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ABSTRACT

Phyllanthus amarus (PA) is used for treatment sésa diseases such as liver disease, hyperlipideand diabetes
mellitus in Thai traditional medicine and worldwid®xidative stress plays a major role in the pathoesis of
degenerative diseases induced by free radicals ashyperlipidemia, diabetes mellitus and cardiawdar
disease. So the effect of PA extract (PAE) oroaittant and lipid metabolism gene expression inGpells was
studied. We found that PAE possessed high levetgadfphenolic contents and total antioxidantshivitthe range
379.3 £7.0 gallic acid equivalents mM/kg dry massl 11,079.2 +336.0 Trolox equivalents mM/kg dgsmusing
Folin Ciocalteu phenol (FCP) assay and oxygen rabdabsorbance capacity (ORAC) assay, respectiME at
high doses (2,000-3,000 mg/L) induced cytotoxmmityording to the neutral red assay. However PAEedad 100-
800 mg/L could reduce intracellular oxidative stress ia dose-dependent manner (P<0.05) using
dichlorodihydrofluorescein diacetate (DCFH-DAgssay. PAE significantly enhanced antioxidant \atgti by
induction of GPX1 gene and Nrf2 gene but decredtdt gene expression, and reduced cholesterol sgigtby
induction of LDLR gene and PPAgene expression using reverse transcription-poigse chain reactiofRT-
PCR)assay. It is suggested that PAE may be benefmiakfiucing oxidative stress, decrease cholestgynthesis
thereby maintaining overall cellular homeostasis.
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INTRODUCTION

HepG2 cells are frequently usediimvitro models for human genetic toxicology, gene expossand transcription
(1-6). HepG2 cell line was isolated from a hepaetdma of an 11-year old Argentine boy (7). Theegation time

of HepG2 cells is 20-28 hours. The cells morphologgembles liver parenchymal cells and can syrzbesnd
secrete many proteins like normal human liver cés Phyllanthus amarugpossesses many pharmacological
properties such as antiviral, anti-inflammatoryti@ancer, antioxidant and hepatoprotective acésitiMoreoverp.
amarusis well known in Thai traditional medicine and wawlide for treatment of hyperlipidemia and diabetes
mellitus [9-13]. Oxidative stress plays a majorerol pathogenesis of several degenerative dis@adesed by free
radicals, such as hyperlipidemia, diabetes melktond cardiovascular diseases [IBhe nuclear respiratory factor
(Nrf) proteins are important for up-regulation aftiaxidant and xenobiotic-metabolizing enzymes wiells are
exposed to oxidative stresNIrfl together with Nrf2 directly regulate expressiof several key proteins. Nrf2
regulates inducible expression of detoxified enzywia antioxidant response elements. Thus, Nrf2rotsseveral
metabolic responses to oxidative stress and Nrfzidat cells were sensitive to free radicals. Gthione
peroxidasel (GPX1), phase Il detoxifying enzyoneantioxidant enzymeas an important enzyme playing a major
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role against oxidative stress that involved in mpathological conditions. Changing in t8&X1 expression could
be an indicator used for oxidative status assessihe7].

Low-density lipoprotein receptor (LDLR), a membrameeptor, regulates lipid homeostasis and conplasma
cholesterol levels by removing LDL from blood cilation. The activity of 3-hydroxy-3-methylglutar@leA
reductase (HMGCo0AR), a rate-limiting enzyme, isessary for cholesterol synthesis in the cells [18}er X
receptora. (LXRa) and peroxisome proliferator-activated recept®BAR @1,y)], nuclear receptors, are regulators
of fatty acid, cholesterol and adipocyte differatiin. Many reports showed that PPARs and bXpathways
regulate several key genes required for lipid hostesis, anti-inflammation, and metabolic syndronEsese
nuclear receptors are ligand-activated transcripiéators that modulate expression of genes redjfimethe control
of blood glucose, lipid homeostasis as well as eliad mellitus, chronic systemic inflammatory dissasand
carcinogenesis of liver and breast [19-21].

