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Abstract

Look-tai-bai is an annual herb in the genus Phyllanthus (family: Euphorbiaceae). It has
long been prescribed in traditional medicine for treating various diseases such as fever, diabetes
and liver disorders. In Thailand, the plants which are called Look-tai-bai consist of several
species because they are closely related in appearance, i.e. compound leaf and fruits
underneath every pair of the feathered leaves. The purpose of this study was to compare the
pharmacological activities among crude extracts from three Phyllanthus species, namely P.
virgatus, P. amarus and P. urinaria. The total phenolic content as well as antioxidant and
anticancer activities of the extracts was analyzed. It was found that total phenolic content of the
50% methanol extract of P. virgatus was higher than those of P. urinaria and P. amarus.
Moreover, the crude extract of P. virgatus showed the highest antioxidant property by using
DPPH assay and highest inhibition of peroxidation in linoleic acid system. Additionally, the in
vitro cytotoxicity of the Phyllanthus extracts on human hepatoma HepG2 cells were also
investigated by MTT and trypan blue assay. The extract of P. virgatus was also more toxic than
the extracts of P. amarus and P. urinaria extract; which was confirmed by cellular morphological
changes. Measured by Clark oxygen electrode, the extract of P. virgatus (500 pg/mL) produced
the highest stimulation on oxygen consumption of HepG2 cells. Since mitochondria is the most
important organelle in the oxygen consumption of cells, the results obtained suggest that the
mitochondrial effects may play an important role in the cytotoxicity of Phyllanthus extracts on

HepG2 cells. Further investigations are recommended.

Keywords: |ook-tai-bai, Phyllanthus, cytotoxicity, HepG2, Oxygen consumption
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dhnaayuinssesgniiluusazefnlUatingen 50% methanol Tufimsnaan 1:10 (wiv)
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2. n19M519nTU3N total phenolic content

1347104 total phenolic compounds °l|frﬂ\‘1ﬂﬁ‘ﬁﬂﬁﬂ@ﬂ?ﬁ?ﬂ?uﬂﬁ‘iﬁmﬂ"lﬁ?%ﬁ%ﬁﬂﬁ"mfﬁu
AaRnEIEeY Kulkarni wazAosy (2007) sasialUiie wies reaction mixture Betlsznaufag
aaafAANlngy 1 mg/mL 9149% 250 pl ¥3881501R33H gallic acid nateAHNdy
55MN9 0.025 - 0.5 mg/mL AINHIAN 2% Na,COs 3114 2.5 mL WAZa58zae 50% Folin-
ciocalteu 4114934 100 pL &39I 30 Wt i lUdantagnnauuasit 750 nm Ansieded
spectrophotometer 1 total phenolic content B9RN9ANA IRaNASIWS LWL gallic accid

fvlaendu mag/qg gallic acid equivalents (GAE)
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[ { Q(g/ a o/ . 1%
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517 nm iwlasnll Advinflansandundssield fa naeainrEaatannsgiu (oscorbic acid)
AHdNduEng q 52979 0-300 pg/ml 9919w 500 pl sl @19azans 50 pM DPPH Tu
methanol §71191 4.0 mL w&aU3uLEanmsgaTineilE 5.0 mL Faenn wehTFdnmusariels 30
e La‘j@muLqmﬁﬁfﬂi’mcﬁhm‘a@mﬂﬁmmﬂﬁ 517 nm  @nglAae spectrophotometer
mmﬁlﬂuéfqmuchuéf%ﬁ”qm‘iﬂmummﬁ’m%ﬂazmmﬁLﬁﬁﬁu qw"ﬁfsfumﬁﬁﬁm%@ﬁm:
Al % Tneaunisdinaana

Radical scavenging activity (%) = [(Aconrol = Asample)/ Acontrall X 100
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3.2 Inhibition of linoleic acid oxidation
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< v a { a . . . . . o 72
qwﬁuﬂ”ﬁmuﬂ%@@m:ﬁLﬂmqﬂﬂgﬂ‘am oxidation 284 linoleic acid mf@ﬁm?m%

v
v A

ferric thiocyanate method (Zhan et dl., 2006) @9Hs1uazlBunril Aa ANE9ENAYIEETT
N1M3314 (ascorbic acid WAL a-tocopherol) AMNENGUANS o Asus 31.25 f9 2,000 pg/mL
§1%49% 0.5 mL a9IHEIuNENTE9 0.2 M linoleic acid emulsion (1w3anlme azans linoleic acid

311491 0.2804 g &91M phosphate buffer 9143 50 mL sl Tween 20 8¢ 0.2804 g) Tl

2.5 mL WaNAU phosphate buffer (0.2 M, pH 7.0) 973491 2.0 mL vnTufide ﬁ@mmgzﬁ 60° C
Funan 8 Halne @eansuausdaunansenaasuan 0.1 mL inasls 75% ethanol
7494 4.5 mL ANA9E 30% ammonium thiocyanate 97WAK 0.2 mL way 20 mM ferrous
chioride T3 3.5% hydrochloric acid 473491 0.2 mL ﬁﬂfﬂffﬂﬁ’m’l‘i@ﬂﬂﬁmm\iﬁ 500 nm
TusendnaffABen oxidation #1849 linoleic acid Puazifinnnsa34 peroxide Fagunsalyl
oxidize Fe”" Tiufln Fe” Fe” MifinauazlududuTuianauas thiocyanate iAmiinansszney
L%ﬁ%ﬂu%qmm‘m@mﬂﬁuumqqqmﬁmmmqmﬁlu 500 nm  TwnnsRnuiEanisinen
m‘%ﬂ‘uLﬁﬂqu’%‘(é}”mﬂ%@@m:ﬁ’u ascorbic acid WaY a-tocopherol Mgl Sauia AN

