10mM Tris-HCl, pH 7.4, 150mM NaCl, 1%
triton X-100, 1mM PMSF, 1mM Na3VO4, 20mM NaF, and 1× pro-
tease inhibitor cocktail set I (Calbiochem). Cell lysates were soni-
cated and incubated at 4°C for 30min and then centrifuged at
16000 × g for 15min at 4°C. The concentration of proteinwas de-
termined by the Bradford assay (Bio-Rad, Hercules). The protein
(50 µg) was mixed with Laemmli loading buffer (62.5mM Tris-
HCl, pH 6.8, 25% glycerol, 2% SDS, 0.01% bromophenol blue, and
5% 2-mercaptoethanol) and boiled at 95°C for 5min. The pro-
teins were separated by 7.5% SDS-polyacrylamide gel electro-
phoresis in a Mini-PROTEAN II system (Bio-Rad). The separated
protein bands were transferred onto a nitrocellulose membrane
(GE Healthcare). Themembrane was incubated in blocking buffer
containing 5% nonfat dry milk in TBST buffer (10mM Tris-HCl,
Suriyo T et al. Andrographis paniculata Extracts… Planta Med 2014; 80: 533–543
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pH 8.0, 150mM NaCl, and 0.05% Tween-20) for 1 h at room tem-
perature followed by overnight incubation at 4°C with the pri-
mary antibody. The antibodies against cyclin D1, Bcl-2, Bax, cas-
pase-3, and β-actin were obtained from Cell Signaling Technol-
ogy (Cell Signaling). The PARP antibody was purchased from BD
Biosciences. After washing with TBST buffer, the membrane was
incubated with horseradish-peroxidase conjugated secondary
antibodies (GE Healthcare) for 2 h at room temperature. The pro-
tein bands stained by the antibody were visualized by using en-
hanced chemiluminescence (GE Healthcare) followed by expo-
sure to X‑ray films (Pierce/Perbio). Relative protein expressions
were calculated from band intensities using computerized densi-
tometry with ImageQuantTL software (GE Healthcare).

Statistical analysis
Data are expressed as means ± standard errors of three indepen-
dent experiments. A statistically significant difference was as-
sessed by the Studentʼs t-test. A two-tailed p value less than 0.05
was considered a statistically significant difference.
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