The aim of this study was to determine antioxidactivity, the effect of PAE on cellular toxicityand gene
expressions that involved in antioxidant and lipidtabolism in HepG2 cells using RT-PCR assay inotudrfl,
Nrf2, GPX1, LDLR, HMGCoAR, LXRi, PPAR:1 and PPAR.

EXPERIMENTAL SECTION

HepG2 cell line Hluman hepatocellular liver carcinoma cell lin@as a gift from Assoc. Prof. Dr. Parvapan
Bhattarakosol, Faculty of Medicine, Chulalongkorniwgrsity, Bangkok, Thailand. HepG2 cells were argd in
DMEM supplemented with 4 mM glutamine, 4.5 g/L glge, 10% heat-inactivated FBS, 1% penicillin-
streptomycin, 0.1% amphotericin B (fungizone) araintained at 37°C in a humidified atmosphere wih 60,.
The culture medium was changed twice a week, amdehs were sub-cultured once a week. The celis weeded
at a density of 1 x faells/well on 6-well plates for RT-PCR assay ang 10' cells/well on 96-well plates for
oxidative stress test.

Whole plant ofP. amaruswas collected from an herbal garden in Bangkok. Mdwecher specimen was botanically
identified and given herbarium number 013424 (BCh)) Department of Botany, Faculty of Sciences,
Chulalongkorn University, Bangkok, Thailand. PAEsw@repared with dried plant. In brief, 10 g whplant was
milled and extracted in one liter of 80% methamoliater. This mixture was shaken in an ultrasoait tfor 60 min

at 40°C, cooled, and stored in the dark at 4°Qfdays, after which the supernatant was collecyecebtrifugation

at 3,000 rpm for 15 min. The supernatant or extwast concentrated using a vacuum rotary evapoaatsd°C and
freeze-dried. This freeze-dried extracfofamaruswvas kept at -80°C until used.

DETERMINATION OF PHENOLIC CONTENT AND ANTIOXIDANT ACTIVITY

A modified FCP assay was performed as describef B2efly, 500 uL samples or standards (gallic acid) were
mixed with 500uL of 10% FCP reagent and allowed to stand for 20. b this, 35QuL of 10 mM NaCQOs; was
added, mixed and allowed to stand for 20 min fer ghlution to turn blue, and then the absorban@®@tnm was
measured by a Shimadzu UV 1601 spectrophotomeher.rd@sults of phenolic content were reported aécgadid
equivalents (GE) mM/kg dry mass.

The ORAC assayas determined with some modificatioj@8]. Briefly, 153 mM 2,2’-azobis(2-amidinopropane)
dihydrochloride (AAPH) in 75 mM phosphate buffeH 7.4, was made daily. A 40M sodium fluorescein stock
solution was made in 75 mM phosphate buffer andedt@t 4°C. Immediately prior to the analysis, #teck
solution was diluted 1:1,000 with 75 mM phosphaiéfdy. Assays were perform in a 96-well plate wathul of 75
mM phosphate buffer for blank wells, 2& of diluted samples for sample wells or gb of standards Trolox
solution for standard wells. Working sodium fluscein solution (15@Q.L) was then added to each well. The plate
was shaken for 5 s. and incubated for 30 min aC3A°the Wallac 1420 VICTOR2 Multilabel Counter (Kia
Elmer Life and Analytical Sciences, Finland). Tkaction was initiated by 28. AAPH solution and shaken for 10
s. The fluorescence intensity was monitored kiadificevery minute using 485 nm and 535 nm for extmn and
emission, respectively. The fluorescence intensftgach well was measured every minute for 35 M@RAC
values were calculated by using area under curldC)A The AUC and the net AUC of the standards ardpdes
were determined using the Wallac 1420 Software thighfollowing equations: net AUC standard = AUGrstard -
AUC blank and net AUC sample = AUC sample - AUCnlilawe assessed the loss in fluorescence by megsuri
the AUC of the kinetic plot for each concentratigvbhen net AUC values were calculated from thesetldrcurves
and plotted against the Trolox concentration, admrelationship was observed. The results of w@tgilbxidant
activity are reported as Trolox equivalents (TE) fkiyldry mass.
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CELL SURVIVAL TEST