(2

Tifusnnnasiussniaaing lipid peroxidation IasaNn1adneans
Inhibition of lipid peroxidation (%) = 100 — [(A sgmpie/A contro) X 100]
Tnei Acontrol 1B AINNTAANAUUEIZBINABAATUAN (UTNAINNETATA) UAZ
Ao 8 ArnnagAnAnuas iz fifansadavdosnsnnagiues

< <
4. MSANEIGVEARITATNLS
X 1% = o o 9/ [N ! '8 @ o
ﬂ’]‘iﬁﬂiﬂ’]q%ﬁ?ﬂﬂ’]‘i@’mwzLidﬂﬂdﬂ"l‘iﬂﬂﬂWWYﬂI@HﬁﬂE’]ﬂ’J"INLUMWEWQL%NNNZL‘NMU
HepG2 cell T 2 3% Fe trypan blue exclusion assay Was 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay (Mosmann, 1983) LL@%LW@Lﬁ%ﬂ’]‘éMU@NﬁEﬁ@W
\Ardnanndinaras Audindiuees DMSO 7ilEunaaaesfiaelian 1% (vv) ewudn

o o

[P =N ! -4 [l a o an
T}JNWEWEL%NNEEW\TNHHN’IW‘E‘QW’NNQW



4.1 Cell culture

ﬁ’lﬂ’l‘il,’s'%ilxi HepG2 cells Tuﬂ’m’]‘nﬁym RPMI 1640 (Roswell Park Memorial Institute

1640) Nigounnf 37° C MU598INABNAINALE 5% carbon dioxide LagiAn 10% fetal bovine
serum (FBS), 100 U/mL antibiotic—antimycotic (Gibco) g o TIRIE )
4.2 Trypan blue exclusion assay
o s 5 [\ Qy % v o v =1 dl U
WIAAA (Uzded 5x10° cells/well) Tat 96-well plates mfffu@um’mmu e
aARATIRIe AT N nBIRnansainadniusng o W liintugunmnn 24 @,
nasATUnANAUadlasld 0.25% trypsin-EDTA solution s (Usionsiag  0.4% (wiv)

a 4

trypan blue TuBansfivingy dusunusadiinadsmluiumadane dousadnbianaidu
ARAETEAnAsLARD hemocytometer 414U % firadfganAanFanannisfman
TnausazaHdNdwinnaantn 3 Asg
% Vidble cells = (Viable cells per mL/ Total cells per mL) X 100

4.3 MTT Assay:

yad (Uszanms 5x10° cellsiwell) Tal 96-well plate duiuasainaadniugineg
FAuDAURLITUNNARDIT 4.2 VAIUNIANAUENTETANIN 24 . BN MTT (5 mg/ml)
G0 20 pl eRels 4 B, @mmmmﬂﬁyﬂaL%yﬂﬂ@ml,ﬁmﬁu DMSO 41%9% 100 pl 1ite
azaNe formazan ﬁﬂfﬂf";’ﬂmﬂ’ﬁ@ﬂﬂﬁmmﬁ 540 nm WARZANNININYNNNTAReET 3
A5 druan % TTAdETAR (% Viable cells) AmanililnpiEauiiiauAinsganiius
ﬂ@qmjmm‘u@N%ﬁﬁﬁ?ﬁ'ﬂﬁﬂﬁﬂ
4.4 msﬁnmmsmﬁﬂmmmgﬂéwwmL*ﬁ@ﬁ

nIaNTas EsUaatiaAnNdndu 500 pgiml Wi 24 $3lu9 dlUdaanmeam
AN Stereomicroscope L‘ﬁ'ﬂﬁﬂmwmmmﬁﬂﬁm@miLﬁ'f?]lﬂmmmgﬂ‘iﬁwmLmzﬁ'
4.5 nMafinugvsrasasaiasanisifeandiannaasaiuzie

MMIAERIIN19 IFeaNTIanYaTad  HepG2 lmen1sld  Clark oxygen  electrode
(Hansatech Oxygraph system) ynlilnesnuUsunmeenianiianadi oxygraph chamber lag
\BaE HepG2 (2><1O7 cells/mL) /419819119 (substrate) ﬁ"fﬁwﬁ\muuﬁwmﬁﬁﬂ glucose (2g/mL)
spaninams FeanBlanasfisafinansarinusazsinanndisdu 500 pg/mL Tunnsneail
% carbonyl cyanide 3-chlorophenylhydrazone (CCCP) %@Lﬁumﬁﬁqwﬁﬂu mitochondrial

uncoupler i positive control Fng1n1anelareamadinidagidu nmol O/mL/min
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HANTSIT8

3.1. U3n16u total phenolic content (TPC) Tuansania
VBunmuansUsznaunan  phenolic  wuldiegvialutufaynedln  fsnaem

o/ [ ! Q(QJ a [ .
ﬂQ’]NNNWMﬁ‘EZ‘VIQ’NfI‘V]ﬁG’]Wuﬂié&uﬂﬂﬂ‘itﬂﬂN"I‘iﬂ‘j?.iﬂ@llﬂ@}lu (Xin-hua et al., 2001)

q
2

FariuBuand TPC Avrandineaanudndeyunisustidesdiuionuanisalunisesn

gubiiuasfinueny adasz e RBuUUil Tunsfinunildsliinnnsnseaniuas

WEsUlsUUSHo TPC 2898n3a1iA Bawudnluansainean P. virgatus §3n104 TPC 4
] . . ] a o = 1 o 1 Ao o o

197 P. urinaria WA P. amarus W 2 %umwmfuﬂmmLmﬂm’mﬂuﬂﬂ’muuﬂﬂ’mfy (M99

@ 1)

m15197 1 Ussnouangilsznay phenolic fingftuansaringnisiluvia 3 aligd

NISHOA Yield (%) Total phenolic content (mg/g GAE)
P. amarus 6.48 342 +18
P. virgatus 8.50 43.6 + 1.0*
P. urinaria 4.78 354+ 27

* P < 0.05, ANTILEAS IHA1519LTI4AT mean + S.E. (n=5)

