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Abstract

Hoan-Ngoc (Pseuderanthemum palatiferum (Nees) Radlk; PP) has been claimed
to possess many pharmaceutical properties, nevertheless, the studies of its
pharmacological properties are still very limited. The present study aimed to further
investigate the phytochemicals and explore the antioxidant, anti-inflammatory and anti-
cancer activities of Hoan Ngoc. In addition, a long term mutagenic effect of Hoan Nogoc,
the issue most concern among consumers, was also evaluated. The results suggested that
95% ethanol extract prepared from fresh leaves of PP (95EE-FLP) and the water extract of
PP (WE-FLP) (water fraction extracted from 95EE-FLP) significantly exhibited higher total
phenolic and flavonoid contents than those of dried leaf extracts. Concordantly, the
antioxidant activity, assessed by DPPH and FRAP assays, was also more prominent in fresh
leaf extracts than that of dried leaf extracts. Both 95EE-FLP and WE-FLP could also
effectively attenuate intracellular reactive oxygen species generation in tBuOOH-induced
oxidative stress in macrophage RAW264.7 cells as monitored by using DCFH-DA
fluorescent probe. At non-toxic concentrations (50-250 ug/ml), both 95 EE-FLP and WE-
FLP effectively exhibited anti-inflammatory activities as evidenced by inhibition of nitric
oxide production and the expressions of pro-inflammatory enzymes iINOS and COX2 in 1
pug/ml LPS plus 25 U/ml IFN-y-stimulated RAW264.7 cells. In addition, 95EE-FLP also
suppressed LPS-induced TNF-ao and IL-6 protein synthesis and mRNA expression in
RAW264.7 cells. In vitro cytotoxicity of 95EE-FLP and WE-FLP towards various types of
human cancer cell lines revealed different susceptibility of cancer cells, and the
sensitivity was ranged in the descending order of Jurkat > HepG2 > MCF-7 > PC-3. At the
concentration range of 250-1,500 pg/ml, 95EE-FLP and WE-FLP preferentially targeted
Jurkat cells with less toxicity to normal human peripheral blood mononuclear cells.
Furthermore, the induction of Jurkat cell death by the extracts was mediated via
apoptosis mechanism as evidenced by characteristic morphological feature of apoptotic
cells, DNA ladder in gel electrophoresis, annexin V-PI staining and the release of
cytochrome ¢ from mitochondria to cytosol. The results of /n vivo anticancer study

conducted in the CAM model revealed that 95EE-FLP (100-300 pg/ml) and WE-FLP (100-



300 pg/ml) selectively suppressed the melanoma B16F10-induced angiogenesis at 24 and
48 hr. while sparing the normal neovascularization on the CAM. The mutagenic study
indicated that both extracts in the range of 150 to 600 pg/plate had no mutagenicity,

either in the presence or absence of S9 mix, in the Ames assay.

Overall, the crude extracts from fresh leaf of Hoan Ngoc has high potential to be
developed as natural chemopreventive products or nutraceuticals in combating

development of cancer, chronic inflammation and oxidative stress-related diseases.
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PNNTANBILALNLUITeNEIWUIEN Naldl wasSyiuldiudsenauvesansiueyya
a5y (antioxidant) 1y @15ngu phenolics wagngy Flavonoids NilUselevidogunInuywe
' a a X o | I3 Y A A 1% o
BI0ANANULEEIVDINITLAALIALTOTIAS 9 LU 1sauzlSe Tsavhala wazlsailtiendesnu
NILUIUNITONLAU (inflammation) (Kubola Wag Siriamornpun, 2008; Atmani et al., 2009)

) L o = a < | Y a = ' I3 & A
anmensdnausesuluanvemilweninlsauase neneliiinanudeniedowad waziiowe
° Y a v | oA & a = I3 a
iliAnnTsnsedunszuIuMsLULTad lvlilonawnuiwadne vie deme WJunisiiulonia

s

APURANAIANIRUTNTTY (genetic error) wagdnulAAAnIzUINNTNA18WUS (Mmutagenesis)

]

= o o

é’mﬂummaﬁﬁﬁﬁﬁﬁm% Fninlminlsauzisalanald (Jakeson et al, 1997; Preston-Martin et
al,, 1990) pro-inflammatory cytokine 14U IL-1PB, IL-6, TNF-, Wag growth factor #1349 fia%a

fulusewinnszuinnssnay #11150N38AUNITYINIUVBY Vascular endothelial growth factor
(VEGF) Fadulusiusianisfiannsadninnisadranaendonlng (angiogenesis inducer) sia
pro-inflammatory cytokine Wag VEGF ﬁﬂﬂajmsa%ﬁwaamﬁaﬂimi (angiogenesis) LLazﬁwmzj
ﬂ?iL%%@L@UI@%@QLﬁ@Q@ﬂ (tumor growth) (Sheeja, Guruvayoorappan, Hag Kuttan, 2007)
uenaNtiu VEGF Ssfiunumnszdunisduanesdlunineenled (nitic oxide; NO) NO LHuans
TuianansTanmdidalusiane Weeglussiuuiinuiivinyeay NO Y83nwanzaunaued
astiluanaduq uazilunumddnlusianie adislsAnailossduves NO agﬂmsé’uﬁlﬁama
ﬁaﬁizﬁuﬁqqLﬁulﬂﬁ%uamwmmL‘ﬁ'm%’aaf“fumgmumiﬁmau naLinuzse wazn1sviane
AULDITBLYARAINITUIUNT apoptosis Tauen1sdudinisasimasndenlnisae (Sheeja et
al, 2007; Coulter et al, 2008) Fati nMslineyyadasy (free radical) nsyuIUANTONLEY
(inflammation) kagNIEUIUNITAS1INAALADA LRI (angiogenesia) TITAMMUFURUSAIY Lay
nsvvaumMawaiiutiadoaiy vio Ffuhlugnsimunnisialsauess silsaFossdy 1

MAYIVDINUNTEUIUNNTONLEY



Y [

mu%’aiuﬂwuu% aansatinanfivayulng Inslamizegnads flavonoids Slnmuand
Tunisdiuoyyadasy  (antioxidant) F1un138nLay uagduugisa g1ty ugssiun
(Momordica charantia L.) f@ulsenauvsd gallic acid, catechin, uwag caffeic acid GREY
AasaudRlunsindneyyadasy (Kubola war siiamopun, 2008) luuszna Algeria WUy
auulwsiidansusznauphenolic Fsfiansiueyyadaszgs (Atmani et al, 2009) 91nNTANY
Wudwaﬁaﬁ’mﬁmLﬂﬁaﬂﬁaﬂ@ﬁ@mauﬂ’aé’uéu’amm%zgmaqLsnaé (proliferation) Tngn1sinileaniing
PMBIUU apoptosis Yadadaneius SKBR3 Miluwaduzifasuy waeiidnenmlunisiueyya
sase Inedudanisiia reactive oxygen species (ROS) nelulwaa (Moongakarndi et al., 2004)
ansanmanuannatuines (Labrador tea) (Ledum groenlandicum Retzius) Faflansusznou
phenolic Tut3inags fanauifdwoyyadasy uazdudinisudsues NO Inadasiuguun
Tasn1a Raw 264.7 #iléunisnszdusng lipopolysaccharide (LPS) UaNINT @nsarinds
ansadudinsinlyvenradusiedld DLD-1 uaswadusialen A-549 (Dufour et al, 2007)
asanamanelas (Andrographis panicalata) fiflansusenaundn (major compound) LUu
andrographolide waza15Usenausae (minor compound) WJu andrograpanin ﬁ@mamﬁalﬂu
ansiueyyadassaziunssniay Bnviadlgniiungfdasniavionih ieadusSeoayud
ARNSABWUL apoptosis lunaaanaass (in vitro) wazdudinisadmasnidenimiludainnaos
(in vivo) (Zhou et al., 2006; Sheeja et al.,, 2007; Liu et al., 2008) Yonantu ansafaanii
nzanelasdiananssudinsadraduidendos (capillary) idninlnewaduziSeadadadvosians

B16F-10 melanoma lunywihd  C57BL/6 ansariatiimatelasueniainaziinuautfan

proangiogenic molecules (VEGF and NO) uag pro-inflammatory cytokines (IL-6, TNF-OL &

GM-CFS) uda feraliiinnsiiiuiuves anti-angiogenic molecules (-2 wag TIMP-1) ) il
Anwuu in vitro Ieeld rat aortic ring model (Sheeja et al,, 2007) Yoon et al. (1995)
sreuinansada  mistletoe  (Vism album  coloratum) a@wnsadiudanisunsnszaneves
wadunSeinnils B16-BL6 iwaduziSaanld 26-M3.1uae 1waduziSaonmdes L5178Y-ML25 Tu

e lnedudinmsiivlaveailesenuaziiuiuremasnideniumaaiiediiiesn

a3 B-sitosterol 1Hungnuiall (phytochemical) wlandsiidgrulugnwulufiv wu o
pecans Unauldes (Serenoa repens), avocados, Wwanilnnes (Curcurbita pepo), Pygeum
africanum NzaRuNIUa Uutlng §anaes seabuckthorn waziAnd (http://en.wikipedia

.org /wiki/Beta-sitosterol) B-sitosterol Uszlevtlsioavnmmaleniu 817au an cholesterol



Wunshauvesssuugiduiu aneinissniau Jestueyyadaszliviharsiead uavananandes
Y0euzi5 InganuInannIsasyueaaduzimten unsudndenynd usSneugnuunn uas
12159811488 (Saeidnia et al., 2014; Bouic et al., 1996; Baskar et al., 2012; Bandolier,
2001; Chai et al.,, 2008; Loizou et al., 2010; Park et al., 2007; Sugano et al.,, 1977; Holtz et

al,, 1998) Tuglsy B-sitosterol gninanldlunissnulsmdeugnuunnls wan1ssnwinuil B-

sitosterol - @13asnwIaINsHoNgnuEInle dlasiiun sudwazanusualaaeinnasly

nsznziaanie egnslsiauvuavessengnunnuesngudiefisnwisae B-sitosterol laifiany

o w 1

measmasmﬁﬁfammgmﬂﬂqm;:Jﬂwﬁ%ﬂmﬁwmwaaﬂ (placebo group) (Berges et al., 1995;
Wilt et al., 1999)

Tudszemadoauny siuioniduivasulnsilésunmsvuuuui “ayulnsusinassed”
idesnanmnsatanyszgndldsnulsasing o levangvida Wy vssmemsuiadu Tsanszme
anlddniau mwduladin lsale 99929 wamukazugiss [Wudu nerdanmasslsafanaindl
ANMVENINANTITALLATENDENTATY (oxidative stress) waznszuIuN1sdNEy Tugituien
ﬁqw%{ﬁmawﬂa@aizLﬁ'aw@aaﬂmw human blood peroxidase model (Dieu et al., 2006; 296
afin dhana wag afyn AlyATIAl 2551) ansatnainlusinudenUszneusne B-sitosterol Wag
apigenin-7-O- B-glucoside %éqLﬂuaﬁﬁﬁ@mauﬁ’amamé’ﬁwmmmma Backhouse et al. (2008)
1AT1897U71 BIUNELYDIATT apigenin-B-glucoside, P-sitosterol way stigmasterol Tuluves
Buddleja globosa fqnssesunssniay @msnannIsuIn (edema) Iuwél,mﬁﬁ"l,é’%’umsdmﬁﬁ
umsiiniieson (tumor promoter) 12-o-tetradecanoylphorbol-13-acetate (TPA) OV REY
anuduldldgeiasadaainlueiniendifgnidueyyadasy urasddnenmlunisiunis
Sniav wazdunmaifauands gty uiiisseululssmademnuwesysenelngldting

ToluginudendusgraunsransuazsuiuiotesiulasSnwilsaf1e wisIgIUNsANYILAY

'
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1.2 dngusrasAvadlasenisivg

Tnssmsideiiaueveiiiensiadeumeanulufivsrorerndowy LATNAADUN NSNS
Tramwssansatninlueiiuden Taeiinguszasdiamedaiiie

1. wU3unal polyphenols way flavonoid luansainainluginuden

2. mqwéﬁma%aSaimaqmiaﬁmmﬂluadmﬁaﬂimﬁ DPPH assay, FRAP assay
g DCFH-DA assay

3. MedeUgYREIUNMSSEUTesansaaanlueieninenadeuntsiiudinisasne NO,
iINOS, COX-2 way proinflammatory  cytokines fi19 S| Usaa  RAW264.7 ﬁgﬂ
nsEAUIE LPS Uay/v3e IFN-y

4. yageuanudufivuarnisdniives siudenliiinnisaenuy  apoptosis #e
wadugss in vitro

5. MedeugVsELzSwesansataantueituden in vivo Tnennaeugquisudanisaing
dudenlna (angiogenesis) Tu chick chorioallantoic membrane (CAM) ﬁgﬂﬁhﬂﬂ
TiAnuziSe Tnowad B16-F10 melanoma

6. nagouivionateiugvesasainaniuaiuieningld Ames assay

1.3 YAUWAYRIIATINITINY

Tasansidriamsanufiviaggnoniedinimeng o vesginuionlegldanizaisainein

Tugadududldlunisuilan nsnaaeugndiueyyadasy gusauNnEy wasgnsne

a [

nateiugazlinIsnaaeuluy in vitro U ueuYadasEazdninnIIaaeulagly DPPH,

FRAP g DCFH-DA assay qvssiunisdniaulu in vitro agdifanisfinmiians RAW264.7

¥ Y

[ aaTigNNIZAUAIY LPS waz/%3e IFN-y %38 PMA n1snadeugndaiunziss Tu in vitro 9w

Y 9

[y

ansfnyivlaensswesansainanlu einudendowaduelseaeiugang q Aiunsde
nyeendmnulaeansann dugrsduusiddu in vivo agld CAM Tuwa figndnunliie
uziSelagldigad B16-F10 melanoma dmsuguanenateiiugasfinu in vitro lagld Ames

assay



1.4 Uszlgwunaininazlasu

'
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1. dayanerfuanuduiivwazgnini@inineesgiiuion ssilulsslogilagnsasie
AustaamITwuiinauses q lutaglu wietienisinduladmiugnazuslnaluy

BUIAR

[ a

v a £ = & ¢ v = 9 I3
2. doyaiuiiwinguazgninisdinmazidulslevidsegusznaunsiaulaimundy
NEnfuTR o Weiuyamliiueiiuden Wumsuimsianisuaslininenssssud

nlegluuszmaliinUselonigen

3. ladeyailesaulun1sfinuignsnisdinin Naiuisaidesesenlionuinuiy gnanis
Franmvesgituieniigndnededadidnuateiu lnsmzgraduuivau lsaiilanay
wasalden uazAudulaiin Wudu nuiteineiuanuluiiveargnomedininazidu
UsgleviegeBsronsnuwnuauidenismadniieldeinuiendesiu uagsnuilsasng 9
Tunywd smslvideyailosiudon15euINUNA (extrapolation) La¥ERNKUUNITNARBY
Tu in vivo diolU w3sldnawnunisvaaes e Usuaimnzaudmnsunisusiaaluau
A Ya a o
Analminiiuign

'
a1 a (3 a

4. Junuideiiduasuesdrnuiifeaduiivayulnsilugddyaivessnilneund i

U [ e

< a & a

fawdiginulenvzdidudndannusunaisauin uigddendufiviaunsaugnuas
Y] a P a Y 1@ A a =
veeiugie Wulalaatuanneaiienialulsemealng f1eauienfasmiuasinaungn
na1vu Uaganunsadldgndnduanemsiaiuguainvsesn  dndiliAnnisiaun
\Msugnaviesiu tazdiganloyninisidenanisnm d981vseevsiasuguAMNNsIAuNg

NANUTENA

5. lWanuigsaunsaiieneauwntnAne Ussayuviodu asniienun1sAnwnininsy

wazLenvuNaula

6. lemdngrumiadnenmansinefuassnauveseinuien Jasdulszlevidomsunmd

wHulne vieunndmaden unisduaiuesinnuivesnilyailne
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2.1 g97u3an (Pseuderanthemum palatiferum (Nees) Radlk)

Pseuderanthemum  palatiferum  (Nees)  Radlk. %38 831u3en dnagluid
Acanthaceae fiufudnegluussmaioau sinuiengnaunulutisaimdsest 1990 A Cuc
Phuong forest nemauwmilovesUsswmeioauiu wazlagnituilgnegrawnsvaglulseine
Heausludnuazvesivayulnsiarldusedu (Dieu et al, 2005; Dieu et al,, 2006) Tuuszine
e gindengnindunlaengunmsiufnaivasnsudoauiuiumg - Sauneuls wu
Favinaiund Smiayisug uasdminaiueiny sdudeniideFonluniwilnedt “iuds” wie

“Weyus”

] I o < o v & a4 4 = Y a o a
gimdenluldvuvuinidn g¢ 1-3 was drdudugvdmien Waenduiaseudides Tu
Weseansstu UstagUlunen nd1e 3-5 gar 817 5-15 . lauluaey Yangluwvausen veuly

=l =7 I a = 1 A 1 ! a o ege
Seu Aduuvuslu 8-11 ¢ Balulvuendving (pilose) ABNYoUENULYUILUUYBLTIAA (spicitiform
paniculate) TuusgausUuauvieldiiluysedu Ifunenges s1Useanas 0.5 uu. dvuduiuily
Usedu AMueendegilarniuldes naudesdl 5 ndu sULaU 2snduaendyuy U1k 1 v3e ey

A (Wedadin aana wag oS ATUATIAY, 2551) (5UN 2.1)

E‘Uﬁ 2.1 Ulu (A) uaz aen (B) ves g11uden (Pseudeanthemum palatiferum (Nees) Radlk.

(http://kusherb.exteen.com/page/3; http://www.bloggang.om/viewdiary.php.)


http://kusherb.exteen.com/page/3

grdenuuteingiutenduiivayulnsuieessd wWesnismedluan wasnishudd
AuANluaAIanIuNISANYRIEIuien NamnsasnweInsedlsanig 9 lavateada wuens
VY Uanvies alddniau manuduladin lsale vieesas wivanuuasuzise WWudu uenaininw
Lsaluaw gimdendsgnihudssandldiiesSnuuazdesiulsavesdnidnde (Dieu et al,, 2005;
Dieu et al., 2006) luuszwelne In1sugnainudenegisunsuaty aulvedeuldluvesainuien
wdesiunasinweinisvedlsanatesiin wu 9115 vUIndloveddgieny 15Uy 1sadl
WNeafussuulszam linda anudulain lsafiegadunseimigemsuazanld lsaln lsady

3 < N a ! =3 o LY
U ualsanelse YaliSieauaimine) luussinalnelenldluasinutendmiuussim
a1n1svelsanzise Fuduanmnisaesuduniwesaulve @dnauimunssuudeyadnans
J = 4 1 [} 1 Y al ! Y < I

guan) wiluadnulenazgnldedisunsuarglunguiuslaalagianzngugiielsnuzse uwaily

(Y v 1

Uaqdu é’ammsﬁaga%’maz ANFIUNIINYIANARTNEUTUATINALA 9 ¥938771ud9n way
= .:4' a a 1Y) ' < | | & av a ° = .
F189UNIANININeLiNgINUaIuIen dulugidusnuidennsgyinlulsswaioaunu Dieu et
al. (2006) waz Dieu (2008) $1891U11 drudsenauniaaiivaslusinuianuansnansening
apigenin-7-0-f -glucoside 1-triacontanol, salicyclic acid, ia¢ pseuderantin Fauoulen

goslusAuuaziinuasigiluaiufou dmaisemnseineg fnvlulusinudenlaud Tusiu my
TuU3una 30.8 % veswinuie) indeus Wud waaidon wundiley win uaznewns dau
nsneziluiinuie lysine, methionine, Wag threonine (Dieu et al., 2005) Dieu et al. (2006)
Iid3suifisugninisussimenisviesiaslugnansseninsluanuasluuiisvessinudoniuen
UA%anz Coli-Norgent uag Cotrimxazol uagnuingniveslugindonliuaffeumieidue
fidnwta 2 4in Neyen war Eun (2011) senuiasataveslugindeniiatniesvazaed
WANMI9AYW AB methanol, ethanol, acetone LLazﬁw Usznaulumeansuseznau phenolic uag
flavonoid susiafiquiresnueyyadaseiilannasudagds DPPH, FRAP uag metal chelating
assays Giang et al., (2005) §s51891u31@5anA ethyl acetate uay buthanol anlu gi1uden
gsfl flavonoids (Hussdusznoundniignifiueyyadasy Wonaaeulagld human  blood
peroxidase model wenantiu ansafmlueinuionsafigndiuuuaiide (Salmonella typhi 15,
Shigella flexneri, wag Escherichia coli) LLazﬁqwéﬁmL‘?}/aﬁ (Candida wag C. stellatoides)
Nam (2003) 189711 @158in  methanol anlusinuieniifiveg1soeunsiwaausiis B16
melanoma wazdudsnmsadraasadonlu human umbilical venous cell wenanty &4
31smuﬁmﬁ’umsmaauqm%daﬂmaﬁuéj (mutation) laensle Salmonella  typhimurium

(TA98) wuitasainanluginulenlineliAnnisnateiug wasdmuinfenadeugnsvesans



LY ! <@ J a . . 3 v 6 o v .
analuganuionaenisiasey (cell proliferation) mamaamawuqaﬂa (colon cancer cell lines)

fie HTC15, SW48 way SW480 wuinarsainainluginuisniinanomunisiasyausaduzise

al@sananing 3 ¥l (Pamok et al., 2012)
2.2 ayyadaszuazn1siialsn

suyadasy (free radical) Juezneou Bosu wieluanaifinilanseuinndmils
BiaARTEUIILBNER (valence electron) ¥a4 orbital L3¢ (unpaired electron) wazaL150A5
My a a av o1 oA = = aa . g -3
agldegnnludasy euyadasululuanailidiafos fonga3edin (half-life) dunin Useuia 10 -
-10 = a a A ! a a a = a = a ] [
10 v3e 1 i deanwdedhlumsiinugnienedl euyadassiivatevin dilugdindu
a1sUsenaueendiaulu reactive oxygen species (ROSs) ‘vﬁam'«aLﬁuayﬁuﬁ‘mmmiﬂizﬂauﬁu

Meg1eayyadasyNioandiau (oxygen radicals) 14U superoxide anion (O, ), hydroxyl radicals
(*OH), peroxyl radical (LOO") 1Husiu #38 ROSs o19UsENOUMEaUUsVata s lilvoyyadase

= 8 . 1 v
(non-radical derivatives) 817 hydrogen peroxide (H,0,) uae singlet oxygen (O, Jusdu
dmsveyyadaseilusuiusvosansusznovduiililoendiau launeuiusveslulasiau ractive
nitrogen species (RNSs) laun nitric oxide (NO) peroxynitrite 1Judu (Halliwell uag

Gutteridge, 1999; Fang et al., 2009; AV 2548)

'
P

oyyadaseiiinniegluieneivesslenivesiny fenududud vie vrunan
ROS/RNS futidivneadsinen e1f nsvimiinfives macrophage wag neutrophils lun1sviany
FelsardedwudanUasuvensad  WuiareuuaiiSe fwlada wazduansiediosen Gnti-
tumor agents) RNS Auamawdilafindu cGMP s ROS/RNS vhwihifuansdenandluns
doasnneluwad (intracellular - messengers)  lunaneddinisesn1vasdygrurewad
(cellular signaling pathway) lagiawizlun1smavaneIved mitogen wag NIAIVANIABNG
(redox regulation) (Phaniendra et al,, 2015; Lander, 1997) LLﬁiﬁﬂ’mmGﬁu“i’fuq\i ‘1713@ ROS/RNS
ansaneliinaniizinsoneandiadu (oxidative stress) uwaz  @n1iziAsualulasigdu
(nitrosative stress) viAdsmelidiuwes dwalitAnnisitatelusiu DNA lusiu nside
anmaenduled dnihliAnnisnaneiug uazdilugnsifinuedels (Liu et al, 2002; Dufour et
al., 2007) sAdelutiagiuddnd, §1U1AAINNANAAYDINITATINOULADATE ROS/RNS Uhaza1inu
P9NTLATY AzneliiinnEASenDaNTLATY LaznenSanInvadlsnne o 1a wu lsauziSa

15A719 kazlsANNgITDINUNITONEU U LSALUNMINY LSALNEINUAINULEBNUDISEUUUTEE™



(neurodengenerative diseases) U Alzheimer’s disease, Parkinson’s disease, multiple
sclerosis Lsaladedniau (theumatoid arthritis) Lay Iiﬂgﬁéﬁummaﬂ (autoimmune disease)
Wudu (Minussi et al.,, 2003; Kubola and Siriamorpun, 2008; Phaniendra et al., 2015;
Halliwell and Gutteridge, 1999) agalsfimusismeauisaannansenuiinainanine
oxidative stress 8lneidulasdduoendinti (anti-oxidant enzyme) adatunielusianie
(endogenous system) laA catalase, peroxidase, uag superoxide dismutase Wudunseanfe
A5FURBNTRTUIINUNAINIBUBNTIINY (exogenous system) Fao1aldainnisduasizinde
afinaniayulnsnIusssuYIR (natural medicinal plant) W 3n3ud resveratrol, curcumin,
EGCG wag a—tocopherol Judu  (Atmani et al., 2009; Sanchez-Moreno et al., 1999; Surh,
2003 )

2.3 Nitric oxide, nitric oxide synthase, cyclooxygenase Wag cytokines AUNTZUIUNTT

dNLEU

1988 macrophage JUNUIMAIAYLABITDIAUNTZUIUNTONEY @unsavanUaouans
317N pro-inflammatory cytokines wavlulaNavedaIoNLEUdLY FeNeTIiUuNITHOUANDY
Yoe5EUUNTANTU WU NO wag prostaglandin (PGs) Wusiu (Macmicking et al., 1997; Zideka

q

and Masek, 1998; Harris et al., 2002)

wiia NO gndunsigsituguveseyyadasyain L-arginine lngioulednsena nitric oxide
synthase (NOSs) NO fvisanszlomiuaginusasnanme Tuanmzund NO aggnauauuianan
nmsvhaveseulesi endothelial NOS (eNOS ) way neuronal NOS (NNOS) ButiagdmLiu
constitutive isoform w89 NOS (cNOS) Tuan1izund NO shwihitadioudusinandunisieu
sin97 aeluiead Juifudn NO gndaamesiuidumida iwu NO vhwdhiidu neurotransmitter
uag signaling molecule  Tu signal transduction pathway muauﬁwmmi wazALLdey
(degenerative) vaamadUszam funumlunsvenedveasniden (vasodilator) Sudanis
uiafavandanlu endothelial  cell MsnaasvasndunilaFou nsulsfvosesani 9ag
muaumMsimihivesszuugiiduiy wasilgnsviansgduniduaswaduzie 1udu unumves
NO dulnwiAndonundudures NO figndaasgitulustanmeiiviinafnund wu sz
193 NO dhndunf ansnsathluglsaanusiugs Tsavaeaidenauosiu (strokes) nmgndnanie

Wlavindendeundu (heart attack) 5o Walaae Wusu wid1Uunas NO dsedvgaiuly
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lngiamzmsgnduaseiniueuled inducible nitric oxide synthase (iINOS) agduiusiunig

'
[ o

a & a . A a % Y Y a Y
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ulsAdoriuanaadniay (meningitis) JodnLausanoss (heumatoid arthritis) wag TsALumy
Husiu uenvnifu dninenmansléddngn NO dniustunsiialsngifunuies Tsagiud ns
nangug naenaun1sTnUlAAANTEUIUNITANEWUY apoptosis Uadwad ( Medical Research
Council, 2014; Sharma et al., 2007; Robbin and Sisson, 1996; Park et al., 2000; Morgan and
Dabco, 2000; deRojas-Walker et al., 1995; Sandoval et al., 1997; Kolb and Kolb-Bachofen,
1992; Alessandro et al.,, 1994; Macmicking et al.,, 1997, Bernstein et al.,2005; Korde

(Choudhari), Sridharan, Gadbail, Wag Poornima, 2012).

MUNANANUNAINTA8TDIRINAN (mediator) TinallAnniseniau PGs 1 Uunilalu
Y aa o v a [ [ (3 . . .
mﬂmwmmma’lmuuﬂﬂuﬂ’ﬁmuaumzmumiaﬂLaU PGs gn&dAI1¥1131n arachidonic acid
Tneoulesl prostaglandin endoperoxide synthase #38 cyclooxygenase (COX) Ausgnauly
fe 2 isoform oA COX-1 way COX-2  Famgiunumiwanaisiulusisnie COX-1 1du
housekeeping enzyme waztdu constitutive isoform @es COX @Fauinduluanzunfves
$19ne lwragidgaiu COX-2 gnimilviduamenvuanznigliniiznsdniay (Donnelly and
Hawkey, 1997; Harris et al, 2002) Ldpsonnanssdainisuanioanvosszauiudu (high
expression) 989 COX-2  wardniinsauiun1eisl PGs  lusesuas (Subbaramaiah  and
Dannenberg, 2003) 13113983z 11l1anaNAgITa9 i uNIToNtEaUns NO wag PGs T3189871579
AU (precursors) Uega1ssd0IENITaNTIaNULALLaa macrophage  1iBIAANSABUALDIAB
AINSEAUNILUULAEIY Y3 UULETUANEIUTENIN lipopolysaccharide (LPS) wag interferon-y
(IFN-y) (lyengar et al., 1987; Lorsbach et al., 1993; Song et al,, 2002; Jang et al., 2005) i

a o Y @ 1 sl a U al % N é{ [ (% a A a ‘:’f(
vanenuIfeuandbiiiui luwadfiianiseniay dsyauves NO Wugtu SiuiuUSinaiinudy
wououleivg INOS waz COX-2 (Lin et al., 2003; Park et al., 2005; Kim et al., 2006; Lee et al,

2008; Shin et al., 2008). MUY N1TAATLAVVDI NO, INOS Hhag COX-2 %qﬁwmﬂuﬂaqw‘éwﬁqﬁ

(%
o w o LY

ane ﬂuﬂ’]iﬂ’JUf’]N 39 JUHINTEUIUNTONLEY

Cytokine \Uulusfiuvwmdniifiuminluianasus 8-40,000 dalton @5199nwadunuy

A dAa ¢ @& A A &
NTUANL nucleus Tnganizainwaaidadenvidu lymohocye ey macrophage UNUYI
Y94 cytokine Hunune uduindu cytokine widala lagsau cytokine vhutifimauauns

MBUANRIYBITNNEABIYElIA N1sViTminvessEuugdauiy ATEUIUNITONLEULALAITUINLDU

q
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Judu dwfu  oytokine MAsadesiunszuunsdniay Svanguiidaaiunissniay 1Fonin
proinflammatory cytokines LLazﬂajmﬁszhaaﬂmsé’maULLazszj"asJamu (healing) NMsUALAU %38
ANLEENIBINNTTUIUNTITONLAU 138N anti-inflammatory cytokines f19879
proinflammatory  cytokines léun IL-1, IL-6, TNF uas IL-8 #i@51997n lymphocyte waz
macrophage ﬁgﬂﬂiz@ju (activated lymphocyte iLag activated macrophage) lallgiinly
anzUnAEVI093 1Ny LY oraiinluanmzinge mMsumdu mMsvindenndeldss (ischemia)
Msnszdu T wad nsli3u toxin 619 9 WU cytokine TanantAfiiu pleiotropic Ao
cytokine  waRenimfildnainratesia (multifunctional) cytokinesaieafiy 819y
wihiinstuldluwadidodonuin vie  ludanzfiuansety wenaindu cytokine &l
AauauURve4 redundancy e cytokine snssatuanarimindisauduld fshegsues cytokine
fiieadestumssniauisundy wasnssnauiedslusud 22 fegna cytokine Aivmdiidy
anti-inflammatory cytokines Lo IL-4, IL-10, IL-13 wag transforming growth factor (TGF)-B
Wuduy (Dinarello, 2000; Feghali and Wright, 1997)

ACUTE
INFLAMMATION

CHRONIC
INFLAMMATION

IL-11

IL-17

THF - =

Eotaxin

GM-CSF

JUN 2.2 Cytokines MgaTaeiunszuIunIsonN@uldeunaunazsoss (Fandasin
Feghali and Wright, 1997)

Proinflammatory cytokines #1d1Agy IL-6 waz TNF-0L £98UNUIMNITAIVANAINALAR
YOINANU (energy balance) nszUIUNISIINATRY (metabolic) Tt Aslulanse wagnis
YUY (regenerate)  UBITNNIY SIUTINTANLESNAISIAANLLSS Aoty pro-tumorigenic

cytokines (Popko et al, 2010; Grivennikov and Karin, 2017) et 1a IL-6 uaz TNF 30y
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[ =t