Cell survival of HepG2 cells was assessed usingnthdral red (NR) assay as previously describedl Rdefly,
following the cell treatments, HepG2 cells were @sqd to 10l 0.4% NR solution in phosphate-buffered saline
(PBS), pH 7.5, for 3 h at 37°C to allow the viab#dls to take up the vital stain (NR). This procesguires active
cells. Failure to take up NR indicated that those celld baffered damage. Rapidly washed the cells with 1%
formaldehyde, 1% calcium chloride for removing #cess NR then a mixture of 1% acetic acid, 50%rethwas
added to the HepG2 cells to extract the NR fronséheells at room temperature for 30 min. The swgiants were
transferred to a 96-well plate, and the absorbaic®50 nm was measured. This method was carriedisiog
VICTOR2 Multilabel Counter (Perkin Elmer Life andhalytical Sciences, Finland). &percent cell survival was
calculated according to the following formula: %l sairvival = [(absorbance of treated group - blghfabsorbance
of control group - blank)] x 100.

OXIDATIVE STRESSTEST

The DCFH-DA assaywas determined with some modificatid@s]. Briefly, after cell treatments, HepG2 cells were
centrifuged for 10 min at 3,000 rpm and washedethirmes with phosphate buffer saline (PBS), pH TCdlls were
mixed with 100uL of 100 mM DCFH-DA in PBS and incubated for 90 nain37°C in a humidified incubator with
5% CQ, atmosphere. The nonionic, nonpolar DCFH-DA cressd membranes and is hydrolyzed by intracellular
esterases to non-fluorescent dichlorofluorescinKBY In the presence of reactive oxygen speciddarthe cells,
DCFH is oxidized to highly fluorescent dichlorofiescein (DCF). The cells were centrifuged for 1 iai 3,000
rpm and then washed 3 times with PBS, pH 7.4. Therdscent measurement was monitored using VICTOR2
Multilabel Counter with excitation at 485 nm andission at 535 nm. Therefore, the intracellular DitBrescence
can be used as an index to quantify the overatlaiikie stress inside the cells. The percent cellsadative stress
was calculated according to the following forma:cellular oxidative stress = [(fluorescence oftesl sample -
blank) / (fluorescence of control sample - blank}]00.

DETERMINATION OF GENE EXPRESSION

The gene expression was detected using the RT-RB&& according to a method that was previous deestfl8,
21] with minor modifications.Briefly, 1 x 1 HepG2 cells suspended in DMEM on 6-well plate waiged with
PAE (0- 600 mg/L, 0 = control). After incubationrf@9 hours at 37°C in a humidified incubator witth 320,
atmosphere, total RNA was isolated from HepG2 agdisg theTRI reagent following the manufacturer protocol.
The purity and quantity of total RNA were deterndnasing agarose gel electrophoresis and a 260/289 as
determined by a spectrophotometer. The synthesisDOfA was performed using gg of total RNA, random
primers, and M-MuLV reverse transcriptase at 428C1f hour. Subsequently, PCR reaction was carngdising
specific primer pairs in order to generate PCR pets] which were shown ihable A.The RT-PCR products along
with a DNA ladder were electrophoresed on an agaged and visualized by ethidium bromide stainising a
Syngene InGenius3For data analysis, the Gene Tools software 3®MGene, Cambridge, UK) was used.
Expression of each gene was normalized to thftaaftin, and data for treatment with each PAE cotraéion was
reported as fold-change by normalizing mMRNA expogseelative to that of control (no treatment).

Table A shows sequence of primersused in RT-PCR method to deter mine gene expression

