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ABSTRACT Andrographis paniculata Nees. has a surprisingly broad range of pharmacological effects for centu-

ries and has not been associated with any major side effects. The Andrographis paniculata extract (APE) and

its mains diterpenoid components have been found to be able to inhibit cancer cell proliferation, induce cell-

cycle arrest and promote apoptosis in different types of human cancer cell lines. However, there have been

very limited studies on the anti-proliferative activities and the underlying mechanisms of APE in oropharyn-

geal cancer. The aim of this study is to evaluate the effects of APE on the molecular mechanisms for anti-

proliferative activity and induction of apoptosis in human oropharyngeal cancer cells (KB).

The antiproliferative effect of APE against KB cancer cells was determined by colorimetric assay. The

morphology of apoptotic nuclei was quantified using double fluorescent staining: DAPI and propidium

iodide (PI). Cells were then visualized with fluorescence microscope. For each treatment group, 200-400

nuclei were counted. Data were expressed as percentages of fragment nuclei in viable cells. The degree of

fragmentation was analyzed using a 1.5% agarose gel electrophoresis followed by an SYBER gold staining.

APE inhibited cell proliferation in a dose-dependent manner. Further, APE-induced cell death was

associated with round cells, lost of cell-to-cell contract and fewer adherent cells when compared with

control group. The IC50 values for APE was 80 ±±±±± 3.7 µµµµµg/ml. Nuclear morphology in APE-treated cells

exhibited chromatin condensation, and nuclear fragmentation as compared to control. Quantitative esti-

mation of apoptotic nuclei in APE-treated cells dose 80 µµµµµg/ml for 48 hr. was 7.85 ±±±±± 0.9% (normal cell),

82.15 ±±±±± 7.5% (viable cells with apoptotic nuclei) and 10.0 ±±±±± 1.5% (necrosis or late apoptotic nuclei). The

oligonuclesomal DNA fragmentation in agarose gel was observed in a dose-dependent manner when cells

were treated with AP extract 40, 80 and 180 µµµµµg/ml for 48 hr.

These findings indicated that the APE exhibited the anti-proliferative effects via morphological changes

typical of apoptosis including membrane blebbing, chromatin condensation, nuclear and DNA fragmen-

tation. As apoptosis has become a therapeutic target in cancer research, the potential of APE may act as

natural remedies combined with synthetic chemotherapeutic compounds that might improve efficacy and

decrease side effects in oropharyngeal cancer.
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INTRODUCTION
Since medicinal plants contain some good sources

of bioactive compounds, recent research has also focused
on natural products which possess anti-cancer proper-
ties.  Such compounds are candidates for chemothera-
peutic or chemopreventive agents against cancer which
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might decrease undesirable side effects from chemothera-
pies.  There is always the possibility that the herbal medi-
cine would be an effectively treat cancer1.  The oropha-
ryngeal cancers are more common among men and in
people over age 50.  The risk increases with the amount
of alcohol and tobacco that a person consumes.  At
present, the cancer treatment by chemotherapeutic
agents, surgery and radiation have not been fully effec-
tive against the high incidence of developing a new can-
cer and unwanted side effects.  Scientists continue to
search for more effective cancer treatments and find bet-
ter ways to reduce the side effects1.  The development of
medicinal plants against oropharyngeal cancer remains
one of the most challenging areas in cancer research.

Andrographis paniculata Nees, commonly known
as “King of bitters”, is an erect annual herb in the family
Acanthaceae.  It is a well known medicinal plant of
Ayurveda as a popular remedy for the treatment of vari-
ous disorders.  The aerial parts (leaves and stems) of this
herb were traditionally used for various medicinal pur-
poses in India, China, Thailand and Southeast Asia.  Ex-
tensive research has revealed that this herbal extract has
a wide spectrum of pharmacological activities, including
anti-diarrhea2, anti-inflammatory3, antibacterial4, antivi-
ral5, immuno-stimulant6,7, hepatoprotective8-10,
antiplatelet aggregation11, anticancer12,13.  Andrographis
paniculata extract (APE) has recently become popular
as a safe natural folk remedy for drug in the prevention
and treatment of uncomplicated common cold14.  The
major bioactive constituents of APE are diterpene lac-
tones including andrographolide, deoxyandrographolide
and neoandrographolide15.

