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Abstract: Phyllanthus species, especially P. amarus is a medicinal plant with hepatoprotective
activity, believed to occur in part by inhibiting hepatitis B virus function. The pathogenesis mechanism
of viral hepatitis is closely related to hepatocyte necrosis apoptosis. The aim of our study was to
investigate the in vitro effects of extracts from three Phyllanthus species, P. urinaria, P. amarus and P.
debilis in regulating cell proliferation and gene expression activities of HepG2 hepatocellular
carcinoma cells. All three Phyllanthus species significantly inhibited the proliferation of the HepG2
cells. In addition, the extracts induced apoptosis by inducing caspase-3. Further confirmation of
extract-induced apoptosis was obtained by demonstrating that the Bcl-2/Bax ratio decreased in
response to treatment with the extracts. We next determined the mechanism by which the Phyllanthus
extracts induced apoptosis. Previous studies have demonstrated that TNF-a not only induces apoptotic
signals but also causes antiapoptotic and regenerative responses in hepatocytes, the mechanism
involving induction of IL-8. Real Time PCR analyses demonstrated that the extracts significantly
inhibited cyclooxygenase-2 (COX-2) and interleukin-8 (IL-8) expression, while inducing the
expression of tumor necrosis factor-o (TNF-q. Reporter assays using the luciferase constructs
containing COX-2 promoter region demonstrated that the extracts inhibited transcription of the gene.
Since the extracts inhibited IL-8 expression, while inducing TNF-a, the cells were treated with the
extracts in the presence of exogenous TNF-a. While TNF-o only showed a modest effect by itself, it
was synergistic with the extracts in inducing apoptosis of the cells. These findings demonstrate that
Phyllanthus extracts induce TNF-g production from the hepatocellular carcinoma cells while inhibiting
production of potent anti-apoptotic genes IL-8 and COX-2.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most
common neoplasm, the major cause of death in patients
with liver cirrhosis and the third most common cause of
cancer-related death in the world"!. Ninety percent of
HCC develop in the context of chronic liver disease and
mainly in patients with cirrhosis!"?!. Viral hepatitis is
the most common cause of HCC worldwide™® Various
treatments are available for HCC caused by viral
hepatitis, some of them include treatment with
interferon, tumor necrosis factor (TNF),

immunostimulants and various antiviral drugs'. The
limitations of these drugs are that they are not cost
effective, numerous side effects and viral mutations
resulting in drug resistance especially if the drugs are
taken for a long time™®. Many of these drugs do not
posses anticancer activity!”). Hence, there is a need for
alternative therapies for the treatment viral hepatitis and
resulting hepatocellular carcinoma.

Herbal remedies having antiviral and anticancer
activities are good candidates for the treatment of
HCC™. Plants of the species Phyllanthus particularly
Phyllanthus amarus (P. amarus) have been used by
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traditional medicine practitioners around the world for
the treatment of jaundice and other liver diseases. P.
amarus encodes various activities against viral
hepatitis, jaundice, hepatoprotective,
immunomodulating and anti-inflammatory activities!®.
Extracts of P. amarus inhibit the interaction between
Hepeatitis B surface antigen (HBsAg) and an antibody to
HbsAg!'". Hepatitis B virus (HBV) encodes an
endogenous DNA polymerase, which is required for
replication of the viral DNA". P. amarus inhibits the
activity of the HBV DNA polymerase enzyme,
suggesting one potential mechanism for antiviral
activity'”. P, amarus extracts have also been
demonstrated to have anti-inflammatory potential
because it can inhibit COX-2 and iNOS expression by
suppressing the activation of transcription factor
NFkB!"). Other genus of Phyllanthus, including P.
urinaria and P. debilis are also believed to posses
hepatoprotective and antiviral activities''*'"). However,
the anticancer activity of Phyllanthus extracts,
especially of P. amarus, P. urinaria and P. debilis
against hepatocellular carcinoma is currently not
known.