Gene Primer sequences (53') PCR product siZ
Nrfl sense primer 5'-ACG GAG TGA CCC AAA CCG AAC ATA-3' 689 bp
Nrfl ant-sense primer 5-CCA GAT GGG CTT GCAGCT TTC TTT-3'
Nrf2 sense prime 5'-TGC CCA CAT TCC CAA ATC AGA TGC-3' 488 bp
Nrf2 ant-sense primer 5-TTC TGT GGA GAG GAT GCT GCT GAA-3'
GPX1 sense primer 5'-ACT TAT CGA GAA TGT GGC GTCG@ 451 bp
GPX1 anti-sense primer 5'-AGG CTC GAT GTC AAT GGTE&GAA-3'
LDLR sense primer 5-CAA TGT CTC ACC AAG CTC TG-3' 258 bp
LDLR anti-sense primer 5'-TCT GTC TCG AGG GGT AGC TG-3'
HMGCOAR sense primer | 5'-CTT GTG TGT CCT TGG TAT TAG AGC TT-3 247 bp
HMGCOAR antisense prim| 5'-TTA TCA TCT TGA CCC TCT GAG TTA CAG-B
PPARI1 sense primer 5'-AGT CTC CCA GTG GAG CAT TGA ACA-3' 728 bp
PPARi1 anti-sense primer 5'-ATA CGC TAC CAG CAT CCC GTC TTT-3'
PPARy sense primer 5'-AGC CTC ATG AAG AGC CTT CCA ACT-3' 434 bp
PPARy anti-sense primer | 5'-TGT CTT TCC TGT CAA GAT CGC CCT-3'
LXRao sense primer 5'-AAC CCA CAG AGA TCC GTC CAC AAA-3' 818 bp
LXRa anti-sense primer | 5-ATT CAT GGC CCT GGA GAA CTC GAA-3'
B-actin sense primer 5'-ACG GGT CAC CCA CAC TGT GC-3' 656 bp
B-actin anti-sense primer | 5-CTA GAA GCATTT GCG GTG GAC GAT G-3'
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STATISTICAL ANALYSIS

All data are reported as means with their staneamk of means (SE) from at least three indepenegmériments.
Statistically significant differences between coh@nd treated cells were evaluated by one-way ARQBPSS
version 11.0 for Windows) followed by the leastrsfigant differences (LSD) statistical test. Thevédue was
determined by two-tailetitest, and R0.05 was considered to be statistically signifieanc

RESULTSAND DISCUSSION

ANTIOXIDANT ACTIVITY, CELL SURVIVAL TEST AND OXIDATIVE STRESSTEST

We found that lyophilized form oP. amarusin 80% methanol possessed total phenolic contants total
antioxidants within the range 379.3 + 7.0 GE mM#hy mass and 11,079.2 + 336.0 TE mM/kg dry mass,
respectively (Table 1)Subsequently, lyophilized PAE was used to studyettiect on cell survival and oxidative
stress of HepG2 cell®. amarusextract at a high dose (2000 - 3000 mg/L) inducgtoxicity according to the
neutral red assay (Figure 1). However, PAE dosek06f800 mg/L could reduce intracellular oxidatsteess in a
dose-dependent manner (P < 0.05) using the DCFHx&3ay (Figure 2).

Table 1—Total phenolic contents using FCP assay and total antioxidant activity usng ORAC assay of P. amarus extract

Total phenolic contents Total antioxidant activity

Extract (GE mM/Kg dry mass) (TE mM/Kg dry mass)
P. amarus 379.3+7.0 11079.2 + 336.0
Data are reported as means + SE. All data wereuaked from three independent experiments. GE diGatid equivalents; TE = Trolox
equivalents.
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Figure 1—Effect of P. amarusextract (PAE) on HepG2 cell survival using neutral red assay. HepG2 cells wer eincubated with increasing
concentrations of PAE (0-3000 mg/L, O = contral) for 29 hours. Values arereported as meanswith their standard error of the means
depicted by vertical bars. All experimentswere performed in triplicate (n=3), * P<0.05 for significant change as compared to control

(untreated)

To determine the active compounds and evaluatexadéint properties oP. amarusextract. According to many
assays for investigation of antioxidant activittesve been developed and applied due to many plsachls in
plants, separating each antioxidants and studyinglividually is inefficient and costly. Thus wéase 2 different
well-known methods which suggested by Huang anddllsagues [26]. The first method was the FCPyadsssed