Andrographolide exerts its anti-inflammatory effects
by inhibiting NF-kB3.  It has been well established that
NF-kB is generally acting as a regulator of genes that
keep the cell proliferating and protect the cell from con-
ditions that cause it to die16.  In addition, some cancer
cells secrete factors that cause NF-kB to become active.
Therefore, the inhibitory effect of Andrographolide on
NF-kB implies both anti-cancer and anti-inflammatory
activity.  Furthermore, the andrographolide and an
ethanolic extract can stimulate both antigen-specific and
nonspecific immune responses in mice suggesting its ef-
fective against a variety of infectious and cancer cell with-
out any signs of toxicity6.  The diterpene andrographolide
exhibited the immunomodualtory and anticancer activi-

ties in human colon cancer cells (HT-29) that can use
for develop non-toxic anticancer molecules7.

Recently, anticancer activity of APE has been re-
ported on different types of human cancer cell lines.  In-
terestingly, the methanol extracts of APE and its isolated
compounds exhibited growth inhibitory and differenti-
ating activity on M1 (mouse myeloid leukaemia) cells17.
The ethanol extracts of APE and its mains diterpenoid
components were significantly inhibited to human acute
myeloid leukemic HL-60 cells by cell-cycle arrest at G0/
G1 phase and mitochondrial-mediated apoptosis12.
Andrographolide, the major diterpenoid of the
Andrographis paniculata, induced apoptosis in human
cancer cells via the receptor apoptotic pathway leads to
mitochondria and then to downstream effector caspases13.
In addition, Andrographolide exerts direct anticancer
activity on cancer cells by cell-cycle arrest at G0/G1 phase
through induction of cell-cycle inhibitory protein p27
and decreased expression of cyclin-dependent kinase 4
(CDK4)18.  However, the effect of Andrographolide on
apoptosis is controversial.  For example, it induced
apoptosis in various kinds of cancer cells12,13,17,18 but it
protects human umbilical vein endothelial cells
(HUVECs) from growth factor deprivation-induced
apoptosis via suppression of the mitochondrial and caspase
dependent death pathway19.  So it needs to be further
elucidated.

The aim of this study is focus on the effects of APE
on the anti-cancer activity as well as the possible mecha-
nisms.  A better understanding of the mechanisms of
action of these anti-cancer candidates will facilitate de-
velopment of novel nontoxic anti-cancer drugs derived
from the potentially valuable medicinal plants.

MATERIALS AND METHODS

Chemicals
The following chemicals were purchased from the

following suppliers: propidium iodide (PI), 4'-6-
Diamidino-2-phenylindole (DAPI) and SYBER Gold
from invitrogen, Ltd.  (Paisley, UK); dimethyl sulfoxide
(DMSO) and [3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl-tetrazolium bromide] (MTT) from Sigma Chemical
Co.  (St Louis, MO, USA); Cell culture media or mate-
rials were purchased from Gibco BRL (Gaithersburg,
MD, USA) and InVitromex (Grevenbroich, Germany).
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Plant materials and preparation of extract
The aerial parts (stems and leaves) of Andrographis

paniculata Nees.  (Acanthaceae) were harvested from
Dongbang District, Prajeanburi, Thailand in March,
2007.  The raw materials were air dried.  The 46.82 grams
of dried plant were extracted with ethyl acetate at room
temperature.  The extracts were concentrated by rotary
evaporator to give 0.3889 grams of crude extract.  The
crude extract (APE) was dissolved in dimethylsulfoxide
(DMSO) to obtain 1 mg/ml stock solution and then
filtered through a 0.22 µm cellulose nitrate membrane
and stored at -20oC before use.  Dilution was further
dissolved in phosphate buffer saline (PBS).  A voucher
specimen No.5002 was deposited in Department of
Chemistry, Burapha University.

Cell culture and cell proliferation assay
KB cell lines (human oropharyngeal epidermoid car-

cinoma) were obtained from National Cancer Institute
of Thailand.  Cells were cultured in RPMI 1640 me-
dium supplemented with 10% heat inactivated fetal bo-
vine serum (FBS), 1mM sodium pyruvate, and 100 U/
ml penicillin, and 100 µg/ml streptomycin and kept at
37oC in a humidified atmosphere of 5% CO2 and 95% air
mixture.