WhsmngdAgnilsulumiinssnelsaanig 9 lngenzlsaiiieitesnun1sontaulsoss nsiin

o

T5AUIMIU 15ABIU FIUNINITARNLLS
a -3 <
2.4 NISNANAIUINITVBILSANZLSS

Neoplasm #1881 “new growth” Talun1anendinea wunsdanisiseiulatusnng
¢ a4 A A Aa a a a = a v a Yo
YoaavseLlelafiinsasyuninUngd wenwillennnismivaumuund ludagtulieuldain
dill A A « 9 dy 1 < a A ﬁy a 1Y
\Wesen WedeaAnunu1eves “tumor”  Lesenuusesnidu 2 vilade 1) Wesenydnliiiouss
(benign tumor or benign neoplasm) Fdililduese \Duwadniinsudsiiniaund deldgnau
lWdailootnafes (invasion) wisunsnszangligaindu 4 909319018 (metastasis) o819lsf
A3 benign tumor cell NHUSNMINNTY Aasnsailenwadunfnagsuniunsimiininudns
vouwaa wise vesduizluusnatuld msshwinseiinladieniiiesenviiniiounse dnagnsein
1RgN1TNIFATS 2) 19enatin3else (malignant tumor or malignant neoplasm) #3e7L38N
uz159 1 wwadifiauiaunffiauisagnaigesnaindiuniafiiin waz metastasize U89
ALAUIDU ¢ VOITNAERIUNNNTELATON YD STUVUIMEARY N133nwINIzyilaeInnI LUy
benign tumor ws1glilanunsaldisnsednifissedaien uasududedlden wialdsedsiunie
& oA wa y % & = a a 2 1, y =g
duillosnnauantfves metastasis  veuwaauziSs JallouiFenlsnueiiadn “cancer” Fudu
a = A 1 3 < =l [ A 1% a
AMwARUIngi Y WewinnsuninsenevaswanusiiulIsudwyndueeninlivateiinnig

Tuleq (https://www.cancer.org/cancer/cancer-basics/history-of-cancer/what-is-cancer.html)

Isauzisadulsasesaniinszuiumsiiavatedunay (multistep process) wisaanidu

[

3 SregvanAe Sruzlsuksn (initiation) nsuandulitinnisnaieiug (nitial driver mutation)
sy  a a Y o § v s a = | | v
wadnestin1sasuwladlussiu gene vl DNA vaawadiinaudene luaiuisadeuusuls
ARNIINANENUGYRITY dINaTianafinNIINT8AUY oncogene %138 aAN1SYIN9IUYDY  tumor
suppressor gene 1AUANTNINTAA (cell cycle) Wso gene MAEITasiudygIlUANAAS 9
¢, . . a ! I3 = = | ¢ @ v
Aeluwad (signal transduction) NIRIUANNITHULTAS waL/138 NTFRENTIENINTAd Wusu
Aeg1edadeidedsing o Nanunsadndrligadiinanuiaundluiugnssulussesusn (nitiated
cel) lun msguuns Anwelifa lasuansnenatenug (mutagen) Wudu  wad#l DNA Lfn
a e e . dy I (% [y . . a
Anudeeluszes initiation U Wunseuiunisligaundu (imeversible process) szeziides
[ ] a . Y a a saa a 4oL a [ 14 &
Wunisdaasy (promotion) TlAnnsLasyaasadniaun@ (initiated cell) auialunauiile
98N VITON1TAUETU  tumorigenesis Hulee Yumeuil initiated cell gnduasulag promoting

'
v Y a

agent  lWuusiinduegssansa nalneaineu genetic mechanism A¥nunlAARAINL
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@onelaense o DNA LAR mutation 09 gene tudlauluszszi3uusn wivonatinnu
epigenetic mechanism  #ldiAgTesiUALIEENIERD DNA  agludsulladseAuluanse

1 11

1A598519999 DNA Taensd U N1skesu hormone fasasuliwadinalgnusnIanuiusena

]

[y

< QQIJ sala a & = § ay A v [ [ ) v
5957 luszesil wadiiaunfagnasansfigawadgifuiunigitesiunisenay wasladedn
nszRuNsasududenlnl 1wy ol wioprotease A3 9 uAu sz promotion stage 1Uu
nsgUIUTamsadounaula (reversible  process)  laglanizai@INnsanIInasaLaI
(promoting  agent) 8anly wieHARRsuULlpranunI AagliimundurasuziSela svey

. =2 [ aa o v a a o [ dy a 1 . 9 ¥
promotion stage JnTuszaziinudAyddludeine wazdostuiosonililuue benign ol
(% < . o [ v < 2 v < . I d‘ 3
WU malignant @1%13UT8EEANN8LUUTZEENIINUITBINELIT (progression) LUUTEEEILYaa
\AA mutation NTU  @rauANAAUNAUDY gene NTULTBY 9 LARNISAREanlAaU (clonal
selection)  veuwasAaUnAnNdamaIN1saluNITLULAdgeEn TaURaITaULET FulAngy

¢ & a a I3 & Y] = ¢ a . A 4 a
waduzSiuladuliasenfiiauiainiieaeadiied (clonity) analuesniatniiloideldy way
uwsnsganelumumisaulusiinie aunsaasylusunisdud wagyianudemelinuetsns

4 & A a & 1Y) I3 % s & A g ]
wse Woaluvinaiy Waunluwadussuiusluuy viaisoninlussosunsnszany
(metastasis) veswadinnUn@ progression stage vosNzisudunsyuIuNsAldauisadoundu
19 (Brudnak, 2000; Devi, 2005; ) fa1ju Waun15ve9uzt3e Tnevinly 19ssegatuiu vanedud

v ¢

wazifgadestunisnaeiiugues  gene atgyiatiunu laglanizn1snseAu  (activation)

9

(%
[

oncogenes Wag N139UHY (inactivation) tumor suppressor genes %QL‘ﬂumjm gene NRUNUM

'
[y a

drfiedeaiunisiiauzisanniign
2.5 n3gUUN1T apoptosis

WoNMTUoINN1TATYAILTATINITRULTARBE195IALS T LIauNTagNAIUAY
(uncontrolled  growth) lenanwaldnegnanilarssaasuzisediulvefeaunsavaunannisane
YDUVAFULLTILUY apoptosis Fudunszuiunisedifiesnievesead (cellular suicide) ennag

Tuanmeenuegseaveaadiuazludunsienosnane

Apoptosis Lﬁuﬂizmumiﬁzh@hLawaaL%aéﬁlé’gﬂiﬂiLLﬂi;fL"Jf&hwﬁﬂ (programmed
cell death )Tusedu gene  nszvrumsiadndunismevessadiinuinniigaluninaiouas
WAIUIN1MN9a35Inen (physiologi cell death) ve3dsliTinnaneisad (Kam and Ferch, 2000)
NILUIUNTT  apoptosis ﬁwumﬁﬁmﬁ%wé’mqmmw waz N1TAALIA  AI98NUNUINUDI

apoptosis neauguAm loun nelinAaimuinisiigndesuasimunzanluszeziluieou wu
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Adndiunisvesgndensenty Wedmunlunuifuiy eswinwaddiumaianisaiedie

N3¥UIUN1S apoptosis Wy Fresnwianizauaunaniglusianie (homeostasis) ludlvg

Y

W Fren1sudaadbiduluniuund (normal cell turnover) wagluniswaunkasnIsvintng

Y W

Yaugan busruuiiAuiy n1sileduiliesaingesiuy (hormone-dependent atrophy) wazidn

[aaNUADIY W3eLYaaN o1 usUNTIeRB319N18 WU Wwadill  DNA devmsuiniiuteuway
waarinntelisa wselwadugiSe \Wudu (Rastogi et al, 2009; Elmore, 2007) UNUIMNYDY
apoptosis  #LAEIAUNILAALIALAALLD gene MIAIUANNTEUIUAIS apoptosis  gndud

[

(suppressed) ﬂizéjumslmmaaﬂ (overexpressed) %59 LUSSuLLﬂaqLWimﬁmmiﬂmaﬁuq
Fregndlsafiindlainnszuiunng apoptosis unAuly laun lsafieafuanuidenvasseam
1w 1A Alzheimer wag Parkinson ‘v:'%amiﬁumﬁawdal,?:m‘luaum (cerebral ischaemia) N1
¥10  lymphocyte Tuneinie (sepsis) LwezRnLde HIV (human immunodeficiency virus)
fogralsafiinidlafinisan wiedudinszuaunis apoptosis TauA TsAuzide hyperplasia n15tin
Tsnnfidunuies autoimmunity) uziSslufaidonnn  (leukemia) wazuzifedoutindos

(lymphoma) (Kam and Ferch, 2000)

'
& o e

duguIng 1 uYadiAauian1InIBRuY  apoptosis  Aelgaduadlanas  (cell
shrinkage) \ouwaduaziioudndeaianisyanes nedunzdnlunseiuizidn 9 (plasma

membrane and nuclear membrane blebbing) 59U 9 VBULYAR (5U7 2.3) chromatin ALY

Y

mTuAnfunTives nucleus Andnwueves pyknotic nuclei duidemeunniignde
nucleus BiTs nucleus wond unnesnsdudes 4 (nuclear fragmentation) chromosome an
vihanw uay ONA  gnasiduvioudiffvunalndifestutszain 180-200 bp Faduvuinves
nucleosome wagvnegaladinneaniduides 4 (cell fragmentation) Ingnszinziveuivadga

< < A a | v & 1 PN o Y
@@ﬂLUUQQLaﬂ ] UNNUY NLNAITN membrane NONUTUAIUTBN DNA  MeINAN lstmu el

1Y

macromolecules 81 ¢ 138n71 apoptotic bodies Fazgnidneaniiegresiniilaenisiiviu
' ¢ a | o § Y a ¢

uazvouaaulaelwad macrophage N1591 DNA gnMAN nucleosome mﬂmﬂmﬂi'}ﬂgmmﬁuaq

Jutuln DNA (DNA  ladder) i@ load DNA #i@finanniead?iiin apoptosis adlu  gel

electrophoresis #1Us1ngn138i909 DNA ladder 1Jupmudnwazdnnznisvaagadfiaiasiy

a

apoptosis  (5U

Y

2.4) M1SABUWUL  apoptosis  vedwaatiuntsaeuuuiiszilsunuunnu 1u

active process Msodlgnasany WinsliiAnufnsuin1ssniau (inflammation reaction) wazline

a

Tiwaat1afee 130 LHUoLHa91MALARAINULESANELADENGLA FILANAIIIINNITANYVDITAATLAA

=3 = wa = Yo N o I . A Y a a a
AMIUIRLAULUBIIINYUALAR Mﬁ@l@ﬁUﬂWﬁLﬂM@umﬁ’]ﬁ WUNITANELUU necrosis ‘VlﬂEﬂ‘WLﬂ@‘U{]ﬂiEJ
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A1THBUAUDIANDNITONLAU dudnaliyasd vse WaldatruAsainmuidsnieduusiianiig
(Singh and Anand, 1995; Kam and Ferch, 2000) f8819Ua389vinlAlgaangnienssuIung
necrosis fi® ROSs, toxin, $98 m11u5au gufime wazaudou udu (Sarastea and Pulkkic,

2000; Eguchi et al, 1997) m1529% 2. WTBULTIBUANULANANNTDINITABUBILTAALUY

apoptosis Ly necrosis

Pre-Apoptotic cell Earlv Apontotic cell Late Apoptotic cell

Apoptotic cell ™

JUN 2.3 wansdauguine1veseaaimadin apoptosis (A) kag N15MNAnTUEIUYEY apoptotic

body lnewwadifinldanu1 (B) (http:/sciencenectar.blogspot.com)

DNA fragmentation - biochemical
hallmark of apoptosis

* DNA cleaved into non-random fragments
* 180-200 bp fragments & multiples of this unit

Agarcse gel
elecyophoresis

Endonuckcase

=Xdo
SE e O

Chromann Fragmented
Chromatiz

JUN 2.4 uansdnuaetudula (ONA ladder) ¥83 DNA #ilanwadiinnsneuuy apoptosis

(http://www.uta.edu/biology/wilk/classnotes/tissues.culture/apoptosis.pdf)


http://sciencenectar.blogspot.com/
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A15199 2.1 LUTIUTIBUANULANGNITENINNNITANYWUY apoptosis Wag necrosis (AAKUasaIn
Kam and Ferch, 2000; Sarastea and Pulkkic, 2000)

Apoptosis Necrosis
ANVRNINESTIVEY Y30 NeITINeN AWNANINYITINGUEAND
REICIERTENE Ralteh WAansouiunaeiwas
anlUsUNsu 1130 ATUANAIY gene nngiRvnninienin wielasuansiiy
\Junszurunisdi active Fosende Junszuaunis passive lddosondendsnu
AU
Nucleus \inANLLEENNEEIER Cell membrane LHgvgagA HANITUAN

Vo988 (cell lysis)

geAuAuAIANINYEs membrane | gayidie membrane integrity ilaiFNsy
(membrane integrity) dloneuving
\wadinIva e 1988 LAz 0TI UVDIIAAUM
Chromatin Qﬂéfm‘ﬁuviau 9 anwy | Nuclear chromatin @ane@a (disintegration)
el (ladder formation)
LliAnufn3endney WinUfnsenantay

v

— a4  a < = .. <
MSAIUAN  apoptosis &l 2 szesfie uwsniluszzdnduy (decision phase) 1Uun1s
AUANTEAU gene aengu protein My regulator vimifiuszanamuRaunfivesdwindey

mnglukazargusngagnuntestiiedls wazdnaulnganasidinedsaly vieaisazaiey
a ad a r-g [ = (% a a 1%
ANURAUARNINATY @1 duAMEEMeYR DNA  FUauiiineINN1SNSERUY oncogene A3
ADDNTLAY UazY1A growth factor  (Judy dnannsvezdndu \Juszervesnisaniunns
(execution phase) Iﬂaﬂa:mauMﬂ cysteine aspartyl-specific proteases SENED %] 91 caspase
[ Y A & o a VYl a [ a o ! 3
iy effector  auliunslvdinswasuulamnadugiuingrilugnisngveuead
caspase LU protease 911l cysteine residue 88l active site uarAnlUSAUMAY aspartic residue
Tutlagiu fuszann 14 caspase gene Nnulu human genome (Kam and Ferch, 2000; a@visisutl

2548)
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Apoptosis gnAIuANLag gene naeulin NdAlakA tumor suppressor gene LU p53

=

LAy oncogene U Bcl-2 uag Akt fladslusiudifiunuimdidylunisaiuaunsyuiunis
apoptosis  Wsiuluasd Bel-2 (Bel-2 family) vimhitednihuassuda apoptosis naulusauly
296 Bcl-2 fvmihitduds apoptosis (anti-apoptotic proteins) lawA Bcl-2. Bcl-X,, Bcl-W, Mcl-
1, Al dauﬂdmiﬂiauﬁ%’ﬂﬂﬂﬁlﬁm apoptosis (pro-apoptotic  proteins) Ao Wan Bcl-2
associated x protein (Bax) L Bax, Bok, Bak, Bcl-Xs, wag Bcl-G, LLazﬂEjanmﬁ’lﬁJimﬂﬁ Bcl-2
Aonguiisuslawm BH-3 1éun Bad, Bik, Bid, Bim, Bmf, Noxa, Puma Liusfu (Kam and Ferch,
2000; Singh, 2007; awWait] 2548) p53 WulusAuAifanuddey gnimdugfivinedluy (guardian
of the genome) Vi transcription factor muammiﬁﬁzgﬁuaﬁL%aﬁLLazmiﬁiauLL%u DNA
dlo DNA inaudene w3e chromosome RAUNG P53 L@ p21 ﬁmmimqmi’g%’mmaé
(cell cycle arrest) Hiavinisdouues DNA wslunsdifl DNA fiansdevennn Audeien ps3
axdnliAn apoptosis 1a@3ns pro-apoptotic protein Bax, Puman, Noxa  3avilw
mitochondria 184 cytochrome ¢ LLasﬁﬂﬂémiLﬁm apoptosis Iu‘ﬁﬁjﬂ (E‘U‘ﬁ' 2.5) (Amaral et
al., 2010; Kam and Ferch, 2000)

DNA damage
Chemical carcinogens
UV, v, and X irradiation

14_ PARP
p53
/ pil \
DNA repair l Apoptosis

Cell eycle arrest

Maintenance of genomic integrity

gﬂﬁ 2.5 uaasunumaes  p53 lunisSnwatesninuesdlun (http://users.ipfw.edu/
blumenth/CancBiol/p53.html)


http://users.ipfw.edu/
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nalnn1sLAn apoptosis # 2 3aN19wan (pathway) A

1. 3aneuenisad (extrinsic pathway) duaaifinainn1sdures ligand Aisnmie
U death receptor fiRwad W MITURUSEWNIN Fas ligand AU Fas receptor (CD95 wie
APO-1) %39 TNF-related apoptosis-inducing ligand (TRAIL) 1@ TNF (tumor necrosis factor)
JUAU TNF receptor vil#anansaduiu adaptor protein Tu cytoplasm fe Fas-associated
death domain (FADD) (lunselues Fas R) #3edufiu TNF receptor-associated death domain
(TRADD) (lunsdives TNF receptor) sdosdufiu FADD Bnwenanils vliAnlassasedudouves
1UsAUEYNI1 Death-inducing signaling complex (DISC) ﬁaﬁmiaﬂizﬁu initiator caspase (%ﬂ
919981y pro-caspase 2, 8, 9, 10 3o 11) T active LLazl‘lJﬂiséju effector caspase (pro-
caspase 3, 6, 10 7) Snnennia effector caspase W protease goalusiuiifuesduszneu
melulwaa 1wy actin, lamin, ICAD/CAD, PARP, Rb, p27, p21 neliinn1sn8vedeaaiuy
apoptosis l#luilan (g‘dﬁ 2.6) Tullagtu d5189uv04 death receptor family viangviinfe TNF-
R1, Fas, DR-3, DR-4/TRAIL-R1, DR-5/TRAIL-R2. DR-6 waig NGF-R (Fernald and Kurokawa, 2013;
Rampal et al.,, 2012; Singh,2007; French and Tschopp, 2003) 8t nsiidaanunisaiyeen
nwad WU 11 erowth factor (nerve growth factor), IL-3 8env1nwad fAanunsawieili

\waalin apoptosis aduriu (Kam and Ferch, 2007)

2. Ameluwaa (intrinsic pathway) 1 unalnuesnisiiin apoptosis Tagliniu
death receptor waAnrIY mitochondria Was apoptosome duaaiiluduiinelueadini
1WAn apoptosis awa&ﬂu nucleus, mitochondria, ER lysosomes g golgi bodies (Singh,
2007; Ferri and Kroemer, 2001) fegswasdadilind anmuiniensendmdu anuidenoues
DNA ﬁquma %93 (ionizing radiation) 130 a1swail Wy alkylating agent Al¥5nwlsAue5s
anmgoondiauin (udu  mnwdevneves DNA agnszdu p53 dslunsedfu pro-apoptotic
protein Bax ﬁagjﬁlﬁaﬁum mitochondria N151AA oligomerization §e#INN Bax MgAU %30
51719 Bax U Bak 1 mitochondrial membrane ﬂ'@lﬁLﬁﬂmsm?{sml,maq@mauﬁamiaaﬂﬁ
@136 (permeability) youfetunenues mitochondria (mitochondrial outer membrane
permeabilization; MOMP) vhliAan1sndses cytochrome ¢ 881910 mitochondrial
membrane  cytochrome ¢ dufu Apaf-1 Tu cytoplasm LAn apoptosome %Qa’]m’iaﬂ'ﬁxﬁu
pro-caspase-9 Fadu initiator caspase 9 active LLazlﬂﬂizﬁu effector caspase %Qﬁﬁlﬂémi

An apoptosis siolUlufi (;;Uﬁ' 2.6) (Rampal et al, 2012; Singh,2007) n15tAn MOMP
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wonanasliAnnswdwes cytochrome ¢ §ianunsandtansoufidmananisiin apoptosis
39U WU apoptosis inducing factor (AIF) figtuds apoptosis, (SMAC/DIABLO) (second
mitochondrial activator of caspases /direct inhibitor of apoptosis binding protein with low
P) Fedaasuliiin apoptosis Tnedfuds AIF  waddsinsuansoeniiiindures Bcl2 awise

Ly

fudla SMAC/DIABLO ¢ (Adrian et al,, 2001; Singh, 2007)

089 extrinsic pathway anunsaidion (cross talk) AU intrinsic pathway L9 lag
initiator caspase 8 lu extrinsic pathway #n bid ﬁa&ﬂu cytoplasm ¢ truncated bid (tBid) 7
annsaluunudl Bak 7duffu Bcl-2 7 mitochondrial membrane Uaenuaes Bak Tiludase
N151AA oligomerization 51314 Bak Waz/#30 Bax #i mitochondrial membrane Agl¥innas
$1lmaves  cytochrome ¢ ©8n91n  mitochondria 11lUgnnsiAn apoptosis  Tagki1u

mitochondria ag apoptosome taLUULAINU intrinsic pathway (Rampal et al., 2012)

Death Ligand

TNF-alpha, FASL,TRAIL
EXTRINSI(

PATHWAY

Death Receptors
TNFRI, FAS, DRS

SR RN E NI TP R R N T TN RERE ST TAAAALE]

SEAZRR

Adaptors N IRINSIC
p

FADD, TRADD PATHWAY
o = <
o

Cleaves BID

DISC
Autocatalytic

.
activation |’l'0ﬂ“py

l Apaf-1
|
1>
n
Caspase-9

glh?i 2.6 LaAY intrinsic kay extrinsic pathway ¥8IN13LAA apoptosis (Rampal et al.,
1012)

2.6 ASVBANLALINTTUIUNNS apoptosis VBUUARULISS

ada Yy 1

LG LﬁaummmamﬂLsziaaﬂﬂm‘mmamamaiﬁmwmmﬁuaﬂwmLﬁaq KAV

Y

a a U dq a ra a 13 <
AIULATEA (stress) 7N oncogene ll’ﬁ'ﬁWUﬁqﬂiiil‘VlN@‘UﬂG] lifatiesnn wazlwaduziSlagy

1@ o

lngnegnatneuilesendnednigliniizeandiaun Jaduimdrldruumdudyayralvinsedu
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intrinsic pathway ¥83n3zUIUN5 apoptosis o819lsAnL waduziSalinagnsuinuiglunis
wandeIn1siin  apoptosis F9au150L3eY LT UlFeg19TIAET TTinegsen AwAmTy
aunz (immortal) sudunudnvazdzrawaduzisy AIlun13AIVAY intrinsic  pathway

U89 apoptosis JeuaziliaudiguInnIn extrinsic pathway TunistlesiunisiinugiSe

[

nagnsuanvesTaduzisslun1snanidesnsiin apoptosis Ao N1sVENEYYIUVBINTT

T o

A11 apoptosis Wazandya1n1snsedulmian apoptosis  w3eldva 2 nagnsswiu lay

[
Y v

'3 < a ad .
WwanuSIa1U1TaRIUANKazUAsuLUaY (modulate) 3019v09  apoptosis  MebusEAU

transcription, translation i8¢ post-translation (Fernald and Kurokawa, 2013)

nalnnnsdiudanisiie apoptosis Inglgaaugisaininiu  tumor suppressor gene
Tneane ps53 (TP53) szl eene fiad1elusiiu ps3 ivimeinfiiu transcription factor ¥
TiAnn15a519 pro-apoptotic protein BAX uaz PUMA 19 11nnii 50% wesusisenadaluay
fn1snaneiugues ps3  dwalilusiu p5s3 vihmihiaundlu anusuiuas Qﬂé’ué’?amsé’umwﬁ
visslilfifiushdud ps3 i'gmﬁ’jqammiﬁmﬁﬁﬁmaqﬁamzé’u p53 19U human papilloma virus
a$19lusAu E6 fianunsaduiu ps3 vl ps3 lal active  waduziSwanevinansesu wie n1s
WEARIDBNUDY pro-apoptotic protein LU Bax, PUMA NOXA, APAF-1 WwaaugiSanTagen (breast
cancer cell) 'E‘]’UE&J’jﬂ activity U84 caspase 7 Vilﬂu effector caspase nolAn apoptosis
waauzisewen (lung cancer cell) uwazwwaauziSsanldlng (colon cancer cell) iane pro-
apoptotic protein Bik A18n15AARAIA ubiquitin Wievhany (ubiquitination and degradation)

2o

uonntuaauzsenldvajursriaannnsaduds XIAP dadumiuds apoptosis 1840011910

mitochondria Laadnilwiin autoubiquitination (Fernald and Kurokawa, 2013)

Lﬁaamnmmamaiwim pro- @y anti-apoptotic Bcl-2 family protein diunuimanfigy
#o MOMP &adniliiAn apoptosis T intrinsic pathway waduzissdulvgFuindestunisiia
MOMP ﬁaﬂﬂﬂi%ﬁﬂaﬁmmﬂm (ampilification) 984 anti-apoptotic protein n3080 pro-apoptotic
protein Tu Bcl-2 family protein Aogenalnn1sue1edgy1an19A1U apoptosis Letkn
waduzsontivdes 1in genetic translocation w81 BCL-2 gene dwaliinnisuanioon
agasaifleadnenisadne B2 dadu anti-apoptotic  protein  maeaLIaN (constitutive
expression) waelinaunann1siin apoptosis Lezjaémﬁwaml,azLezjaélﬁaqaﬂsuamiz@ﬂ (lung
and giant-cell tumor of bone) @ usaveedy U (@amplification) Y99 BCL-XL gene Faasa

anti-apoptotic protein Bel-XL luvinussifeatiu n1sae1edninues MCL-1 gene N@319 anti-
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apoptotic protein  Mcl-1 ﬁﬂgﬂmwwuﬁluﬁaﬁammLsziaémﬁwam LAY LwaRUELSmTI9en
u@ﬂmﬂﬁ?u Myc oncogene gﬁﬁﬂﬁlﬁmmﬂﬁmmsLLamaaﬂﬁJa\i anti-apoptotic Bcl-2 family
protein #iflanuduiusuanufninvestaunslufouiesen wonendu waduzdan
uAgn (cervical cancer) ualwaduzi3sUon Huszduveslusiu XIAP lagnsuanseanued miR7
wa miR-24 AlUSuFs XIAP mRNA  1unnswauides apoptosis sz XIAP 1 protein finda
99NN11N mitochondria WidW cytochrome ¢ lag  XIAP mmmé’fuégq apoptosis Iayly
inactivate effector caspase 3, 7, 9 (Fernald and Kurokawa, 2013; Hubner et al., 2008; Bean

et al., 2013)
2.7 nszuauMsatdulaan tulunauiiasan

nsiadudenenlrl (angiogenesis) ABNTEUIUNTAS1EULADA UL INLEULGDALAL

'
1 a

fifioe (pre-existing capillaries wag post-capillary venules) (§U 2.7) Taedisindnd “angio”

Y

1 ¥ A

wladidulaan “genesis” Luail “n1siAn”

msaswidudaaluy

& 1dudaaluy

1duidaan

P a
LAULABALAN

JUN 2.7 Usngnisalvesmsaiadudentil nsasdassigdudenlnisanainiduien
ﬁﬁagjtﬁm (AAKUasaIn hitps://www.heimat-ltd.com/th/research/anti-

angiogenesis/about-angiogenesis.html)

nszurunsaidudenlmiidunszuiunisundiinlusisnieniinisaiunuagng

wsensa Sndudmsunisiadguasiauiveilotdolussnisuasiiunuimlufanssudig q 9

Wnenduszuulvaisulain Tusianie nmsadsdudenludwulalugisszezussnsauiuuiniug

(wound healing) Tuitlmigeniinsiasgidule Wy sy 1SHAILITDIAI00U (embryogenesis)
a v K A A v X ! . . )

nsasuudatlassasisvesilolonasnaulud (tissue remodeling) NISWAIUIYBY  corpus

luteum wagnslnalisud1ses (collateral formation) iietinlainlunisvasiasseisng (organ
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perfusion) nsairaduidealmilfunszvaunsiiduden  Fosordeufnionsaufuszning
angiogenic  factor Gudu JadunisnszAunisasraduiien druusenouves lunsnduaniyad
(extracellular matrix) Lagleaddu 4 Snvangwia MsiswFonsedunszurunsaududonlnl
anngnesann anulilauna ve msm91mim‘u@mizmuﬂ’ﬁﬁaej’msial,ﬁaqLi‘;lua']mm%a
Aeadastunmsiinlseldvatesin 017 wu vaendendiiaund (angiogenic disorder) Tsawala
wavviaoniden (cardiovascular disease) lsadaiindniau (Osteoarthrosis) Isaaeandesly
WL WaEgEeny emsaueaduliledan ocular neovascularization  ABLdoNvesHms
91NUAIRANA (photoaging) TsAazifiniu (Psoriasis ) TsAdaundelsafiieafu  metabolic
syndrome ﬂuﬁgﬂmiqﬂa’m (invasion) LAAISUNINT¥ANY (Mmetastasis) volvaauzse Wudu
(Hong et al,, 2014; Rajabi and Mousa, 2017; Szekanecz et al., 2010; Velasco et al., 2002;
Chung and Eun, 2007; Cao, 2007; Detmar et al.,, 1994; Leong et al., 2005; Crawford et al,,
2009; Heier, 2013; Siervo et al., 2010; Wang et al., 2004)

nszulun1sasrsvasadenlniidunszuiunisdrdglunisaivquaisiaun
(development) wazszezaLAImT (progression) Tadlsauzssnanswin Aoudlasen (tumor)
fifouiadnnin 1 -2 Qﬂmﬂﬁﬁaﬁme%laiﬁmsa%f’mLﬁuLﬁamiwﬂiﬂwﬁaLgaq widfouieseni
YUIANIANTT 2 Qﬂmﬂﬁﬁaammﬁﬁuw m‘miLLasaaﬂ%L'«au%muvﬁwémaéﬁagjianmwamﬁaaaﬂ
g feliin hypoxia Weannzeanduumaieluwad Faduiledefimieniliinnisadn
dudenlmiluiieen iediasemisuazeendaudunvaeidss saurtaihwivendeainnis
é’umﬂaaﬂlﬂmiﬁaﬁwaqLﬁuﬁamimﬁﬂumzmumsmaamsqnamuammaé’waalﬁaaaﬂ%a
ilugmsnesnduidoteldluiign idesnnssuiunisadadudenlmidunssuiunisddy
PIBNTANAILLALUNINTFABVDNTATULLIIWTME nszuaunsEasgn M Hufiusduunliy
yoamstaunieenduiiofreviodulsauzisald (Folkman, 1971; Bielenberg and Zetter,
2015)

3lo basement membrane Tuiaidoildsunsuiniv uiegniinans vislufewde
NTANATIE hypoxia WAZHBINITATTaMIHALEDNTAUINVEBIAEY N3TUINMTAnEudond
el (neovascularization) saumsnsadadudenimilufewiosen (tumor angiogenesis)
fiupeuvandiae (Rajabi and Mousa, 2017) (‘gﬂﬁ 2.8)

1. lwadfiinvosvasniden endothelial cell lagnnszdulnsdnygaluanaiiiy

angiogenic factors 38 growth factor inasanniliotgeid nuneiidesnisiiduwaonlunasides



szasraeulwl protease gogd1uiidu basement membrane vesvasniden oidaidunslig
N3L93eyued endothelial cell lugatmuneg

2. Endothelial cell finnsiadaudl (migration)

s a

3. Endothelial cell AnA15La38y (proliferation) wusiwad NI TUGIRANIS

[
=

voudlaarhmnenevaussmunnuidiufuresdyanalinanafifiugadu
4. Endothelial cell #nsi3eaisenuluwadasadauiisusradunasndon
(vascular tube formation)
5. msUszanudeutudunasidenlnifianysal (anastomosis of newly formed
tubes) {iN15§1ATIZYA basement membrane, & matrix protein LNz AL Wagdl pericytes o

Wuwadnviesnwianuaies (stabilize) vaeraanidan 5719133 smooth muscle cell 1AnTu

Angiogenesis (blood formation)

1 [ 2
Blood vessel Blood vessel

Er=ete  sre=ste

Lumen

CS:E:;—’ @% - ‘.be ./@' -

B iogeni

iy s 7 | W

Producfion of Migration Proliferation Vascular tube Maturation

protease formation

[

WEAINTSATIE R T NkILIeRN LA UL oANITl gAY (A) kavdunauves

€an
c
=D.
N
(0]

nsas1adudentnal (B) (Rajabi wag Mousa, 2017)
Tunstninisadrmasadenlnilae wasuzise wadfinnvesvasnden (endothelial
cell) iy gnnsEAumedyaaluana (signaling molecules) 38 growth factor #14 9 finda
senanwadiiloseniigesnvaendenludlunaaidos fetghs erowth factor Miieatesiunis
a51manaigenlni taun vascular endothelial growth factor (VEGF) , basic fibroblast growth
factor (bFGF, FGF2), epidermal growth factor (EGF), angiogenin, transforming growth factor
(TGF-a,, TGF-B, tumor necrosis factor (TNF-a), platelet-derived endothelial growth factor,

granulocyte colony-stimulating factor, placental growth factor, interleukin-8 Wag
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[y

hepatocyte growth factor (Rajabi and Mousa, 2017) Angiogenic factors L‘Via"lﬁ A1U1503UAY
ATu3 (receptor) Funnzveiuuurives endothelial cell vinlvinaanidenasliaisens o Fu
W1 (vascular  permeability) MiineTu Insianzedieda VEGF  dmlu srowth factor #idl
Anudrrglunisasiaonidenlmivessaauzise VEGE uwisesndu 4 ¥iia Ao VEGF B, C, D
wag E VEGF vaulagni1sduiungy tyrosine kinase receptors VEGFR-1, VEGFR-2 @y VEGFR-
3 \fle VEGFR2  ilofURUVEGF azdwmaifenfunisadradudenlntuaznisuninszaneves
\waauzi5e hypoxia inducible factor-1 (HIF-1) ¥ transcription factor ﬁﬂﬁiﬁﬂ’mﬂu
expression U834 VEGF lun1smavausssioan1iy hypoxia HIF-lo daidunguanandifgyves
AsTUIUNIRnLEISe (carcinogenesis) n3asaenidenlviivesfewilosen nsiesaivla ns
QﬂamLLasmiLLWﬁﬂizm*&J“UaﬂLenaﬁml,%:\‘i (Liu et al,, 2011) u®N9IN angiogenic activator ﬁL“fJu
fnszdu mIaadudenlmifagnaruaulng angiogenesis inhibitor Afegluinenie endiu
soluble VEGF-1, thrombospondin-1 ilag thrombospondin-2, angiostatin, angiopoietin-2,