on electron transfer (ET). ET-based assay measheesapacity of an antioxidant in the reductioranfoxidant,
which changes color when reduced. The degree dir atiange is correlated with the sample’s antimida
concentrations. And the second method was the OR#<€ay which based on hydrogen atom transfer (HAT)
reactions. The ORAC assay measures the abilitynti>dadant compounds to quench free radicals bysfierring
their hydrogen atoms to free radicals and providesellent results for both hydrophilic and hydropito
antioxidant activities against peroxyl radicals.eTORAC assay responds to numerous antioxidantsdafiwe
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stress-induced reactive oxygen species (ROS) ptioduwas significantly decreased by PAE in a dospeshdent
manner using DCFH-DA assay. Based on this particeigperiment, we found that PAE significantly reddc
oxidative stress in HepG2 celB. amaruscontains many active compounds such as rutinagedin, kaempferol,
guercetin-3-O-glucoside, quercetin, quercitrin igadicid, ellagic acid, gallocatechin alkaloids, tofgsable tannins
lignans, triterpenes, sterols and volatile oil [ZVherefore, the combination of various bioactieenpounds of.
amaruscould prevent excessive oxidation of macromolecsieh as DNA, proteins and lipids. The liver is @jon
organ primary function for balance metabolic hontesis. Metabolic homeostasis processes includeethos
breakdown foreign substances or xenobiotics, abasehose of the endogenous chemicals such as ljp8]. The
acute and chronic ethanol, carbon tetrachloride ssmeaminophen hepatotoxicity could increase tloelymtion of
ROS. It was reported that ROS enhanced oxidatfdipids, proteins and DNA.P. amarusextractwas used to
efficiently treat patients with ethanol-induced htioxicity [29] carbon tetrachlorid¢13] and acetaminophen
hepatotoxicity [30] therefore the liver was protstby the antioxidant activity of PAE. But at vérigh doses oP.
amaruswere harmful according to the HepG2 cell viability test; 20008380mg/L PAE significantly reduced the
number of living cellsThe other studies also found that high concewtnatiof flavonoids may directly activate of
the caspase cascade in the mitochondrial pathwaynluipiting survival signaling [31Jand may sustain the
activation of mitogen-activated protein kinasestoess-activated protein kinases which could indypmptosis [32-
33].
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Figure 2—Effect of P. amarusextract (PAE) on oxidative stress of HepG2 cellsusing the DCFH-DA assay. HepG2 cellswer e incubated
with increasing concentrations of PAE (0-800 mg/L, 0 = contral) for 29 hours. Values arereported as meanswith their standard error of
the means depicted by vertical bars. All experimentswere performed in triplicate (n=3), * P<0.05 for significant change as compared to

control (no treatment)

GENE EXPRESSION

The effect ofP. amarusextract onantioxidantgene expressions was investigatedE at 200 mg/L enhanced the
expression of the Nrf2 gene and PAE at 600 mg/lasobd the GPX1 gene but inhibited the expressidheoNrfl
gene in HepG2 cellsp€0.05). With regard to lipid metabolism gene expressiomSEHRrom 200 to 400 mg/L
enhanced LDLR and PPARgene expressions in HepG2 cells (P<0.05) but fiferdnces were observed for
HMGCOoAR, PPARi1 and LXR genegFigure 3 and Table 2). It was reported that tiseugtion of Nrfl causes
stress, and activates a number of antioxidant resspelements responsive genes in an Nrf2-dependsmier [34].
Nrf2 is known to regulate a number of genes invdlire antioxidant and xenobiotic-metabolic enzym@&s-36].
The molecular mechanisms involved in increasingetkgression and function of glutathione peroxidask-is an
intracellular antioxidant enzyme that reduces hgdroperoxide to water to reduce its harmful effeGisitathione
peroxidase-1 has been indicated in the preventi@eweral diseases, including cancer and cardiolasdiseases
[37]. Lipids are essential for life and are reqdif®r maintenance of normal cell functions. Lipidee tightly
controlled by lipid homeostasis system in liver aatibose tissue that balanced production and editioin of these
substances [38-39]. Disruption of lipid metabolisnthe liver can trigger many metabolic complicasosuch as
diabetes mellitus, obesity and atherosclerosis.eSbetbal extracts can significantly alter lipid etmlism in the
liver. For example, black sticky rice could lowepatic LDLR mRNA expression [5] arMoringa oleiferacould
reduce HMGCoAR-, PPARL-, PPAR-mMRNA expressions [6]. Here, we designed the erpants to elucidate the
effect of PAE on the regulation of lipid metaboligm the liver. Therefore, our result provided evide that
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treatment of HepG2 cells with PAE could enhancealieg DLR- and PPAR mRNA expression. It was suggested
that PAE may increase LDL absorption into livedsély increasing numbers of LDL-receptor. Nuclesgeptors in
PPAR-super-family control the expression of numergenes in the liver, including genes related tmgheogenic,
lipogenic and pro-inflammatory genes [40-41].