KB cells in logarithmic growth phase were collected.
After digestion with trypsin-EDTA, 2 × 105 cells/well
were plated in flat-bottomed 96-well plates in 100-ml
volumes and incubated for 24 hr.  at 37oC under a hu-
midified 5% CO2 and 95% air mixture to allow cell at-
tachment.  Cells were treated with 0.21% DMSO (ve-
hicle control), Doxorubicin 0-10 µg/ml (positive con-
trol) and APE 30-400 µg/ml (test sample) for 48 hr
under the same conditions.  At the end of 48 hr, 20 µl of
0.5% MTT in PBS were added to each well and plates
were incubated at 37oC for 3 hr.  At the end of 3 hr, the
supernatant was removed and replaced with 100 µl of
DMSO.  The metabolic reduction of soluble MTT by
mitochondrial enzyme activity of viable cells into an in-
soluble colored formazan product was measured with a
microplate spectrophotometer reader (Cecil Bioquest
2000 Series) at 570 nm.  At least three separate experi-
ments for each sample were used to determine the cell
proliferation.  Under these conditions, 0.21% DMSO was
not toxic and cell survival in vehicle control was assumed
100%.  The percentage of cell viability was calculated on

the basis of the following formula:

Absorbance at 570 nm of treated cells
% Cell viability = × 100

Absorbance at 570 nm of control cells

Fluorescent microscopic analysis of nuclear frag-
ment

Cells 5 × 104 cells/ml were cultured in polystylene
flask (25 cm2) and incubated for 24 hr (37oC, 5% CO2

and 95% air mixture).  Then 80 µg/ml of APE was added
and incubated for another 48 hr in the same condition.
Doxorubicin (0.5 µg/ml) was used as a positive control.
Cell grown in the presence of 0.21% DMSO but absence
of APE was considered as a negative control.  The mor-
phology of the nuclei was quantified using fluorescence
staining.  Briefly, at designated time points, cells were
collected and washed in PBS.  The cells were then incu-
bated with RNase A (20 mg/ml, 5 µl) in the dark for 30
minutes at room temperature.  Harvested cells were
washed three times with PBS, and then resuspended in
PBS containing 5 µg/ml DAPI (used to identify nuclear
fragmentation) and 5 µg/ml propidium iodide (to iden-
tify non-viable cells) for 30 min at 37oC.  The superna-
tant were discarded to remove unbound dye.  The 10 µl
of cells were mounted on the slide, covered with a cover-
slip and sealed the edges with nail polish.  Condensed or
fragmented nuclei in viable cells were then visualized
through blue and green filter of fluorescence microscope
(Olympus B×51) at 400 × magnification.  Normal nu-
clei can be identified by glowing bright and homogeny
while apoptotic nuclei are condensed chromatin and frag-
mented morphology of nuclear bodies.  For each treat-
ment group, 200-400 different nuclei were counted in
random microscopic fields.  Data were expressed as per-
centage of nuclei in different phases.  At least three sepa-
rate experiments for each sample were performed.

DNA extraction and electrophoresis analysis
The GF-1 Tissue DNA Extraction Kit (Vivantis)

was used according to the manufacturer’s instructions.
After treatments, floating and adherent cells were washed
with PBS and then lysed with digestion buffer contain-
ing proteinase K (20 mg/ml, 20 µl) at 60oC overnight.
RNaseA (20 mg/ml, 10 µl) was then added and incu-
bated for 5 min at 37 oC.  Genomic DNA was extracted
with ice-cold absolute ethanol.  DNA (400 ng) were
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mixed with SYBER Gold (0.1 mg/ml, 1 µl) and loading
buffer and loaded onto pre-solidified 1.5% agarose.  The
agarose gels were run at 150 V for 60 min in TBE buffer.
Gels were observed and photographed under transillu-
minator (Clare Chemical Research).

Data processing
Data were expressed as mean ± standard error of

the mean (S.E.M) of 3-4 different trials and analyzed
with the software MicrocalTM Origin 6.

RESULTS
To investigate the potential effects of APE on pro-

liferation and survival of KB cells, the cells were exposed
to 30-400 µg/ml of APE for 48 h and cellular viability
was analyzed by MTT assay.  The APE markedly decreased
viable cell numbers in a dose-dependent manner (Fig.
1).  At 30 µg/ml of APE, cellular viability was reduced
to 71.62 ± 3.55% and at 250 µg/ml of APE the viability
was reduced to less than 10%.  The APE was less toxic
than Doxorubicin in that the cell number decreased to
less than 10% at concentrations 5 µg/ml.  The IC50
values for APE and Doxorubicin on KB cells was 80 ±
3.7 µg/ml and 0.5 ± 0.02 µg/ml respectively.  Marked
morphological changes could be seen after 48 h treat-

ment with both APE and Doxorubicin characterized by
round cells, lost of cell-to-cell contract and fewer adher-
ent cells when compared with control group.