The present study was designed to investigate the
effect of P. urinaria, P. amarus and P. debilis purified
extracts on HepG2 human hepatocellular carcinoma
cells. The three extracts demonstrated inhibited
proliferation of the cells while inducing apoptosis.
Furthermore, there was a decrease in the expression of
anti-apoptosis gene Bcl-2, while that of proapoptotic
gene Bax was increased. In addition, the extracts
induced the expression of TNF-a, while reducing the
expression of COX-2. Inhibition of COX-2 expression
was determined to be at the transcriptional level using a
luciferase reporter construct. TNF-a is known to encode
both pro-apoptotic and anti-apoptotic functions, this
being dependent on expression of IL-8 through
transcription factor NF-kB. We observed that the
extracts inhibited the expression of IL-8. Furthermore,
while TNF-o alone did not have a significant effect on
HepG?2 cells, it synergized with the Phyllanthus extracts
to significantly induce apoptosis in these cells. This
suggests that one mechanism of restricting the growth
of hepatocellular carcinoma cells by the Phyllanthus
extracts involves TNF-o-mediated apoptosis.

MATERIALS AND METHODS

Plant extracts: P. urinaria, P. amarus and P. debilis
were obtained from Malaysia. Extracts were prepared
with 70 % ethanol at 65° C for 4 h in a water bath. The
extract was filtered to remove all the impurities and was
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dried under vacuum. The extracts were reconstituted in
dimethylsulfoxide (DMSO) for use in the experiments.

Cell culture and treatment: HepG2 hepatocellular
carcinoma cell line was grown at 37°C in a humidified
atmosphere of 5% CO, in sterile filtered Minimum
essential medium (Eagle) with 2 mM L-glutamine and
Earle's BSS adjusted to contain 1.5 g L™ sodium
bicarbonate, 0.1 mM non-essential amino acids and 1.0
mM sodium pyruvate, 10% fetal bovine serum (Sigma,
St. Louis, MO) and 1% antibiotic-antimycotic solution
(final concentration: 100 U mL™" penicillin G, 0.25 mg
mL™ amphotericin B, 100 mg mL™" streptomycin;
Mediatech Cellgro, Herndon, VA). Cells were treated
with purified P. urinaria, P. amarus and P. debilis plant
extracts dissolved in DMSO for the indicated time. The
untreated cells (control) received only DMSO (0.01%),
which did not affect the cells.

Apo-ONE® homogeneous caspase-3/7 assay: The
HepG2 cells were treated with Phyllanthus extracts for
48 h. Further the cells were subjected to Apo-ONE®
Homogeneous Caspase-3/7 assay. The assay provides a
fast and sensitive measurement of active caspase-3 and
-7 in a homogeneous format. The assay includes a
profluorescent caspase-3/7 consensus substrate, Z-
DEVD-R110 and an optimized bifunctional cell
lysis/activity buffer. The substrate and buffer are
combined to make the Apo-ONE® Caspase-3/7
Reagent that is added directly to the cells treated with
or without Phyllanthus extracts. Upon cleavage on the
C-terminal side of the aspartate residue in the DEVD
peptide substrate sequence by caspase-3/7 enzymes, the
rhodamine 110 becomes fluorescent when excited at a
wavelength of 498nm. The emission maximum is
521nm. The amount of fluorescent product generated is
representative of the amount of active caspase-3/7
in the sample, which is a measure of apoptosis of
the cells.

Cell proliferation assay (hexosaminidase assay):
HepG2 cells were grown in a 96 well microtitre plate
(SARSTEDT, Newton, NC) to about ~40% confluency
and treated with plant extracts at a final concentration
of 10 pg mL™" for 48 h. Subsequently, a chromogenic
substrate (p-nitrophenyl-N-acetyl-B-D-Glucosaminide)
(Sigma) was added to the cells. The lysozyme enzyme
(N-acetyl- P-D-hexosaminidase) released from the
proliferating cells convert the substrate to p-
nitrophenyl, which was measured in a microtitre plate
reader (Synergy HT, BIO-TEK, Vinooski, VT) at
405nm.