3.2 qw‘ﬁfﬁwmﬁaﬁmmmmsﬂﬁ'ﬂgnﬁfﬁu
3.2.1 DPPH free radical scavenging activity
pmdindniasasarinfitiasiigaluntaasaugnisesansadaluniaiign

DPPH #ig 5 pg/mL uavgegmpe 300.0 pg/mlL froudindudoud 150 pgml 289873
afAnaaavinlAARNT3i1dA DPPH gegn Aptazuans 90% (3 3.1) SINHANITMARD
AR tITiudn A ICs, apAMHIENI IR TaRARR9A DPPH 8 pBewiisnasansaria
P. virgatus fnfigafie 30.37 + 5.07 yg/ml  Tassndnansada P, urinaria (36.68 + 3.37
ug/mL) ez P. amarus (39.02 + 4.30 pg/ml) agneiisfeddynneadn Dot ascorbic

acid fqnAusefige AsaadléiAn 1Cs = 25.02 + 4.30 pg/ml
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100

90

70 -

60

50

40
=b=P. amarus (IC50 =39.02 + 4.30 pug'mlL)
30 4

Scavenging activity (%)

~—=P. virgatus (IC50 =30.37+ 5.07* ug/mL)

P. urinaria (IC50 = 36.68 + 3.37 ug/mlL)

0 50 100 150 200 250 300

Concentration (ug/mL)

y <o a % [ 2 = . . !
g‘ﬂﬁ 3.1 i]Wﬁm’mméa;Jl@@Nﬁtﬂ@d@ﬂTmTUQQWQHQ% DPPH radical scavenging Wud1 P.

virgatus HA1 1ICs, Hag7ign %ﬂLLWﬂﬁWG@WﬂQﬂTﬁTﬂﬁﬁﬂﬁu * P < 0.05; n=5

3.2.2 nstiug peroxide filinenuf{A3en oxidation 229 linoleic acid Tnaasarin
gﬂ?ﬁ?u

91nN"5 0 Ferric thiocyanate method TwnnsmsaanI3anns  peroxide anuffizen
lipid peroxidation Tmﬁmmﬁwmml,l,ﬂmmﬁugﬂ 3.2 WUIIE1INAMAIN P virgatus H
AHEIT0 NS UEINT9IAin peroxide geAARANNNNNGIEIERARGNN P. urinaria UA P.
amarus ANATTY UATATHETNATE N9 LEeNN51RA linoleic acid peroxidation GG EVIRN

AIFAANIFIHYRANUANNTT ascorbic acid way o~tocopherol TagEasansuFraraluil fe

ascorbic acid (100.00 + 0.40%) = a-tocopherol (100.00 + 0.89%) > P. virgatus (83.98 +
5.20%) > P. urinaria (75.77 + 0.97%) > P. amarus (65.54 + 3.10%) AagTiluans197 2

3.3 qwé?umsé’num@ﬁuzngmmsﬂﬁmgnﬁfﬁ?u (Cytotoxic effects).
panEINsnansansartagnistuis s TunIasradunEediu HepG2 cell uanaly
Tugu 3.3 Taelugy 3.3A W4AB8ensg trypan blue ¥50138n47  trypan blue exclusion &9
Tuguit 3.38 %A% MIT assay wantanaassuanstifiudngvs nnseisaduzsanssns
afpauagAUAIENTuEDIETaTTA (dose dependent) LATHANITVIARDITIIHIINABIND
shmanagoa Tnanudnansainann P, vigatus Aansiiiufiuse HepG2 cell mm‘?%zgm

N9 (fiann AN 1Cy, BRIRNARUAIH §15afA P. virgatus < P. amarus < P. urinaria
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(M19N7 3) §19RzaNY 1% DMSO @elfiiiudavinatgasanaansans (WiNasan1meues

AR NTE ARy

120

100 ¥

ia s

60

%o inhibition

=4=Ascorbic acid == q-tocopherel

* # & *
P.amarus * == P, virgatus

*x #
e P yrinearia’
O T T T T 1
0 500 1000 1500 2000

Concentration (ug/mL)

Ly aaa

U1 3.2 qrsfueuyadaardafinufiisen oxidation 289 linoleic acid 2avanIafingnifiy
wudnfmnusnanegneiisddnyszndwansandaingniflusieiiai  Taagnsiuns

FNUBUYRBRITUVBIRNTANA P. virgatus > P. urinaria > P. amarus ATHAGL

* P < 0.05 WsunU positive control (ascorbic acid A Ol-tocopheol); # P < 0.05 Liisiufiu P.

virgatus Way & P < 0.05 {iguniu P. urinaria.

s
a

‘il = P ay v v Qdd‘ ! o
FI1FI9N 2 ﬂ"l‘iL‘ﬂ‘iEl‘LlLV]EI‘LIi]ﬂﬁ@quﬂlé&uﬂﬂﬂ‘izﬂﬂﬂZ\T’]‘if\fﬂﬂ(ﬂ']ﬂ@ﬁ‘i’lLL@IﬂG]"I\‘iﬂ‘lA

DPPH radical scavenging Maximum Inhibition of

Extract (ICs0: pg/ml) linoleic acid oxidation (%)
P. amarus 39.02 + 4.30% 65.5 + 1.4*
P. virgatus 30.37 + 5.07*" 84.0 + 1.4%"
P. urinaria 36.68 + 3.57* 75.77 + 1.0%°
Ascorbic acid 25.02 + 4.30 100.00 + 0.40
o.-tocopherol - 100.00 + 0.89

* P < 0.05, Wiuuriu Ascorbic acid: | P < 0.05, Waufu P. amarus;
P o . . ! = '
* P < 0.05, iwudiu P. urinaria; AMALERSTUAN31TIWAT mean + SE. (n=5)
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3.4 NAVBINITHAAIINAN L8 UABNTISIURLRLUa95U9192 090N
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LRENTIATHUDILER
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Ajigreln 19D %