The apoptotic cell death is one of the mechanisms
by which cell growth is suppressed.  In order to gain
more insight into cell-death pathways in KB cells treated
with APE, morphology of apoptosis and the ordered
DNA ladder detection were investigated.  Both DAPI
and PI staining are fluorescent nuclear dye that binds
strongly to DNA.  DAPI can pass through an intact cell
membrane but PI is membrane impermeant that com-
monly used for identifying dead cells.  KB cells treated
with 0.21% DMSO produced rounded nuclei with ho-
mogenous DAPI staining and defined plasma membrane
contours, but in cells treated with APE 80 µg/ml, there
was an increase in the marked morphological changes of
cellular apoptosis including membrane blebbing, con-
densation of chromatin, nuclear fragmentation and the
formation of apoptotic bodies (Fig. 2).  In vehicle con-
trol group, the quantitative estimation of nuclei was 94.29
± 4.2% (normal cells), 2.85 ± 0.7% (viable cells with
apoptotic nuclei) and 2.85 ± 0.3% (necrosis or late
apoptotic nuclei).  When the cells were treated with APE
80 µg/ml for 48 h, the quantitative estimation of nuclei
was 7.85 ± 0.9% (normal cell), 82.15 ± 7.5% (viable cells

Fig. 1 Antiproliferative effects of APE (A) and Doxorubicin (B) to KB cells.  Cells (2x105 cells/well) were exposed to APE (30-400 µg/ml) or Doxoru-

bicin (0 - 10 µg/ml) for 48 hr.  Viable cell number was measured with MTT assay.  Data were expressed as mean ± S.E.M of 4 replicates.
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when cells were treated with 40, 80 and 180 µg/ml of
APE for 48 hr.  APE-induced apoptosis of KB cells ex-
hibited a progressive increase in nonrandom fragmenta-
tion into a ladder with a concentration-dependent man-
ner that is in good accordance with its growth suppres-
sive effects.

DISCUSSION
The KB cell lines, derived from human epidermal

carcinoma of the mouth, serve as a useful model system

with apoptotic nuclei) and 10.0 ± 1.5% (necrosis or late
apoptotic nuclei).  In the treatment with Doxorubicin
0.5 µg/ml for 48 h, the quantitative estimation of nuclei
was 9.09 ± 1.4% (normal cells), 13.63 ± 2.1% (viable
cells with apoptotic nuclei) and 77.27 ± 4.2% (necrosis
or late apoptotic nuclei) (Table 1).

DNA fragmentation, a hallmark of apoptosis, was
qualitatively demonstrated by incubating KB cells with
different concentrations of APE.  As shown in Fig.  3,
oligonucleosomal DNA fragmentation was observed

Table 1 Percentage of nuclear staining with DAPI/PI.  KB cells were treated with APE (80 µg/ml) and Doxorubicin (0.5 µg/ml) for 48 hr.  The

percentage of cells with a normal or condensed or fragmented nucleus was estimated by counted directly with fluorescence microscope.

The values are mean ± S.E.M of 2-3 replicates.

% Normal cells % Apoptosis cells % Late apoptosis
(Homogenous DAPI (Condensed or fragmented or necrotic cells

staining) DAPI staining) (PI staining)

0.21% DMSO 94.29 ± 4.2 2.85 ± 0.7 2.85 ± 0.3

APE 80 µg/ml 7.85 ± 0.9 82.15 ± 7.5 10.0 ± 1.5

Doxorubicin 0.5 µg/ml 9.09 ± 1.4 13.63 ± 2.1 77.27 ± 4.2

Fig.  2 Morphological features of nuclei of KB cells treated with DMSO (1-3), APE 80 µg/ml (4-6) and Doxorubicin 0.5 µg/ml (7-9) for 48 hr.  Cells were

observed by bright field morphology (1, 4, 7),  DAPI staining (2, 5, 8) and PI staining (3, 6, 9).  N: normal nuclei, C: chromatin condensation,

F: nuclear fragmentation, L: late apoptosis and B: membrane blebbing.
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for studying anticancer activity.  Andrographis paniculata
has been used for centuries as an anti-inflammatory prop-
erty that would otherwise cause cancer cells to stop pro-
liferating, or to become more sensitive to the action of
anti-cancer agents3,16.  From the results of cell viability
studies with the MTT test, the APE obviously decreased
viable cells in a dose-dependent manner and the IC50
value of APE was 80 ± 3.7 µg/ml at 48 hr incubation.
This effect was not specific for KB cells because the metha-
nol extract also inhibited the proliferation of human co-
lon cancer (HT-29) cells.  The IC50 of crude extract in
the same study was 10 µg/ml and IC50 of its fractions
ranged from 10-46 µg/ml7.  In HL-60 cells, the IC50 of
ethanol extract was 14.01 µg/ml while it was less effec-
tive in other cells12.  However, there are a number of
important factors regarding the effect of AP extract on
growth inhibition in cancer cells.  It may also be con-
straint by the genetic background of the cell line under
study.  In addition, the growing region and seasonality
play a role to the concentration of active ingredients ex-
isting in the extract.