Am. J. Pharm. & Toxicol., 1 (4): 65-71, 2006

Real time PCR analysis: Total RNA isolated from
HepG2 cells treated with the plant extracts for 4 h was
subjected to reverse transcription with Superscript™ II
RNase H - Reverse Transcriptase and random
hexanucleotide primers (Invitrogen, Carlsbad, CA).

The cDNA was subsequently used to perform Real
Time PCR by SYBR chemistry (SYBR® Green I;
Molecular Probes, Oregon, USA) for specific
transcripts using gene specific primers and Jumpstart
Taq DNA polymerase (Sigma). The crossing threshold
value was determined for the transcripts and normalized
with that observed with B-actin mRNA. The changes in
mRNA expression were expressed as fold change
relative to control + standard error. Primers used are as
follows:

Bel2:  Forward: 5>-TGGATCCAGGATAACGGAGG-3’
Reverse: 5°-CAAACAGAGGTCGCATGCTG-3’

Bax: Forward: 5’-CCCAGTTGAAGTTGCCATCA-3’
Reverse: 5>-TCCCCCCGAGAGGTCTTCT-3"

TNF-0: Forward: 5>-GACCCTCAGACTCAGATCATCCTTCT-3’
Reverse: 5’-ACGCTGGCTCAGCCACTC-3’

COX-2: Forward: 5°- GAATCATTCACCAGGCAAATTG- 3’
Reverse: 5°- TCTGTACTGCGGGTGGAACA-3’.

IL-8: Forward: 5>-CTCTTGGCAGCCTTCCTGATT-3’
Reverse: 5>-TATGCACTGAGATCTAAGTTCTTTAGC-3".

B-actin: Forward: 5>-GGTGATCCACATCTGCTGGAA-3’
Reverse: 5’-ATCATTGCTCCTCCTCAGGG-3’ and

Transfection and dual-luciferase reporter gene
assay: HepG2 cells were transiently transfected using
FuGENE 6 (Roche, Indianapolis, IN) with a firefly
(Photinus  pyralis) luciferase reporter construct
containing 1983-bp (nucleotides -1840 to +143) of the
promoter region of human COX-2 gene along with the
control luciferase construct Renilla pRL-TK (Promega,
Madison, WI). The cells were subsequently for 4 h with
the indicated purified plant extracts (final concentration
10 ug mL™") and the cell lysates was prepared and
subjected to luciferase activity measurement. Luciferase
levels were determined as per manufacturer’s
instructions (Dual-Luciferase® Reporter Assay System,
Promega, Madison, WI) wusing a Monolight
2010 luminometer (Analytical Luminescence
Laboratory, San Diego, CA). Luciferase activity was
normalized to Renilla Luciferase activity and presented
as luciferase units relative to control. Assays were
performed in triplicate wells and experiments were
repeated 3 times.

Statistical analysis: The data were expressed as mean
= SEM. The difference between the treated and control
cells was evaluated by student’s t-test.

RESULTS AND DISCUSSION

Effect of phyllanthus extracts on HepG2 cell
proliferation: HepG2 cells were treated with 10 ug
mL™" of P. urinaria, P. amarus and P. debilis extracts
for 48 h to determine whether they affected the
proliferation of these cells. All three extracts
significantly inhibited cell proliferation, with highest
level of activity observed with extracts from P. debilis
(p<0.05) (Fig. 1A). Lower levels of proliferation
inhibition were observed in the presence of extracts of
P. urinaria (18%, p<0.05) and P. amarus (15%,
p<0.05) (Fig. 1A). These data suggest that Phyllanthus
extracts can suppress the active division of the cells.
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Fig. 1: Effect of Phyllanthus extracts on HepG2 cell proliferation.