Figure 3.3 Concentration-response “ﬂﬂ\‘izﬂﬂeféiefu

A% (A) trypan blue exclusion U@

Anigeln 192 %

(B)
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ANSNT 3 AT ICqp 2VBNFNTRAR UNNTYIN A HepG2 ing

Extract Inhibiting concentration (ICso) (pg/mL)
Trypan Blue MTT
P. amarus 51415 = 44.54 463.72 + 68.24
P. virgatus &70.90 = 21.11* 253.30 + 18.89*%
P. urinaria 431.14 + 65.54 445.07 + 62.19

* P < 0.05, Wautussannefiangy ANTILAAS AT ITIWAT mean + S.E. (n=5)

Figure 3.4 naup9ansafingniflusngilsnseesinad HepG2 (A) Control (B) Vehicle (0.5%
DMSO) (C) P. amarus (500 pg/mL) (D) P. virgatus (500 ug/mL) (E) P. urinaria (500 pg/mL)
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/

500 pg/mL

/

500 pg/mL

7 / /

500 pg/mL
1 pM CCCP 0.5 % DMS P amarus P. virgatus P. urinaria
i
100 nmol/mL
1
1 min
x #
180 4 ’
160 - s [
140 - *

% Respiratory stimulation
3

60 -
40 -
20 -
0 I I I
DMSO CCCpP P.amarus  P.virgatus  P.urinaria

Figure 3.5 nawasasanagn (aulunianssiunisifnanBianesanaduznis HepG2 Juluw
({54 tracing uamvntaAsuLasdmsIn1seanBiaumdsannldans (gnasd) daunsmuis
fuanadunissqunasasansaringnliludenisidenndianeeasad  HepG2  91nn19
naaestn  (n=3) lnerunresansainaddaie 500 ug/mL WUINENIENRRIN P. virgatus §
qusluntansriuntamslaraseaduiniigaiiauwingy CCCP daansarinann P. amarus
uaz P. urinaria fnnansziunnsl¥eansendianesssadiintvetsiilddgnieadaie
ALy DMSO ustapsnaunasifionsussluiunnsineii

*p < 0.05 Wigufu 0.5% DMSO, ' P < 0.05 Wigusiu P. amarus Wwae P. urinaria
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3.5 Nmmmsﬂﬁ’mgn"fﬁ?ﬁumsnszﬁums?%@@ﬂ%wuﬂmLeﬁaﬁuzt‘%e HepG2
dmaniatieandiannacisad HepGe Alsuasadagnistuuansesiuguil 3.5 wa
NINANBIUARS IAINENTNTASN P. amarus uaz P. urianaria nazdnntsinglanpasad
Hefeufunguacuan  uidwissndianasdnenn P Vigatus  wudianasdmenn P
virgatus Wunaznnnamelaressadatneiiddnviueadaadu cccp 1 M Faliid
positive control %ot 0.5 % DMSO @slHiiusinvinavanelinalunisnszduniamelanns

i N Tt
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N‘gﬂ LAZDAUSTIYNANITNIARDI

2T genus Phyllanthus (Family: Euphorbiaceae) (Jain et al., 2008) Usznausiasiia
wanealEd Ravanesiinls genus HUEUA P. virgatus, P. amarus WAz P. urinaria SianYoi
péneAfeiuNan asendnateseytily Suitlignedandeadaimdeudude gnla
T vdendnlil  gnlitugmintidnenayuinslasszmmmlunaieUssmeasmis
UszmAlne s ndnuosiitndidssiudsnindasuderinlinafufedondasnsig
Snwnlsn  vinlinAnsosfonanafinisnanszndsafinoecily  SeufidnasUsznauniand
yosmmanianaaraitafeiuudfsoidounndns  dadunisliszinaristuniafuied
fasnisanayinligns wmasnuusazasusisnsiusantuly  denliAnaaalivduenty
arcin

fiinadelaand A tunafnumemsresgnliluatiddeing o winudniayanis

Fyrn9ifigafiu P. virgatus Aaudineisndadedieudy P. amarus Wwas P. urinaria TWn1934

1%
ARk A

faeRdnguszasARemqrsnandinemesgnldly P vigatus TuudresniaiBeuieny
fudn 2 aEd dilmnamdewdsunndwiuednals  TnsduusnlBvinnisidenifen
15810415 phenolic Mifiudantlsznauvia ¢ Tassily Beudifiaudiusiugnatunis
Frupnaaaazresiiy sasasneengraiiuiaunnsdniaunaslsanndeld (Hon et
al., 2007) ANHANTENAREIALENIDL total phenolics Tuansarinangnlluis 3 fla
WU P. virgatus RUFHID4A8N polyphenol mﬂﬁqm LmemﬁwmmNﬂmmﬁmﬁ’qu"ﬁfﬁm
ayyaAasEaLAs DPPH radical scavenging &swudnanaada P. virgatus flavisussfiqn e
A ICsp 1HAT9%1818 DPPH radical = 30.37 + 5.07 pg/mL F99nndn P, urinaria (36.68 +
3.37ug/mL) WAy P. amarus (39.02 + 4.30 pg/mL) asidTisaIATYy FonBeudieurn Cs
Tunavinane DPPH radical  2meansadm P. amarus eflinddaanizdmasvinanudanudn

v A

TsAeaiuAe Uszannd 45 pg/mL (Wongnawa et al., 2006)
{ATuTAINMImaesaLgnEGayyai s anaIaaidaE AR IindnnITuAnsng
TUBnAznieAnnsT linoleic acid system WalHAnNNsa31e  peroxyl radicals 29tazUY
mafineyyadaszinedtifinalndifesiiugisenadeduinsniesnndd (Siddhurau and
Becker, 2007) WULNA9ARA P. virgatus §1N1901B9AWNN5LAA hydroperoxide (ANNANTIN

o o 1 Lo 1 [%
N1FNNAIIN P. amarus WAL P. urinaria ATHK[AU ﬂﬁqﬂrﬁﬁm’]ﬂi]'i/]ﬁﬂﬁﬂﬂ”]f}"llﬂﬁﬂq‘iﬂﬂGW!ﬂ