The dying cells in present study exhibit the mor-
phological and biochemical features that characterize
apoptosis, as shown by membrane blebbing,
oligonucleosomal DNA fragmentation, chromatin con-
densation, and fragmentation of the cell into apoptotic
bodies.  The apoptotic nuclei were quantified using fluo-
rescence double staining DAPI and PI that discriminate
between viable and non-viable cells, and ideally between

apoptosis and necrosis.  When cells treated with APE 80
µg/ml for 48 hr, apoptotic nuclei in living cells can be
identified by the condensed chromatin gathering at the
periphery of the nuclear membrane or a marked reduc-
tion in nuclear fragment with an apoptotic manifesta-
tion of 82.15 ± 7.5%.  Quantitative apoptotic and late
apoptotic nuclei of Doxorubicin-treated cells was 13.63
± 2.1% and 77.27 ± 4.2% respectively.  The mechanisms
of cell death mediated by Doxorubicin utilize the
apoptotic pathway through irreversible DNA damage
with subsequent mitotic failure20.  Drastic decrease in
apoptotic cells together with increase in late apoptotic
cells was noticed in Doxorubicin-treated cells.  Since
Doxorubicin is more toxic than APE, it might also be
that the apoptotic cells under the in vitro conditions can-
not undergo rapid phagocytosis as in in vivo in the intact
tissue21.

Extensive investigations into the molecular mecha-
nisms underlying apoptotic cell death pointed to the pres-
ence of biochemical markers of apoptosis, that is, the
fragmentation of nuclear DNA into oligonucleosome-
sized DNA fragments by an apoptotic nuclease.  APE-
treated cells presented with well-defined in the cleavage
of genomic DNA in an oligonucleosomal laddering pat-
tern upon agarose gel electrophoresis that is the hall-
mark of apoptosis.  The apoptotic DNA fragmentation
was in good agreement with the result obtained by cell
proliferation assay and fluorescent microscopic analysis
of nuclear fragment.  However, further investigation of
caspase activity which provides a direct link between en-
donucleases and apoptotic DNA fragmentation need to
be further characterized.

The process of tumor development and treatment
resistance involve the cancer cells that obtain the capa-
bility to evade apoptosis by various pathways.  The most
cytotoxic anti-cancer drugs induce apoptosis and the
ability of drug-induced apoptosis is associated with treat-
ment sensitivity22.  The inhibiting cell proliferation and
increasing apoptosis in cancer cells are effective strategy
for preventing cancer growth.  The present study did
not identify the active components existing in the APE
for its antiproliferative activity.  Therefore, we do not
know whether the induction of apoptosis by APE was
due to single or combined effects of multiple agents con-
tained in the extract.  It has been previously reported
that a major component of APE was diterpene lactone

Fig.  3 A photograph of the SYBER Gold -stained gel, which is repre-

sentative of three independent experiments, is shown.  DNA frag-

mentation of KB cells exposed to APE and Doxorubicin for 48 hr.

Cells were lysed and DNA was extracted and electrophoresed

on 1.5% agarose gels and stained with SYBER GOLD for detec-

tion of DNA fragmentation.
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such as andrographolide, deoxyandrographolide,
dihydroandrographolide and neoandrographolide.
Among these compounds, andrographolide was the high-
est degree of cytotoxicity on different types of human
cancer cell lines7.  Andrographolide was also found to
cause cell-cycle arrest at G0/G1 phase18, induce apoptosis
via extrinsic death receptor13 and intrinsic mitochondria
pathway12 leading to downstream effecter caspases and
apoptotic cell death.
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and cancer-causing agents.

In another study, andrographolide and its extract
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perform further investigation.

CONCLUSION
In conclusion, the ethyl acetate extract of Andro-

graphis paniculata exhibits an in vitro antiproliferative
effect of KB cancer cells via apoptotic pathway.  These
results showed that APE was able to induce membrane
blebbing, chromatin condensation and fragment of
nuclear DNA into oligonucleosome-sized DNA frag-
ments.  Since very low toxic effects were noticeable, the
APE may have potential as a chemopreventive agent.
Additionally, the combination of APE with synthetic
medications being used in therapies might improve effi-
cacy and decrease side effects.
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