Extracts of P. amarus, P. urinaria and P. debilis were
incubated at a final concentration of 10 ug mL™ and its
effects on cell proliferation were determined. Proliferation
activity is expressed as a fold change when compared to
vehicle-treated control. Data shows that all three
Phyllanthus extracts inhibited HepG2 cell proliferation

Phyllanthus  extracts inhibit expression of
proliferation-related genes: Prostaglandins are
involved in many aspects of carcinogenesis, including
tumor growth and development and in inhibiting
apoptosis!'®.  Cyclooxygenase (COX) is the rate-
limiting enzyme in prostaglandin synthesis and the
expression is significantly induced by various mitogens
and inflammatory ligands including TNF-a!'"). COX-2
expression is also significantly increased in
hepatocellular carcinoma cells and targeting it with
specific inhibitors has been proposed to be a viable
therapeutic option for HCC!'*!'”). To determine whether
Phyllanthus extracts affected COX-2 expression in
HepG?2 cells, total RNA from the cells treated with the
three extracts were subjected to real time RT PCR for
COX-2 mRNA.
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Fig. 2: Phyllanthus extracts inhibit NF-kB activation and COX-2
expression in a transcriptional manner. A. COX-2 expression.
HepG2 cells were treated with 10 pg mL™ extracts from P.
amarus, P. urinaria and P. debilis and total RNA was
isolated and tested for COX-2 mRNA levels by real time RT-
PCR. All the three extracts decreased the COX-2 mRNA
expression compared to the control cells. Data are expressed
as fold change in the extract-treated cells compared to the
untreated control. * p<0.01. B. Inhibition of COX-2 promoter
activity. To determine whether the inhibition in COX-2
expression is in part due to transcriptional suppression, cells
were transfected with a plasmid encoding the firefly
luciferase under the control of the human COX-2 promoter
and the luciferase activity was measured. Luciferase activity
is expressed as luciferase light units relative to control,
vehicle-treated cells. * p<0.01. C. Inhibition of NF-kB
transcriptional activity. COX-2 expression is regulated in part
by transcription factor NF-kB. To determine whether
Phyllanthus extracts regulated NF-kB transcriptional activity,
cells were transfected with a plasmid encoding the firefly
luciferase under the control of a NF-kB-responsive promoter
and the luciferase activity was measured. Luciferase activity
is expressed as luciferase light units relative to control,
vehicle-treated cells. * p<0.01

All three extracts reduced COX-2 levels by
approximately two-fold compared to untreated cells
(Fig. 2A). To confirm that the inhibition occurs at the
level of transcription, HepG2 cells were transiently
transfected with a plasmid encoding the firefly
luciferase reporter gene under the control of the 1.8-kb
human COX-2 promoter following which the cells were
treated with the three different Phyllanthus extracts. All
three extracts significantly inhibited the luciferase
activity in the transfected cells when compared to
untreated control. P. debilis demonstrated the highest
amount of inhibition of promoter activity (80%
inhibition, p<0.01), followed by P. urinaria (60%
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Fig. 3: Phyllanthus extracts inhibits the expression of Bcl-2 while

inducing expression of Bax in HepG2 cells. Total RNA from
the cells treated with extracts from P. amarus, P. urinaria
and P. debilis were tested by RealTime RT-PCR for
expression of Bcl2 (A) and Bax mRNA (B). All extracts
significantly (* p<0.01) decreased expression of Bcl-2
mRNA expression and increased that of Bax mRNA
expression when compared to the control, vehicle treated
cells. (* p<0.01). Data are expressed as fold change relative
to expression in the control vehicle treated cells. All the
extracts demonstrated decreased Bcl-2/Bax (C) ratio in the
cells treated with the extracts (a = p<0.05)

inhibition, p<0.01) and P. amarus (50% inhibition,
p<0.01).