17

¥iafigMBsngn ascorbic acid WAz Ol-tocopherol  ABMEAdE7IR Wongnawa (iwiantinpn
(2006) fuwrAnfid1aTaiaIes P amarus B9RANNAINI9DINNNSAN4R DPPH radical
THaniineg Aelminlunpassgnsiunistasiunisinareiuainfivees paracetamol Wudn

SN v o

Thina R sanerniiudsfifinenaraadminann P, amarus, P. virgatus ua P. uinaria Tl
filaTsmduuaziunmams (All et al., 2008) Kuo uazAny (2005) Bunzdnanauaznouln
seaEIRaINNTRarasiaBemlaaldnaesiln  WanenduaauszneuTumden
Cirisium rhinoceros Nakai, Terminalia arjuna Linn., Euphorbia jolkini Bioss, Polygonum
cuspidatums, Myrica rubra Sieb et Zucc, Centella asiatica, Bupleurum kaoi, Ochrosia elliptica
Labill, Stephania tetrandra Waz Rhei Rhizoma 'm‘i‘ﬂizﬂ@uéfuﬁ%mv’m@ii’]ﬂﬁgﬂﬁ’]mﬁﬂw’]
LATWLAIAINIF0H I TRINIEITH Wy a1angy flavonoid Tififadn acacetin T1 Cirisium
rhinoceros Nokai TUSfudannsisaayuesiaduziiosiongnusnnuasan 2 iafa human
prostate carcinoma LNCaP ey DU145 cells (Singh et al., 2005) vﬁ@maﬂfq’u tannin 1%
(-)-epigallo—catechin (EGC) @aiiuansuaznaugfiantilun@aamuisadudinisadyes
ARNENFTUNAITRFBI MCF-7 waz MDA-MB-231 (Vergote et al., 2002) fariuanaar
antalusnesignituniasudsnnaasiulmesadunSediuliidui
flaqiugofivazmnsdnamnniidndesuniiaqiiuliidnnn - wudienfinnenn
seanAfidauddny tuniatesiuuarinulaasin g wanslapsanislaanzse Taannse
indufnlsndrdyiinfednmnianeegtussdudiu o sevissumaiiauiud  uaz
Usznadndsimun  fesemdilsaanseiudaiinlsafifnuosdusudus ¢ vadlan
(Roberts et al., 2005) dmsugnistuiuiianssmnysufnunsiagnanesia Wy nsli
@3aiA P, amarus wrivyitgniniintiAnilasaniidusiagsns N-onitrosodiethylomine ¥inTH
ﬂ%ﬁ%ﬁ@ﬂﬂ%ﬁu (Rajeshkumar and Kuttan, 2000) Wanannsuansana P. amarus £90vinT9
\Ainn19mnE2adisad human adenocarcinoma cell line Caco-2 (Lawson-Evi et al., 2008) 4138
WnsAnEIETRAR P. urinaria §9{Ugaevin e Lewis lung carcinoma L@ apoptosis 110
T us i BARn 9mNeIeaTasUnR 1 HUVECS uaz WRL 68 cells vinlrnudiniiule
drd3ania P. urinaria ez lUnelRifnnisinaeaaduzseiuanngn (Huang et al., 2003)
TunsRnuaseiasEinnsasauaduRsoradNz Sl HepG2  Fnedd
MTT uay trypan blue assay SewUdnansarimszwdnsmanudiand (31.25-1,000 ug/mL)
auTvinlead HepG2 hepatocellular carcinoma mnelé Tag P. virgatus ﬁqw’%uwﬁqm

FAa8IAT 1C50 MRNNINFISAARGIN P, urinaria WA P. amarus
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iAselamansamnalnnnseangnizesssariniie esuiaaauiniuseisad
HepG2 cell wudndiasinaaduindnsInis¥eanBeweensad NudEsanATIaINTia
panginaziuntanelaseasad Tnefinansdindiudl 500 pgiml fiinduhs P, virgatus
famnsriunistieandiaueasadlinniign Weuwiiu cccp Bufiuaneiitvintida
uncoupling 284 respiratory chain & oxidative phosphorylation %44 mitochondria a9na A
mafisnistimondiaulaetsreinniaaing AT osanniamnelavda  cellular
respiration 28BRALINAATIAYBINTTLINNNT metabolism Aasuans NS FeanBiandadu
fauanilunTazuInnTd oxidative phosphorylation 284 mitochondria ﬁqﬁu%ﬁéjﬁﬁﬂd’l AN
fuuaasnsaringnlihohesfidnufoaiasiunisinemess  miochondria  Usznnsln
Uszmaniivdaiacliiiniafinuidell Wy aaveasugrddentsdeendiaunes
mitochondria  ANsueneanatniead Lug  etrslafniiiunissniiasustneiaaste
nalnnspangratssansataneIy asannansadmeudnesidasrneufiiuaiand
wnsnevaterila  qvisfiiAsduannnnsaasLasadavetusnasiiuiaTanensgnaen
aaieflmaniy anesnimaRsURUEEETR

Touagd  9miduiuidBvinnnspsesauuaniUdeuifsgriniandinenvesans
afngnlilu 3 e84 An P. virgatus, P. amarus waz P. urinaria uWazWUdN §3SASIN P.
virgatus Sidatazneuiiifiuanstisznay phenolic gofign uazfigndimayyadaszuiniign
Tnsanasdmisaagfingmnsninieaduniodit Hepe2 meld Taunalnnisaengvsiia
dafeniiasianisiunaziunamelavdanislieandianuasead  niadenlignlsiuiy
masnunlanmadasdilsionadenduligneia  snniAdeiindignlslustsd P
virgatus siufiannaniuRsseiadisiidening uazdilifaesnulndasnnuiuiede
WARUNA 619910 P urinaria BviitiayaiEaeannaenIsanassiamadNSy T P
amarus SuffTBunIaaaesuedud  nnadenfugnistusmindnendnuilseds
pnsfiavazinazdslliAnnsuudongnlslusiirduiidgrinandaangfiunnsneiu
aavinenarnsansaiagn i tusan1sinauaes mitochondria isnihianlafiaagazinen
sialy
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Abstract