A B C
B-A 1 p-dc 2pA 3 pad

-Nfl
1 2 3 4
f-A
LDLE

p-A

p-a GPX1

Nrf-1

F

pAlpA2palpad

f-A LXRa
HMGCoAR
H
A lpaAa2paldpad 1 2 3 4
PPARwl
PPARwl
-A
PARy

Figure 3—Effects of P. amarusextract on mRNA expression of marker genesin HepG2 cellsusing the RT-PCR method. Representative
agar ose gel photographs showed RT-PCR products corresponding to expect sizes of the marker genes studied, i.e., A. Nrfl, B. Nrf2, C.
GPX1,D.LDLR, E. HMG-CoAR, F. LXRa, G. PPARal, PPARa2 nonspecific bands (isofor ms) and H. PPARy. The mRNA expression of
B-actin genewas used for normalization. HepG2 cellswere treated with increasing concentrations of PAE (0to 600 mg/L; lane1=0;
lane 2 = 200; lane 3 = 400; lane 4 = 600). Nrf = nuclear respiratory factor; GPX1 = glutathione peroxidase 1; L XRa = liver X receptor a;
LDLR =low-density lipoprotein receptor; HM G-CoAR = 3-hydr oxy-3-methylglutaryl-CoA reductase; PPARs = proliferator-activated
receptors; -A = B-Actin

Table 2—Effects of P. amarus extract on antioxidant gene expressions and lipid metabolism gene expressionsin HepG2 cells

P. amarus Antioxidant gene expressions Lipid metabolism gene expressions
extract (relative levels) (relative levels)
(mg/L) Nrf-1 Nrf-2 GPX1 LDLR HMGCoAF PPAR:1 PPARy LXRa
0 1.00+0.05 1.00+0.05 1.00+0.08 1.00+0.14 1.00+0.08 1.00+0.14 1.00+0.04 1.0040.13

200 1.11+0.12 1.17+0.03* 1.04+0.01 1.38%0.07* 0.93+0.03 0.99+0.09 1.32+0.03* 0.93+0.04
400 1.00+0.17 0.99+0.02 1.02+0.01 1.394#0.08* 1.05+0.05 1.01+0.03 1.30+0.03* 1.12+0.04
600 0.48+0.07** 0.98+0.02 1.18+0.04* 1.28+0.12 1.09+0.02 1.03+0.05 1.06 +0.05 0.92+0.06
Values derived from normalized band intensitiesraported as means SE fromFigure 2.Values were calculated from least three
independent experimer(is = 3). *,**P< 0.05 for significant change in noratized gene expressions as compared to cantrol

PPARy is an essential regulator of redox signaling ia ttardiovascular system and can protect againsy man
cardiovascular disordersa transcriptional activation of antioxidant genB®ARu/y also was reported to play a role
in regulating mitochondrial function. Activation d?PARs results in protection against different ssoes by
inducing mitochondrial biogenesis in combinatiorthwincreasing key mitochondrial and anti-apoptgioteins
(e.g. Bcl-2) and reducing mitochondrial damage edusy oxidative stress. The other report found BRAR may
play a role as an anti-toxic by inducing liver setb deposit harmless lipids, and prevents theraatation of toxic
lipids in the liver. Moreover, PPARhas a protective role against hepatotoxicity amg mduce differentiation and
apoptosis of various human malignant cells as [#2H44].

CONCLUSION
Phyllanthus amaruprocessed antioxidant substances and enhancesidatibactivity by induction of GPX-1 and

Nrf2 gene expressions and suppression of Nrflggpeegsion. MoreoveP. amaruscould reduce oxidative stress
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and decrease cholesterol synthesis by inductidtDafR and PPAR gene expressions thereby maintaining overall
cellular homeostasis.
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