CCN3, vasostatin, osteopontin Wuduy (Rajabi-and Mousa, 2017)

N133NIANLANAATENINEINTEAU  angiogenic activator waziaduds angiogenesis
inhibitor Faelinauaunanisluvesszuumaeniden (vascular homeostasis) agslsfinnu
Twilosen n1snseAulag angiogenic factors Wigsdia Lifisvanatissmelunistniliiannis
afvaendonlvild innedifiunuimesiadudifimuniniiauiimogiie by Tunsdni
nsadresvaendonlmivesfeuieten WONIINNIINTLAUAIY  angiogenic factor Ua7 €9

Fududosannisnunn (down regulate) nddudase (§UAl 2.9.) (Naoyo, 2006)

activators inhibitors

activators

a) “Switch OFF” b) “Switch ON”

sUN 2.9 msasravaendenlnignalunulaeauaugaseninaiinsedukasmduds (a)
Hloiilotanden1sndsny a1591m15 sandiau Avenseduliianisasimasn
doalml  (a) sgslsnmudamiupulsauniediduganisasimasnideniy

aunsaduginsinuresianseiunisasviaandentnile (b) (Naoyo, 2006)
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2.7 Tumavas Chick chlorioallantoic membrane (CAM)

TunsWwundigeu wse embryo vadld filassainsvesiloaagauuentas embryo

=

(extraembryonic membrane) #sdudmivasdidinfioangniiuly (3Rl 2.10) A galduns
(yolk sac) 1fleussqemnaiiiessageu quina$1 (@amnion) wag qe chorion TAnginmsHuton
veuiefetuuenuardunanadondn  amniotic fold vwhiltaedlesiu  embryo 913
nsgnunssitouneuen Tasgainasiedlng embryo g3 chorion fiuetgseuuandonseu embryo
uarlassaduiioguen embryo Mimun  sevismeiaduas g9 chorion  luteadunt
chorionic cavity fifindads embryo 16 dw 09 allantois FnthiwaniUdsuniansusnuaziiu
voudey uric acid 7 embryo JU88NUN 03 allantois V&18RUIUINYBY embryo ﬁLﬁuﬁu

(http://www.vetech.in.th/ index.php?topic=2.0)

Extraembryonic membranes

r \
Chorion

Allantois

Amnion Yolk sac

; > = Yolk
Embryo (nutrients)

Amniotic
cavity
with

Ul 2.10 uandlassaisveailoesnuuonvesineululd (http:/Avww.bio.miami.edu/
dana/pix/amnioticegg.gif)

Choricallantoic membrane (CAM) 1fuiBafivewetuoninanesseululsla wiaan
mswaammﬁmau?jaqﬁa (epithelial sheet) 2 H 5¥MI494 chorion Wag 99 allantois (§1J‘1'7i
211 A) CAM fadtulutudl 3 vesszernsiamIvesingeu wagdudu (attachment) fuido
fuluvenddonlalutuil a5 cam Wubetuuendidouiifisvuuidonumaaiisssuauann i
vasmLADALAY (arteries) naoAlEand (veins) uazvasdonnoy (capillaries) (U7l 2.11 B) Tu
Fuil 16 CAM azilvuelugaufounqugildunsfinuazgniudniuideveadienls vinld CAM
anunsavimifiuaniUdsuniia oxyeen uaz carbon  dioxide Hiugveadeniuld CAM Fei

Y o d‘ o ! o Y] A v % ! ° Y o
NUNLANLUALUAITDINT LLazﬂqﬁﬁgﬁjqﬂmﬁaaquUiﬁU']ﬂqﬂﬂﬁauaaﬂlm ey CAM NutnYsIlsa


http://www.vetech.in.th/
http://www.bio.miami.edu/
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Turhatinvedlniidussuzdoou Tng WUNRIUDI CAM LANAIN 6 ANSITURLLAS TuIUN 6 Ul

65 G]’]SNL‘?juaLimﬂu’?uﬁ 14 (Ribatti, 2014; Deryugina az Quigley, 2008; Miller et al., 2004)

Key

e Avascular mesoderm

seee  Vascular mesoderm
Ectoderm Chorio-allantois

= Endoderm

Sero-ammiotic
connection

) /
,~/
/ ' 7 Yolk sac
| .- membrane
Shell membranes S — —
emnants of

vitelhine
membrane

Chorioallantoic membrane
B (cAm)

Top view

Horizontal view

CAM Ring or Scaffold
(Filled with sample)

Allantois

Chorion
Blood vessel
Amniotic cavity
Albumen

Yolk sac

sU# 2.11 wanslassadiawes CAM AUsznauaInnIsmasueainaings chorion uag g
allantois (A uazszuLdeafiuvdeidos  (B) (https://stemcell2016blog.
wordpress.com /2017/03/14/ﬂ’1§°d'i$qmﬁ—chorioaLlantoic—membrane; Baggott,
2001)

Tudlagtu cAaM 1y in vivo Tuadilsfumnudisnegragdlunisinuideiieaduns
aadudenlmivesiouiesen (tumor angiogenesis) N15ENATL LAY NTUWINTEIIBYDS

IsauziSanaesin 1wy uziSeianldlug (colorectal cancer) wag/MsouziSsmanamin (bowel
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cancer) \adonvesgadansanseludundanddunning glia cell (glioma) uziSasiaugnmuIn
(prostate cancer) ugislulfimdon1y (leukemia) uagy um%&msﬂﬂ (osteosarcoma) 1Hufu
sumsilenldlaea CAM TunsAnnses (screen) a1siinsedu vse Sudin1siasgveadudonivy

(Lokman et al., 2012; Deryugina and Quigley, 2008) Folausouivililuwma cam Wudideuly

£%
A v a A

msfiniReatuidesen vide uuds; iddl Ao

1 595um1Rves CAM fifivaeaifonudoidesduiuinn freduaiunisugnaieves
wwadiilasen (tumor cell grafting) CAM azifinnsiasnvomaondenaunseisdioluil 11 veq
myannluiseu waglutiesyinegduil 8-10 nszviunsaianasadenivsiaziinuligegaly
sRRUALBIREANTTIAINTdESY 150 FrumswSyvemaendeonl

2 Tinansvnassiiaiiiaus (reproducibility)
3 Wulueandne Aldanesn
4 Tdnateglunisnaaaurlae unuanINmasdu

5  nisvadeu CAM Wuszuula seiu Tulanavesaisnaaouiiduuindn
petptide du 9 o1eATe®In (half life) 819n37lu CAM  WiealUSeuliisuiveglusianigves
dnineaedu luwa CAM Jsanunsaldnageuinenimassaisiaglidusinesiunisunsnszaiy

YDIULLSINTUS U

6 CAM Usenaunle extracellular matrix protein Wiy fibronectin, laminin,
collagen type | uag integrin a./B;  FUABULUU ©I0TNALALIAUENIIZTUINADUITIVE

13 2 I |
lﬂ]’aallglﬁﬂLN@@E‘JJQWEJIU?Nﬂ']EJ

ilesandslsifinsnovauomessruugiduiuly CAM sunseiwnseuiiengasu 17
fu Fohli cam Bulunafimnzaudmiunudunisgnareidode ewnausaugnaie
wadlémnudin uliwadfivgnangandu species sy detdu nonnaeldsuauionogsgdly
mAteReafuunss M Signlfifulunalunisfinvidulgndrewad viedoidede

(Lokman et al.,, 2012; Chen et al,, 2010; Deryugina waz Quigley, 2008; Miller et al., 2004,
Peifer L@y Dannhardt, 2004)
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2.8 M1sNaEWug (Mutation)

I3

n1snaneiug (Mutation) AensiUasukUasdnwuen1eiugnssy lnensiasundas

avuilapdlelng (nucleotide sequence) Tu coding region w83 DNA FedawaldiAnnis
WauLasdduves  amino  add  lulusiiu wie msnaneiudenaiinnisiudsundasly
noncoding regions 83 DNA @dnasen1siUasunUainIsuaniaanved gene 19U 139015990
Y94 promoter HWuAY @nan1snateiugeIaia 1) musssuYIf (spontaneous mutation) Tu
sgwinnsulaead nalnflinnisnanesiugenadunisidsuuUaniies 1 nucleotide Aunseis

v A Y

nsgeyLde I ¥3e N15IALSelndves chromosome  (Mahdieh and Rabbani, 2013)

s

Boruiluatauinsveauywd f8nsinsiAansnaneiuiedil 05 x 10° e base-pair ¢io U
(Scally et al, 2016) 2) LAinaNN15¥NUT (induced mutation) lagansnanalewug (mutagen)
WU SAELANNN Was UV, 199 @15t U benzo(a)pyrene, ethylene dibromide, nitrite,
hydroxylamine, methylene chloride #3981UM9%UA WU mitomycin C, adriamycin Husu
(Klassen and Doull, 2013) ansfenateiugaza1unsnduiu DNA lalaense waznalvinsaslse
(lesion) Tulaseadne e AmuRaUnAluuawes DNA uwaaisunsvilndndudesinunssuiuns
metabolism gaidsuutaslassainslusianignoy Juina metabolite product iduansrio
nanestus ansnenaneiiudustLaniifiesgnnsedulagnszuIun1T metabolism 38N pro-mutagen

oulsid A lusiesmefansadsu pro-mutagen Ty mutagen 16in cytochrome P450,

microsomal epoxide hydrolase wag glutathione-S-transferase (Marinkovicl et al., 2013)

s %

nsnaneugetalunisnaleiugszau gene (gene-based mutation) #38 N3N

]

v s s U [

#Wug3zAU chromosome (chromosomal mutation) d1Msnaneiugszau gene 1un1snaneiug
Aa = r-:l' = v a o 1 a C% o (%

NNSUAIULUASILUALNEIALAYY LaslaniznTinuieead gene Musia (code) dmsunis
as9lusAusenia Point mutation @edalu micro lesion fognewes gene locus mutation

(Mahdieh and Rabbani, 2013; Klassen and Doull, 2013; Williams, 2003) leuA

1. Base-pair substitution \umsunuiwaviiemilsseiuadnviiemidailinisdug
fuluaRuYe3a18 DNA Wasuwlas msilasuuaeaasdunsiudsuiuy transition fawdsy
\waan purine (A, G) WU purine (G, A) e Waswan pyrimidine (C, T) Wu pyrimidine (T, ©)
wion1sdsuulanuaeiavzfuuuu  transversion  Aawualdsuann purine (A, G)1Ju

pyrimidine (T,C) %39 Waswan pyrimidine (T, C) \Ju purine (A, G)
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2. Deletion \AANSgeyyngve base pair 9199z118lU 1 nucleotide %30 base pair

° P & v A ] o v = =
VMUIULNEIANUDY NNTENUADNTITNINUINUBILNEY gene LhET

3. Insertion %58 Addition $in5tfid 1 nucleotide %38 iyl base pair S1UUANTDY

[

NSWNUTIELUE Y50 base-pair substitution ®13dINASNYITILANATUAITAD

1. Missense mutation  Aen1snateRugnnIsUasuwUasvauaynliinns
WaguLUasweIsianugnssy (codon) d@waldt amino acid wliaduly protein gnunuiialey

amino acid wialval wazyinlvinuautivedUsiuasuiuanniay

2. Nonsense mutation Fian1snaneiuginsiudeuulasvesuaniily codon LA

DuswadrFunsasna amino acid wWasuluilusiangn (stop codon) dswalians polypeptide
voslushuldaunsadunsizilneninell msignu stop codon (UAA, UAG wag UGA) Heneu

3. Silent mutation AansnateuTlidmansznule 9 wsgn1sasuwlatues
waldneliAnnisiuaeuudasves amino acid Tuanelusiuusiegnsla 1wy GCT, GCC, GCA, GCG
N codon tWusia dwmsunisasne Ala aedy udifinnisunufiiuglusunian 3 Gaadlé amino

acid fahuAe Ala

4. Neutral mutation AanIsnATERUETLINSWFBUWALUARNIEARILAA amino

s

acid @i wslddswansznule 9 Lifanudenie vse wauszlevilansduainnisnangiug

3

[
v Ao

vailiinilunisnaneiugiinuluuinaillliaseswanugnssuy (non-coding region) a3 DNA

5. Frame shift mutation N1sna1eugAalunsaNdnIsiuTy v3e Msaayvneves
Wud wavinliaaun1seusiaugnssuTesany DNA aatatadaulainiia ssdaaliinnisasng
amino acid MIRANANsBLdoINUlUANAITUTBINITARATIENU triplet code TnuTIARINNTT

=) 1 I &( gj A 1o
unsn viensgaymeluveaua dawallusiugniau duas vislivinny

) ! U cay v v s o A
C‘I?@EJ'NNﬁaWVWl‘lﬂqlqﬂﬂfl'ﬁﬂaflEJWUﬁﬁ%ﬂ‘U gene LLﬁﬂﬂ,uzUW 2.12
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{a) Point mutations and small deletions
Wild-type sequences

:Cr::‘ino N-Phe Arg Trp lle Ala Asn-C
mRNA 5-UUU CGA UGG AUA GCC AAU-3
DNA -AAA GCT A AT GG TTA:®

Missense

3"-AATl GCT ACC TA
5 A 5A TGG ATA GCC AAT-3
N-Leu Arg Trp lle Ala Asn-C

Nonsense
3 -AAA Y A TAT
TTT CGA TAG ATA GCC AAT-3
N-Phe Arg Stop
Frameshift by add?ﬁon ) i .
51 CGA TGG [FA AGC
N-Phe Arg Trp Tyr Ser GiIn
Frameshift by deletion

GCTA
CGAT

i

N-Phe Gly Stop

JUN 2.12 uaneineganadniannnsnangWughuy point mutation kag NMILNINLELUE
Ren vse nsguvnevesiisnanies lifwua (http://www.ncbinlm.nih.gov/
books/ NBK21578)

lagamnsaunsnatgiugetavilviianisanidenisvianini - (loss-of-function) ves

gene @WALMANNTITANNIIASIS Ys8 an activity VolUsAUN code 210 gene HU ®IDAINANY
Wuge1vi AN siiuN1sYivig - (gain-of-function) ¥es gene dwaliliiunisasne viseliy
.. a A & o Y a wa X P 1d a o
activity ¥03lUsAUN code 1M gene  waruNASIDIVIILARAMaNUTRTUlMINEa T uRY N

ilUdneganinene o Lo

|
s U fal a U

AINaeNUSIEeU chromosome 4aLT macro lesion ws1ztduni1snanewusALAaAy

El 9

gene 91UIUNINTDY chromosome AINALHERITINTLAN chromosomal mutation WAAIANHY

81N1594 phenotype @nNINATY 191115 138N NGUBINIT %138 syndrome  UBNAINNS

Lang01N15IRALNNG phenotype N15NaMeugszau chromosome §3gNAsaa3ATI2IlaNIg

q

a

genotype  sren1sldinalianig qluesufiRnsdeinanealialussdviwaduazluseduany
TINe 19U N5V karyototype, FISH Tu cytogenetics wagnisldimatin RFLP, RT-PCR, real-

time PCR, way SSCP 1usiu Tun1smsiaindnsieinisen@iive (Mahdieh and Rabbani,

1
v A

2013) NMSAANIINANERUTILAY chromosome B1aLARAINANARFIHAD

1. NM5UAsULUAIAIULATIAS19U89 chromosome (stuctural aberrations)

[

o c{' ) a = a4 A Yo v ~
chromosome llﬂ']iLclJaEJULLUaQV]'Nﬁmi']u’JVlEﬂ SU\TEJ']QUaULu@\‘if\]']ﬂﬂ'ﬁ'l@an'ﬁﬂllllu@ﬂ']Wﬁﬂa


http://www.ncbi/
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WU x-ray L95Uansail uan1ig w3eu1U19ela WU mustard gas AsiasuUalATIEs19UDY

chromosome (3U7 2.13) 91aLinanANURAUNANWANF1aiUAa]

1.1 nsv1ane (deletion) ABAIMURAUNGYEY chromosome NHU1ITUAIU

unnn wsevimell drdnvneenty Ll centromere 138131 acentric fragment

1.2 iy (duplication)  AaAURAUNANTUISEIUYBY chromosome

WLALTUIINENIZUNR druilliiuinduisenin duplicated segment

13 A5aduRInnawesiudly (inversion)  AeAuRRUARRUIEIUTDS
chromosome fimsadufanng suliiosanniinnnsuaniinaes chromosome waziudiufiuandin
Ty ians@eunduiiiy wanmsi@euinnisaduiadumaiuiy d13udu chromosome
Feuadutimatul  centromere  saudae 3andn pericentric inversion  waalailasIw

centromere 158171 paracentric inversion

1.4 nskanUasuduain (translocation) ApANURAUNFYEY chromosome

ARAINATLANIUAYUTUAINTINULALAUIZIIN non-homologous chromosome

Types of genetic damage

L/ .
** Structural chromosome aberrations

JUM 2.13 uanaanuiiauninulaseasneilaig 9 ve4 chromosome (Aliomrani, 2016)
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2. MsasuwUaan1en uianulIn (Numerical  aberrations) AsAiuRaUnAvaa

=

chromosome  711137UIUYD4  chromosome  WANTY 130 aRAIINLAY T9971992 T ULUY

. & . A ada ada o a a a ! .
aneuploidy 30 euploidy #FInNTTUIUYES chromosome AalUarniuenIn polyploidy

2.1 Aneuploidy #emuRaUnfivessiuau chromosome Miindu 3o anas
PnmAndies 1, 2, 3 wio 4 wis Sldavdeiiudusiuiugnues chromosome #ugiu
W AuisIua chromosome 2n = 46 aufiiiu aneuploidy 751w chromosome 2n-1 (w19
1U 1 uv9) 138031 monosomy  tvamely 2 s (2n-1-1) 13831 double monosomic  WAEN
fid1u7u chromosome Wis@u 1 uvta (Ju 2n+1 Ben trisomy wuluauiiidu Down’s syndrome
Tu chromosome LL‘1/1'<1‘1'71I 21 3 homologous chromosome Lﬁwﬁumaﬂ 1 Wig (47,XX, +21) 1
aneuploidy T8 homologous chromosome HisAunnsiuaudy 2 urs (2n+2) Bendn
tetrasomy W& chromosome fifisausantiy lalle homologous chromosome 138A71 double

trisomic (2n+1+1) 1587171 doube trisomic WU

2.2 Euploidy AeanuRaUn@fis1uIu chromosome ¥1a %38 WinanRuLdu
FIUIUYA NIBTIUIUYIIVBITIUIU chromosome VU UgIU LA 13U ALl chromosome 2n =
46 (chromosome #Wug1uAa N = 23) AISIINTOAIURAUNALIENAIUTIUIUINVBITIUIY

g & A a X o« | . Ao

chromosome YUNWUFIUVLNUVUVIBANAT bTU WIN euploidy MHAIUIU chromosome  anad 1
YA de n = 23138091 monoploidy  8131971WAU  chromosome WU 3 191109
chromosome  (3n = 69) 158n71 triploidy tHufu satiu 81U tetraploidy, pentaploidy Aag
winefsnuiaun@ngd . chromosome Win@wdu 4 uag 5 W199s . chromosome  #iugIu

f1Ua1aU (Mahdieh and Rabbani, 2013; Klassen and Doull, 2013)

Tullaguu FBAnnsesansnenateiuglu in vitro Tadendunsdnansesansnouziieig

'
=Y

desnansiensidsdlvgindigvinonareiius waznsnaneiudidunalanieiiddgyddunis
FnvlmAnlsauzisa (Klassen and Doull, 2013; Griffiths et al., 2000; Tennant, 2014) #7984
ensdansesilalann Ames assay, chromosomal aberrations, unscheduled DNA synthesis,
cell transformation assay &g microarray expression analysis \Jusu (Goldman and Shields,

2003)
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P £ a o
2.9 aswgnealindgnsdusyyadass Auniseniay wazduusse

asiueyyadassuavdun1sonauludn wald wazSyfivdiulvaignifunsiseie
Tagtanig polyphenol Tuansuszneu phenolics wag B-sitosterol Tu phytosterol nalnnisau
uriSwosasmaionnanluiivrowadlnonss wieahlfAansmeuuy apoptosis wazduds
msamaonidenlnduasusida (Cao et al, 2002) fegivayulwsiifgvifueyyadasy fu
n3onLay wazduuzise leun famganelas (Andrographis paniculata) ¥1a1u1ne3 (Ledum
groenlandicum Retzius) W3lne (Piper longum) resveratrol 1ua\juLLa$ epigallocatechin-3-
callate INUTTY7 (Cao et al,, 2002; Sunila way Kuttan, 2006; Dufour et al., 2007) @1$
wonuiadlufivayulnsfiflgnifiuugiSe 099 1wy acacetin i flavonoids iHuansusznauwuluiiz
naneilanaudnuazlu aunsadudenisieiy maiusnueed N133NaULALNITAT VAN
Henlvdveswaduzise scopoletin nuluitwmatesdalulszinealuu Erycibeobtusifolia Benth
TlunmssShwlsasuinesd Aun1sdulay AuauLadaszuaziuNsaivaendontrilaens
fudls endothelial  cell growth lugdrudenuszneulusae flavonoids, B-sitosterol gy
apigenin-7-O-B-glucoside dutfufinsuiuiin arswmariiiqviduouyadase m3sniau uas

< v & = I Vo1 [ 1 = 1 = £ £ < = = a Ly
EARN 91\‘1‘14‘141%\‘1LUﬁlUlﬂ’J’]ﬁ’]iﬁﬂﬂﬂ’]ﬂi‘U‘eﬁ’)’]u\‘iaﬂ‘LJ’]‘{IwJQV]ﬁfLUﬂ’]iW]UNSLﬁ\‘i FelmnuAgalesiy

¥
aAav as Ao

gnsN1TAIueYYadase uazd1un1sdnay falulasensiTeliallingUsrasdAiiensiann
phenolics wag flavonoids waggnssueyyadaseluasannlugimuian Anviguasunissniay
lngyjaiugnsmsdudslun3naantas waz n1sdudueuladmieitasiunssuiunisdniay INOS
war COX-2 safenisAnegmdauuziismisnalnnismieaniinisneuy apoptosis kazn1s
asrvaonidon e 5slun1INAaRILUY in vitro 4az in vivo lesannladinisldayulnss
Tudenundruululssmadeaun uay Tulve wazdaldnusisaufsanuiivdeundu wiefivia
= Y Yy a Ay a o A @ A Y v oA

deunduainnisldeinlen widdmguslaadnianudnanesiumsldnvayulnsdeiotlussey
17 Aefiwiods lnsanznsnenateiuduasnistnitlmfausss daulasainsideddladne

£ ' v ¢ @ 1 < dl' a < a a 1

grsnIsnenausvesalsanalugituieniiolsslivanuduivlunisuslaalussezeny 9
anunsanebiianisnateiugviseli Inediends Ames assay MluisAnnsosasdudmivansne

naNeLg way ansneusiss
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BN1IAtiuN9ITY
3.1 @5iAdl wae YA
1 kb DNA Ladder (New England Biolabs Inc., Beverly, MA)
100 bp DNA Ladder (New England Biolabs Inc., Beverly, MA)
1, 4-Piperazinediethanesulfonic acid (PIPES) (Sigma-Aldrich, St. Louis, MO)
2-Aminoanthracene (Sigma-Aldrich, St. Louis, MO)
2-Nitrofluorene (Sigma-Aldrich, St. Louis, MO)
4-Nitrophenyl N-acetyl-B-D-glucosaminide (p-NAG) (Sigma-Aldrich, St. Louis, MO)
Absolute ethanol (Carlo Erba, Milan, Italy)
Albumin (Sigma-Aldrich, St. Louis, MO)
Aluminum chloride hexahydrate (AlCl;+6H20) (Sigma-Aldrich, St. Louis, MO)
Ampicillin (Sigma-Aldrich, St. Louis, MO)
AnnexinV-FITC Apoptosis Detection kit (EXBIO, Czech Republic)
Anti-DNP (mouse monoclonal IgE) (SPE-7) (Sigma-Aldrich, St. Louis, MO)
Apoptosis Assay Kit - FITC (Exbio, Prague, Czech Republic)
Ascorbic acid (Sigma-Aldrich, St. Louis, MO)
Bacto agar (Becton Dickinson, Sparks, MD)
Basic fibroblast growth factor (bFGF) (Sigma-Aldrich, St. Louis, MO)
Biotin (ACROS, NJ, USA)
Catechin hydrate (Fluka Chemine GmbH, Buchs, Switzerland)

Crystal violet (Sigma-Aldrich, St. Louis, MO)



35

DCFH-DA: 2’°,7’-dichlorofluorescin-diacetate (Sigma-Aldrich, St. Louis, MO)
Dinitrophenyl (DNP-albumin) (Sigma-Aldrich, St. Louis, MO)

DMSO: Dimethyl sulfoxide (AMRESCO, Fountain Parkway Solon, OH)

DPPH: 2,2-Diphenyl-1-picryl-hydrazyl (Sigma-Aldrich, St. Louis, MO)

Dulbecco’s Modified Eagle’s Medium (DMEM; Invitrogen, Carlsbad, CA)

ECL Western blotting substrate (PierceTM /Thermo Fisher Scientific, Waltham, MA)
Ethidium bromide (Sigma-Aldrich, St. Louis, MO)

Ethylenediaminetetraacetic acid (EDTA; Sigma-Aldrich, St. Louis, MO)

Etoposide (20 mg/ml) (Cayman, Ann Arbor, MI)

FBS: Fetal bovine serum (Hyclone, Logan, Utah)

Ferric chloride hexahydrate (FeCl;*6H20) (Carlo Erba , Milan, Italy)
Ferric-2, 4, 6-tripyridyl-s-triazine (Felll-TPTZ) (ACROS, NJ, USA)

Ferrous sulfate heptahydrate (FeSO,47H,0) (Sigma-Aldrich, St. Louis, MO)

Ficoll- Biocoll separating solution density 1.077 g/ml, isotonic (Biochrome, Berlin,

Germany)
Folin-Ciocalteu’s phenol reagent (Sigma-Aldrich, St. Louis, MO)

G-6-P (D-Glucose 6-phosphate disodium salt hydrate) (Sigma-Aldrich, St. Louis,
MO)

Gallic acid (Sigma-Aldrich, St. Louis, MO)
Genomic DNA detection kit (Qiagen, Valencia, CA)
Glucose (Fluka, Germany)

Hank’s balanced salt solution (HBSS) (Invitrogen Molecular Probes, Eugene, OR)
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HEPES: (N-2-hydroxyethylpiperazine-N-2 ethanesulfonic acid) (USB, Cleveland,
OH)

Hexane (Carlo Erba, Milan, Italy)

Hoechst 33258 (Sigma-Aldrich, St. Louis, MO)

KCL (Sigma-Aldrich, St. Louis, MO)

L-histidine (ACROS, NJ, USA)

LPS: lipopolysaccharide (Escherichia coli O111:B4) (Sigma-Aldrich, St. Louis, MO)
Magnesium chloride (Analar Normapur®, VWR Inc., Radnor, PA)

Magnesium sulfate (Carlo Erba, Milan, Italy)

Methyl alcohol (Fisher Scientific, Pittsburgh PA.)

mIFN-%: Mouse interferon gamma (Piearce Protein Research Products, Rockford,
IL)

Millipore’s FlowCellect " Cytochrome c kit (Millipore Corp. Billerica, MA)

MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (Invitrogen,
Carlsbad, CA)

N-(1-Naphthyl) ethylenediamine dihydrochloride (NED; Sigma-Aldrich, St. Louis,
MO)

Na,HPO, (Carlo Erba, Milan, Italy)

NaCl (AMRESCO, Fountain Parkway Solon, OH)

Nutrient broth no. 2 (Oxiod, Hampshire, UK)

PBS: Phosphate buffered saline (GibcoTM/Thermo Fisher Scientific, Waltham, MA)
Penicillin G (Sigma-Aldrich, St. Louis, MO)

PI: Propidium iodide (Invitrogen Molecular Probes, Eugene, OR).

Potassium chloride (Carlo Erba, Milan, Italy)
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QlAamp DNA Mini and Blood Mini kits (Qiagen, Valencia, CA)
Quercetin dihydrate (INDOFINE Chemical Company, Inc., Hillsborough, NJ).
RNase A (Genemark, Teipei, Taiwan)

RPMI: Roswell Park Memorial Institute 1640 medium (Gibco Invitrogen, Grand
Island, NY).

S9 fraction (n1A3YTIAL, W Inendeidesiv, WWedlal)

Sodium azide (NaNs) (Sigma-Aldrich, St. Louis, MO)

Sodium hydroxide (Carlo Erba, Milan, Italy)

Sodium nitrite (Sigma-Aldrich, St. Louis, MO)

Streptavidin-HRP conjugate (Invitrogen, Thermo Fisher Scientific, Waltham, MA)
Streptomycin sulfate (Sigma-Aldrich, St. Louis, MO)

Sulfanilamide (Sigma-Aldrich, St. Louis, MO)

tBUOOH: tert-butyl hydroperoxide (Sigma-Aldrich, St. Louis, MO)

Trolox: 6-Hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid (Sigma-Aldrich

Chemine Gmbh, Steinheim, Germany).
Trypan blue solution (0.4%) (Invitrogen Molecular Probes, Eugene, OR)
Trypsin (Gibco Invitrogen, Grand Island, NY).