Objective: To determine the antioxidant activity and cyto-
toxicity of Phyllanthus virgatus crude extract compared to
Phyllanthus amarus. Methods: Phenolic contents of the hy-
dromethanolic extracts were measured using Folin-Ciocal-
teu reagent. Antioxidant activity was evaluated by the 2,2-di-
phenyl-1-picrylhydrazyl hydrate free radical scavenging and
antilipid peroxidation assays. Cytotoxicity on human hepa-
toma HepG2 cells was assessed by trypan blue and 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide viabil-
ity assays. A stereomicroscope was used to observe and pho-
tograph the morphology of the cells. Oxygen consumption
of the HepG2 cells was measured using a Clark oxygen elec-
trode. Results: The extract of P. virgatus, which contained
more phenolic compounds than P. amarus extract, had high-
er cytotoxicity and showed higher free radical scavenging
activity and more inhibition of peroxidation in a linoleic acid
system. P. virgatus extract conspicuously increased the oxy-
gen consumption of HepG2 cells, while P. amarus extract had
little stimulatory effect. Conclusion: The hydromethanolic

extract of P. virgatus had stronger antioxidant and cytotoxic
action than P. amarus extract. The stimulation of HepG2 cell
respiration by P. virgatus extract suggests the extract alters
mitochondrial function; this action could play a role in the

cytotoxicity of this plant. Copyright © 2011 S. Karger AG, Basel

Introduction

Oxidative stress induced by oxygen radicals, causing
damage to lipids, proteins and nucleic acid, has been
shown to be involved in the initiation and progression of
various diseases such as inflammation, liver injury, renal
failure, cardiovascular diseases and cancer [1]. Several
studies have revealed the potential of medicinal plants for
serving as antioxidants against various diseases induced
by oxidative radicals [2-4]. It is widely known that almost
all chemotherapeutic agents currently used produce seri-
ous toxicities to several organs. Naturally occurring phe-
nolic compounds of plants have been shown to have an-
tioxidant properties [5-7] and to exhibit cytotoxic activ-
ity on a variety of cancer cell types, such as Jurkat and
human hepatoma HepG2 cells, without toxicity to non-
cancer cells [8]. Moreover, there is increasing evidence
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showing the chemopreventive potential of many plant
compounds such as green and black tea polyphenols, ly-
copene, soy isoflavones, curcumin, phenethyl isothiocya-
nate, indole-3-carbinol and perillyl alcohol [9-11].

The genus Phyllanthus consists of several species in
the family Euphorbiaceae. Phyllanthus virgatus and an-
other two species, P. amarus and P. urinaria, are closely
related in appearance and phytochemical structure [12].
In Thailand, they have the same local name (Look Tai
Bai). All of them traditionally have been used for the
treatment of many ailments such as gonorrhea, jaundice,
diabetes and liver diseases [13]. The anticancer activity of
Phyllanthus species has also been documented [14-19].
For example, P. amarus inhibits the growth of human
adenocarcinoma cell line Caco-2 [14], hepatoma induced
by N-nitrosodiethylamine in rats [15] and sarcoma in-
duced by 20-methylcholanthrene in mice [16]. Similarly,
P. urinaria has also been shown to possess cytotoxic ac-
tivity against several cancer cell lines including human
promyelocytic leukemia [17], Lewis lung carcinoma cells
(18] and HepG2 cells [19]. However, the pharmacological
studies on P. virgatus mostly involved its antimicrobial
[20, 21] and antihyperglycemic effects [22]. Cytotoxicity
of P. virgatus to cancer cells, particularly HepG2 cells, has
never been reported. In this survey, we studied and com-
pared the antioxidant and cytotoxic activities of the hy-
dromethanolic extracts of P. virgatus and P. amarus. In
addition, the effects of both extracts on HepG2 cell oxy-
gen consumption were also investigated.

Materials and Methods

Plant Materials and Extraction

Plants were collected from June to September 2005 in the Pak
Tong Chai and Mueang districts of Nakhon Ratchasima province,
Thailand, and were identified by a botanist, Dr. Paul J. Grote,
School of Biology, Suranaree University of Technology. Speci-
mens of the plants are archived at the same School of Biology.
Whole plants were thoroughly washed with distilled water to re-
move dirt and contaminants, and then oven-dried at 40°C. Each
dried plant (10 g) was extracted twice with 100 ml of 50% metha-
nol in distilled water. The pooled extracts were filtered and con-
centrated at 40°C using a rotary evaporator under low pressure.
The residue was freeze-dried in a lyophilizer and stored at -20°C
until used.

Measurement of Total Phenolic Compounds

The concentration of phenolic compounds in an extract was
measured according to the method described previously [23], us-
ing gallic acid as a standard. The reaction mixture consisted of
250 pl of the extract (1 mg/ml) or standard (0.025-0.5 mg/ml gal-
lic acid), and 2.5 ml of 2% Na,CO; was added with 100 w1 of 50%
Folin-Ciocalteu reagent. After 30 min of incubation, the absor-
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bance was measured at 750 nm using a spectrophotometer. Re-
sults were expressed as milligrams per gram of gallic acid equiva-
lents.

Determination of Antioxidant Activity: DPPH Free Radical

Scavenging Activity

To measure antioxidant activity, the 2,2-diphenyl-1-picrylhy-
drazyl hydrate (DPPH) radical scavenging assay was carried out
according to the procedure previously described [8]. Briefly, each
sample (500 pl; final concentration range: 0-300 p.g/ml) was add-
ed to 4.0 ml of 50 wM DPPH in methanolic solution, and the final
volume was adjusted to 5.0 ml with distilled water. After vortex-
ing, the mixture was incubated for 30 min in the dark at room
temperature. The decrease in absorbance at 517 nm was then mea-
sured using a spectrophotometer. Antioxidant activity was ex-
pressed as half maximal inhibitory concentration (ICs,), which
was defined as the concentrations of the extracts required to in-
hibit the formation of DPPH radicals by 50%.