COX-2 expression is regulated at the
transcriptional level by transcription factor NF-kappaB.
Previous studies in hepatocellular carcinoma cells have
demonstrated that inhibition of NF-kappaB activation
results in decreased COX-2 expression and increased
apoptosis!'™'®. To determine whether the extracts
inhibited NF-kB activity in the cells, the cells were
transiently transfected with a plasmid encoding the
firefly luciferase reporter gene under the control of a
promoter that is activated by NF-kB. All three extracts
inhibited NF-kB driven luciferase activity in HepG2
cells (Fig. 2C). Taken together, these data demonstrate
that the Phyllanthus extracts induce apoptosis of HepG2
hepatoma cells by inhibiting the transcription of COX-2
gene in part by suppressing the activation of
transcription factor NF-kB.
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Effect of the phyllanthus sp. extracts on Bcl2 and
Bax gene expression: Bcl-2 family members may
regulate mitochondrial death signaling. A high
expression of the Bax proteins promotes apoptosis,
while a high expression of the Bcl-2 group inhibits
apoptosis. In hepatocytes, TNF-a induces apoptosis by
the cytochrome c release and caspase activation, which
is mediated by decreased Bcl-2 and Bcl-X; and
increased Bid, Bax and Bak!"”. Given the increased
apoptosis of the cells following treatment with
Phyllanthus extracts suggests a potential role for the
Bcl-2 family of proteins in the process. Real time RT-
PCR analyses revealed decreased levels of the anti-
apoptotic Bcl-2 mRNA in the cells treated with the
Phyllanthus extracts. P. wrinaria and P. debilis
inhibited Bcl2 mRNA expression by approximately 2-
fold (p<0.01), while P. amarus extracts inhibited the
expression by three-fold (p<0.01) (Fig. 3A). In contrast,
treatment of the cells the Phyllanthus extracts resulted
in increased Bax mRNA (>1.5-fold) levels in the
hepatoma cells (Fig. 3B). The ratio of Bcl-2/Bax
determines the response to a death signal. P. urinaria
inhibited Bcl2/Bax ratio by 0.28-fold (p<0.05), while P.
amarus by 0.25-fold (p<0.05) and P. debilis by 0.22-
fold (p<0.05) (Fig. 3C). These results provide the first
evidence that the apoptosis-related gene products, Bcl-2
and Bax participate in the proapoptotic action mediated
by the Phyllanthus extracts on hepatocellular carcinoma
cells.

Phyllanthus extracts induces TNF-o mRNA
expression while inhibiting IL-8 expression and
synergistically increases the TNF-a induced HepG2
cancer cell death: TNF-o is a pleiotropic pro-
inflammatory cytokine that exerts two types of effects
through its binding to TNF-receptor 1 or 2. TNF-a
binding to TNFR-1 results in the induction of apoptosis,
whereas binding to TNFR-2 potentiates the effect of
TNFR-1 induced cell death and promotes inflammatory
processes by inducing IL-81!). Given that the extracts
inhibited cell proliferation, we next determined whether
they also induce expression of TNF-a. All three
Phyllanthus extracts inducted TNF-o mRNA expression
in the HepG2 cells. While P. urinaria extracts induced
TNF-a mRNA expression by 3.5 fold (p<0.01), both P.
amarus and P. debilis extracts induced expression by
4.5 fold (p<0.05) (Fig. 4A) compared to the untreated
control cells.