B-Nicotinamide adenine dinucleotide phosphate sodium salt hydrate (NADP-Nay;
Sigma-Aldrich, St. Louis, MO)

3.2 Antibodies

o-Tubulin (mouse monoclonal 1gG) (B-7, Sc5286) (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA)

Anti-COX-2 (murine polyclonal) (160106) (Cayman Chemical (Ann Arbor, MI)

Anti-DNP (mouse monoclonal IgE) (SPE-7) (Sigma (St. Louis, MO)
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Anti-iNOS (mouse monoclonal IgG1) (C-11) (Santa Cruz Biotechnology Inc., Santa
Cruz, CA)

Anti-mouse IL-6 (MP5-20F3) (eBioscience , San Diego, CA)
Anti-mouse/rat TNF-ot (TN3-19.12) (eBioscienceTM, San Diego, CA)
Biotinylated anti-mosure IL-6 (MP5-32C11) (eBioscienceTM, San Diego, CA)

Biotinylated anti-mosure/rat TNF-oL (polyclonal Ab) (eBioscienceTM, San Diego,
CA)

Goat-anti-mouse-IgG-HRP conjugate (Sc-2005) Santa Cruz (Santa Cruz, CA)

Goat-anti-rabbit-IgG-HRP conjugate (10004301) Cayman Chemical (Ann Arbor, M)

3.3 wwaaanenug (Cell lines)

LszjaﬁmﬁflLL@JﬂIﬂiV\Iwawﬁuﬁ: RAW264.7 (Mouse macrophage RAW264.7 cell line)

U2
[

waz waduzsadiadonviaieiug Jurkat (Human T cell leukemia Jurkat cell line) &3#aa1n
Cell Lines Service (Eppelheim, Germany) L%aﬁmﬁdﬁumaﬁuﬁ: HepG2 (Human hepatocyte-
carcinoma cell line) L%ﬁum%u@humwﬁuﬁ MCF-7 (Human breast adenocarcinoma cell
line) L%aémzﬁaﬁwqﬂmmﬂmaﬁuﬁ: PC-3 (Human prostate adenocarcinoma cell line) way
waduziSadindvasiavis (melanoma) aewug B16-F10 &3%991n American Type Culture

Collection (ATCC; Manassas, VA, USA) wag (Cell Lines Service, Germany)
3.4 1

PlluniIsnaaswiauau deionized water flaannLASa9nToUNUee Cascada Bio

water (Life sciences, Ann Arbor, MI)
3.5 740
Taguasaadmiunisiwizitead

15 ml ke 50 ml conical tubes (Corning Inc., Corning, NY)

96 well flat bottom plate (Corning Inc., Corning, NY)
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96 well plate costar black/clear bottom (Corning Inc., Corning, NY)
Culture flasks vu19 25 way 75 cm’ (Nunc, Rochester, NY)
Petri dish 9u1m 60x15 mm wag 100x15 mm (Corning Inc., Corning, NY)
Cell scraper (SPL Life Sciences Inc., Gyeonggi-do, Korea)
Acrodisc filter 0.2 um (Corning Inc., Corning, NY)
a0
Glass test tube UM 10x75 mm, 13x100 mm Wag 16x125 mm
Immunolon strip plates (Thermo, York, PA)
fuile
3.6 \nTasilouazgunsain1side
Applied Biosystems 7900 PRISM Thermocycler (ABI, Foster city, CA)
Autoclave (model HVE-50) Hirayama)
Biohazard safety carbinet class Il (model SG600E, Holton)
Blender (Phillips)
Carbon dioxide incubator (SHEL LAB)
Centrifuge (model ICT15RT, Techcomp)
Compound microscope (model CX21, Olympus)
Dessicator (Schott)
EL-808 microplate reader (Bio-Tek Instruments, Winooski, VT)
Electrohoresis power supply (EPS601, Amersham)
Electrophoresis system (model HE33, Hoefer)

FACScalibur " cell analyzer (model FACSCalibur flow cytometer)
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(Becton Dickinson, Biosciences)

Gemini EM fluorescence microplate reader (Molecular Device)
Glasswares (Pyrex)

Haemocytometer and cover slip (Fisher Scientific)

Hot-air oven (Memmert GmblH & Co. KG,)

Immunolon strip plates (Thermo, York, PA)

Inverted microscope (model CKX41, Olympus)

Inverted fluorescence microscope (model Olympus IX51) (Olympus)
Low-e microscope slides (MirrlR) (Kevley Technologies)

Lyophilizer (Freeze-zone 12 plus, Labconco Corporation)

Micropipette 0.5-10 pl, 2-20 pl, 20-200 pl, 100-1000 pl wag 500-5000 il

(Pipetman®, Gilson)

Microplate spectrophotometer (Cecil 1000 Series,Cecil instrument)
8-Multichannel pipette 5-50 pl wag 50-300 pl (Gibco)

Nanodrop (model ND-1000 spectrophotometer) (Bioactive)
Pasteur pipettes (Fisher Scientific)

pH meter (Metrohm)

Pump (Millipore)

Rotary evaporator with vacuum (model R205) (Buchi)

Water bath (Memmert)

WEALTEC Dolphin-DOC ultraviolet analyzer (WEALTEC Corp., Sparks, Nevada)
\A3oaanAden 2 fumds (model PG5 002-S), Mettler Toledo)

A3t anailoy 4 suss (model PW254, ADAM®)
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é}jlﬁu (4°C) (model Superior frost free T H 8903, Sharp)
AuaLD9(-20°C) (Whirlpool)
ﬁLLS&LLGﬁﬁ(—8O°C) (Forma 900 series, Thermo scientific)

3.7 @07UNNnNi5IY

A DY) & s & & o

NNNINAaRITALITRITUNTIINELEEad (cell culture) uay INLIRBUTBLUATISY
nizﬁﬂuﬁﬂaam%a (biosafety cabinet class 1) %s# Tusunnassiiu cell culture uag
wuaiise ldiuasaide guuwad uwarduudeneansanainiu auazys Wldsiudusaua Tunis
o v %3 Y A Y o Yo €1 & S q v a
Mnumuead wag Aulifeliuwueiise T ianuazgunsalieUasnide sumsldmaiialasn
e Anududuresasang 9 fszylunisnaaesieriumadiluaududugavnevesansiu
culture Myumwadnszyiluduuifiaamgll  37°Cuaz 5% CO, uaznisveastiedItuwad
nspinlusaUURnmsnzifedsasidu 4 daunsveaesigdiukuaiisenseyiluiesujuRng
9aTIMeTU 2 N1sveasduy NkifertosiunsiisidessaanssinluiesyfuRnisiyine

o

Fu 4 ynviesfRnnsegfiorasiadunsziiosd 80 wiswn uvinerdomaluladasus dawnns
nAaaLAEIfUNTLANIEaNTBY IL-6 Way TNF-oL gene Tinszvilngldia3ad real time PCR n3zvi
ﬁﬁmﬂﬁﬁami Centre for Integrative Toxicology, Michigan State University, Useine
GYELRIMERY wam'ﬁwmaaﬂﬁLLamﬂqﬂmimmaaqL“f]ué'w’m,musuamﬁmaaqLLUULﬁmﬁ’uasmﬁasJﬁqﬂ
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3.8 NISLHTPUAITANAINNY

v o

Fvihazanenldlunisann@e ethanol Msanmluseanlunisaialuanmiedsnistu wag
ASANALULIIAI83TN1SUIIN (Maceration) AMUAIENISLENLRNIZEIY (fraction) Nazanetn Ala

INKILTIVDIETNENAN Y 95% ethanol LazaNAABAIBUILEY hexane
3.8.1 Wy ldnagau

luamvesginuden (Pseuderanthemum palatiferum nees Radlk.) Qﬂ%amﬁ]’m

Y =~ A Ay A o ! v ) oA i
SU']'J'U']UV]UQﬂW%GUUWUVL'JLW@iﬂ@'ﬂﬁﬁmqflﬂ ﬂ"lﬂ%ﬂ%'ﬂﬂfﬂﬁﬁi m’JE]EJ'NW%Qﬂ@TJ"Ua@‘UI@EJ 3. AN

£ 1 =)

NUA1 BN  UNOUNTIISIWAY  NINENeULYIR dndUn uaviugiy  faeg1aiy  (BKF

]

v

174009) gruiulinvenssadlyd nsugneuuiand drituasiugity
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3.8.2 n1SWIENE1saNAvINtuanly ethanol

asanavenunleainnisaialuanvatainuianly ethanol Taelddsnistu &

N

=De

D

JURDUAILAD

1 danuluiie Aemeinliazens Wakazisaunsyislululendu Feluan

100 n5u Anduduwdng menssing

2 Uuluan Tu ethanol 80% wag 95% (lgluan 100 g : fvinazate 400 ml)
sewa3ed blender Yu lnariudunzvgamdutie 9 (Widiu 1-2 widl) e
wandesnsiinanuseurnstu uagtudulndneluisess aunseislu

avidon (UM 3.1)

3 nsesnnvediuadiuiensentagldfin cauze MMudouiuUsEIM 4-5 T i
ihtulusinudenadlu 50 ml conical tube wagiludumiesn 3500 x g,

4°C Wuan 10 w1

4 \AUsIUTIN supernatant wazilunsesuiunsgmIensas Whatman No.1

ANAsa Lﬁaﬁﬁ@mwzﬂauﬁé’qmaeﬂumsaﬁwmmWﬂiuad’m?aﬂ

5 59U59 supernatant finun1snsesenalUTh RS it usensldiedes
vacuum rotary evaporator ﬁﬂmiaﬁmﬁﬁmmﬁuﬁugﬂﬁlﬁﬁ]’mmiizm&
aeldgaania uvinbidurawislaenis lyophilization fewp3es freeze
dryer (3U%13..2)

6 vhranimuniildannsatelusiazafanansiuiy Feimdn wavuen
dFudiudau (aliquot) WUlsT -20°C andumeuiildnandnduasataneu
luanain 80% ethanol (crude extract of 80% ethanol fresh leaf
extract: 80EE-FLP) wavansananeuluanain 95% ethanol (95% ethanol
fresh leaf extraction: 95EE-FLP)
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35U 3.2 UanuATes vacuum rotary evaporator (A) UaglA3ed freeze dryer (B)

N 174
3.8.3 N15AS8UENSTENANAYa181197n 95EE-FLP
~ v o A HURY A o v Y aa y ~ o
Winlilaansanaazaievnlnainluanianannie ethanol miesn1stu 39vinns

wen fraction VBIANSNAZA8UIANNANTANA 9SEE-FLP Taaidunausail

1 W@E5analigann 95EE-FLP 5 nsu d1undnnmeniy hexane Wag un
(@ns1du 1:1) Tu separatory funnel 1oain chlorophyll lvsiu wag wax
Togludu hexane dturaualvzUeondu 2 Fu Aeduuuves hexane

& @ aa & A & Y & & a8
FUUUALRY? LazduaanUuugaduadugnng

¢ o v ) %7 J 1% Y a [y 1
2 LUTUNATANEAIYUN musmagwmﬂa WA hexane tudnsnaiu 1: 1

WivinnsaingnTureIndnUseunal 2 59 wsevinsannaunseNlatu
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294 hexane a Faansinlanidn chlorophyll kag wax 8onANATENA

dufiazangluineanlevunwan

Autunazanelutansiudy udrnhluduwiesd 14,000 x ¢ 91 4 °C 1Ju

1287 10 W

NTBINIUNTEAIENTES Whatman No.1 YlAutusiens evaporation
A28 vacuum rotary evaporator wagaumeylruradunilagis

lyophilization e 1384 freeze dryer

PasaneidupwiiiantuvesinAinendiu (fractionate) 910 95EE-FLP

(WE-FLP) 152 Fedmidn waswenfiudu aliquot 137 -20°C

3.8.4 N1SAS8UAITANAAINTULASIU ethanol

ansanane1unleainnisanalunavetsituianlu ethanol 1435n151iTn

(%
a v

(maceration) JdunaunaselUil

1.

Fanulune wazanenetnlvazen [WanasielunsuaunseieluLsg
P luwisluusanenases blender aunsenalanawisnazLden

Wunsuawiavedtuanwien 60 ¢ adldlu vanguvuguuin 2000 ml uae
WAnvinaraney 95% vise 80% ethanol asluluvinguvay (Heanuvia 60 g

“Favinazaty 600 ml)

NENE1TAZAN8AI8NI5LY magnetic stir bar UU hot plate magnetic stirrer
Ngaumnivientiuiat 24 wu wansaiaiulin 4°C uasidin 600 ml vaedn
Mazaeln (80% ethanol #39 95% ethanol) aslulu flask 8n v

LUULANLIUNTEINATU 3 58U

v o

inansanavauailaveanazimyinazateu Junmies 3500 x ¢ 9 4°C

L‘f]‘LlL’JaW 10 W9l LaENIBINIUATEANNTEY Whatman No. 1,

MlasanaliuTuaens evaporation lagld rotary evaporator tagyin

Tndunsuiamgds lyophilization Ingldia3es freeze dryer
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7 dhnauivesansatnsavesusaziavhazate wndaimidn wazfuuen
Hu aliquot 137 -20°C Sedumevilldansaaveuainluniesedanismin
11 80% ethanol (crude extract of 80% ethanol maceration extract:
80EE-DLPuayly 95% ethanol (crude extract of 95% ethanol

maceration extract: 95EE-FLP)
3.8.5 MsAssuENsanNARazanei1aIn 95EE-DLP

wWislvlaansanaiazaretiiannluwianannase ethanol Me3sA15uTn 3991105

wen fraction VBIANSNALAYU19DNINNATENA 95EE-DLP Ineiidumnaunail

1. Paansainuieain 95EE-DLP 5 nSu W1unanneaniy hexane  waz 11
(Bnsdu 1:1) Tu separatory  funnel 1oA149a chlorophyll Wag wax

sonuivieglutuues hexane Astiuveuvnalvzuenoanlu 2 du feduuu

1 v
= o

= & aa & | A 5 Ao
Y99 hexane FUUUALYY? LLamua’NﬁuadmuwazmEﬂum YIUAUINA

o
[ U A

2. Wutunavatuniell Pegtuald udndy  hexane Tuiiasludnlu
38U 1:1 ¥nsania chlorophyll Lag wax sonanduiiazaglui an

Usga16d 2 A9 M90UNTLNLATUYDY hexane T4

3. uduiazansludiansiudu uwaahlutdumdesh 14,000 x ¢ 4 °C Ju

1287 10 U

4. NFBINIUNTEANYNTDI Whatman No.1 a1nifufseiiowsia aaenshd rotary

evaporator ause. lyohpillize auldnsuismenisly freeze dryer

5. 1arsadadunanaInduesininendlu (fractionate) 370 95EE-DLP

(WE-DLP) ansaurify Fatwmin wazueniiuidu aliquot 139 -20°C

LﬁUﬂ’]‘ﬁaﬁﬂﬁlLﬂumLLﬁﬂ Aaansanm 95EE-FLP, 80EE-FLP, 95EE-DLP, 80EE-DLP, WE-
FLP was WE-DLP weniuusiaz aliquot wazifiulidl 20°C dwsuldlunisnaasssaly Tunns
nnaes @1sataiiladan ethanol Wunavarelu dimethyl sulfoxide (DMSO) d@wansadndiléann

TFuresdnihuazatelull snlunsalnisveassiiieanueas 14 phosphate buffered saline
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(PBS) 38 complete media tJusviazatsunuin wavarsataflainnisaiagieg  ethanol

avarelu 0.25% DMSO wieldlusunaassluwad wioly in vivo CAM model
3.9 USunuvasdrsngnuall (phytochemicals) vasdsanavenuainluadnuian
3.9.1 USueusauvesansiuedn (Total phenolic content)

N30 T1aMUTHITMeY phenolics 1438 Folin-Ciocalteu #ae1defiAzen redox
TunsvinliAnyFATe18uduiiiosan molybdotungstate ion a1sazans Folin-Ciocalteu
reagent UsgNouUnIE@1s sodium tungstate, sodium molybdate, phosphoric acid Way
sodium carbonate dnMsvesisnagaufe Weldsudidnaseuanaisiusendindu loseu
Mo(Vl) @eiifndaslu Folin-Ciocalteu reagent asi/Asuluagluzunes Mo(v) deiidiniiu 4
ansafamumsasuLasdnnuiiten uaritessimuiinaldlaeiaansganduuasd
750 WUNLULUAS LLé’aﬂjﬂ,ULU%EJ‘ULﬁauﬁUﬂstmmgm%amﬂ% tannic acid, gallic acid, %30
catechin Jusiunuvesasuseneu phenolics (Singleton et al., 1999) et saunsom

AUsNMYBY phenolic Tulmazaisainnleisn159es Folin Ciocalteu (Mariod et al.,

¥
av a4

2006) MuIeiliaenty allic acid lun1siaseunsmuInggIu dwsutunaurein1saaaull

a v a
FNY[SLBYANIU

1. WWuansade 100 pl asluTunasanaaes (glass test tube) mueg 2 ml U9

2% NaCOj, Waw Waume vortex Unbivigaumgivieadunian 2 wiil

2 1N 100 pl 983 50% Folin-Cioculteu reagent (3sddn 1:1 Y838158%aN8

Folin': Dl water) uazkaue vortex Unlinigaumgiviesdniduan 30 wiil

3 IRAINIRANGULAIYBIENTANAT 750 nm laenisly Cecil 1000 Series

spectrophotometer

4 ihluAnaIeuiieuiu calibration curve U89a1511915§714 gallic acid

A10Y5¥1119 0.05-0.3 mg/ml

5 s18uRandNturesEnsUsEnau phenolic luansaimlu mg ves gallic

acid equivalent (GAE) #an5uva3asana
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3.9.2 UYSunausauva4 flavonoid (Total flavonoid content)

USUusanaee  flavonoids @unsaulalaeld aluminium  chloride (ALCL,)
colorimetric method (Liu et al., 2002) nann1snaaeuma AlCl; iU n3eniu C-4 keto group,
C3 138 C-5 hydroxyl group 284 flavones uag flavonols WiAnsadisansuszneulsouiiates
#9n37 (acid stable complex) yanNLL AlCL, #3150vUGN38INY ortho-dihydroxyl group
909 flavonoids dansuszneulsdouiiliiaieslunse (acid labile complex) flavonoid fivh

[

Ufn3e1iu AlCl Tu acetate buffer laans kelate ffidvdesdatalésne spectrophotometre

[

(Constanta wa¥ Rodica, 2010) TURBUVBINITNAZBULNILABD

1. wwudinau (DI Water) 1.25 ml aslUlunasnnmasd AU fiag19v89815
ain 0.25 ml 3@y 75 pl 9esansazaey 5% NaNO, aslUlunasannass

N&ueE vortex wazUlliNaamgiiviendunan 6 unil

2. W@y 150 pl 989 10% weedsazale AlClL 6H,0 asliluneennnass wauld

diiusie vortex wazunliNaamgiiviesdunian 5 unil

3. WeAsuMuUUALET LY 0.5 ml 989 1 M NaOH aslulunasnnnass a1unae
DI water aunseailuIuInssIuidu 2.5 ml nauaisazatevanua Ly

A28 vortex

[

4. FAAIN1IANAUKAIYBIFI8E197 510 nm  laen1sld Cecil 1000 Series
spectrophotometer ATWIMLUIBULABUAU calibration  curve  V8aNS

UMY catechin dA0g5ening 0.05-0.4 mg/ml

5. s189uANUduduresansuseneau flavonoid  luansadmdu mg  v89

catechin equivalent (CE) #ansuveasansana

' v

3.10 guddaduayNAdasTYsasainaInlugduian

Wenneyyadaseiivateviin waznalnnMsiueyyadassivaieUssny n1snsIadey

a [

gvisFueyyadasyveansainniueiiuien  ddBmmedeunianun 3 35fe  msdvEeu
ANNANNIALUNNT scavenging free radical siensldouyadaseiliafios DPPH®  asi3adeu

ANUAINS0TUNTIAG Pn83T FRAP F991d 2 Fsiilunisveaeulunasnannass 811359 3 10unns
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NAdeUVEAUoYYadasrvasansanalinneluwas  faen1sldans DCFH-DA #ianunsalians

Sowasneluwes
3.10.1 2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay

@ ax a ¢ v a o ag vy
DPPH assay LUu3sn1siwmseianuaunsalunisiueendindu reagent Midas

2,2-diphenyl-1-picrylhydrazyl (DPPH®) Fadu oreanic nitrogen radical Thafiesuasiidi ag/lu

U =

Whavae methanol asimegaiiauainsalunisiueyyadase fem

[y

f (scavenge)
free radical lel AuNvRIANTAZaNedinaes DPPH® 28919 wavlviansiganduwaslannaiy

g1AaU 517 nm  (Katsube et al,, 2004) Tunaun1sndaulnlae
1. By 0.1 ml YaeufarANUNTUYesasannadllluasnnaass musie 3.9
-2 9 ' aa
ml ve9ansazaty DPPH (2.5x10 “g¢/L methanol) waumle vortex Uuludiiin

Ngaumgiivies Wunal 45 wdl

2 9AINIANEULAIYRIMIBENNT 517 nm lagn1sly Cecil 1000  Series

spectrophotometer

3 MITENURaveIgnslunTitatgeuyadasenseyilusuiuy median

inhibitory concentration (ICs,) FINUNYANUTIAUTUTUVDIEIAIDEN

(%
o a

lunsdudaeuyadase DPPHe 1a 50% 1 ICs, vesansanamlalaenisasng
NSINAMUAUNUTILNINE % NISTUEY  DPPH® AUAIUINTUYBIANTH9819
ATAUUTUYBIENSA081971@111508UEe . DPPHe 16 50% AeA 1Cs,

Wesiwudnsduds DPPHe ansnsauinilaniuans

Acontrol _Asampte

Percent DPPH® scavenging activity = ————— x 100

control

Acarmpie WAZ Aol ABAINITAANGULAINIAIINENIARY 517 nm YBIA15AI8E

(MaeanAasllansaia uaz DPPH®) uaz ngu control (Maeanaasdilianiz DPPH®)  miudsu

NN358AAIYBIAINTTAANAUANTAEA1Y DPPH® Usuaniamsiiiuduvesgnslunisvinay DPPHe
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3.10.2 FRAP (ferric reducing/antioxidant power) assay

FRAP assay LJudSasiaaeuaruaiunsalunisimuesndndy lnsoduujisens
pond  uarAamunisdsuidasdvesansusznoudedon Ao \leansusznoudsdou  ferric
tripyridyltriazine  (Fe”-TPTZ2)  I#3uBidnmsouanansiusendindu  azgnivdenlvioglus
ansUszneuldetiou ferrous tripyridyltriazine (Fe”-TPTZ) fAtdhnhEy ﬁmmiaamﬂ%uum
geandl 593 nm AuEANsAluMSIUBENEIATUTEIENIHIBENS nsEYnlasMsITBUTiBURUANS
1N UEIseaduat FRAP value msinAnuasnsalunsimdvesasananssiiniais
193 Benzie ua Strain (1996) MaflswazBupuasiunoudsl

1. wasuaIulsznauuee FRAP reagent Ao 0.1 M acetate buffer (pH 3.6), 10
mM 2,4,6-Tris(2-pyridyl)-1,3,5-triazine (TPTZ) solution Tu 40 mM HCl way

@198y 20 mM FeCls-6H,0
2. 1@ uUTENoUYR9E1TNe 3 BH NENSIUAUMEDRIIEIW 10:1:1 (V)

3. fu 3 ml FRAP reagent asluviaeannans?il 0.1 ml 99 a@sann wagnas

A28 vortex

4. vulingamaiivies \uian 10 unil aAin1spaniuuasesansaiail 593 nm

Inensla Cecil 1000 Series spectrophotometer

5. ihluAnasUSeuiieunu calibration curve ¥83a151195§74 vitamin C 73

ABYTEWINe 10-90 pg/ml

6. TIENUANLENNNTIUNTSATURsasana WU mg w8 vitamin C

equivalent antioxidant capacity (VCEAC) #ionTuUU0Ia13ann
3.10.3 qussuayyadasznigluwad (Cellular antioxidant activity; CAA)

3jeilidenld DCFH-DA assay teRAnwignsiueyyadase w3es1u oxidative

stress nelulwad @13 DCFH-DA (2’,7’-dichlorofluorescin-diacetate) tJua15Usznau non-

fluorescent fiamnsadunnudndwas  Wedndwad Buled esterase nneluwadazdiamy

Y

= 1

diacetate 8anaNlLANaves DCFH-DA l9ans DCFH ftageiu vilvieuyadaseiegnieluwad

Y

@130 oxidize DCFH waglinandnaavineidu DCF Fuluans fluorescent MiSowuas (Wolfe
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wag Liu, 2007) deyayas fluorescent MAna1n DCF Faifuauusiuniu intracellular oxidative
stress meluiad  MsFnwgnsaueuLadasznteluwadues DCFH-DA assay Ailumuisnis

299 Kim et al,, 2011 lngdin1senuladdniiay Aeilsieazidenvasdunounil

1. duienaad RAW264.7 ety petri dish wuim 100x15 mm tnenisld

cell scraper

2. \Aniwad RAW264.7 (4x10" wad/mqu) fleglu complete media aslulumngu
w81 96 well plate Costar black/clear bottom anduUswadiuian 16-
18 w3l 1 37°C uag 5% CO,

3. &9 media sonanuadene PBS 2 aft Tunsnwgrismueyyadastly
wadseansan Uuwadasiniuansatafinududunig 9 (50, 150 uag
250 pg/ml) ¥09 95EE-FLP tay WE-FLP %#39UNsiuU antioxidant positive
control 1eA catechin (250 pM), resveratrol (20 uM) wag quercetin (10
uM) unan 24 v, dwsuamudutuvesansadafidentd laainnsveass
oy (preliminary study) ViwﬂmmLﬁuﬁﬁuqaqmmmiaﬁmﬁhjL‘fluﬁwia
Wad RAW264.7 (Resgazidenluinded 3.9 msmanududuvesansadad

TLiidufiudaiwad)

4. oAU 24 . ANAITANADDNIINTAANIY PBS 2 ASI ANNAIBAIIAN 20
UM DCFH-DA 7ieglu  HBSS aslUluusiasvan  uazunluiiinnedniu
53821387 30 UM (NM8NAINISHN DCFH-DA v plate fe aluminum foil

Wiataaunas wazdunausalulunisnaaaslrnseyinluresninaslnadd)

5. WeAsu 30 U a1 DCFH-DA 8an sy PBS 2 ASY Uavdugaingiiu

ANseRY 500 UM tBUOOH asluluusiay wiau

6. Famunalaedn intensity w99 fluorescence signal WUU time-dependent
18 excitation wavelength 7 485 nm Way emission wavelength 7i 535

nm laensla Gemini EM fluorescence microplate reader
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3.11. N1SWIANUTNTUNMUNEANVDIaNTENALNB I UNULYaa RAW264.7

U 2

Wewnlasimsidetl Anwigrsiueyyadaseaieluead uazgrssunssnaurese
udenlunising DCFH-DA assay warAnwidien1sdudanisadta NO iNOS way COX-2 lunns
neapugINUgVEMIETn A dvesasaninne RAW264.7 wad 393 ndudesmauidudui

WiLNzanvasansananlunalminfusolwadine gl uunnand
3.11.1 NISINSLABLYAad RAW264.7

psTilfime Aseadansiiug RAW264.7 fle RPMI-1640  7ufin (supplement)
10% heat-inactivate fetal bovine serum (FBS), 100 U/mL penicillin wag 100 pg/ml
streptomycin wag 25 mM HEPES el du complete media Lgmmafﬂuﬁ carbon dioxide
incubator nglaaniiy 37°C, 5% CO, LAYANUTUUTELN 95% aaumzﬂ"at&uaaﬂﬁaﬁdm Aa

aUARUINLTIRG flask (confluence) NdasugadnnATIUsEIN 80% nauiluldlunisnaass
3.11.2 A15 trypsinize waa

Tunsainnisiasyvossadaneiugilulssinmdesnisaunisda (adherent cell)
nsLiuLiea (harvest) wiseuwaaeanan culture flask @snsanseyilalagly trypsin Fady
protease yanglusauaalglunisinigdaiiuninalu flask Mldwnziaeasad (culture flask)

a aa & L. 12 & > . ¢ o A a s a
138n35N151I1 119 trypsinize wad lagvinld N3 trypsinize WwaanseviiloUSunaisasiasyngy

§ A v

WUl culture flask Uszana 80-90 % s1waztdenvastunouluns trypsinize 1waa dasilAs

1. Pipette complete RPMI %58 DMEM media aaﬂmm“aaﬁﬁa@ﬂu culture
flask

2. A199Aa 2 ASIY PBS

3. Trypsinize Wadoanaunska1sazany trypsin (0.25% trypsin 1 mM EDTA

Tu PBS) neldUsaunnsvasansazane trypsin Wileeiign udanunsanguitui

Haivanveas Fenseyilaeudu flask lUuegretiuwiali trypsin lvaagy

1%
a

a XY | v g v Aad A 29w .
Rowwaalyivi 1y 6119 culture flask 3u1ANa19 NLNUNED 75 m” 14 trypsin

Usgund 50- 100 pl
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4. Yuwaasauiu trypsin Aguu 37 °C 5% CO, Wuszezalszunm 5-10 wiil

Y [y

Tuseninmsuy iwadesnunyag dussegaiendeaganssaihuumngu

(%
@

(invert microscope) Lien 3L ad laviananiiuiinzdanuavzeds viall

€

aunsawme flask LU 9 wagndlunds trypsin Tiaquinunialing flask wie
Pl Maadnaninely seeeIa1veInIsSuNWadiu trypsin AstYssasaTli
duigavinfiaznszyila wazldadsldnannnia 15 wil sz trypsin 1y

protease dudatuwaduuiuluAaluivrowadla

5. WawaananeananiuiiiEeuses Sunn1siugns (neutralize) 1o

trypsin Aaen15ld complete RPMI media Fafl 10% FCS
6. mstumisueadi 1,500 rpm Juszezian 10 udl

7. @9waa 1 SRy PBS Way resuspend waati media Nifesn1slglunis

Nnavy

3.11.3 A1suIANTuTuYesasananldidunusawas RAW264.7

ATIAMUTLTUYDIANTAN AN L T uREsawas SufusenIsUNaIsananA
faa

Wntuwanasiusmiuwad Msmusinaaanidyinegnevaainsud nszvilag 3 T8Auane1

il D MTT assay, trypan blue exclusion Wag propidium iodide (PI) staining $18az198AvDS

£%
v

JUNDUNITNAADILAILAD
3.11.3.1 A1SUNYARTIUNUEISANN

Ay vany | I3 4

1. Tunsainland MTT wag trypan blue ldwad RAW264.7 (5x10
wad/mau) adlUluusiagrguues 96 well plate dwm3uasildnng
fouwadsny Pl Tdwad (2x10° wad/mqu) adluluusiazvauves

6-well plate

a

2. Ynwaaniegly plate WiunAeay (24 v.a.) luguuiaiuugmail

157 37°C, 5% CO,

3. AUy Wuansannasiuluusiagnauues culture plate lnglv

AnudNtugainevasansanadu 0.05, 0.25, 0.5, 1.00 waz 1.5
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mg/ml (13U 95EE-FLP) uaz mnududugavineiiu 0.10, 0.50,
1.50, 4.50 uag 13.50 mg/ml (FSu WE-FLP) Uniwaanednidu
sreghan 24 vl fvihagaiemiuau (vehicle control) ¥ 95EE-
FLP way WE-FLP fi® 0.25% DMSO wag complete media

ANUAINU

4. Wonsufivuanal yinnisuseiunnuduivvesasannsowad
PN 3TBLUTBUTIBUAU Ao MTT assay, trypan blue exclusion

ey Pl staining
3.11.3.2 MTT assay

MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium
bromide) \Juddunsizst Uszan tetrazolium salt 514 MTT assay UssiliuuSunaneadiisl
FAnhu 0fEndnNNTI lewzwadnildin Weeil metabolically active Wity fiansnsaldioulss]
succinate dehydrogenase lu mitochondria Wasu MTT  Widu formazan product 1ag
Ufin3en reduction  formazan product Tifinduiidssthduiipnnduuasgeandl 550-600 nm
(Mosman 1983; Denizot way Lang, 1986) ¢ty @hﬂﬁ@ﬂﬂﬁuumﬁLﬁué’mﬁauimamiaﬁ’u
formazan product FLUTHULABATIAUUINIBY succinate dehydrogenase Fagufusuay
wadiiTintwes msUsadiunnudufivwesansadaainluainuieniildain 95EE-FLP uay WE-
FLP siowaa RAW264.7 18 MTT assay anawUaa191n3isn1sues Chun et al. (2007) laedl

UALLDYANIUTUANDUAIN

1. MenasnIsulwassuivasanatiy 96 well plate 1@y 100 pl 0.5

meg/ml 83 MTT dye solution aslUluusaznauuas 96 well plate

way Uudl 37°C, 5% CO, Huan 4 .

2. \floAsu 4 v, 11 96 well plate Tdumiesd 1,500 rpm, 4°C Wu

a1 10 Wi W supernatant #8n31n plate

3. 11 100 pl DMSO aslUluusagvquiiieazany formazan crystal 1tk

aglusUvesansavaneduag
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4. IAINTIRANAULESN 540 nm @38 Benchmark Plus Microplate

Spectrophotometer System
5. AUIUUBSIUATDUTRRNNTINABAUNSAIRe bUT

. Aady OD nguvagey
% LWAdHTIn = — : x100
ALAGY OD NauNAReS

3.11.3.3 Trypan blue exclusion
nmsUseiuanudufivrowadsmenisida trypan blue o1fenRaNATS

(%
1 1 LY

oA A v saaaa Y A ¢ Y v ¢
Md trypan blue iﬂﬂquqiﬂmquwawwL%ﬁamm%'ﬁ@‘l@ AIUU Luaaa\’iQL‘UaaﬂWBIMﬂaaﬂﬁ;aﬂiiﬁu

S R s ¢

AsatUPWINERaNNTIN waziwadneld nszaaniiainazla deulifindues trypan blue

ngwaa liiFnminduidonfindunduved trypan blue nsUsziliuanuuiivwuesansann

nervanluainulensewwad RAW264.7 medsnisdeudnie trypan blue dtunaunnaluil

1. A9INULIARNIBANTANN a19E15aNABBNANNYAE 3 ASINIY PBS
way Auiewadlaenislyd 0.25% trypsin-EDTA (S1wazideniy

W1 3.11.2 N3 trypsinize 1wag )

2. douwaaniy 0.4% (w/v) trypan blue (w3wulu PBS) lagld
nTdILead fo trypan blue 1:1 (vAv) 1wl single cell
suspension 100 pl ldlunasaneass wazld 100 pl 0.4% trypan

blue Hudu

3. Pipet L%aéﬁmamgjﬁuﬁ trypan blue aslulutosves

haemocytometer dnsutiugaaiazlnniy cover glass

o o aaa e & a A% a say 1a
4. Juwaanddie (wadiidnvurlansglifnduitu) wasadnluill
in (lwaddndu1&w) Tu haemocytometer aeldndesganssemi

WUUNUEIN (light microscope)

5. Auailasidudvaawadniaialaeldaunis:

o (3

, UIURRNINUA-DTUIURRNANE
& @ L3 faaaa
LUDSLGUNLYANUYIR = - — x100
ANUIULIAAVINUA
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3.11.3.4 Propidium iodide staining

WANN3U8INIINAGBUAD propidium iodide (PI) 1uluanatsosuas

salaaa = v

(fluorescent molecule) NldanusaBuruiBevigadvelsadNiTInle R ziwaaddlidery

waaideyne dsoraduwaddeidsme vielwadineuwdwintu feexly Pl iuddwad ile
nghsad Pl Fadu intercalating agent azunsndh (intercalate) Wrlulusewing base pair vos
double stranded DNA & PI §i excited wavelengths 400-600 nm taz emission wavelength
SYWIN 600-700 nm - FeilaninsansiaTauinnaneadiinneds DNA deufndifosuaves Pl
fen15ly flow cytometry M%aﬂﬁaﬁﬁ;amiﬂﬂ fluorescence (Crowley et al., 2016) NM13UsELIU
arudufivvesansanalusinuiendléain 95EE-FLP uas WE-FLP siawad RAW264.7 835013
foud PI 143801384 Dichler uay Stepnik (2008) Inefimsinudandntios uardduneu

famolUdl
1. AN NULLYAANILANSANS A19a15aNADBNAINNARAIE PBS 3 A9

2. UNeLaamensd 0.25% trypsin-EDTA  (s1wazidenlusinde

3.11.2) waghowadfioglu PBS aslulu 5 ml 84 flow-tube

1%

3. Jumisaadioglu flow-tube 1n PBS oon wazdomiwadlagld 100
ul 89 PI solution (1 mg/ml stock solution fidos 1:200) Uy

waanu Pl Tundiadunan 10 ui

4. NAIINUUAAARIY  PBS  waziunimsizvinalaenisid BD

FACSCalibur flow cytometer

3.12 NSNASBUNEAIUNITONLEU

[ (%
¥ (% [ 1 % = U v 14

ﬂﬂi%?ﬂ%%m’]uﬂ’]iaﬂLﬁU%BQﬁ’]iﬁﬂﬂﬁ’J’]‘Ué@ﬂ NUIRUANWINITIUTIN1TA519 NO ﬂ’J‘U@j

luAunsduginisianseanvaaeulesd INOS way COX-2 SuvaNane proinflammatory
cytokines Tusgdu protein uag gene

3.12.1 n15¥IUSUT8 nitric oxide

VANUININAABUAD Lialwad macrophage RAW264.7 9nnsedusiy LPS uag

IFN-Y sfinn15a3ne NO &slaliafios lu culture media NO awgneendladegesaniald nitrite 39
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Ju product Nfimnuatiosyes NO  Usuna nitrite @ansansiainladtelagly Griess reagent

(Green et al, 1982) setiu FefoulduSunn nitrite Tu culture ioUsuonUSinawes NO

=

FuAs1eIU wnuNazInUsuiuues NO Tnensaganseyinlesnn  35n1sviuSuna NO Teenuduy

USuna nitrite Tu culture men1sld Griess reagent nsevinmu3sves Oliveira et al. (2012) #dl

= & o X
FYACLBYAVDITUNDUAIUAD

1.