Determination of Antioxidant Activity: Inhibition of Linoleic

Acid Oxidation

The antilipid peroxidation activity of the extracts was deter-
mined using the ferric thiocyanate method, as previously de-
scribed [24]. Each sample (500 wl; final concentration range:
0-2,000 pg/ml) was mixed with 2.5 ml of linoleic acid emulsion
(0.2 M, pH 7.0) and 2.0 ml of phosphate buffer (0.2 M, pH 7.0). The
linoleic acid emulsion was prepared by mixing 0.2804 g of lin-
oleic acid with 0.2804 g of Tween 20 and 50 ml of phosphate
buffer. The reaction mixture was incubated in the dark at 60°C
for 8 h. An aliquot (0.1 ml) of the mixture was diluted with 4.5 ml
of 75% ethanol, followed by the addition of 0.2 ml of 30% ammo-
nium thiocyanate and 0.2 ml of 20 mM ferrous chloride in 3.5%
HCI. Absorbance of the solution was measured at 500 nm using a
spectrophotometer. The percentage of inhibition of lipid peroxi-
dation in linoleic acid emulsion was calculated as follows:

inhibition of lipid peroxidation (%) = (1 - A;/Ay) X 100%,

where A, is the absorbance of the control, while A, is the absor-
bance in the presence of the extracts.

Cytotoxicity Studies

HepG2 cells (ATCC HB-8065; Manassas, Va., USA) were cul-
tured in RPMI 1640 medium supplemented with 10% fetal bovine
serum and 100 U/ml antibiotic-antimycotic (Gibco, Langley,
Okla., USA). The cells were grown at 37°C in a fully humidified
atmosphere of air with 5% CO,. The cells were used to determine
the cytotoxicity of the extracts by trypan blue exclusion and
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assays [8].

Trypan Blue Exclusion Assay

Cells (5 x 10° cells/well) were plated in triplicate in a 96-well
culture plate overnight. They were treated with various concen-
trations (ranging from 0 to 1,000 pg/ml) of the extracts for 24 h.
Cells were harvested after digestion with 0.25% trypsin-EDTA
solution at 37°C for 5 min. The cell suspension was mixed with
an equal volume of 0.4% (w/v) trypan blue. The numbers of viable
(unstained) and dead (stained) cells were counted by hemacytom-
eter under a light microscope and the results calculated and ex-
pressed as the percentage of live cells compared to control.
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Table 1. Comparison of total phenolic contents and antioxidant activity of Phyllanthus extracts

Total phenolic Scavenging Inhibition of linoleic acid oxidation, %
contents, of DPPH, | .

P. virgatus 43.6 £ 1.0%** 30.4*+5.1* 62.9+3.1*%* 84.0 £ 3.2%**

P. amarus 342+ 1.8 39.0x4.3 57.5x1.1 65.5+3.1

Values are means + SD. GAE = Gallic acid equivalents. * p < 0.05; ** p < 0.01; *** p < 0.001; n = 5.

MTT Assay

HepG2 cells (5 x 10° cells/well) were prepared as described
above for the trypan blue exclusion assay and treated with each
extract for 24 h. MTT solution (0.5 mg/ml) was added to each well
and incubated for a further 4 h. The medium was removed and
100 pl of DMSO (99.9%) added to each well to dissolve purple
crystals of formazan. Absorbance was measured with a spectro-
photometer at a wavelength of 540 nm using a microplate reader
(Biorad, USA). Data are expressed as percent cell viability com-
pared to control.

Measurement of HepG2 Cell Oxygen Consumption

Rates of oxygen consumption by HepG2 cells were determined
with a Clark oxygen electrode (Hansatech Oxygraph, King’s
Lynn, UK). HepG2 cells (2 X 107 cells/ml) were incubated in an
oxygraph chamber. Glucose (2 mg/ml) was used as a substrate.
After a stable rate of oxygen consumption, carbonyl cyanide
3-chlorophenylhydrazone (CCCP), which is a well-known and
potent mitochondrial uncoupler (as a positive control), or the ex-
tracts were added to the chamber. Respiratory rates were ex-
pressed as nanomoles of oxygen per milliliter per minute.

Statistical Analysis

Data are expressed as means * SD, and the unpaired t test was
used to compare phenolic content and antioxidant activity be-
tween P. virgatus and P. amarus groups. However, the data from
cytotoxicity and oxygen consumption studies were not normally
distributed. The data were expressed as medians with interquar-
tile ranges. The Mann-Whitney U test was used to compare cyto-
toxicity (IC5o) between P. virgatus and P. amarus groups. Statisti-
cal differences between treated and control groups in the oxygen
consumption study were determined using the Friedman repeat-
ed measures analysis of variance by ranks followed by the Stu-
dent-Newman-Keuls method for multiple comparisons. Differ-
ences between groups were considered significant when p < 0.05
(n =5 in each group for all experiments).

Results

Total Phenolic Content and Antioxidant Activity

The amounts of phenolic compounds in extracts as
well as antioxidant activity are shown in table 1. P. virga-
tus extract contained more phenolic compounds than

Antioxidant Activity and Cytotoxicity of
Phyllanthus virgatus

P. amarus extract. The former also showed significantly
greater antioxidant capacity both in DPPH scavenging
(p < 0.05) and inhibition of linoleic acid oxidation (p <
0.01). Significant differences in the inhibition of linoleic
acid oxidation were found at concentrations of =250 pg/
ml of the extracts, and the maximal inhibition rates of the
P. virgatus and P. amarus extracts were about 84.0 and
65.5% (p < 0.001), respectively.