TNF-a is a potent inducer interleukin-8 (IL-8), a
member of the CXC family of chemokines!'®). IL-8 is a
pro-inflammatory cytokine and a potent chemotactic
agent for neutrophils and induces their  lysosomal
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Fig. 4: Effect of Phyllanthus extracts on TNF-a and IL-8
expression and HepG2 cell apoptosis. HepG2 cells were
treated with 10 ug mL™ P. amarus, P. urinaria or P.
debilis extracts. A. TNF-a mRNA expression. Total RNA
was isolated and TNF-amRNA expression determined by
Real time PCR. All three extracts induced expression of
TNF-a mRNA when compared to the control, untreated
cells. (* p<0.01). B. IL-8 mRNA expression. Similarly,
IL-8 mRNA expression was determined in the cells. All
three extracts inhibited IL-8 mRNA expression (* p<0.01).
C. TNF-a and the extracts synergize to induce HepG2 cell
apoptosis. The cells were incubated with the Phyllanthus
extracts either in the absence or presence of exogenous
TNF-a and the level of apoptosis was measured by
activation of caspase 3 and 7. Data is represented in
percentage of the cells undergoing apoptosis relative to
control, untreated cells. The data shows that TNF-qalone
had only a modest effect on apoptosis (a: p = 0.01
compared to untreated controls). Treatment of cells with
the extracts alone showed increased levels of apoptosis (b:
p<0.01 compared to untreated controls), which was
significantly higher in cells, which were also treated with
TNF-a (c: p<0.01 compared to the TNF-a alone)

release  (contributing to  acute inflammatory
response)®. IL-8 is secreted by many cell types,
including monocytes, granulocyte and endothelial cells,
in response to proinflammatory stimuli such as TNF-
o). TNF-a-mediated induction of IL-8 occurs in part
by activating NF-kB'"®| The expression of IL-8
correlated with the microscopic vessel invasion HCC
tissues. Higher levels of IL-8 were expressed in HCCs
at pathologic stage III/IV than in those at stage I/II
more relevant to metastatic potential and vessel
invasion”. Downregulation or neutralization of IL-8
inhibited angiogenesis and tumor growth in several
tumor models'®?%. Since the Phyllanthus extracts
inhibited activation of NF-kB, we next determined
whether it affected IL-8 expression. HepG2 cells were
treated with the extracts and total RNA was isolated
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and subjected to real time RT PCR. HepG2 cells treated
with the P. amarus extracts demonstrated a 50%
reduction in the IL-8 mRNA expression (p<0.01), while
those treated with either P. debilis or P. urinaria
demonstrated a >70 % reduction in IL-8 mRNA
expression (p<0.01) (Fig. 4B). These data imply that
the Phyllanthus extracts IL-8 chemokine expression,
even though TNF-a expression is induced.

Inhibition of TNF-ainduced IL-8 production results
in increased apoptosis of hepatocellular carcinoma
cells!"™™. Given the significant increase in TNF-a levels
following treatment of the cells with the extracts,
coupled with inhibition of IL-8 expression, we next
determined whether this results in increased apoptosis
of the cells. Cells treated with 10 ng mL™" TNF-a alone
for 48-h demonstrated a modest increase in apoptosis
compared to the untreated controls (Fig. 4C). However,
when the cells were treated with the extracts for 48-h
there was a significant increase in the number of cells
undergoing apoptosis. A two-fold increase in apoptosis
was observed in cells treated with extracts from either
P. urinaria, P. amarus or P. debilis (p<0.01) (Fig. 4C).
Of greater significance was that there was a synergistic
increase to over three-fold in cells undergoing apoptosis
when they were treated TNF-a and either one of the
Phyllanthus extracts (p<0.01) (Fig. 4C). These data
suggest that one pathway of inducing apoptosis by
extracts from the Phyllanthus species involves
induction of TNF-a.

CONCLUSION

Here, we have demonstrated that Phyllanthus
extracts decrease cancer cell proliferation and induce
apoptosis though induction of TNF-a. In addition, the
extracts inhibit the expression of proteins involved in
protecting the cells from apoptosis including Bcl-2, IL-
8 and COX-2, while inducing Bax a promoter of
apoptosis through mitochondrial depolarization. Our
studies also demonstrate that all the three extracts
demonstrate potent anti-cancer activity and have the
potential as a therapeutic. This is the first demonstration
of anti-hepatocellular activity for the three extracts.
Further studies, currently underway in the laboratory
are necessary to identify the activity ingredient(s) in
these extracts that mediate this antiproliferative and
proapoptotic activities.
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