Tdwad RAW264.7 cells (2x10° wwad/vax) aslluusaznauues 96 well

plate uazunwaaliidunan 3 . isliwadfaiuiiiaveangu

Wy antioxidant control lawA vitamin C (500 pM) way ansainginuden
95EE-FLP way WE-FLP (50, 100, 150, 200 and 250 pg/ml) aﬂﬂimwiawqm

wasannsualunan 1 gy, nseAun1sadne NO fen1siiu LPS 1 pg/mL+

IFN-y 25 U/ml haguusedniluszeziaan 24 v,

doasu 24 wu. 1h 96 well plate Wiumles wddhe 100 pl wes

supernatant 1U 96 well plate Twul

Wy 100 pl W9y Griess reagent [1%  sulfanilamide, 0.1%
naphthylethylenediamine dihydrochloride uag 3% phosphoric acid]. @4
Wy plate e supernatant  maulidniy wazudludifadunan 10

a
UMM

Tadinsganauias 1 540 nm laenislyd Benchmark Plus Microplate

Spectrophotometer System

USunauwag nitrite Tusiog1e mMunlalaeisuiu calibration curve v89a15

UM sodium nitrite

3.12.2 N15ATIZRNTSHEnIDanvaLeulell iINOS wag COX-2

3.12.2.1 M15LM38Y protein lysate

1. Plate \wad RAW264.7 (2x10° wwad/vau) asluluusazvauues 6

%

1 ¢ & ::4' 1 sa ad da
well plate wazUnwaalduszoziian 3 su WolAlgadfnniuiig

VBIARLVRY
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2. \@ua1s antioxidant control lawn trolox (50 pg/ml) wag vitamin C
(500 pM) S2avTaansannge 95EE-FLP wag WE-FLP (50, 100, 150,
200 uag 250 pg/ml) asluluwsasvau

3. viaeannundunan 1w, nszduwadaas LPS (1 pg/mU+ IFN-y (25

U/ml) Wuandn 18 vy

4. ransatnoenannad 3 ASadae PBS wazfiy 150 ul wed ice-
cold lysis buffer (1 ml RIPA buffer, 2 mM PMSF, 2 uM

leupeptin, kag 1 pl E-64) 18utian 20 widl.

5. 1iloAsu 20 Wi ée cell lysate flogluusiazuauues 6 well plate
Ui microcentrifuge tubes Wag Jumiesil 14,000 x ¢ 7 a°C \Ju

1387 30 W19

6. viu supernatant 1lu -80°C ifieinlush Westen blot ety

Junausall wardnaruniailudmsgdimusunalysiu

3.12.2.2 msaaszsmUsualisiu
Ansgvimusunavedlusiuly  lysate lagleiswes Lowry et al,

(1951) Inefivunaunisnaaaunne Uil

1. 139979 protein lysate Tu lysis buffer (1:10)

2. \fin 20 pg vaslusAuNgnideanas asluluusaznauves 96 well
plate amuA2e 200 ul ves reagent D wavuuidunal 10 udi 9

QaNYivIDY

w
—

@ 20 pl ¥4 reagent C asluluusaznguuas 96 well plat wayuy
ﬁ a

Mgaumagiiesdnidurial 30 wi

4. IaAINNTRANAULAIDIR10E197 750 nm leen1sld Benchmark
Plus Microplate Spectrophotometer System #1UsHalUsAUYDS
ansanalaely calibration curve YBIETUINIFIU bovine serum

albumin (BSA)
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3.12.2.3 SDS-PAGE gel electrophoresis wag Western blot

nsfumgrsvesansatalugiiuon 95EE-FLP uay WE-FLP sonis
wandoanuaslUshu INOS waz COX-2 nswvilagldinadin Western blot Fasuanisueniusiu
1m8 polyacrylamide gel electrophoresis #135n15983 Laemmli (1970) wagiatialusiu iNOS
waz COX-2 Tneld monoclonal antibody iswizdelusiuieans  duneunsnaaeyil

[

UATLDUARILAD

1. 11 cell lysate TW@mdunan 5 it Tu 6X sample buffer (50 mM
Tris-base, pH 7.4, 4% SDS, 10% glycerol, 4% 2-
mercaptoethanol, 0.05 mg/ml w83 bromophenol blue) (1%

9n31dU sample : buffer = 5: 1 v/v)

2. Tnian (load) WWsAulagld 30 pg wes cellular protein lysate aslu
uwAaz lane 99 sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) nsgvinisuentusiudl 125 Toad
a1 120 w1 (1% 7.5% polyacrylamide @su iNOS way 10%
dmiu COX-2)

3. grglushuiegluuiuiaaluyl nitrocellulose membrane lagnis

blot 71 80 Taadt Lurian 1 wu. igaungiivies

4. Block nitrocellulose membrane #3815k 5% nonfat milk Tu

0.1% Tween-20 PBS-buffer (TPBS) Tagvnsuusumud a°c

5. Uy nitrocellulose ‘membrane a2y 1:1000 dilution ¥8e primary
antibody anti-INOS mouse monoclonal %38 1:2000 dilution U84
primary antibody anti-COX-2 mouse polyclonal ﬁqmwgﬁﬁauﬁu

KI8T 2 YU

6. nTI9ERULAE normalize 1UsAUN load Tuusiaziauindiviunaiindu
939 Imeunl nitrocellulose membrane a2y primary antibody anti-
tubulin mouse monoclonal antibody #lAA8219 1 : 2000 7

a v 13
QNMQNM@\TL‘UULU&W 2 WU
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7. AMUNAINITUNAIY  primary  antibody @13 nitrocellulose
membrane #18 TPBS 3 A%q 9 @z 10 U wazuy nitrocellulose
membrane Viqmmﬁﬁauﬂunm 1 9. 738 1:10,000 dilution Vo4
secondary antibody goat-anti-mouse-HRP conjugate @113
iNOS wag tubulin tag goat- anti-rabbit IgG-HRP conjugate d1%5U
COX-2

8. NNYNRINITUNAIY secondary antibody a19uHu membrane ¢

TPBS 3 ASe 9 av 10 Wil

9. Tuviosiln Ay ECL Western Blotting Substrate (Piearce Protein

Research Products) adlUuu nitrocellulose membrane Laaaul

' £% '
o A =

PNunRg Tneuniduna 3 wid anusenisusenuiuia

10. sneuNaUsunumsuanseenvedlusiulaensly software image)

way normalize Taelduuuvas tubulin Wyt
3.12.3 n158U84 proinflammatory cytokines ¥asa15ann

LPS  ¥u endotoxin ﬁa’lm’mﬂizéjumaﬁ macrophage 1#&313
proinflammatory cytokines S99 1L-6 wag TNF-or (Guha and Mackman, 2001) Fuduans
donana (mediators) fiflAud 1Ry EwenszuIun1sSnaumsIe proinflammatory cytokine IL-6
waz TNF-a  Sunuimdiaglunistnuilmiinn15a319 acute  phase  protein 1% CRP wag
protease inhibitors LLazﬁmmLf’”{m%’aaﬁ’wﬁﬂémmq6’] Tunmefiedastunssniay wu nns

I3 1% ] . h 1 a 4” . 5 = [
Wuld (fever) A191a corticosteroid NSABVALOINDANIZAALTD LAy cytokine 1198038ITEAU

'
a

dingaduluwnunnszersenitanngfiaanisdnau Sadudmnonieiiddylunisineids
Aadn (Xing et al,, 1998; Scheller et al, 2011; Popko et al., 2010) s uenwileann
N15ANINARDNN5AS19 NO, INOS way COX-2 mu%&ﬁé’ﬁnmqwéﬁmmsé’ﬂLausuaqad'm“ﬁaﬂ
Fiufin fremInTndeun ATt ain 95EE-FLP Tun1sdudinisadna IL-6 wag TNF-a
TusgAulusiu wagszfunisuanseanves gene Tu RAW 264.7 1wad Ald3unsnsedusg LPS s

IS a v dy
HUINYALERYAVBINTITNAABIAIU
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3.12.3.1 N15UN RAW264.7 [waanudansana

1. Plate wad RAW264.7 (2x10° 1waa/mau) adluluusiazvauues 6
well plate wazUuwadieiu (Ussunas 16 wu.) 7 37°C 5% CO,

P 19 Ad ada ]
LW@IVL‘ZI&@@WIWWUWNTU@QLLG]@S‘V]Q@J

[
v 1 = 1

2. YUY Uuwadatstnnusvinazaty (0.125% DMSO) %39 a@ns

9

[

afm 95EE-FLP fimnnsidudusing 9 (50, 150, way 250 pg/ml) 1Hu

J2YLLIAN 1 YU

3. MA9AINNITUN 1 Y3l NIefuead RAW264.7 fg 100 ng/ml LPS

1 ¢ 1 a <
AT UL ARADRNUUIZEZLIAN 8 U

4. deasuiiuuaian 11 culture plate ludumias? 300xg Wuiaan
5 widl ivdauiilu supernatant Tifiguaduds 80 °C ilovan
WATIERMIUSUIVY proinflammatory cytokines IL-6 Lay TNF-

a #all (31ezazdnluride 3.12.3.2)

o I3 & o sa A a 1y
5. a9NNU supernatant LAULNYN RNA GUENL"UaaVILWﬁE]@@E]QVIﬂu

naulu 6 well plate mensviibiwaduaniagld 175 ul lysis buffer

9710 SV Total RNA Isolation kit (Promega, Madison, WI) LAY
feglingududa 80 °C iielinnsinisuanseanves IL-6 uaz

TNF-o Tusgau gene mald
3.12.3.2 A15ASIZANIUSUI TNF-OL wag IL-6

USuauves TNF-aL - wag IL-6 ad1slaeieas RAW264.7 Welasunis
nszAuME LPS Tinsiesilaeimnatla Enzyme-linked immunosorbent assay (ELISA) 4151910113
AU plate A28 monoclonal antibody (MAb) fidLW1zMa cytokine NHDINITUIUTUIU AW

peldfegrimaaound cytokine naI91AUU 19 mAb wlla®l 2 NI8ALTLWIZRE cytokine

v Y

WEINU WAIUAU  epitope U89 cytokine MIRAUAU mAb ¥lialA (epitope ADFAILAIIUY

v '
v A !

antigen ﬁamWiaﬂizﬁumsmauauawaﬁ Ab UN9ATILI8NTN antigenic determinant) \Wafnaan

mAb ¥flafl 2 18 enzyme %30 biotin  AavanunsawiUSunuves cytokine  lamaenisld
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substrate  (lunsdififinaaindis  enzyme) wield streptavidin fideufnfiu enzyme
(streptavidin-conjugated enzyme) (lunsdifiinaaindie  biotin) Fslunsdndedosnudie
substrate  Tudumeuantine AeliAn product 718 Fsanunsniausuialddie  colorimetric
method Tagdues product ATy Juuinaleenseiudunames cytokine ﬁgﬂ%’UTﬂ&J mAb 7

FWNLV9ED9

Amsulasanisl mUsSun TNF-a wae IL-6 taewmata ELISA A1u3%

9849 Condie et al. (1966) AILS18ALLDEAVDINITNARDUAIN

1. AA9U mAb fidmzsio TNF-a %30 IL-6  aslulsiazngauues
immunolon strip plates #78 50 pl Y89 1 pg/ml anti-mouse/rat
TNF-0 %38 anti-mouse IL-6 #Msd6y Undafud 4°C

£

UFATU 89 mAb duiiu Nlaladuiurgueen 3 Ase eIl

€

N
)

250 ul PBST (0.02% Tween 20 lu phosphate buffered saline,

oH 7.8) Tuusiazase

3. eliliiAndunuIndn1sTueg1slddnizianzas  (non-specific
binding site) block Yasinsluusasrauiienaldll Ab adeusie

300 pul 3% bovine serum albumin (BSA) Tu PBST 1lutan 1 w.

Mgaungivios

4. &1 8SA druAuilillifuiunquesndie 250 pl PBST d1udu 3

A59

5. lddeegredesnismaaey 50 pl asluusiagyau (supermatant 210

wad RAW264.7 fivusaufuansadauaznsgdudng LPS (luviade
3.12.3.1) %39 @19979849 (mouse  TNF-oL recombinant  protein
%39 mouse IL-6 recombinant protein) Farududusing 9 e
W3gH standard curve @15919849 IL-6 @MU 62.5, 125,
250, 500, 1000 U/ml du5u TNF-o lgmanudutu 0.5, 1, 2, 4, 8,

16 ng/ml Uy plate 1Wuraan 1 . ﬁqmmﬁﬁaq
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6. 1981 250 ul PBST §1u7u 3 Ade

7. Td 50 pl 1 pg/ml biotinylated anti-mouse/rat TNF-0L %30

biotinylated anti-mouse IL-6 13821911 3% BSA-PBST vatdutaan

a v

1 v, Ngaumniviod

Y

8. AMundIN1sae 3 Ae 1d 50 pl  streptavidin-peroxidase

. A v oA ] A a a v
conjugate V]VL@L"U@"U'N 33.3 1111 UUsoen 1 Y. Vl'qm%ﬂlﬁ/i@ﬂ

Y

9. AendanN1sans 3 A3 ld TMB substrate wagngaunsennie 100

},ll 6N HzSOa

10. IAAINIAANTULEIVEIANTAEAYMIEAINENIAAY 450 nm 1Y EL-

808 microplate reader
3.12.3.3 N19%1 gene expression UdY TNF-o Lag IL-6

N19MIN3HENID8NYDY proinflammatory gene TNF-au lag IL-6 NSENN
Ingldinaila real-time gRT-PCR (real time quantitative reverse transcription polymerase
chain reaction) JadumaiiafiWauiain PCR (polymerase chain reaction) LUy wdldnng
Anaanmyansiseauattszian fluorochrome vlaansafinniugUuinse1ves PCR lonnszes
uazBamuUiinumes DNA Whmnefifistiumuenudusisluusiassou (cycle) vasufnen
PCR Fitdnintuluvaeiiy (real time) wpdlad daeliannsandives PCR product 1158 DNA
Whamneimduiatuludasmnaldonauduglundaysou (cycle) vas PR Tagliideinsiaaey
#1en3 run gel electrophoresis oy PCR datha Tudhaqtiu nsnsiaaaumaaiiveg real
time PCR e19ld@7unsnduiu DNA wWu SYBR Green | dye wSelfiduussinm probe (probe
based) Aduane DNA W@uideaiiinaainse fluorophore dsillviidonldsumananateguuy wu
Tagman, Molecular Beacons, Scorpions, MGB hybridization probes, AmpliFluor proes, LUX
(light upon extenstion) probe Wy (Arya et al.,, 2005, Mirmajlessi and Loit, 2016; Wong
and Medrano, 2005) dusulassnsised donld TagMan probes (NCBI, www, 2012) wazm
USunanisuansenneey  TNF-a ez IL-6 gene Tui@auSunaluuuiisudnaiu (relative

quantification) AMUAEUKUAIIENININGUVAaRY (Weilansarin) Aungueiuay (liflansanin)
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loeld The comparative Cr Method (AAC; Method) mﬁ%ﬁizq%aw%ﬁw (AB Applied

Biosystems, Foster City, CA) n1snaaadludiull nsgvinimeaedlunesufjifinigh Centre of

Integrative Toxicology, Michigan State University Iﬂalﬁ%mmammwﬁmﬂ Prof. Dr.

Norbert Kaminiski Tlul4ia5a4 real time PCR Tuviesuusinis dumeunisnaaedined

1.

[

11 cell lysate Alaanmsaanewas RAW264.7 AUNsmAvasana

wagnseAumy LPS Tuiite.) unadn total RNA mensly SV total

RNA isolation kit An3357158Uv0IUTEN

wiU3unae RNA fiaialagld Nanodrop ND-1000

spectrophotometer

qRT-PCR nseinlu Applied Biosystems 7900 PRISM Thermo-

cycler Tagly Tagman assay system gaditunousiail

3.1

3.2

Total RNA 250 ng luufn3eniifiuzumssau 25 pul an

reverse transcribed 1 cDNA (complementary DNA) lag
19 High Capacity cDNA Reverse Transcription kit (AB

Applied Biosystems, Foster City, CA) é’aaﬁ%ﬁszqiuu%ﬁw

WwisuUFnTeves PCR (U1nns 20 ) fldhudszney

Yt
cDNA ﬁLﬁutemplate 2 pl
primer ¥84 gene UMY 1l
18S ribosomal RNA 1 ul
TagMan Universal PCR Master Mix 10 ul
1 (nuclease free) 6 ul
ety _ 20l

3.3 Menaensinufn3en PCR USuA1USun mRNA - 289

gene Umung  (TNF-o %3 IL-6) Iignaesdienis

normalize AU endogenous reference 18S rRNA Uaz
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Wisudu  calibrator (nguamuaudililsunsauiuansada)
Felsannisiuainaingns 2887 Lags1BaIuNans
LAnseenYed gene Wudruuminileifisuiunguniuaui
wadlildusufvansadn  auvdnnisiiszyluuion
(Bulletin 2, PN 4303859, AB Applied Biosystems; Bustin
and Nolan, 2008; Overbergh et al., 2003)

3.13 A5ANYINSATUNISIVRsEsannaduian
nsAEnwgUEAuNzSwesasann 19 2 uwavneafiuananeiy wwamsusnldunsdne
in vitro egeuluiivvesansainlrenssrawaduziiaenug 4 alln uwagdansagadans

'
v 6 al

wugnTamldenuduiiy iednwinalnnsdnirlfiAansmeveasadusiadasasadiaiy
ARKIUNTEUIUNS apoptosis 3ok dmsunis@nwgrduuziduuuined 2 W in vivo
model iflaganuannsnvasasataluntsdudinsaiiaduienlnd Adunssurunsddylu
nsdNEs NS YLasTRILINTTesawieten Amufnas warsrerauivedsause

Nauynyiln

3.13.1 AU BUReENSanLAgnSIRDIgaRUsSIAENUG

Ly

nsnadeugndiuNzisulssiuresasainginuion nsgvinlnensiadeunIy
) a [y 1 3 < v ¢ a A 3 < @ v €
LﬂuwwimsJGIiﬂsuamiaﬂmmaLsaaammawwuq 4 UR AD LYAANLLIINUAI1BNUY HepG2 (Human
hepatocyte-carcinoma  cell  line) Lezjaa‘mﬁuéfmumaﬁuﬁj MCF-7 (Human  breast
adenocarcinoma  cell - line) maa‘mﬁaﬁamqﬂmmamaﬁuﬁ: PC-3 (Human  prostate
adenocarcinoma cell line) = uag L%ﬁmﬁ@Lﬁmﬁamﬁunmaﬁuﬁ Jurkat (Human T cell
leukemia Jurkat cell line)  uwagldiwadifiadenv1iuiia mononuclear Tunszualaiin

(peripheral blood mononuclear cell; PBMCs) Wusunuvsssaaund

3.13.1.1 asanaadiadanu1iunfvsidn mononuclear Tunssualain
(PBMCs)

wad PBMCs lannisadaadidadeny1iiliu mononuclear aon
- a a ay vo ¢ &
31180 (whole blood) USa1AAINAUUNG NlASUANBLATIERIINTUIAISEOAVDILSINGIUE

U19UATIITEL nuuveassludiuiineidesiuwadusiiivesnuuasfiiogtuienuysd
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lasunisfuseuaraudifainAuenssun1sIsesssuNsMMITelunywd uinerdemaluladss-
w3 Tudszanauideifianudessh sialassnisiaedl EC-57-04 Madnsldngueadidiadensm
iy mononuclear #3e PBMCs o fsAmiuanaavesmuvuiliuvesngueadviiagig 4 lu
Fen Wlevndenundusaufunan  Ficollhypaque @slun1smaassidld Biocoll  separating
solution Midmnumunuiiy 1.077 o/ml isoton Tneiisneasidonvostunausil

1. waudenniu PBS Tudnsndu 1:1

2. 14 pipet @mﬁam%um uiAseqUaseiaanasuu Biocoll
separating solution Pwgeulily centrifuge tube w1 15 mL 14
99131d2U buffy coat : Biocoll separating solution B 1:1 (wv)
nntimaeslUdumiesiiaug 1,500 rpm Uutaan 30 Wil i

gamadl 25 °C

% J a [ gj & | g
3. aevasmstumies asazaregnuenitu 4 9u A dunuvaen
1 13 g <@ A | [y} &
a9aAL U UTUYDINALRDALAIIINNAY polymorphonuclear cell U
daundudrundu Biocoll separating solution #ifid@uuudaduly
Duguunegd@unves buffy coat @aUsynausie PBMCs uay 4u

aavheuuandudiuiilaves plasma

4. 19 pipette andIuvas plasma 714 UAITIAAFIUVB PBMCs DE1
o [ 13 I a a I ! A & .
szalnseds iiuuenld Ineneeumaniedligadiuimdy Biocoll

separating solution lfntiuunme e liRnTuNdoean

5. drdwindu buffy coat 18 PBMCs lutluansnae PBS imanuisn
1,500 rom Wutaan 5 uid 2 ase wazihluldlunsveasadielddu

wanUnAvesnguauausioly

3.13.1.2 anuluivlaenssvasasanasoiasuziseananug
ﬂ']ﬁVl@a@‘Uﬂ'J’]llL‘fJ‘Uﬁ'USUQ\‘]ﬁ"lﬁaﬁ@IU@’hugaﬂﬁlﬁﬁﬂﬂ 95 EE-FLP way
WE-FLP siewad HepG2, MCF-7, PC-3, Jurkat wieuifu PBMCs fitunousiine
1. ldwad Ao HepG2, MCF-7 Wwag Jurkat (2.5x10" Lwad/nqu), PC-3
(2 x10" 1wad/van) PBMCs (3 x10” lwad/max) oglu complete

media aslUluusiaznauues 96 well plate Tunsdlvedgaduziss
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v A & o & v | sy A v A
aneug7idu adherent cell Sndudosuumaddufuarmind

37°C way 5% CO, Wisliwaddniniu plate neuldsuansadn

2. Unwadsauiuansane IneiRuansanaiilaann 95EE-FLP uaz WE-
FLP aﬂﬂwqmﬁﬁmaé Tidaududugavinendu 50, 250, 500,
750, 1,000, wag 1,500 pg/ml

3. 11 plate WUNN 37°C, 5% CO, 1 Uuan 24 w1 Jmadeunisizin

aEvRUTaRMIETs MTT Aesiwazdeanissyliluide 3.11.3.2

3.13.1.3 nalnnisiiafiesaigasuziianenugineadtuian
nsnadeuItasaineIuisnaunsatniieadueziiaeiugiiie
NMIMLEIUNALNNITAFLDIVDUTAAUUY apoptosis Wsald nsgyin1snasslulwas Jurkat ¥

Y
< v I Aaa o '3

JuwaduziSsaeiudndanulseasadngiiuion deustndudunismevesyadinianiu
. a aa ] au & & v aa Ao &

NS¥UIUNTT  apoptosis  Hna1nna1edd wesudded enld 4 35 N9alu hallmark 994

N3¥UIUNIT apoptosis AD 1) Ansginsuaniniduvieusos DNA (DNA fragmentation) WUy

Tuduln lu agarose gel electrophoresis 2) 95399dUgWINE1Ve3 nucleus Meglindas

L

qanssrilagn1sdoumed Hoechst 33258 3) N1sdouiyaanie annexin V-Pl uag 4) ATz

N1IMAIVDY cytochrome ¢
A mMsUlLgaausSeENeWug Jurkat SaufuETSEn

NNNIINAROY  LTUAUMENISUIadUSEeRug Jurkat fuans
anpgiudenfianududunie 9 ednilminnsaevessaa Jurkat TureuveINITIAERUL]

UATLDUANILAD

1. Plate wad Jurkat ﬁagﬂu complete media 91U
1.875x10° wadadluaumizi@evuin 100 mm’ dmduns
NAAOLNEIATIZINITUANTNVEY DNA Tn83F agarose  cel
electrophoresis  @115UN1TNAABUMBNITEDN nucleus AIE
Hoechst 33258 uwarnisvndauiideuwadiisuniadied
anexin V 1% plate Jurkat 1wad $1uau 5x10° 1wad/vgu Tu 6

well plate Uniwaaduduiioamgdl 37°C uaz 5% CO,
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2. fugstu vuwadswiuansata Tneuansadaiiléann osee-
FLP waz WE-FLP aslUlunau Tufianududugavnedu 100,
300, way 600 pg/mL Usaf 37°C, 5% CO, Wfuran 24 v,
ﬁm%’uﬁmmwﬁm%’uq@ﬁw 300 pe/mL TWuafl 37°C, 5% CO,
FesTeznaTuAnesiuRe 6, 12, way 24 . lunneg M3
NAaeIUNTaasINAUa1IaTa18 0.1% DMSO Wag UNsIufuen
AuNzis etoposide 40 pg/mL dieldidu vehicle way

positive control A1LAGU
B Aias1esinisunniinvesitdute (DNA fragmentation)

Snuwaenilededaduendnualrenwadiinn1smIeLuy apoptosis
Mg N1INTEAU  caspase activated DNAase (CAD) vhlvinn1suanvinues DNA (DNA
fragmentation) u1AvBdYieu DNA 7iuantin #3e DNA fragment anansaasavaeuldainnis
\ndoufiuas DNA fragment iuamul‘v\Iﬂ']LﬁagﬂLL&Jﬂaaﬂmﬂﬁ’ummmmﬁuaﬂuLaqamsﬂéf agarose
gel electrophoresis lne DNA fragment fiflvundnazndeuiiluléiandt DNA fragment il
Al 1ed91n activated CAD §n genomic DNA #saiumiaves nucleosome LAnLTY
oligonucleosome fragment fidauaunnssfutuiusuauwes nucleosome Tuuday fragment
ﬁgﬂﬁﬂaamm genomic DNA ilesannils nucleosome SluuneUszaNM 180-200 base pair

o |

YuIAYes DNA  fragment  Fafludiuiuminaes  180-200 base  pair Inguusiuniudiuiu
nucleosome Tuusiag fragment 3391l DNA fragment YOUTASTILAR apoptosis Hanuy
Sumnzdusvuiutula (DNA ladder) ilo load adlu agarose gel electrophoresis (Koopman
et al,, 1994; Cohen et al,, 1992; Wyllie et al., 1984) ﬁgﬁﬁmmm%ﬁ DNA fragment PIDIIUIY
base pair aunsulalaewioutu DNA marker fiSauiavestuanauiuau Tunismaaesil
Anszain1suaninues DNA luwadiiin apoptosis Tneld cenomic DNA detection kit (Kang,

2003) NINABUNTEYINANLITNTEYVDIUTEN Aelitunausaiine

1. Auewad Jurkat Auuswivansanaduszesinan 24
(wazldualuiite  3.13.1.2) feAs  trypsinize  Lad

(518a2LD8MUNITE 3.11.2) hara19LYaan 8 PBS 2 A5
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2. @0 PBS 200 pl Tuwad antiihwasunaninndue (DNA)

#18 QlAamp® DNA Mini Kit an3sszylugilevesyn kit

3. USInuAdueYeAaYMeg19MIeASes  Nanodrop  ND-

1000 spectrophotometer

o a &

4. ihfdwe 5 pg wava1eiie AE buffer wazindn RNA Tu
Mog1e Taeldd RNase A 100 pg/mlL (Aududugnnie)
nduilvudlugmivavgumall  (water bath) gaungd

37°C W 30 U

5. Load DNA Tu 1.5% agarose gel uag electrophoresis 7 70
Ta¢, 110 w91 19 100 bp DNA markers

6. W gel 3doume ethidium bromide 0.5 pg/mL tJuran

10 Wl naantuntluiindudunal 10 i

7. ounalasiiuiy  gel  lUdesuazarunwaigls  WEALTEC

Dolphin-DOC ultraviolet analyzer
C miﬁnmmsmﬁ'auuﬂaagﬂs’w%aaﬁqLﬂﬁaaé"sa Hoechst 33258

n15iUaguLUAIgUII9Ye  nucleus Wundddumadanldlunis

MIVABUNITANUUUY apoptosis Laensdeuisadnie Hoechst 33258 faludisauasuseinn

<

Uu  minor-grooves ¥a¢ DNA  siipsuaudalunisdausnusiin

[y a

bisbenzimides NIUAUAIUNL

falaa i

nucleus Tnedndumadidainiisl DNA Unfi nsnszaneves@ Hoechst 33258 avasiiduanasnia
fuedea uilunsdifiwadiinn1snIewuy apoptosis 8NWaEB chromatin ViANITRAR L
(highly condensed chromatin) Hoechst 33258 Faau150r1U membrane %SGL%aéﬁMWHIﬁﬁ%u
wazdioufin chromatin finasuuldiduty lu apoptotic cell Sawunishndues Hoechst 33258
MUY N58NTIAUNTIUNG Tosanizdninn1suaninues DNA N1sAnduas Hoechst 33258
ﬁ]zlaiaﬁ%amaﬁé’ﬂwmzL‘f’stJ'am (Kasibhatla et al, 2006) funeunséesiwadsne Hoechst

[

33258 1518azLdUnNINAD



69

1. Mendansvnwaaiufvansanneinuien Wunan 24wy
(eazdealuiite 3.13.1.2) AuAviead Jurkat §aen1s
trypsinize 1988 (318azidunluiite 3.11.2) Wara19aang
PBS 2 A%y

2. m3awaa (fix) eaensld 200 pl p-formaldehyde (4%, v/Av)

YUUIY 20 W9

3. ANaanIY PBS 2 A3 Lardnulwadnie Hoechst 33258 Ay

Fudu 10 pe/mL w30 wift Tudidie

4. Muwadry PBS 2 a3t anuudigadludesuazaneiume
nass inverted fluorescence microscope (Olympus IX51,

Olympus corporation, Japan)
D n158au apoptotic cell A28 Annexin V-PI

\WaaNILAR apoptosis tuszezl3uLIn (early apoptosis) Hanuwuy

v A

JuneNd1fgyAe phosphatidyl serine  (PS) MAutasegsuluvetiouigad viaiausan

o

(translocate) gRauenvesdeviuad ylidoufnd annexin vV Fadudifaudumy aunsa
Fuftu PS leunndn phospholipid  ladu ilesan annexin V JuivUszgavves PS leas
dw3ud Pl doudnlamzisadmeiiguaniAdorineadidene vinlvd Pl anunsoiudorinead
luunsnsfasenang (intercalate) base 989 nucleotide (3 DNA waz RNA) dioduiiu DNA @ PI
Thansiosuas (fluorescent) tiududn 20-30 wih Hrelnsradeu  DNA Wi sefu awnse
A3I988UNNSLAA apoptosis veseadlngld  annexin V fifinaaindieansifowas (@annexin V-
fluorescein) SIUAUH Pl LagiAs189iie flow cytometer @ INITOIUUNLAALS 4 @A1IEOON
Pnfuld Ao 1) wadiifiTin Goulaifia annexin V wazlifin PI) 2) wadfisuia early apoptosis
(Foufin annexin V uazliifia P) 3) wadiiin late apoptosis/necrosis (§o3fin annexin V uwag
PI) uaz 4) Wwadiin necrosis (Foulalin annexin V ugsifa Pl) (Fahrmann and Hardman, 2013:

Zhang et al., 1997; Vermes et al., 1995; Vermes, et al., 2000; Darzynkiewicz, et al., 1992)

=

TUNDUVBITTNTIAABUNITLANA apoptosis tneldn15dounig annexin V- PI auisvuasuseniisey

Tu Annexin V-FITC Apoptosis Detection kit A47URBURILAD
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[} 1 6 1 19} [ 1 < <
nasINUUwasTINAUasadngiuien  Wunal 24
(swazidenlusinde 3.13.1.2) uigwwad Jurkat 813
trysinize (S1eagidunluiive 3.11.2) wazdiuwaaniy PBS 2
A

a ¢ o 5 (3 . .