Cytotoxic Effect

The cytotoxic activity of the extracts of P. virgatus and
P. amarus, expressed as ICs; values, from the two assays
was similar (fig. 1). The results showed that P. virgatus
extract was more toxic to HepG2 cells than P. amarus ex-
tract. The ICs of P. amarus and P. virgatus extracts cal-
culated from trypan blue exclusion were 500 (424-604)
and 380 (305-401) g/ml, respectively (fig. 1a), whereas
those calculated from MTT assays were 372 (336-593)
and 258 (208-296) pg/ml, respectively (fig. 1b).

Effects of Phyllanthus Extracts on Morphological

Changes of HepG2 Cells

Morphological features of cells treated with the ex-
tracts at 500 g/ml were studied after 24 h of incubation
(tig. 2). Normal cell morphology characterized by epithe-
lial-like features forming a monolayer on the surface of
the culture flask was seen in controls and cells treated
with 1% DMSO. In the presence of the plant extracts,
morphological changes were observed, such as rounding
up, loss of contact with cells and detachment from the
plate. P. virgatus extract caused more extensive morpho-
logical changes in HepG2 cells than P. amarus.

Effects of Phyllanthus Extracts on Oxygen

Consumption of HepG2 Cells

The rate of oxygen consumption by HepG2 cells was
measured in the presence of the extracts (fig. 3). It was
found that P. amarus extract caused a small and statisti-
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Fig. 1. Cytotoxic effects of Phyllanthus extracts. Cell viability was
measured by two different methods. Values are expressed as
medians with interquartile ranges in parentheses. The ICs, of
P. amarus and P. virgatus measured by the trypan blue method (a)

Fig. 2. Effects of Phyllanthus extracts on HepG2 morphology.
Morphological features of cells treated with the extracts (500 w.g/
ml each) were observed under a microscope after 24 h of incuba-
tion. a Control. b 0.5% DMSO. ¢ P. amarus. d P. virgatus.

were 500 (424-604) and 380 (305-401) pg/ml, respectively (p <
0.05; n = 5). The ICs, of P. amarus and P. virgatus measured by
MTT viability assays (b) were 372 (336-593) and 258 (208-296)
wg/ml, respectively (p <0.05; n = 5).

. b 500 pg/ml 500 pg/ml
0.5% DMSO CCCP (1 um) P.amarus P.virgatus
(5.7) / (6.0V (s.sy

(6.1 )/
X (7.5)
(10.5)

110 nmol O,/ml

—
1 min
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Fig. 3. Effects of Phyllanthus extracts on oxygen consumption of
HepG2 cells. Tracings a and b show the effects of vehicle (0.5%
DMSO) and CCCP (1 M) as negative and positive controls, re-
spectively. Tracings ¢ and d show the effects of P. amarus and P.
virgatus (500 pg/ml each), respectively. Arrows: time at which the
vehicle, CCCP and the extracts were added. Numbers in parenthe-
ses: rates of oxygen consumption in nanomoles of oxygen per mil-
liliter per minute. The tracings are representative of 5 experiments
(n = 5). The respiration rates of HepG2 cells in the presence of P.
virgatus extract [16.9 (13.3-20.7) nmol O,/ml/min] and CCCP [9.8
(8.1-14.2) nmol O,/ml/min], but not of P. amarus extract [7.5 (5.7-
11.0) nmol O,/ml/min], were significantly higher (p < 0.05) than
that of the negative control [5.5 (4.2-8.2) nmol O,/ml/min]. Data
are presented as medians with interquartile ranges.
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cally insignificant respiratory stimulation (p > 0.05),
while P. virgatus extract clearly enhanced the respiration
of HepG2 cells. This effect of P. virgatus extract was com-
parable to that produced by CCCP.

Discussion

The findings of a higher total phenolic content of
P. virgatus extract from five separate plant collections
and the stronger antioxidant activity of P. virgatus extract
are comparable to those presented by Kumaran and Ka-
runakaran [13], who have previously reported that the
total phenolic content and antioxidant activity of five
Phyllanthus species from India can be placed in the fol-
lowing order: P. debilis > P. urinaria > P. virgatus >
P. maderaspatensis > P. amarus. P. virgatus extract also
showed a stronger cytotoxic effect than P. amarus.

Experiments on the effect of Phyllanthus extracts on
HepG2 cell respiration showed that at a concentration of
500 wg/ml, P. virgatus extract clearly stimulated oxygen
consumption, whereas P. amarus extract produced but a
small and insignificant increase in respiration. Since ox-
ygen consumption by cells is mostly due to mitochon-
drial oxidative phosphorylation, changes in cellular res-
piration rate as a result of experimental treatment may
indicate alterations in mitochondrial activity. This find-
ing therefore suggests that P. virgatus extract affects mi-
tochondrial function. The greater cytotoxic activity of
P. virgatus extract compared to that of P. amarus may be
related to a higher phenolic content since it has been re-
ported that phenolic compounds could be cytotoxic [25].

References

The ability of the extracts to stimulate HepG2 cell ox-
ygen consumption may be involved in cell death. Apop-
tosis signaling transduction can be induced through the
death receptor pathway, such as the Fas ligand and Bcl-2
family, as well as through a mitochondrial pathway [26].
Mitochondrial dysfunction can cause a necrosis-type cell
death via ATP depletion and Ca?" dysregulation [27].
Further experiments are needed to determine whether
dysregulation of mitochondrial respiration and function
is caused by phenolic compounds and is thereby involved
in the cytotoxicity of Phyllanthus extracts; these might
include, for example, measurement of oxygen consump-
tion and oxidative phosphorylation by isolated mito-
chondria treated with known phenolic compounds of
these extracts.

Conclusion

The results of the present study demonstrate that the
hydromethanolic extract of P. virgatus exerted greater
antioxidant and cytotoxic effects on human hepatoma
HepG2 cells than P. amarus extract. It also produced
stronger stimulation of HepG2 cell respiration, which in-
dicates the possibility of mitochondrial involvement in
the cytotoxic action.
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