LW3LIAATIUIU 5x10” Lwaa 11 1X Binding buffer 100 pl
LAY Annexin V-FITC way propidium iodide (Pl) 88198 5 il

Wofouwasd  ntuvdBludile  Wuwnar 15 w7

QN ivias

NAIINNTUN  W@N 1X Binding buffer 400 pl wagily

CY }%

AATERIUTIMBLAIBY flow cytometer

E N151A3989 Cytochrome C Tu apoptotic cell

119991nA191A9 cytochrome ¢ 270 mitochondrial membrane ’sfui

cytoplasm  (JuduneudAgueinszuiunIsMeELUU  apoptosis  laganiznalnues  intrinsic

pathway Ing cytochrome C @m1309uiu Apaf-1 Tu cytoplasm LA apoptosome Faanuso

NeRU caspase-9 7lUnsedu caspase 3 Bndenils auihlUdnisiin apoptosis lufign (A

FATIDYAIUNTNT 18) AIUU N1TATIVABUNIILAR apoptosis Jsaunsanszyilalaginszaunis

anasued  cytochrome C n18lu mitochondria  Mi@1u1sadnlalaenssaInnsdvues  anti-

cytochrome c-FITC wagdnsnenilagly flow cytometer NMsMngeUNTEMALITVRILTEINTITEY

Tu Millipore’s FlowCellectTM Cytochrome c kit fladitunauasilae

(%) 1 1 [ [ 1 3 <
1. BN UILRATIUNUATENATINUIBN WUk 24 YU

(svazidunluiite  3.13.1.2) Auldewad Jurkat #18A1S
trypsinize (wazdgaluiide 3.11.2) uazdawaaniy PBS 2

AT
wSsawadsuau 1x10° wad Tu PBS 200

. dous2e Millipore’s FlowCellectTM Cytochrome C kit 1agld

WhTPYIRIUTEN (TwasidualuniAnuIn E; E4)
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6 o %

4. vasnnudluduseugavine  dildesesiviudions flow

cytometer
= Q‘ v < L 1 =3
3.13.2 MsANEIgNIAIUNZISIvRsEIsannaIuianluluna CAM

qusuzSwesansadaeimienlu in vivo Bendnwilagld CAM model 7
Ugnene vi3e inoculate MelwaduzifaRavis BI6F10 melanoma fidnilriasaduidenlmsinn
naelies wasnTvdeuNaresatsatngituienlunisfudinisasradudenlndiidnilae
waduzifamugiunavesansatadenisaadudennily CAM musssundluaneilaildsy

'3 3
WadULLS
3.13.2.1 nsAne N lngnsIvaeasanasaLwaaNztse B16F10

Wesanluniinaasignsnisduginisasiuduidanluindnuilag

& 2 Ao Ao ' 2 \ ) ) ' ] =
WaduLSe B16F10 Humaufinisudwas B16F10 syunvaisanmsinuianluluina CAM 39
Fndudasmanututuvesasananliiduivinensawasd B16F10 Lolwulainnisanasues
dudenlnifignasnetu Wunannisdudimsasaduidenlnilavansadn luldnaduiiiesnin
WARUZLSINNE Y50 T1UIUANAY NS a1sanaRNulnunTIIraIas dudinaniseaulinig
asraduidenluilaswaduziSsananduiu Junaulunisdnwimnuduivyesaisadinsolwas

B16F10 Hsnwasldunnail

1. Plate Wwad B16F10 1x10° wwad/ngulu 96-well plate Uniwad

37°C 5% CO, Wunatumu (Useanas 16 wa.)

2. \Buasann 95EE-FLP way WEFLP fienududusiig 9 (50-1500

ng/ml) Unsisiuwaatdusseziian 24 val.

3. leasunan Juwles culture @ 1500 rpm 10 widt U

multichannel pipette an media 8an

4. mUSnauadng ensidis MTT anadsnssuluiden 3.11.3.2
Wi 51-52
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3.13.2.2 nsasradudaninailu CAM fidniinlnewwaduzise

\ienTI9dOUINAdUZI5Y BL6F10 melanoma anunsanszauliminnis
as1adudenlyadly CAM model 19a3e Fevhnisneassivedssuiisudsunanisasiaduben
Tnadlu CAM Wdiolaifl wazdwadueiSe B16F10 Tagld 100 ng/ml basic fibroblast growth factor

a o

(bFGF) 1 positive control S18ag1denveIN1sNAERULRIHAD

1. yulalinuglay @nuausevitadiuguna. wag Wowusiviomns
vy MnEIendewealulagasus;  uva)  Alesuniskay

(fertilized eggs) Tigualafislgamail 37°C Arwaudusing 70% (Ju

SyeLlIan 5 U

2. Wadeeu (embryo) Tulvfioneasu 5 Ju 14 forcep Uatsunauyi
nstzdanlalaetaduntindnsruinlseana 2 519w, Wiali

Wiuduue CAM

3. 19 forcep AU wiy disk Uaoaianiinainnsza1wnses (Whatman
filter paper No. 1) Lmztﬁugﬂmﬂﬂau Gummﬁwhﬂuéﬂma 5 .

INUY CAM

4. lunduvaaau inoculate pellet YDuwaaN3y BL6F10 Usuia
1><106, 35><1O6 IH] 6><1O6 Wwaaasuy CAM "?Jmi’%mﬂqﬁﬁ pellet ¥3
\wAduISIRgseusY disk dwsunauiiiu positive control Téfusiu
disk quashu bFGH (100 ng/ml) T deuanausiu disk asil CAM
drunguilifu VH control 14 10t ves fvhazans (OMSO) Tdas
Tuluusiu disk 19y CAM yndeenslunsaznaaldenufTugme

N3 pipette 30 pl 100 U/ml penicillin asuukay disk

LYY 1

5. TUUIULATNITUANKYMIYBIFURDANdUNaR ULy disk n1ela
N@BY stereomicroscope  WagaNIANEFUUSAUNNWNY disk Y09
yneg1sluusiazngy neldngaes stereomicroscope witaluiduy

& U v
HanN18naaLle
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6. MstuEuaennsyyilaswusy disk sanluy 4 dw uwlaluiiae
druiietlosiuaruduay  Tnedududeandn  (major  blood
vessels) wazidudansas (minor blood vessels) fiduialagnsaiu
iy disk  ells MWy disk tiledudnued (marker) wielsiuly
fuvafunnass (U 3.3)  uansegamsifuduidenseuusiu

disk

7. Uanihwihadenlaigniissemdla ihlindudhgauy usiiudn

24 Ly 48 v.4.

8. Woaasunmuana1  Wamdla areguusiuni paper disk ag (lu
| ° | Aa . 1A o | Ao |
nAuVAARUMWUGTN  paper disk  agfiefuniiinsUgnee
Wwaduwlsy) Uiy uazmsuanuausUeaduden ndnduiatu
un disk nielandes steromicroscope Usumdwenglinunza

1 Y v =2 £ o I~ Ao o= ¥
ABNITUU ‘Uu‘VlﬂE‘Uﬂ’]‘W LLazuummwaamaamﬂﬂgﬂmwﬂl”ﬂ@

9. mswasunlasvasdutdanlununuasidss  (neovascularization)

v
v A4

TOULNY disk ASzeLIa 24 LAy 48 . ﬁwmmlé’muqmmuﬂa

o [ (Va4v) Jxa00
9% Neovascularization huse8zan 24 94, = —————

Aog
[ (Vasv) ] x100
Agg

We V. = dnuiuduaen (vessel number) 58U disk 1 0 w3, LiSUAY

9% Neovascularization lusgegian 48 ¥y, =

inoculate B16F10 #5old
Ve = Srunuduidonseu disk 91 24 ¥, anewds B16F10 inoculation

Vg = UIULEULROATEU disk 91 48 .
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5UN 3.3 uansnsiuldudenuiumisveausiy disk nsun CAM  sumisiignesd
AolduLangnIULL CAM (MMaaveny 6.7X)
3.13.2.3 n1sasiadeuanuluiivrasasaiase CAM

< a [ o '
MsaTvgeuANUtluivunsansainfe CAM nseyilagnagauItAINg
L?Jll‘Uu‘UENﬁ'ﬁﬁﬂﬂm“muqq'LW]ﬂa@ﬂﬁﬂ&la@ﬂ%ﬂﬁ@@ﬂ'ﬁﬂi%‘iLaULa@ﬂI‘Vi?,j L ARRNEIINIRLL  CAM

(uanmediolafiwaduziie BI6F10) 1eazidonveinisnadouiisndne
vulalnalasunisnauudaluguululusseziom 5 Ju

2. wizwdenlilpa@aduntndisuinlseann 2 anseey. Leln

WUTUYes CAM

3. quuy disk luansasanendl wag lullansadn 95EE-FLP uay WE-
FLP 910 Uuusng & 29UNU disk asuy CAM  @usaenis

pipette 30 pl 100 U/ml penicillin
4. Vomihensiianzshomyla tlvdduusiedn 24 uas 48 v,

5. WeASUMNUALIAT YNN1SUTEEIUINUNIUEULEDALUSaUMKY  disk

mumetiafisyyluden 8 Wile 3.13.2.2
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3.13.2.4 n1sduganisadradudonlnivauwaduzisalaedsann

= PN o § ¥ a o Y A I 2 & &
Lu@\‘i"mﬂﬂ'ﬁLVUEJ'J‘N'ﬂVLﬂ@Iﬂ'ﬁﬁTW\‘ILﬁum@@lﬁiﬁﬂ@ﬂmaam%Lﬁ\‘iL‘U‘L!ﬂa

[

gVSTdAYIDINITRIYVIRUdsenLazimuIn1sadlsauziSsdulvg uideiidenns
ATINERUVSEUEI0sETANA 9SEE-FLP way WE-FLP menisasiadulionlmivoqwadugts
B16F10 lagld in vivo CAM model fsfisneasidenn1snaasnil

1. dululanlasumswanludualaduszesina 5 fu
2. dloasu 5 Ju ihmswnzildenta [Waduguthauwn 2 sy,

3. pipette pellet Y83 B16F10 3%10° \ad asul CAM 1y disk 7
yusheansazanediil uay lifiasadneinuien 95EE-FLP wag WE-

FLP 219U1 CAM As9f1unianil pellet vosivaduzise

4. Pipette 81UfTIuz 30 pl 100 U/ml penicillin Tdlu CAM  iuil

Aoutantmenaizgaemdla
5. ihladunnguuluszeziian 24 uaz 48 w

6. WeasudmuanaIuy  Wilveenunaesunielindss  stereomicro-

scope UagHuTIUIUEUGDATOULNY disk

3.14 n1svegaugvananatewuglag Ames test

(%
[y

WafnwlanN1an)sAniwaINn1suUsinesIuionag oo lasaNITIAensaUs

a

bUU

ee

<

fiwdefulowusenmaaeugrsenaeiusvosansadalagld  Ames test Fauduiswiled
anunsalddansedlévisansienaeiusuazansnonsidaly in vitro udnnIves Ames test o
GenlduuaiiSe Salmonella typhimurium fignlsinanesiug  luanansadaasesinsnozily
histidine lées Feldanansaadaydulaldluemsilid histidine fasmaasuiluansdenane
Wug Awvhlikuailiseiinnisnaneiuguuudoundu (reverse mutation) dawalvikuaiiiseaunsa
Lﬁﬁfy@ﬂmlmummimajﬁ histidine (Ames et al., 1975; Maron and Ames, 1983; Mortelmans
and Zeiger, 2000) \flosainansnenaneiusurswialiifgvienaeiuglasnse  Sudusiosede
ulwflusuBsuuadlasadieotns (metabolize) Tnaneiuasnenaneius  ddu  Tu

Ames test Fadin1svageugndnenaleiugaedsily a1svadeuunsindy S9 mix Falueulein
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wisgtanduny rat wazdlieuludeng 9 Alglunis metabolize @15 Ml tedaes metabolism

< s

Tusameiasuansilifignsnananeiugividgrsnenalenug

]

3.14.1 wuafirsenlglunisnagau

mAdetiFenlduuailise S, typhimurium aneiug TA98 @eraglun1sngiain
(detect) ansivihlmAnnsnateiuguuy frameshift mutation wag TA100 @ewsavinansaivillv
Lﬁmmiﬂmaﬁuﬁ:uuu base-pair substitution mutation (Mortlemans and Zeiger, 2000; Maron

and Ames, 1983)
3.14.2 MSNZIAELUATISY

RelUATISEaneNug Salmonella typhimurium Tuevsides Oxiod nutrient
broth No. 2 wefl 37 °C Aasa5eU 90 sausiewdl iWuan 16 u. Inenuyuvesermsiiie
MUSINUYRIMUATISY LAeidaaa faeg 0.9% NaCl lilgrinisganfuiasUssuna 0.3-0.4 1A

g179AaY 620 nm

3.14.3 N1IMAFRUANSNBNANBWUS

= A

1Aasan1539e9denldITn1sUNasaina1aut AULUATILSE (pre-incubation
method) iafinaaula (sensitivity) 98sn15nadey  wagnadaunsluanefdiaglild S9 mix
ielianunsansivdeuldvinguasnesngndnenatenuglalaenss taznguasnsndudesiny

= I

N35UIUNTT metabolism  veuneudauinluaisnenaienugionsdiedluasadnluainuiend

De

#2711 95EE-FLP wag WE-FLP f4iis18azld8nuaInIsnaganundd

1. wavansanalugiudendildain 95EEFLP way WE-FLP Usuies 100 pl fu
S9 mix (@A77l 59 mix) e phosphate buffer (@anziilaid s9 mix)

U3u1m3 500 pl

2. 1N 100 pl wuedit3e (TA98 vide TA100) Beilmnisganduuasiinnuennnay
620 nm 8Y5¥NIN 0.3-0.4 (AYNAIIINNTT inoculate overnight) Hewl

LUATILSULAZATANA ALINNUAIBNIT Vortex

3. duuefiSgluvunensnivangumniuuulgl (shacking water bath) 9

gaumndl 37 °C w1y 20 wndl
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4. \fu top agar Usu1ms 2 mL ety anntwnasly minimal glucose

agar plate memAila poured plate

5. 509uUNTEe top agar wddn Fuhludufigaiuaugamgl 37 °C uu 48

CRIET

6. WaasuszezIauy duduulalainangiugdaundu (revertant colonies)

Ausingluusia plate

7. mskyanan1snaase @aunsavilalaen1sionsidaruvesrneislalainane

wusdounduvasfegramduaisatasarnadslalaidnatetusdoundulae

9 9

a

535U%A (spontaneous revertant colonies) ¥INPATIAIUAINAINANNIAY

UI0UINNTT 2 wanedn @1siigvisnisnenateiug (Hakura et al., 2005)

8. NMINAABUN§UVAaRIUIN (positive control) luan1izuuulidll S9 mix Tdans
fonangug 2-nitrofluorene (2-NF) wag sodium azide dwsuaneiiug TA98
waz TA100  suadu d@dluaniigwuudl SO mix Iaisnenangiug 2-

amino anthracene (2-AA) ﬁm%’uﬁamaﬂ’ui TA98 Llay TA100
3.15 msAaszidaya

MTIATIERINsanansginlulusunsy  SPSS software (Statistics Package for the
Social Sciences, version 11) ﬂjﬁmm%’a%aﬁﬁmimzmﬂﬁaLLUUL@EJ’Jﬁu (homogenous data)
Usziilume One-way analysis of variance (ANOVA) LUIgULIEUAULANAIITENINNGUNAGDY
A8 post-hoc Turkey’s analysis Gﬁagaﬁﬁmﬁﬂszmamqﬁu (non-parametric analysis of

variance)  WIBUMBUAULANANTEIININGUMIENTTIY Wilcoxon rank test  AIULANGTS

'
=l 1 aa A

sevinnguieniideddgymeaiifdiedal p < 0.05 dwSunisvegeunisnenateiugldnginmue

V999RINEIUVDIALRAY revertant colonies 7D spontaneous revertant colonies AUINNIINTD

[

WAy 2 Deuanasensilted1Agy (Hakura et al., 2005)
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NAN1598

4.1 mMswIeugasanaanluginuian

USunauans (yield) uaz SeazUIunuans (percent yield) vesasaiaveuaintuan

wagluwisvesginuloniiaingae 95% ethanol uax 80% ethanol Fauviasarinfiazaneuld
= 1% 'Y v v Y o | =

WISHLINHIUIIYDIENSTLFAINNNTaAaIE  95% ethanol mnameyiNskenadaniziagaiy
W uanslunsned 4.1 wanisananud wWesidudu3uaans wse percent yield vasansannd
ALANANTUENAINUIN FIAUsZUNM 3% 89 85% lag percent yield fafinainluansie
Tnsludldwinan Lite 5% dwnadaanluwislagldmsvdniimgeannussinn 16% uay
percent yield MfiAngeRannni1 80 % nuluansanaiazaIe 1 PunIeuINKILIIYBIEsNain

A28 95% ethanol WAl uaiafRednneantlalagke N LeNIzdIuNazatetle

M1919% 4.1 YSuaavduazilesiduduiinagudvesansainfiwiouainluginuiandieisaaiy

d1sana Uunausudu Yield (g) % Yield
95EE-FLP 1500 nsuvedluan 60.41 4.03
80EE-FLP 2100 nsuvasluan 66.65 3.17
95EE-DLP 420 n3uvesluwinig 21.75 5.18
80EE-DLP 300 n3uvaIlULAY 46.99 15.66
WE-FLP 40 n3uUeY 95EE-FLP 32.71 81.77
WE-DLP 20 NSUVDY 95EE-DLP 16.96 84.80

95EE-FLP= 95% ethanol extract of fresh leaves of PP
80EE-FLP= 80% ethanol extract of fresh leaves of PP
95EE-DLP= 95% ethanol extract of dried leaves of PP
80EE-DLP= 80% ethanol extract of dried leaves of PP
WE-FLP= Water extract of fresh leaves of PP
WE-DLP= Water extract of dried leaves of PP
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4.2 @rswgneailvasasannainluadnuian
4.2.1 Y3u1a432u999 phenolic (total phenolic content)

ATeiimen total phenolic content (TPC) vesansanngItuisnlaeiisuainuns
mmgmﬁa%’mmnmimmgm gallic acid wars1891uAT TPC Wu mg gallic acid equivalent
(GAE) sonilsnduimdinudwwesansadn nan1s3Asizeim total phenolic content ¥89a17amn
giutonuandusuil 4.1 Faiansatafivisuanluanien TPC gsntansadpiiwionanluws
waz L1zl 95% ethanol %3eld 80% ethanol Wudviasanslunisainais lddwwase
USunaue9 phenolic content luansafadildusiagndla farn TPC vosansatniiwIouainluan

95EE-FLP §lenuwinfiu 200.14 + 0.77 mg GAE/g Wmtinusiavesansain uaz 80EE-FLP Savinfu

=

201.32 + 0.72 mg GAE/g iminuitsuesasainnnasu delifiaunnansiussnsiitdodfey (p

1
=

< 0.001) uaransariana 2 Fusseuanluandrmgenitasaiannsuainluuis Ae 80EE-DLP %

(%
a0 o

$1A1 TPC winfiu 98.63 + 0.26 mg GAE/g Wmtinuisuasansann uazgendnansanndiuiiazaieun
wspuanluits e WE-DLP @sdAnvniy 177.56 + 0.43 mg GAE/g U mtinuisvesansana (p

<0.001) Tuussmansadanmuainiey a1saianda1 TPC geanfeansaindiuiavatenla 9

wisnanluaniiadinge 95% ethanol feansatn  WE-FLP @aild1 TPC wihfiu 212.47 + 0.52

a1

me GAE/g twiinuie aflen TPC g9n31 95EE-FLP wa 80EE-FLP wisdntosfie 5.8 % uaz

5.2 % AUEU dduansanaidal TPC mgapeansannanluwisividnaig 80% ethanol
4.2.2 Y3unausiuvas flavonoids

A1 total flavonoid content (TFC) MlalaeigufiuAIngIMLIAI§IUUeIESUINTFIY
catechin wagsneauduAires me equivalent U89 catechin sonien Ut mtnuiesasanin
A1 TFC maqaﬂiaﬁmﬁaﬁ’mé’wL‘ﬁlaulwhaﬁ’umaﬂuadm‘ﬁammmﬂugﬂﬁ 42 @ TFC finléiian
donAdesiuA1ves TPC Aeansainiildainluaniidn TFC wnniasataiilaainluuss waznis
afeluandy 95% ethanol wag 80% ethanol T¥dn TFC Alaisnefy ansafinduiiavarevilad

wenauanluaniiainsng 95% ethanol Ae WE-FLP §amaflen TFC gega (133.43 + 11.27 mg
CE/nSutmiinusisuasansann) sesasnmoansatnainluaniiainge 95% ethanol (100.19 +

0.68 mg CE/nSuiwminuisvesansann) @silan TFC ldssannluaniiannmieg 80% ethanol

(99.80 +1.02 mg CE/nuhmiinuiswasansafin) (p < 0.05) ansaraitldanluasynansariniien
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TFC geninansadaiildanluuiegdidod i p < 005 Tagdn TFC vesansadadufiazas
drlgwseuanluuie WE-DLP (68.95 0.42 me CE/nSuimnuisvesansarin) uavansatnain
Tuusfeiivsineae 80% ethanol 80EE-DLP (30.73 0.30 mg CE/nSutwinusiwwasansarin) de
founinan TFC avamuas WE-FLP fa 4832 % uaw 76.97 % mudify @ty nswideuansann

luwisuazngdneneg 80% ethanol fUSHves flavonoid #1am FedenAnesiuAIved total

phenolic Tuasarin

g
g 240 . d
Q 200 . ) b
g 160 [
_.Q.ﬂ .
3 120 : |,
O 30 e
\%«U 40
)
& 0 o .
& & S/ 4 f
&S & & &
sUfl 4.1 uwansAn total phenolic content vesansadaanlusituoniifiteulunsadai

waNENaty AfkanaduAl mean = SEM (n = 3) waztJudiunuainnanisnaass
819UBY 3 NISNAADINIANATUNANINALING AT INLVINTDNYIHNAUTALANFS

'
o w A

Aunadnegiided Ay p < 0.001
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I:I:I:I:l

TFC (mg CE/g dry extract)

b
:
S &

4.2 uamee1 total flavonoid content ¥aa1sanmainluainuienaniiteulunisading

=p.

U

€aN

wANAN9AY ALEALTUAT mean + SEM (n = 3) waztJufmumnuainwan1snngaas

28719U08 3 N1SNAABINWNAIUAANILALINY  NFINLYINTDNEIAAULALANAN

'
o w a

Aunadfet1iitedAg p < 0.05

4.3 guddnueyuadaszUasENsainaINlugdIuten
4.3.1 N1INAFIU scavenge activity 9 DPPH radical

DPPH assay ldiienaasuamautivesansiunisnidn (scavenge) auyasase DPPH

Ava@dus (DPPH®)  wars189Unan1snaaadduA AU udurada1sinloluni158uds DPPHe 4

50% (median inhibitory concentration; ICs) @1578AY 1Cs, 11 NUNBAIANTHAINAUITOAIUY
auyadaszligs esnldanududuresarsluviunadesfauisaidnoyyadasy DPPH la

c{' va v a Y ! <@ 14
50% E‘U‘Vl 4.3 LLammamiwmaaqm@mammmimua%aaaimadmiaﬂmmﬂ%a’nmaﬂmEJ

F8N13M9A DPPH®  Han1svagdeudiwuyIvnansanaiiainuaiunsalun1sman Aaeaiuauisad

WANAaY Pagusaueuyadase DPPH® vesansanailauduiusiulsiuaisngnuaives

TPC uag TFC vadusazansain Aeansannnidusuin TPC uay TFC gellmnuaiunsalunisida
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[

DPPHe léigs ansadaiiilen ICs, touilan (2155 + 0.06 pg/ml) e Tovdgefigalunisidn

DPPH® (p < 0.01) Ain WE-FLP Faduansainnazanailadaunisnanluaniaziiusunuves TPC
wag TFC gandnansanndu 4 (3U 4.1-4.2) dwansaiafiwseuaintuwisuasivsunm TPC uay
TFC fingmfi® BOEE-DLP #13lA1 ICs, @dan (64.38 +0.52 pg/ml) Famnefadimuanunsasigaly
n15149n DPPH® (p < 0.01) Sudusesadld Aeasanadiuniazarstilaninssuaintunia vie

WE-DLP #iian 1Csp galududivans (31.08 = 0.52 pg/ml) drvansatnanluandiainge 95%
ethanol was 80% ethanol fiflUsunas TPC way TFC lisnsiudien 1Cs, fineudnslndidssiu fe
23.45 = 0.12 pg/ml wa 25.35 £ 0.03 pe/ml ANUAIFU Fauandafuiies 7.5% Foty ansane
Awssuanluaniiruanunsolunisiidn DPPHe ldRninansadafiwseuanlunis Jsaenndos
fudTnaesansngnwall TPC uag TFC inuluansaria usogndlsiniu Useansanlunisinda
DPPH® vanansaiaiwienainlugindendawiinitansiueyyadaszainsg vitamin C,
trolox uag catechin #alfidu positive control (§Ufl 4.3)  dedunaiinaulafeansumsgiud
WURNGITUYIR vitamin C Way catechin daduaruisaviafsunulunisnidn DPPH® (ICs, =

3.94 £ 0.01 pg/ml Uag 3.55+ 0.01 pg/ml MUAINY) Wag I activity fiNINa15UINTZIU trolox o

\Ju vitamin E §0a51894 (IC50 = 5.90 + 0.27 pg/ml) Uszane 1.6 win
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ICSO K g/mL

JUN 4.3 Auannsalunsidneyyadase DPPH vasansainsng 9 anlugiiuien Wewieu
fuansunsguiilignsaueendindu vitamin C, trolox uag catechin Afiuanaduy
A1 mean + SEM (n = 3) uaziufiunuainnan1svnaategatey 3 N1snaaed

o w

Tinaluianafeniu nsuisndonwsreiuilinuanaeiuniseineg1eliiodfgy
7 p <0.05

4.3.2 Ferric Reducing Antioxidant Power (FRAP) Assay

weNaINN13A9A w38 scavenge ayyadasy auantRvesastunisidy  reducing
agent tWudnuilanalniifinrmdfgsensiueyyadass nszasiifinuandidu  reducing
agent @110 reduce @13 "oxidant #i19 9 uazd1agvs  (inactivate) MSIAAUYN3eN oxidation
Tneans oxidant Fadunalnfinelifnrudemedesasuasiedolusisme muideivsadiv
Auanunsatun1slu reducing agent wesansannfie 9 anluginuiensie FRAP assay uay
sreunaldumiaiauansalunssaig (Ferric reducing ability power values) %38 FRAP
values Tagldans vitamin C \JuansiUSeuifounnsgiu a1 FRAP values vedansainsiesndu
A1 mg UaY vitamin C equivalent antioxidant capacity (VEAC) #ig nSutmtinucveansarin
mamimaamamﬂugﬂﬁ 4.4 Fagdai asainanluaniinaantflunisidu reducing agent 1¢1

ANNANSTANAINIUWIAT A9A1UDS FRAP ﬁwquﬂumaaﬁmmﬂum 95EE- FLP (212.23 + 1.09

mg VCEAC/ASuinuiinuieuedansana) way 80EE-FLP (216.73 + 0.44 mg VCEAC/nSuiiutin
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WAIYBIANTANR) NLAULANANAUNIEDR wazNan15NAasIll Fedudulin ANULIUTUVD4
ethanol M%li319210U 95% S 80% ethanol aursaldlunisadinanslevimieusy wszla
ansanafilall reducing power Nuananeiulu FRAP assay a@nsanndiuiazangunniannanluan

< a 1 !

WE-FLP i FRAP value Wiy 193.40 + 2.65 mg VCEAC/nfutimiinuvisuasansarin dedidgen
ansafnauiiazaneifiatnainluus WE-DLP (168.40 + 2.63 mg VCEAC/nSuthmiinustavesans
afin) 1292 % (p < 0.001) dansaiaifauanansalunsly electron sgn 3ol FRAP
value shandanaduansafnanlunis BOEE-DLP (91.53 + 044 mg VCEAC/nfutimiinuiisves
ansafn) Al reducing power #1031 95EE-FLP, 80EE-FLP, WE-FLP uag WE-DLP 98 57.1%,
57.76%, 52.7% uay 45.6% ANUANU

[
=2 N — I -
— T — R — ]

120

=]
<

-
<

mg VCEAC/g dry extract

JUN 4.4 msdueenTintuvesansainie q nluginudenlenageulny FRAP assay A1l
wanalduAn mean + SEM (n = 3) uastJuuvuainuanisvaassegtes 3 s

[ [y

NAARININALURANILAEINY  NSINWINTTNwIA9NUTALANANAUNIIEDRDE N9
HedAgd p < 0.05
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4.3.3 n1sfnueyyadaszangluwad (Cellular antioxidant activity)

msUszfiuanuansalunsidneyyadaseneluwadvesarsainainuiennsei
Tu RAW264.7 wad Tngld DCFH-DA assay @dl4 DCFH-DA 1Ju probe wsizanunseliansises
was DCF Wineluwad msfnanunisiiindayeias fluorescene 983 DCF (finannnns oxidize
DCFH Tag ROSs TiAnaneluwad) nagvinogwwiaiondusresina 240 uiil swideiidonans
afinfledonainluan 95EE-FLP wax WE-FLP  snvssifiugisueyyadasznieluwadivingy
Hosnuanisfnwiiinumn (Ul 4.1-4.4-) uugdn asadprisaoseseinoniiuiinammgny
Afl TPC uaz TRC ¢ mudfunisiiquidnuoyyadaseqdlu DPPH uay FRAP assay wonantiu
ansanaredldnmsatnansnluandiadniiududae 95% ethanol wiloufu e WE-FLP
IFnmsuenendiuameiiozaeildoonunievansatndnneanils (aswendesluited
383) 3UA 4.5 uans DCF fluorescence intensity Tu RAW264 iwadiiuaimthivanssu
BUUATATTUINTFIUA 9 fldidu positive control (A) w3auusmAvansatafimududusing
Y99 95EE-FLP (B) wioansann WE-FLP (O) 1Juaan 24 wu. neuldsu DCFH-DA uazmume t-
BUOOH 91n5U#l 4.5 (A-C) Lile RAW264.7 1wadléfu tBUOOH A1 DCF fluorescence intensity
Fiugeluainan baseline vosdnynn fluorescence Innauiiu naive control (nguitlalldsy
ansla) Tuyngaananiivhnisin (time point) Fsnssmumguiingis tBuUOOH ¥iliAa ROSs
aeluwad fianunsn oxidize @13 DCFH 1Ain DCF daduanaifesuadtiiAntunisluead ns
maaﬂu'gﬂﬁ 4.5 A 39 Lﬁal,ﬂauﬁ’umjmﬁﬂu vehicle control #1398 YLABATLIIATFINNN

sindldluntsnaass lidrazdy catechin (250 pM), resveratrol (20 pM) %39 quercetin (10

a

uM) - Tuszaniamadlunmisiida ROSs MAnngluwad damsiuldainel DCF fluorescence

Y

intensity %aﬂﬂqﬂﬂﬁjmﬁﬁu anti-oxidant positive control ﬁim‘uﬁ‘ﬁaw}ﬂ time point 9814l
Hodey (p < 0.05) ﬁuﬁamﬁqm’%‘ué’uﬁﬁmﬁi’mﬁ 30 Wit auAsU 240 WTl Vel 20 M
resveratrol way 10 uM quercetin fiszananmlumsduds ROSs aeluwadléangn 250 uM
catechin IWsz@1N1snansEAUYY DCF fluorescence intensity asulaliiguindu baseline
UDY naive control Imamwwzﬁawz%ﬁmnawé&Lwi 180-240 U1l 17?& resveratrol Wag quercetin
AN1n90ansEAUTed DCF asausnindnves baseline Tu naive control Tuvaugdl  catechin 7

ALY 250 pM lslaunsaansgaulianasyindumives baseline Tu naive control laLaiie

time point 1Ag7 (JUT 4.5 A)  diaisuiudiazateauan  asadnaintuanvesginuien
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95EE-FLP way WE-FLP innnududuild (50, 150 waz 250 pg/ml) fanuanunselunisiida

[

ROSs nelutgadle (UM 4.5 B-C) Wudsus 30 wiilsnilisuindayay1ad fluorescence woe DCF

(%
a o

Junseiaty 240 uil Fadudnszeznaiuuigavesmsiiudeya nan1snaasIddninIsanas

Y

v
=< LY (% 1

Yosasiseas  DCF uufnalaensetuanududuiliinduvesasain wazdudugisa

mEaannTEAuadae tBUOOH wsfansain 95EE-FLP 41 50 pg/ml anansnanszdu DCF levn

time point Walflguiunguiiasalsniuay uiseaures DCF ianas §3nsgendnanlu baseline

294 naive control (p < 0.05) LLﬁTuﬂawMLﬂm%’uﬁqﬁuﬁ 150 pg/ml @15ann 95 EE-FLP @113

anseayu DCF audladieutyinalu naive control Ta@aie 30 U1 99 150 U9 hada1niu 95EE-

' '
Y o

FLP fimnutuduilfiaiunsoanseauvas DCF aunseitadla1ennilu navie control #%41an

180-240 Wi dhuitmnsidudugeaeiild 250 pe/ml ansafin 95 EE-FLP anunsnansefuves DCF

TisinndnAwes DCF Tu naive control 1amn time point figus 30 w1Tiksnaudia 240 wiigudu

[
a

sepzdugaveINvnaetiunivaaeu (3UN 4.5 B) Turhusadediu a1sadngiuteniiazaie

Y

o w

16 WE-FLP #1 150 uaw 250 pg/ml @nansnansesiu DCF egnafitfoddnilinn time point iile

\Wiauiungu tBUOOH (p< 0.05) ofislunsdlil Agu tBUOOH dIndunguiieniuansazalsaiuny

16 wnsgld media Wudviazaieansann WE-FLP damisdannfefimanududusi 50 pe/ml

WE-FLP @unsaan DCF fluorescent emmison tasgsfitiodiAgymang 30 Wil 6 210 W

Wi waINY 7 240 w7l Awes DCF liluanseainngy tBUOOH Tidunguaiuau
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4.4 MANEIAMUTNTUVBIENsaN AN U wsaIYad

Tuns@nugndinisdinnvesansatneiiuionfivinisneasstu RAW264.7  wad
$ududonnanuduiuimnzauvesasada eliudlaimududugigavosansataililu
munnaeslinolfiinfvsawadlinonse uddeisaiivanudufivessarsada 95 EE-FLP waz
WE-FLP #io RAW264.7 wwad lagld 3 78fe MTT assay, trypan blue exclusion method wag
n1stfondsne propidium iodide WanINARBINUIN TsEnsaEsa 9SEE-FLP uaz WE-FLP fimu
Huitwsindewwad RAW264.7 lsiinazUszifiusne®s MTT Tu colorimetric method (3Uf 4.6 A-B)
vi3o 19 stfuwadniTinilotionsne trypan blue meldndesganssel (U 4.6 , C-D ) Toinadi
denndasiu fFeasatniaedlduansnnudufivde RAW264.7 wadifleflaudududosnin
wio Wiy 1 me/ml sewdlosiiuanudududu 1.5 me/ml ansatanadnsIsuansmdufivee
wad loUsufiudng MTT assay a15ain 95 EE-FLP uas WE-FLP 91 1.5 me/ml anU3unanad

771730 (cell viability) wieviliAnnisaeveaead 36.14 + 9.69% uae 21.58 + 1.66%
MU (p < 0.05) (U7 4.6 A-B) waz WE-FLP fimmidudugs 4.5 me/ml shlshiAnnsmeves
wad 5421 +1.74% leUszidulag trypan blue arudiuduil 1.5 me/ml veq 95 EE-FLP ¥
TAAMsAevead 37.56 + 14.37 % (Ul 4.6 C) Tuvaizdl WE-FLP fianandudu 1.5 me/ml
wag 4.5 mg/ml yvilgasiinn1sny 8.16 + 1.79% uag 65.32 +0.38% m1ua1iu (p < 0.05) (5U

i 4.6 D)

G~y
s %

f&ﬁf&’f

OSEE-FLF (mgz/mil.) WE - L. (mgz/mil.)
C D

< <

a

[ ]
S L L s f’ff'?f'

SSEE-FLP (mg/ml) WE-FLP (oog/ml)

G~y
2 83
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120 = cd

100

Gl iy (5

D/’a"i&’ff I-I

R s
ODSEE-FLF (og/mil.) WE-FLEF (g /i)
[ oD

= <

Gkl (b

a

[]

S £ FF

WE-FLFP (mgz/ml)

y&’f&’o"’

OSEE-FLFP (mgz/mml.)

gﬂﬁ 4.6 WavRIENSaNA 95EE-FLP waz WE-FLP siepnuduiiuromwas RAW 264.7 Wleusuidiy
Mg MTT assay (A uay B) 38 trypan blue exclusion method (C uag D) Ariuanaidu
A1 mean = SEM (n =4) ¥aefununisnaassdasyilinalufiamaienfusseios 3

ATY YAvayaluns el time point WAEIAY WiINIINNTTNYIH1IAUTANUUANAIIBENS

AtidAgy 1 p < 0.05

drunarsmInageuauduiivnsiwasamenisdeudne Pl uasinaulagly
flow cytometry 1u3ﬂ1‘7f 47  Fuuwdn asatn 9SEE-FLP fianandudi 0.05-0.25 me/ml i
Anuuiivsolwad Lwiﬁﬂ’nwﬁu%’uﬁqnsﬁuﬁ 0.5, 1 uag 1.5 mg/ml @masayilminni1snieves
wad 8.57%, 20.57% UaY 32.89% AL (3U 4.7 A) druansaia WE-FLP #1 0.1-0.5 mg/ml
llwansranduiuneivad Lwiﬁmmﬁwﬁuﬁqﬁu 1.5 mg/ml uag 4.5 mg/ml aansavinliiiia
MIIETBITAd 21.60% WAy 60.6% MR (U 4.7 B) fedu lelallsiansafadeliAnnia
Huiiwsoiad Jadonarunduduil 0.25 me/ml iunududugegavesansadaia 95EE-FLP

waz WE-FLP wialdlun1snaassfifosuusiuny RAW wad
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A
g 2 g
g g g
w8 w8 w8
5 5 3
3 3 3
1 2 3 2 4
‘%mpidi:l?n Iodidleo ‘oProDidi:a?n Ioditl‘e0 I%mpidi:a?n |°didleo 10
0 mg/mL 0.05 mg/mL 0.25 mg/mL
S 5 . 59.61
£ 83.93 &7 71.93 &7 '
i 3 2 ] 1 =3 M1
w8 22 M2 28 M2
3al LEE 3a
CE 23 EE
10 10! 102 10® 109 10! 102 10° 107 100 10! 102 103 109
Propidium lodide Propidium lodide Propidium lodide
0.5 mg/mL 1 mg/mL 1.5 mg/mL
B
2 2 g
g1 £ 81 83.23
"] 83.32 2 - M2 "] M2
§_ 5 B3 I
38y 38 | 334
CE 27 =E
o o -4 o
100 10! 102 10 104 100 10! 102 103 107 100 10! 102  10° 104
Propidium lodide Propidium lodide Propidium lodide
0 mg/mL 0.1 mg/mL 0.5 mg/mL
7 21 :
o = 3
&7 &
it ol ar] B
o 2 3 M1
384 383 '
| ML
CE 21
o - o
100 10! 102 103 109 100 10! 102 10 109
Propidium lodide Propidium lodide
1.5 mg/mL 4.5 mg/mL

JUR 4.7 navedansain 95EE-FLP (A) uay WE-FLP (B) sioauduiivuosaad RAW 264.7 iilo
Uszidiulpenisdousing Pl deyafinansduanlesidudveneaanidiney uasidu

AILNUTBINISNAADIDATLRENUBY 2 A3
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< %3 73 1
4.5 gUEAIUNITOINLEUYRLENSENATIUIBN
4.5.1 A1S8ULINISESN9 nitric oxide Tuwwasd RAW264.7

nsAnwgsFun1ssniaulaegn1ssudinisad nitric oxide (NO) vasansartn
nnluanvessinuien 95EE-FLP waz WE-FLP nszsiluiead RAW264.7 fignnsedusig LPS
wag IFN-y  1wad RAW264.7 gnunasant (pretreat) luszeziian 1 wu. Auansadn 95EE-
FLP %38 WE-FLP fimnududu 50250 pe/ml daduthawesmnududuiilidelninfivie
wad RAW264.7 (U7 4.6-4.7) vdeuusauAu 500 pM vitamin € #sldidu antioxidant
positive control fiaun1snseauly RAW264.7 wasdansizst NO laen1sidid LPS (1 ug/ml)
S Ny (25 U/ml) anemdsnisusieadsierilesdn 24 s seduwes NO gausuidiy
nadenlnensin nitrite Fudu metabolite product fiiadiosves NO Tagld Griess reagent
wansAnwandusuil 4.8 RAW264.7 wadilallésunisnszdu  finsadie NO Tu
sedfuiugu (basal level) BefiuTunmusi isuiduen nitrite WissUszanm 15 M iflensedu
fag 1 pg/ml LPS wag 25 U/ml IFN-y ~ U3unad nitrite Lﬁmﬁur‘ﬂu 43 uM @ 500 pM
vitamin C 70y antioxidant positive control annsadiudfinsadis NO Idiles 35% (p <
0.05) ansafaluanatneinuion W 95EE-FLP waz WE-FLP ynenadududilélunisvaasy
annsndudsnmsdaasgi NO figndminliaiadu farivosuTua nitite vos RAW265.7
wadiuusmdvasatadasiniinguaiuguiill waghifdvhazasesneiitvdfy ( p <
0.05) (3U 4.8 A-B) TnsUSainmnisdudauusiunuseduresmnududuresansaa sty
wamanaaeulusuil 4.8 AB dstitain  ansadn 9SEE-FLP wneanududuilinaaeud
UsyAvEnngeninansada WE-FLP Tumsfudanisa¥na NO Tu RAW264.7 Lead Ly a1sarn
95EE-FLP 150 pg/ml uidlumnududusnaedililunismaassfsignilndifeeiu 500 um
vitamin € lun138ussnisa¥ne NO Tuvmsdtansatn WE-FLP sulusiodldmndudugsdis
150-200 pg/ml Fsamnsaeenguisilndidssiu uaziinrundudugsgavesansadn 95EE-FLP
250 pg/ml @nnsadudenisadne NO Mias 74.4 % luvaiinududuientuvesasada

WE-FLP aunsadudanisasna NO 1a ites 31.8 % 1dudu
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—

n

Nitrite

15

S O S @ e
SN E AN AP

WE-FLP (pg/mL)

[
|

JUN 4.8 wavesasana 95EE-FLP (A) uay a1sann WE-FLP (B) donisai1e NO lu RAW264.7
wadfignnsedusie LPS (1 pg/ml) 9y IFN-y (25 U/ml) 1Huszeviaan 24 oy
wndileSunsUNwadaaminAy antioxidant positive control 500 M vitamin C
ansafm 95EE-FLP w3e ansaria WE-FLP finnnududusing 9 1Jusvesian 1 wu. Ia
USunas NO madenlaeiad3unames nitrite 98 Griess reagent  pfinanaduy
Anads + SD (n =3) wanilusfunuues msnpassedden 3 aseilinafingrondat
Ay uvieifiShusmeiuliauuanmatuega i dymeadn (p <0.05) Wedasei
2eld one-way ANOVA

4.5.2 ﬂ']i‘c?JlUg\‘lﬂ’]'iLLﬂﬂQE]E’Jﬂ“UE)\‘l iNOS uag COX-2

Wedudugrnssiunisentauinniy niaunsauminalnnisduganisadnes NO 983a1s

LY = [ 1

afim 81udanINAANILNTEUEY INOS ay COX-2 %3alil 1IN IRNwINaYaIaTaNnfaTEeU
N5LaneoNYRdlUsAUNT INOS uway COX-2  FudutauleiNiiendesiunszuiunisoniau

Tneanny iNOS Wueulesidldlun1sdaunsieyt induced NO Tnenss daindulueasg RAW264.7

v o v o

eldannengndninlee LPS waz IFN-y  USuiwed NO luaniiziigndnii (induced NO)

LY Y
) N

sEAugavinItesiunssuIumssnay  dedu asadeantugdiuienfiaunsadugenis

duAs19 induced NO  uazoengndriunalnvesnsduds iNOS Falueuleinlddunsizi
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induced NO Tnense wawiiiaifunsBudiugndunissniavvesansadio Winduannissudanis
@319 NO am"?%’85’5@ﬁﬂmqwémaqmiaﬁmamié’u&'?ﬂ cox-2 Fadueulusifiudeu arachidonic
acid Tdu prostaglandin Wa¢ thromboxane Swﬁ’qusmju eicosanoid ¥84 fatty acid R
Redesiunszuiumsdniay waznsnansihauvesszuugidudu (Timothy et al, 2015) A3
LER988N (expression) VB INOS Az COX-2 protein gNATIEBUMIETS Westemn  blot
analysis Tun1snaass lwaa RAW264.7 lasun1sunaisnin 1 v, Auansana 95EE-FLP %58 WE-

FLP fiannuidudusing 5 (50-250 pg/ml) %38 antioxidant positive control (50 pg/ml trolox

%39 500 uM vitamin C) Aeuldsunisnsedusie LPS Saufdu IFN-y Wusseziian 24 wu. uay

a

Usziumi83s Western blot analysis nsnaaedlvaiiduluauainuaiamanegfe LPS uag IFN-

Y annsonssfunisuansoonvaslusiu iNOS Tiiiutulu RAW264.7 wad Fdlsifinisuansonn
TuanmzUnAflailéFunisnsedu (lane VH 1iguiu lane NA) (5UR 4.9 A B)  nan1svnaesitn
Jvieansata 9SEE-FLP uaz WE-FLP ansadudinisuanseanves iNOS protein Miilaifieudu
nguiviazanruay Tasusinansdudmesansataifistunuaiududuresasatafifiuiy
MnmMInsredeumstudeludUiinaiae densitometry ag USulisuan (normalize) AU
tubulin Fadulusiuves house keeping gene WU @15d@in 95EE-FLP finnudutu 50, 100,
150, 200 ey 250 pg/ml mmmé’ugﬂmmamaaﬂ%m iNOS protein laUszunm 29% , 56%,
62%, 2% uay 83% nudU (U7 4.9 A) dauansarin WE-FLP fimnududu 50, 100, 150, 200
uay 250 pg/ml annsndudinisuansaantas INOS protein léUszanas 34%, 43%, 57%, 68%
uay 93% awadu (U 4.9 B) delu a1sate 95EE-FLP fianududu 50-200 pg/ml
UseAnBnmaends WE-FLP Tunisifudanisuanseantas INOS Saenadasiunavasnmsdudenis
a%19 NO (3Ufl 4.8)  d1u¥u antioxidant control 500 uM vitamin € fnuanusalunissuds
nsuanseenuas INOS 1¢fnd1 50 pe/mt trolox 1ae vitamin C @wnsaduds iNOS TdUszana

65% luvauzdi trolox annsndudsldiiies 33% (3Uf 4.9 A)

A fold 0.03 0.86 0.58 0.30 0.61 0.38 0.33 0.24 0.15
iNOS ---.,-.-‘-‘0‘
Ll e - - - — D G
> £ & T R 8 2 § 7§
= £
| = §  95EE-FLP (pg/mL)
>
>
LPS/IFN-y
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B fold 0.08 1.11 0.83 0.52 0.73 0.63 0.48 0.36 0.08
iNOS
Tubulin
an) X @] (=] (=3 (=] (] S
z = 2 g 2 = 9 8 @&
=~
S WE-FLP (ug/mL)
LPS/IFN-y
C fold 0.06 0.93 0.76 0.74 0.87 0.79 0.65 0.44 0.30
COX-2
Tubulin
T % Q =3 o o = o
<Zﬁ > -g é N = h & &
= 3 95EE-FLP (ug/mL)
>
LPS/IFN-y
D fold O. 4 0.66 0.63 091 0.78 0.67 0.64 0.50
COX-2
Tubulin
SChddAIYE 2 8 7
g E
B £ WE-FLP (ug/mL)
LPS/IFN-y

Uil 4.9 navesananin 95EE-FLP densuansoonvadlusiu iNOS (A) wag COX-2 (C) uag Haves
a15anin WE-FLP fansuandaanuadlusiu iNOS (B) way COX-2 (D) Tu RAW264.7 \wad

flgnnsedusne  LPS  waz  IFN-Y nsuanseenvaslusAuludUTinainme s
densitometry lagle Image J software wazUsumn (normalize) lagigunuANUITNTBS
uoyU tubulin luusiay lane  deyafiuanadufunuresmvanosinfusenatios 2 ads
NA = naive; Wwadfilalléfunisnszdu, VH = vehicle; fviaganeniuam, 95EE-FLP way
WE-FLP Juansarinainluanvedsinuien
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yananALansalunsduds NO way INOS  @nsadm 95EE-FLP wag WE-FLP &
LLamqwéﬁmmsé’maUmumss’]’ug’qmﬂmmaaﬂmaq COX-2 (gﬂ‘ﬁ 49 C, D) WanTIATIZY
western blot U89 COX-2 TuidsuUsunallng densitometry wag normalize Wiguiu tubulin F4im
31 mstfudinsuansesnues COX-2 Tnpansatmne 2 wUsdumuanududy uasUszansanly
nsiuds COX-2 wpsansafinima 2 sdeeninanuasalunsduds iINOS Taeeansann 95EE-FLP
fienudiudu 50, 100, 150, 200 waz 250 pg/ml @ansadudanisuansesnyas COX-2 protein
IdUszanal 6% , 15%, 30%, 53% uaz 68 % MMAW (SUA 4.9 C) luvaigil WE-FLP finnm
\WNTY 50, 100, 150, 200 way 250 pg/ml anunsadufanisuanieonues COX-2 protein g1
Uszanal 20%, 31%, 41 %, 43% uaz 56 % AU (3U7 4.9 D) dm3u antioxidant positive
control 50 pg/ml trolox wag 500 uM vitamin C fsvavsnmitafienfulunisduds cox-2 e

18% wag 20% mudsu (SU7 4.9 C)

Y

4.5.3 n138U8N proinflammatory cytokine Ua4a15&ENA

Wo9nnansanea 95EE-FLP HuUszandaiwaiunisonauinaninansana WE-FLP Tunns

v

§ugan158319 NO wag iINOS 517 AL dudugs 95EE-FLP (250 pg/ml) §sanunsaanseiuved

1%
[y

cox-2 1¢ffinin ansafn WE-FLP  auideilfadenansadn 95EE-FLP wieldlunisnsavaeugns

frunsonauiudnlaertunalnn1sduds proinflammatory cytokine IL-6 uag TNF-o.  lag

imsAnwmsluserulusiuuas gene TuwadRAW264.7 islasunisnseausie LPS
4.5.3.1 mM3fudan1amas TNF- oL wag IL-6 a3 RAW264.7 Load

NANISNAAOUAINANLNTOVEY 95EE-FLP Tun158udin1snds proinflammtory
cytokine TNF-a Uag IL-6 910 RAW264.7 1wadlnedd ELISA 4ansluguil 4.10 A uag B auddu
nanisnaasudulununinumiavuiede luanislni wad RAW264.7 finsasns  pro-

inflammatory cytokine TNF-o uaz 1L-6 luszau baseline MTUINaAIINIUATIDUNULINY

(3 % o

walilslasunisnszdusig 100 ng/ml LPS 1uszaziian 8 wu RAW264.7 waagndniliiiunis

Y

A 1

duasied TNF-auag  IL-6 Wiegluserugeliuegedifedfgy (p< 0.05) ﬂaaqﬁﬂizmm 19
ne/ml wag 4000 U/ml anuadnfiu usnisuy RAW264.7 wadaiainduansaria 95EE-FLP finau

\d 50-250 pg/ml 1usseziian 1 v neunsnIzhume LPS aunsoanu3unauesia TNF-o

J a

way IL-6 Ngndninbiasneduly RAW264.7 wad Wewisuiunguiilu vehicle control (p <

q

0.05) (3U1 4.10 A uay 4.10 B mudu) o815lsAn nan1svaaesiuuginansain 95EE-FLP
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AMUAILTAIUNSTUES IL-6 b9RNINN15TUEs TNF-a taenseuds IL-6 ¥a9a1sanm 95EE-FLP
WILTUAUAILANULTUTUYDIENTANA  iawisuniu vehicle control  @15aie 95EE-FLP A1y
WU 150 way 250 pg/ml @mnsadusl IL-6 lauszanu 29.4 % uag 52.9% a1ua1au (p< 0.05)

d1un138U8s TNF-oL ¥99 95EE-FLP ianandyudu 50-250 pg/ml fAnlaiuansineiun1eaiia Asegi

Uszanas 32-50 % lafisuiunguilu vehicle control

A B
25 d -
od 5000,
0 20 s 4000 de
£ = 3
215 = £ 3000
-]
$ 10 : < 20001
= & . ]
= s s 10004
. E ]
[' T EI 1 (} 1
NA LPS VH 50 150 250 VH 50 150 250
95SEE-FLP (ug/mL) 9SEE-FLP (ug/mL)

JUM 4.10 msdudanisnaaes TNF-a (A) uag IL-6 (B) 990 RAW264.7 lwadfignnsziumie
Y J s 6 |

LPS Tawansainainluginuian 95EE-FLP  1wad RAW264.7 (2x10° \waa/wau) Uu
i Y o o o = v a Y v <
AUUINY AIVNAY N8 F1TANANAIINLINIUAG & (50-250 pg/ml) tuian 1 va.
AeuNIzAUAIY LPS (100 ng/ml) 1utaan 8 wu. @iy supernantant lu culture
gndniu uagdtasieiusunnues TNF-a wag IL-6 79835 ELISA Avkanadudiade
+ SEM (n =3) uaniduiunuveinisnnaesegnies 3 Asanbinanadendaiu nsm
WYNTHSAYIFAUdANULANANNUEENITEdE AL NI9aas (p <0.05)

4.5.3.2 A158UEIN5LEN9DDNTUSZAU gene Y89 TNF-a Uag IL-6

\efinw1insEuds proinflammatory cytokine TNF-o way IL-6 lawansafia 95EE-

FLP Ansnun1sivasundadlusesu mRNA visald n1sesiageunisuanseanues TNF-o wag IL-6

'
=

Tuszau gene Fnszvilaeldinaila gRT-PCR wan1snagdou (UM 4.11) wuinasada 95EE-FLP

Y

A10150aATEAUVBY MRNA 999 TNF-o uae IL-6 aagnaditaddny (p< 0.05) Weawieuiungud

1Ju vehicle control Tpgnan1snagsuimuannndednunavesasanannuluseaulusau (3UN
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410 AB) fFoansaia 95EE-FLP flmnuanuisadudinisuansesnves mRNA waq IL-6 léandn
TNF-o, Ingansafia 95EE-FLP 71 150-250 pg/ml anunsadiudesssiuras mRNA veq IL-6 Tusesu
ey Aeagiuszana 50 % iilelieuiiu vehicle control (U7 4.11 B) wag 95EE-FLP finanm
WU 50-250 pg/ml  lifianuunnaneiulun1sanseduued mRNA 989 TNF-0L A9@nu1s0an

seAUTes MRNA vas TNF-oL leUszana 27 % lewfisuiiu vehicle control  (5Uf 4.11 A)

30
25
20
15
10

Fold increase
compared to naive
Fold increase
compared to naive

NA LPS VH 50 150 250 NA LPS VH 50 150 250

9SEE-FLP (ug/mL) 95EE-FLP (ng/mL)

'

UM 4.11 n3udanisuanieansziu gene ¥es TNF-a (A) uaw IL-6 (B) lu RAW264.7 1wadil
nszdudie LPS Tneansarin 95EE-FLP lwad RAW264.7 (2x10° 1wad/van) Unaaamih
fudvinany vde ansadafinnnadudusiig q (50-250 pg/ml) Wuan 1 W feu
n3gAuME LPS (100 ng/ml) {Wuian 8 wu. total RNA vaswadgnadnuazmiu3ua
MRNA 999 TNF-oL e IL-6  aaeinaila gRT-PCR 19 Tagman  primers wag probe
normalize A1 1ngld endogenous 185 rRNA LUUNAUIILALT18NUNANITUENIDBNUDS
gene Wuhmuwiilesuiunguauauueasadilailiusmiuansadaldas 248
Afnanadudnade + SEM (n =3) wanilufunuvesnisnaassedes 3 adel
Tinafindroadetu nsurimisnvsaresfudanuuandnsiuegafitoddynieada
(p< 0.05)

14

£ < o o
4.6 HNTNTUUTLINVDIATENARI fﬂa‘Ua'J']UQaﬂ

nsAnwgnsRuuziswasasanngiuiennsziidly in vitro uag in vivo luwea

s

N15ANYN in vitro mnaaummLﬂuﬁﬂmmwmaﬁaﬁm 95EE-FLP powwaduviSe 4 aenus

3

@2 in vivo Anelagly CAM Immaﬁﬂqﬂma (inoculate) 1waduziss B16F10 Wnluf CAM
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4.6.1 MsfnwanuluievasasaiafaasuzisEenug

Lﬁaﬁwfuaémﬁaawﬁuﬁ: 4 viinfe 1Wwad HepG2, MCF-7, PC-3 Way Jurkat 57uAU
an3ain 95EE-FLP waz WE-FLP finnududu 50, 250, 500, 750, 1,000, was 1,500 pg/ml sfu
szppian 24 $2l warUsuiiuUinaueadidanaiidinogiae MTT assay nudiiaansarin 95EE-
FLP waz WE-FLP dninlviAinnisaneveswaduziiateiug Jurkat wag HepG2 lafnin
\gaduziSEeiug PC-3 wag MCF-7 @nsain 95EE-FLP waz WE-FLP vnaudiudu (50-1,500
ug/ml) ¥iliAnn3Meves Jurkat 1wadlsgsndn vehicle control Aliflansafin (p< 0.05) a1
affm 95EE-FLP 71 250 ug/ml Fuly awnsadmirldiaanisnieves MCF-7 aluvasd WE-FLP daq

=

Tnududuioust 750 ug/ml Tuld (Uil 4.12 AB) dnsuiwaduzise MCF-7 uay PC-3 laidosd
Al (unsusceptibility) Aisansann - gi1uien nstnudiliminnsn1eues MCF-7 wasdlaaened
tfoddny Fodldmnududuues WE-FLP figedeud 750 pg/ml 2l luvnsilansadn 95EE-FLP
dodldmnuidudugsds 1000 pg/ml uly TunsdiwadusiSadangnumn  PC-3 Saumuniy
(resistance) Aiomuluiivyasansannduiiae msizuduusindu 95EE-FLP anududugad
1,500 pe/mliduszezingn 24 wu Adslianmnsadnilmannisaneves PC3 Tuveusdl WE-FLP
dodldnnandudugsiis 1,500 pg/ml FsanunsadniiliiAnnseneld 9.7% (U 4.12 B) msnsdl
4.2 uansm LCs, maﬂmiaﬁmadm?aﬂﬁiamaémL%qawaﬁuﬁ:ﬁq 4 «ilp @15ain WE-FLP &
UsgAnsnmlunmstnidhliiAanisaeveseadueiSs Jurkat  wag HepG2 l@Anan  95EE-FLP
@ntlesfe Uszua 18% way 8% mua19u (p< 0.05) (M157971 6.2) dauen LCsy 109 ansafiais

Y Y

AoarBlraduLise PC-3 @131509189UNARANINATT 1,500 pg/ml Auluiirtuiiesannanuidudy

geanililusmaanss lansnsadniliifinnsaeves PC-3 9da 500 @adunsalifiertufuan
LCs ¥09 95EE-FLP sio MCF-7 ﬁﬂamLsﬁm%uqqqﬂamﬁa%’ﬂﬁﬂﬁtﬁmmsmalﬁl,ﬁm 26.1% #aii
SlawFsuitsumnuhveswaduzSeaneiusi 4 donisgninanslasansadn 9SEE-FLP fimnu
WNUUge (750 pg/ml, 1,500 pg/ml ) S89a1duaInungagiasgnme Jurkat < HepG2 < MCF-7
< PC-3 uazsiansgnvinanelagansaia WE-FLP fienududiu 1,000 pg/ml Fuld Ao Jurkat <
HepG2 < MCF-7<PC-3 (3U 4.12 A-B)  annuansvinaeslassi Toyaddnini 95EE-FLP uas
WE-FLP fiannuanunsaviibiinnisaneveasadussainawiaunnanaiv uaziiuseavgaingaaniu
n3¥ane Jurkat wad datu Lead Jurkat Ssgnanidenidlelflunisdinmnalnmamileadiliiie

AR NS AR
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——PC-3 —a—MCF-7 —=%HepG2 —e—Jurkat
120 - d
= a
S 100
[y
= 80
13
€ 60
g
40
20
0 L] n L] L] L] 1
0 50 250 500 750 1000 1500
ANMYNTHVD 95EE-FLP (ug/ml)

—4—PC-3 —#—MCF-7 —-%HepG2 —e—Jurkat

O L] L] L] L] n 1
0 50 250 500 750 1000 1500

ANUUINIUYe9 WFE-FLP (ug/ml)

Uil 4.12 msneaeuanuduiivresasainlugituden 95EE-FLP (A) uaz WE-FLP (B) soiwaduzie
anenug HepG2, MCF-7, PC-3, uag Jurkat FvuTmiuansanauiu 24 vu Ainanaduen
mean = SD (n=4) wazifuiunuvesnimaaesdasyetnetion 3 ads Anadeiil * vouwad
mefufifefufiruuanisegaiiddidryanngy vehicle control Alsllduansarin (o <

0.05) dwanadslumudutufeliuressasiganaeugNiisnysnsiumefaliang
upnaseelitedAgy p <0.05
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M15719% 4.2 W3suiieuen LCs, vedansann 95EE-FLP wag WE-FLP sowwaduziSanaiug 4

¥R
a ¢ Lcso(l—lg/ml)
YUALYAR[USLIN
95EE-FLP WE-FLP
Jurkat 476.35 + 31.51° 389.94 + 13.26°
HepG2 927.01 + 90.84° 853.16 + 49.71°
MCF-7 >1,500 1,434.45 + 85.62
PC-3 >1,500 >1,500

Y

ALanwdUARAY £ SEM (n = 4) hazldufnueIn1snaandasNues 3 ASINLANG

L SIKY Y

Tudirmafgaiu AadslunaaferfuniifsnysasiudaiuuanasedtiedAgy
(p< 0.05)

ag13lsAd welmiulatnanududuieiiuvesasataineliinn1snesawwas Jurkat 2zl

danansenusaasund 35 dudesiinisnagauauiduiwuntansann 95EE-FLP wag WE-FLP

1 3

fenadudu 50, 250, 500, 750, 1,000, wae 1,500 po/ml sawadund isliiuladnarsadnd

o
v

AnuduiivdewaauziSauinninwaaund  uidelildifenvaaidnidenv1aunfaiin
mononuclear Tunszualaiin (peripheral blood mononuclear cells; PBMCs) it
funureseadUnifnyiaugiuead Jurkat esaniiuead Jurkat uay PBMCs uiwadidia
Lﬁamnﬁu’a@' MANENISIAaBMUITANLE TR 250 pg/ml -1,500 pg/ml v 95EE-FLP

1 3

waz WE-FLP fignsdniliiinn1smieveswaquezis Jurkat  leananeadun@ PBMCs  og14l

'
o w A

Todfayl p< 0.05 (U7 4.13) AN LCsg v0sansana 95EE-FLP il o Jurkat \wadiviiiy 467.35

L 31.51 wawme PBMC wadilduinnda 1,500 pe/ml luvauzfien LGy, vesansain WE-FLP s

Jurkat WwadWINAU 389.94 + 13.26 wagsa PBMC wasiianunnin 1,500 pe/ml douafituuzin

Y

ansanngiuiendanuluiiviowaduzsiSannningad Unflunszualaiin dreaidvayunislds

Iudenduayulnsinuuzsalaluseiunis
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A 120 ‘ W Jurkat
100 ‘ sPBMCs
$ 804‘
£ 6
1=
A2
e 40
2
20
0 i : , 3
0 50 250 500 750 1000 1500
AMMNIUNDY 9SEEFLP (ug/ml)
B 120 mJurkat
* * *
100 SPBMCs
? N ¥
é 80 § *
& \
E 40 §
20 §
N
i 1
0 “l T T Y -
0 50 250 500 750 1000 1500
AMTUYDY WE-FLP (ug/ml)

4.13 malisuifisuanuluiiveesansaialugituien 95EE-FLP (A) uay WE-FLP (B)
Aerwaauzisudadonynaeius Jurkat uay PBMCs Wletiwadsiuiuasarn
Hunanunu 24 Flusneulsedulinnaneadiiddinge MTT assay A1fiuans
Jurniade = SD (n = 4) wasdufunuwesnisveassetedon 3 aSeilinalu
fignafioadu 1aTesmang  * wansA oA vosusiazgiiaNLAnA1agd]
Tuddy (p< 0.05) Wiodasevisne Student’s t test


CCS
Line
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4.6.2 nswiterinnsmeveavasusseinunaln apoptosis
4.6.2.1 AATITRNISUANTINVRIALOULE (DNA fragmentation)

wAtlA agarose gel electrophoresis gNUNNNIATILVINITUANTNVBIA
Bueitidnuazdutudula (ONA ladder) fidaunamusiuausinges 180-200 base pair sy
londnuaivilsvesiwadideiinn1smenuy apoptosis Hansnaaedly UA 4.14 AD uanain a3
anm 95EE-FLP wag WE-FLP dnillAnnisaeveseadusids Jurkat sunalnaes apoptosis
nsdniliAn apoptosis vesansafaiinuduTusTum L uvesasatndily waztutugas
svpgaldlun1sun nan1sveaasnUIead Jurkat AiUNTINAU 95EE-FLP w3e WE-FLP fiany
Fudu 300 uaz 600 pg/ml Hussezinan 24 dalus wanan1suaninves DNA Wuuwuudutula
2819TALAU SULIVONTNNIIANLVDUYARLUU apoptosis (E‘U‘ﬁ 4.14 A uay C 9nud1au) 31U
# Benwad Jurkat Aunsufuasadafinuudl 300 ug/ml fiszaznauansnetu (6, 12, 24
W) WIMTSEEENATIad 51N apoptosis - HANTNARBINUTY TTaEsERR 9SEE-FLP waz
WE-FLP fianudiudu 300 pe/ml anunsadniiliwaduside jurkat sinn1smnewuy apoptosis 7
sgppian 12 uay 24 Hlwsaevdannsty GUA 414 B uay D mudidu) vieil ndw vehicle
control (Nguvesiwad Jurkat fiunsaudusviazats Lildsuasadn) liinnisunninuesiiiy
0 Tuvaefiwad Jurkat Aivafuivendilu positive control (40 pg/ml etoposide) 1Tu

888181 24 Y. WAAINITWANTNUDY DNA kuuTululaegnatnLau
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4.6.2.2 msanwrzus19vesiiunfedlu apoptotic cell Aed Hoechst
33258

nansANwANYIENsALLae st duaYeead Jurkat ndsan
Une 95EE-FLP (U7 4.15) w3e WE-FLP (U7 4.16) shomsdouwaddied Hoechst 33258
WuIwad Jurkat fivugeen etoposide davfiu positive control Wluaan 24 F3lue uansdnuase
gﬂéwwamaéﬁmal,t,w apoptosis Faildnwariduendnualded Rianns blebling Guaal,?iaﬁ:u
wad Annsvefvecwad IAnnsvafiuaznsuaninvesialedea (gnAsdvd) dsdnua
Fanamanusenuldituiy luwad Jurkat fivushufuaisadaeiiuionsia 95EE-FLP (Ul 4.15)
vi3o WE-FLP (§Ul 4.16) finvandudiu 300 wag 600 pg/ml 1uszozinan 24 42l waa n time
course study Wuin Jurkat Wwadiuusanfuansataedesiiniududu 300 pg/ml Wusseziian
Faust 12 vy, Tulude 24 2 ansagndniliiinn1smeuuy apoptosis (msAnwilallaRnan
Yonamevds 20 wu)  Fdu wansfinyimisdugiuinerveasadidognielindesgansae

a

#onAARINUNAUDY DNA ladder 7ns19018 gel electrophoresis (5U 4.14) wagtieduduin

3
apoptosis Wunalnuilsitansatneinuenshlfifnnismevensaduzise s nswdeniliie
apoptosis Teugaduzss Jurkat Tasansatntufiuanuiduduvesasadn way szoznaIvens
Uu fawad Jurkat flunsaufiuansann 95EE-FLP wie  WE-FLP fianududu 100 pe/ml 1Ju
seeza 24 7l vide vuitenandudu 300 pe/ml Wunan 6 Falus liwundngruvesdnuny

msdsunlasguinvesyaduazindvanduienansalveasadfiiin  apoptosis  usiogsle

al

wagliifinauunneneainngy vehicle control (U7 4.15-4.16)
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NANAIUAL 0.1%DMSO Etoposide (40 pg/ml)

95EE-FLP (100 pg/ml) 95EE-FLP (300 pg/ml) 95EE-FLP (600 pg/ml)

4

24 71314

A
v

6 Tl 12 §lag 24 lag

95EE-FLP (300 pg/ml)

A
v

Ul 4.15  mswdsuuasgusisvesiandeafienséenivad Jurkat ¢ed Hoechst
33258 AMENFININAITULLARSINAUAITINIAZAI8AIUAN N30 40 pg/ml
etoposide  viSeansafialuginuien 95EE-FLP fimanududu 100, 300 wag
600 pe/ml1uszaziaan 24 . wie fiaududu 300 pg/ml Wuszezinan

6, 12 waz 24 Taluslun1sAnwimssegantninliiie apoptosis
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NaNAIUAN kag VH control Etoposide (40 pg/ml)

WE-FLP (100 pg/ml) WE-FLP (300 pg/ml) WE-FLP (600 pg/ml)
%
X
. 24 7l R
6 Tl 12 #alag 24 F3lu9

- |

WE-FLP (300 pg/ml)

P
<«

v

gﬂﬁ 4.16 ﬂﬁLUaauLLUaasﬂmwmmmasamamiaam%aa Jurkat  A3ed Hoechst
33258 A1ENFIINNITULLARSINAUAIYINAEAI8AIUAL N30 40 pg/ml
etoposide "3aasaimlugituion WE-FLP fimnududu 100, 300 way 600
ue/ml i Buszezian 24 au. vie Vufinnnududu 300 po/ml Juszezina 6,

12 uaz 24 FaluslunisAnwissegianfinuiliiin apoptosis
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4.6.2.3 n158au early apoptotic cell 28 Annexin V-PI

wmafiansdeu Annexin V-Pl thnldifieBusudnuaznisaieuuy apoptosis 1y
SPEZBUEY HARINNIINAAeINUINUDSEURNMSANBWUU apoptosis 183 Jurkat wwadluszes i3y
Fudumueududuresansatn 95EE-FLP wagsvsznanesnsUn (U 4.17)  waanns

3 12

Anngiigadidonsny annexin V $auiy Pl fensld flow cytometry wuin luanniadl 3 (N
wad7innd annexin V usli@ind PI) %a&g‘dﬁ 4.17 31 % early apoptotic cell WisBuann 6.90%
Tunguauay 1 7.93% wag 14.24% lunguiwad Jurkat Auswfuasada 95EE-FLP fnam
Aty 300 war 600 pe/ml 1Wuszeziian 24 $alus auddu waswadfildsuanududusives
a15ain (100 pg/ml) 1aidl % early apoptotic cell (6.9%) LLmﬂGi’m]’]ﬂﬂﬁjim’JU@uﬁLﬁu vehicle
control wsaghsla  299nn19¥7 time  course  study HlewszesaiansatadniliAe
apoptosis WU N15UN Jurkat Wwadsauiu 95EE-FLP 7 300 pe/ml yduszeziaan 6 vu. Tifinis
Fmirliin apoptosis iiau ferwes % early apoptotic cell 71 6 % Lifianuunnenganngy
AIUAY wiwadilgsunisumduszosinan 12 9. wag 24 9y, 51 % early apoptotic cell Wiy
31N 6.96% lUnquAIUAN 1383910 6.93% Tu 6 3w, 1T 8.44% way 11.42% Tu 12 wu. wa 24
Y. AIUAIU (g‘dﬁ 4.17) ansada WE-FLP Winanisnaassiindiondadiu 95EE-FLP fie %
early apoptotic cell indununnududuvesaisarin WEFLP dosiaududu 300 ug/ml
ey 600 pg/ml Seausavii % early apoptotic cell 3711 8.62% iuﬂajmaauam Yy 9.29% uag
30.29% muanau Tunisunsiiuwaadusseziian 24 3. @195 time course study WaAII
ansafn WEFLP anunsadniiliiin apoptosis léileldsuansatmdunat 6 vu. fanisiiu %
early apoptotic cell 910 4.34% lunguaruau Ju 12.26% 7 6 vy, usegnslsfiniy msiiuiy
YOITTHZIAINTUNEAZN 6 vu WDu 12 wie 24 v lddwasienisdfinves % early apoptotic
cell wiogiln fis early apoptotic: cell fiszeziian 6, 12 uae 24 v, fandeuwifununfe
TndiAes 12 % (gﬂﬁ 4.18) st mimaaﬂugﬂﬁ 4.17-6.18 Fuuzriteududu 300 pe/ml
WE-FLP anunsaufisl % early apoptotic cell l§samsaninansadn 95EE-FLP Ao fnalviin
early apoptosis lénusisvaziian 6 vy luvasfiansada 95EE-FLP fimnududuiientu wunis
Mufiszozina 12 v Sudwmaliu3una % early apoptotic cell waa Jurkat #lé5u 300 pg/ml
WE-FLP fanfu 2.9 whwesnguaruauluvasdl 95EE-FLP Sy 1.64 wiwesnguaiueui
SyEziian 20 vy, Amsun1sUeadsaudu 40 pe/ml etoposide tdunian 24 Falue Fudy
positive control il % early apoptotic cell 311 3.46% Iuﬂejmmuqmﬂu 16.66% Lazd1u1sn

FnuliAn apoptosis LU 564.86% wie Uszanal 6.6 Winainnguaual (UT 14.17)
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4.6.2.4 N3YNUNANANTIIHAIVDS cytochrome C

Cytochrome C #olusfiuflagszminadoriu mitochondria Huuonuas
#ulu Fenalnnisiie apoptosis WU intrinsic  pathway Annsidsy mitochondrial
membrane potential @iWali cytochrome C lu mitochondria Qﬂ%éﬁ@’e}ﬂ@j cytoplasm ot
AATInEEIENSTUINNNS apoptosis 39ilUSIaIves cytochrome C i mitochondria anas &4
USU1euwe9 cytochrome € @u15ans133alalaen1s3uves anti-cytochrome C-FITC  way
Anszilagltinadia flow cytometer wansmaaesluguil 4.19-4.20 wuin UszAnSnmyes
OSEE-FLP waz WE-FLP lumsdnihlsiAnnisvatues cytochrome Cluiead Jurkat Fuagiiv
mududuarssesnaiinty mendinisua Jurkat wadsiufuansatmidussevian 24 v,

a

ansafn 95EE-FLP %5 WE-FLP 7 aaududu 300 pe/ml waz 600 pg/ml awnsadnilimin

[

N"3189%84 cytochrome C 90 mitochondria luwwad Jurkat gendnnguaiuaueensditdedey

o

(p< 0.05) (SUTL 4.19 A, 4.20 A) Wi USunaunasndsues cytochrome ¢ Windunumnududy

Y

YosansanaTindy fuwad Jurkat l§3U 300 pe/ml wae 600 pg/ml 95EE-FLP fnsndsues

a

cytochrome ¢ HRAUIMNNGUAIUANUSELM 65 Uag 75 % fud1au (JUA 4.19 A) Tuvase
ANUNTULARIAUTDY WE-FLP a@nunsadninliinisnas cytochrome ¢ AlnalAssiy Astiuay
PNNGUATUANUTENIN 49% WAy 76% Muanu (3UN 4.20 A) Han1snaaedlugud 4.19 B uag
4.20 B ¥tn1n vivansanin 95EE-FLP wag WE-FLP 91 A2 3iudu 300 pg/ml anunsadnuiliia
N13UAIVEY cytochrome ¢ MidaninauAIVAN (p< 0.05) Mkaan 12 uay 24 Halue waglliinase
N1SURIVBN cytochrome ¢ WNAUIMNAFUAIUANLEBUNTUYITEEEIAAUN 6 vy, Fiidraula
Ao a1sannviades 95EE-FLP w38 WE-FLP #iAansdudy 600 pg/ml duseaniningendn 40
ug/ml etoposide &alu positive control lunisimilentin1smds eytochrome C Tulwad Jurkat
! a o o U ngQJ 1 o o YV a Ql’
ageliludAnY (p< 0.05) laeTid HaneaedTdnd1 N3t liAnn1sTluares cytochrome ¢
. . I = o Y o o o g v % <
311 mitochondrial membrane Junalnuilanaisannanluainuionaiunsadnuilieadusiss

Jurkat LAANISAIBAIBNTEUIUNTT apoptosis
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100.00 - A
< 80.00 -
o
Q
§ b
s 60.00 - T
L
£ 40.00 -
<
Q
=}
> 20.00 -
@) a a
O‘OO '__ T T m T 1
Control  Etoposide 100
95EE-FLP (ug/ml) at 24 hr.
100.00 B
£ 80.00 -
=
2 ¢
8 60.00 - T
=
2
5 40.00 A ::::
= |
g s
20.00 A :
5 : R
|
000 '_— T T T = 1
Control  Etoposide 6h
95EE-FLP (300 pg/ml).

gﬂﬁ 4.19 Wesifunn1snasaes Cytochrome ¢ 910 mitochondrial membrane Tu
wad Jurkat Auusiufuansaialusinuian 95EE-FLP fimnusiudu 100, 300
war 600 ug/ml tuszeziian 24 9u. (A) wie Uusiuiuasanafaududu

300 pg/ml 1uszeziian 6, 12 uaz 24 439 (B) Adianaudue mean + SD

Y

(n=3) Toyaiuanulufiunureinisuaastegieies 3 Asslvinalufianig

LY o w

= ) | da o ! U A | | A
Weaiu nsvuyinifsnwsasdudauanasiuegltudAey (p< 0.05)
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s 60.00 1 T b

B

2 40.00 A

1S

=

2 20,00 -

5\ ’ a a

0.00 '—_ T T ﬂ-I-I-IJ T T 1
Control  Etoposide 100 300 600
WE-FLP (ug/ml) at 24 hr.
100.00 - B

S 80.00 -

-

2 b

2 60.00 - T b b

E

2 40.00 -

o

=

S 20.00 -

5 : a 4

OOO '—— T T [I T T 1
Control  Etoposide 6 h 12 h 24 h
WE-FLP 300 pg/ml

sU# 4.20 Wesldunn151adwes Cytochrome ¢ 310 mitochondrial membrane Tuiwaa
Jurkat Aunsufuansanaluainuian WE-FLP fiaanaidudu 100, 300 way

600 pg/ml Wuszeziian 24 v, (A) vise Uusiuiuaisanafianududu 300

<

ue/ml Juszeziian 6, 12 uaz 24 92l (B) Arfiuanadudn mean + SD

(n=3) Yoyafinanuduiiunuveanisuaaesedtes 3 Asafilinaludiens

Y Y [

a Y} | aa I\ w oA o A °
Wi namwyieniisdnesasiudawenansiuegeditedfny (p< 0.05)
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4.6.3 gusAuNzISIvasasannainuianly in vivo CAM model

<

\eaa1nisansana 95EE-FLP uay WE-FLP anansauanamnaduiivraloaduziseans

WuglaewmteahiAnnsaneuuy apoptosis e megUssaninmnliduanseiudn muided

= = U

JeRnwgnasuuzseiuduly in vivo TasasisdeumnaIusavesasanaisaaslunisiuds

msaadudonlniidnilaewaduzsaenugionda B16F10 tnald CAM model
4.6.3.1 Msfnwananvlagnsivasasaingdiuiandaivaduziss BL6F10

Tuns@nwunertuanuaiuisavesasann 95EE-FLP  wag WE-FLP Tunns

I
LY Y]

vgainsasrandudenlniigndniiliasaulaeigaduzisaiiongs B16F10 Sndusesldainy
Y v v AV g oA 13 = au A =yvo = = Y v oA
Wuturesarsananldiluivdeivaduzise Tunudded FaldvinisAnyiiienianuidududn
AN Sana 95EE-FLP  way WE-FLP Mluiduiivsaiaduzisaiania B16F10  wans

wmaaulugﬂ‘ﬁ' 421 A uay B WU asann 95EE-FLP way WE-FLP fidaanuidadudaws 300

1 U (3

ng/ml Wl WeuusuAuwaa B16F10 1Huszezian 24 vu annsadniliAnnisaevesaad

'
o w =

B16F10 egnsfifudrdnuilaifisutunguaiuay (p <0.05) wazmnudufivresasadniisansio
wad B16F10 wndumuenududureansain  asatnfinonundudusi 50-100 ug/ml
wanardufivselad uiansana 95EE-FLP fimnudady 300, 600, 900, 1,200 wag 1,500
pg/ml ausadninliiansaieveean B16FL0 Useuneu 26%, 36%, 57%, 78%, uag 82%
AINAIAY (gﬂﬁ 4.21 A) wavansadn WE-FLP fimnandudu 300, 600, 900, 1,200 wag 1,500
pg/ml axnsatninliiinn1saneuesag B16F10 Usyun 9%, 30%, 45%, 70%, uag 70%

PANEIRU (SUT 4.21 B) @nsain 95EE-FLP wag WE-FLP fifn LCs, siolwaa B16F10 winfiu 836.56

U

Y v

+48.03 WAz 995.59 +35.95 MUA1GU Al ¢uITell Fadenldansainie 2 NeuNtuadan

]
(=)

1aiAu 300 pe/ml ieldlunis@nwgnsvesansafnluntsdudsnsaiadudenlnliidnilae
\wad B16F10 Tu CAM model siald
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120 1~
d
d d A
100 4 'T"“ _I_-
> 80 1 c
=y o c
S i
= 60 A 333
3 b
=
40 1 33
+44
44
+44 5
+44 a a
+44
20 A1 332 o0
333 B33 333
o4 +ee +oe
o4 +ee +oe
++4 +ee + e
0 e 222 oo
Control 50 100 300 600 900 1200 1500

95EE-FLP (pg/ml)

120.00

]_m.

100.00

80.00

b

60.00

06060000064

40.00

% Cell viability
L .64

20.00

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

1090000000000 000

0.00 +
Control

'y
.
2222222222224 0

w reeee

0 100 300 1200 1500

WE-FLP (pg/ml)

JUN 4.21 msveaeuaulufivvesansain 95EE-FLP way WE-FLP Aeiwadugissaneiug B16F10
dlovnsiufvansatafinmududusiig quiu 24 vu Arfiwanadudt mean = SD (n=4) uax
Husunuvesnsvnasdasyetatios 3 ass nsmuvisidsnusseiunnedsiinuuandig
fuegnaiifedfaydl p< 0.05
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4.6.3.2 n1s¥niimsaaduaanlnily CAM Tnawaduzise B16F10

iloaun CAM model Mldlunisneassnavesansaiadenisaiiaduidon
Tmifignuilenthlnaweaduzs BL6F10 9uAdediishnismeauminanunsovensad B16F10
lunisnsgdulminnisadiaduienindly CAM  nsveasansevilagUgnane w3e  inoculate
wad BL6F10 fimnududusing q aslu CAM  Aewinisuuduszesinan 24 wie 48 wu nSeuiiu
Snududendiadeduludly CAM mendinsunveusazgaana Weuiu negative control
Fllg inoculate  Fewwad BI6FL0 uenaniu sAdeddld 100 ne/ml bFGF Wy positive
control wilenthliAnnsairadudenlmiiieniouiisuiuamainsoveusaduzise BL6F10
TunsnseuliiAnnsaiaduidonlnl nanisnnaos (U7 4.22-4.23) uanein n1endsnns
inoculate Wussuziian 24 uaz 48 vy Lwaduwse BL6F10  awnsanszAubiiAnnisadiadu
Fonlnietnanning Wefisuiungumuauibifieaduzise msadraduidenlmiigndnilae
wadupelufumnududurensad uarsverianemisy angdil 422 deifeufunga
vehicle control CAM #iléunns inoculate %38 B16F10 $1uau 1x10°, 3x10° ua 6x10° 1wad
Unduszezinan 24 v dnsnseduldiiumsaadudenlminnnds 16, 26 wag 30 Wi
ALY (p< 0.05) Turazdinsualuszovinan 48 v ﬁmiﬂszéjﬂﬁtﬂmmia%ﬂa 5, 6, kA 8
WiNALERU (p< 0.05) (3UT 4.23) 195U 100 ng/ml bFGF fimsiiinvesnmsairaduidenll
12 wag 4 Wiriiszoznan 24 vy, LAy 48 B, MNAIRY (U7 4.22-0.23) fetiu lwaduzise B16F10
fiauanas0gend 100 ng/ml bFGE TunsnssduliAnnisadadudonlmivied 24 way a8
ulu CAM model  agndlsfimy  wivSinududoniiairadulmifissozinan 48 v fuina
Wit 24 v, egalitudday (p< 0.05) LiduAnannisdntlaewwad BL6F10 wio Iny bFGF
(U7 4.20) winislfiwadugisadruauann AeliaSananead B16F10.10u 2 wihan 3x10° 1
6x10° 1wad luflnasionsifiunisasaduidenlntiann 24 wu fa 48 v usegnsle Fsuunm
BL6F10 3x10° waz 6x10° wadinsfiuturendudenlminn 241U 48 wu. fiviifisudude
15.77 % uay 16.23% audiu Tuvmsfiwaduimnasiinds o 1x10 © wad Snsfiufurendu
Fonlmiann 24 vu. 1U 48 wu. 63.96 % faifu Jadon 3x10° wadwes B16F10 WHuUSungean

foltlununnansnsinaly
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300 1

H

250 A

200 -

150 - [

Neovascular vessel

100 -

50 A

a
0 I

Uninduced
control

ol
4
ol

&
b4
re

-

1x10° 3x10° 6x10°

BI6F10 (cells)

Uil 422 mistmilfaaduidenlmilnewaduzids B16F10 waz bFGF Tu CAM
model 1o srazan 24 wu. mifiwanadud mean = SD (n=4) waifu
FunureInsnasdasE eI 2 assilialufiamaiiontu nsvuiaiiienes
Ansfunnededinnuuandnefuessiivedfi p< 0.05 Welinszidae one-
way ANOVA

Neovascular vessel

:

Uninduced bFGF 1x10° 3x10° 6x10°
control

B16F10 (cells)

JUN 4.23  mstniladaduidonindlaowaduziis B16F10 uag bFGF Tu CAM
model e szezia1 48 Yy, Afwandiludl mean + SD (n=4) uazidu

AINUVDINITNAADIDATEIIUIU 2 ASINANALUNANINALINUY NS INLYINT

i

dnwInsiumneidanuLanasiueglitedAy?l p <0.05 HoATIZaIE
one-way ANOVA
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350 -

%
300

= 31 wun

@ 250 +*
é : H48 h

E“ 200 :

5 *

2 150 +»

c; +

2 100 :

4 +

*

50 ) 4

:

0 e R =1
Uninduced bFGF 1x10° 3x10° 6x10°
control
BI6F10 (cells)

JUN 4.24  Wisulsunisasaduientnilaewadusiie BL6F10 uag bFGF Tu
CAM model N1528217381 24 way 48 %y, ALaRRJuA1 mean + SD
(n=4) LazdufLNUYDINITNAARIBATEIIUIY 2 ASINlrNaluiFvg
a ) A ~ 1 A ~ | )
LAYINUY LATDINUIY ¥ BUIYDIATN 24 LLay 48 . UANULANHINNUY
pgslitudAN p <0.05 WeALATIZAIY Student’s t-test

4.6.3.3 N13M52980UANNTURYYDIE5ENARD CAM

Wemanududuilungauvewesansain 95EE-FLP waz WE-FLP 7ilélu
CAM model navasansafnfianududueing o densaadudanindausssuraiialy CAM
(Foluifiwaduzide e Wil bFGR) MWSunisUseliufiszosingt 26 waw 48 WU, WANIINARON
wuin Tuszeznan 24 vy, anududiugeanvesansain 95EE-FLP wag WE-FLP filiinansenanduy
fiwdonsaadudeninufiinanusssundly CAM agjﬁ 300 pg/ml tag 600 pg/ml AUAIRY
Tuvuzdl WE-FLPTinududu 100-300 pe/ml anunsawfiunisasradudentvally cAM 1fagnsdl
tfoddny Weiisufunguaiuau (p< 0.05) (§Ufl 4.25 A-B) drumanduduvesansadn 95EE-FLP
71 600 pe/ml waz WE-FLP 71 900 uaz 1,500 ug/ml fimnudufivsie CAM wsrzuanainliliinng
FnmilFadadudonlmisgefinsiintunusssund wisvuveadudesly CAM nduilan

anad (p< 0.05) INTUIULEULToALDTZYZIIASNAUTRIN1TAaY (Rouldansaninadlu CAM)
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(Fsiuanadudnauluguil 4.25 A-B) wiiszeziaan 24 va. Anandududl 100-300 pg/ml ves
ansaia WE-FLP ansnsauiiudnnududosdiiatulmiannnduevey usionarinluasy 48
. ansafafanududusnailidmansenula q sensadradudenlndly CAM wsizsua
dudeniiAnlniluszeznan 48 wu. liflmnuuenssannguniunm (p< 0.05) lusagiiaaiy
Wt 600 pg/ml wos WE-FLP Sdunuidudeniiiinlmitdesninlungueiuny 79.49% d@mans
afin 95EE-FLP fimnuitutiu 100 pg/ml fszoziaan 48 v, awnsauiinTinanduidonlvigsnii

NANAIUANYTEIM 21% (p< 0.05) Insanuitududigauesansaivisas (600 ug/ml 95EE-FLP

a1

WAy 900 way 1,500 pg/ml WE-FLP) Sspauansainsiiuiiuse CAM (gﬂ‘ﬁ 4.26 A-B) Aefiun
Funafe Swauwdudoslmilunduildsuasatnisansiiniandudu 100-300 pg/ml 7 48 wu. &
ﬂ'%mmqaﬂdﬁ'ﬁ' 24 . pgnedifedfay (p< 0.05) laed 48 wy. dnsfiunisadadudenin
Uszanal 1.9-2.3 i dw¥u 95EE-FLP wazUszanal 2.5-3.0 witd w3y WE-FLP 910l 24 vu s
TndiAssfunsafiunsairaduideslvdnusssunannulungumuudsiinsaiadudonlsl

WUTUAINT 24 3. Useannd 2.6-4 191 (JUN 4.27 AB) Hawinislasuansadafianududugs

a |

(600 pe/ml 95EE-FLP, 900 waz 1,500 pe/ml WE-FLP) agfianudufivse CAM Tnaiduidond

v X A A a v & @ v a
A35199U MU TUSUINANAIIINSLELIBISUAY TI97 24 LAz 48 vY. wankidanaliinnisaeuss

(%
a o = =y

foaululdlnusegele feiu nKanIseaseenualudIul Nuddeidadenltarsadiannaling

Wuduldiin 300 pg/mt Wisldlusunaaessely wsizluanududuganfilidgnddudns

RUBIR}

as1adudantvdly CAM model @usuansananiansian 24 Lay 48 .
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44
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Neovascular vessel

control
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Ul 4.25 navesansain 95EE-FLP (A) waz WE-FLP (B) sensaiaiduidonlvim
533UMIAbY CAM 71 24 . A1iuanalupl mean + SD (n=4) wazsidu

FILNUVDINITNARDIDATEINUIU 2 ASINANA MUNANILAYINY  NFINLVIIN]
nwIneiumnefsdauLana AU 1slitdAg?l p< 0.05
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80

40 A

— o

20 A

Neovascular vessel

- s NN A0 NN

95EE-FLP ( ug/ml)
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50 5 ¢
y F B
40 4 *04 *4e
e 3
5 30 >4>4>§| roed
> 294
5 207 b
; 10 4 *4e
._N 3
2 0 222 . : R¢¢1 . — e
< )4
-10 1 b 474
p
=20 1 ab -
-30 a
control 100 300 600 900 1500
WE-FLP (ug/ml)

JUN 4.26 Wav0sansann 95EE-FP (A) waz WE-FLP (B) sionisasaduiienlmainiy
s35uvAly CAM 71 48 . Afiwanaluml mean + SD (n=4) wauidu

AMLNUTDINITNABDIDATEI I 2 ASITTANalufiFvILABIiY nsIWuviendl
dnwsnnsiununedlinnuuanasiuegsiiteddgy p< 0.05
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80 — -~
1
] * s 24h
60 - & __‘ gzss3 48 h
5 40 E
; 20 A1 331 :
2 E 333 333 :
20 1 ’ &
*—l
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Control 100 300 600
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B
60 ; "
1;0 N * .241‘]
_ nN48 h
]
g
-
t
=
-
=
-1
-
=]
W
4
_10 ]
-20 .
-30
control 100 300 600 900 1500
WE-FLP (ug/ml)

JUN 4.27 Wiguilgunavesasann 95EE-FLP (A) uag WE-FLP (B) silon1sasng
AU lANUSISUBIRIY CAM 5819 24 was 48 v, ANwanady
A1 mean = SD (n=4) waztJufunuuaIN1INAasIdaszanuiIu 2 ASINNG

(9

TudanfeIny LASeINUNY * NUNEDIAT 24 way 48 L. UANULANAI

o o a

Auogelltad AN p <0.05 WedATizueie Student’s t-test

o
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S & P Y e ' ¢ < o ]
4.6.3.4 i]ﬂﬁﬂl]ﬂ\iﬂqﬁaiq\iLﬁ‘ULaaﬂi‘Viu%a\iLsnaallglﬁ\ﬂﬂﬂaqiaﬂﬂa?q‘N\?aﬂ

A15MSIFDUANUAINITOVBIANTANA 95EE-FLP way WE-FLP Tun1sgugans
as1rdudonlrdvousaduzise nszvinlaaunwaduzsa B16F10 Tu CAM wiedl vise Luflansadan
AILTLTUANN 9 wazUsziliun1sasadudonlnaly CAM aendsmsuniiseeziign 24 vise 48

W, WANSNAADUNUIATANRDIUTON I3 95EE-FLP wag WE-FLP fgndduiinisasaduiden

v
v a

TnifiAnnnisthiiveseaduzise BL6F10 Tdegreilduddayly CAM Wafl 24 waz 48 wu. e
Feudunguaauauiifisad B16F10 wrlillduusauiuansada (p < 0.05) wagnsdudauysiuna
mnududuvesansatin (GUA 4.28 -4.29) aIngUTl 4.28 levusiuiuiwaduzse BL6F10 1Tu
SruzIaN 20 waz 48 WU @15ann 95EE-FLP 7 100 pe/ml annnsadiadudenludiiinainnis
Fnihlasiwad B16F10 I¢ 40.55% waz  42.85% pnudidu duansadn WE-FLP wlevuiu
SYEglIa1 24 B3, @1315080 L8 20.5%, 50.9% waz 87.9% Aanududu 30, 100 uar 300 pg/ml
audu wazdovmluszezinan 48 wu. a1satn WEFLP anunsaannisasiadudenivives
waduziSle 14.7%, 49.8% uaz 90.8% Fianandudy 30, 100 waz 300 pg/ml auddy (gﬂ'ﬁ
4.29) et fisveviaan 48 . wwad B16F10 fivnsauiuansarin 95EE-FLP fimnaundudu 100
ug/ml g WE-FLP fianuidudu 30 war 100 pg/ml Ssmsauaunsalunisasiadudonln
Trifinduann 24 wu. eniifoddty (p< 0.08) Fslaiunnsnsanngueunuiiead B16F10 Taildsy
asatn wardeiiaulefe asatniirududu 300 pg/ml esasataTans @aunsaduds
dvSnanmstnmiliaiadudenlnlvessaduziSalauinnianvsowindu 100% fensasiaduion
Tniiveuead B16F10 fivusiudvansada 300 pe/ml fanfieuwin (WE-FLP lu 24 w. gﬂﬁ 4.28
B) 130 wifusflAndnnda (WE-FLP Tu 48 wa. JUA 4.29 B uaw 95EE-FLP 91 24 wag 48 vu. JUT
428 A 429 A) nsadradudenlndnusssumaiinly CAM ﬁiﬂﬁgﬂ%’ﬂﬁﬂﬂamaéwﬁa
(uninduced control 7ilail¢ inoculate  MeLwaduziSe B16F10) (gﬂﬁ 4.28-4.29) BnUseifiud
iaulafe wWesiludnmafiunsadadudenlvad 48 . 910 24 vy fUsamnfuniuay
Futuvesansatniiiinty fiasatn WE-FLPRiaadudy 100 war 300 pg/ml dnansaduds
Wesidudmaiiutuvenduideniniann 24 TU 48 4 50%, uaz 97.5% A1udwiu (p< 0.05) (U
4.31 B) @uansana 95EE-FLP 7 300 pg/ml wonanlifinisadraduidenlmii 48 vufiuduain

WANN 24 3. undaausinadutenliiinitssegianigasuaulunivmeaes (5UN 4.31 A)
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4.28 n1sfudanisasiaduidenludiiinainniseninveseaduzise B16F10 lagans

affe 95EE-FLP (A) wag WE-FLP (B) i CAM model fiszeziian 24 . . @l

¥
[

LL?{@QL%UWI'] mean = SD (n=6) LLazLfluéf’gLmummmimaaaﬁaizﬁﬁmu 2 AN

D.

o

Tinalufirnafediu nsmuyieiisnesasiuiinuuanasiuegelduddey (p<
0.05)
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400 -
d
300 - A
=2 ‘
% 200 =
s
g 100 - b
.
0 _J ;......l
a
-100 v v v v
\\\\\\\ Q \\\\\ ~?\\\\
AL
an® - T
oo B16F10+95EE-FLP (ug/ml)
350
C
2 L
4
< 1O &4 d B
2 250 ’ oS04
g - 2222 IXXZ
> 2222 2228
- ) e L 4
= 200 ' o & &4 2222
= *e >
g 2222 2222
= |50 *00 *0e
z 2222 2222
S b o4 2294
Z 100 5660 roee
b 2222 2222
2222 2222
. 2228
50 . : * a
* 2294 3334
0 | -~ . A A
Uninduced 0 30 300
control
B16F10 + WE-FLP (ug/ml)

JUN 4.29 nisfugaimsadadudeninifinainnstniivessadusise BL6F10 lngans

'
oA

anm 95EE-FLP (A) wag WE-FLP (B) Tu CAM model fiszuzinan 48 wu. Al

waRBJuAT mean + SD (n=6) waztdudIuNuveINITNAa0IBaTEs1UI 2 ASIN

[

Tinaluianiafennu  nsvlwiedsnwsasiuilinuuanasiueg9luudfgy

(p< 0.05)
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400
A
| i; :1
300 1 Iy e
i)
2 200 -
=
3 ]
a % reee
g 100 - : £33
z 44 $444
P 44 $44
#8894 $44 $44
i 24 1 208 294
0 - PS4 -
I
-100 ; . : =
Uninduced control 0 100 300
B16F10+95EE-FLP (ug/ml)
350
: m24h B
300 . B48 h
T .
2 250 *
¢ . D
= < *
= 200 * @
- . . .
] < *
= 150 2 2
g 3 3
Z 100 . * *
* <
L 4 *
o0 g : :
* © -
0 * > 22 ‘:2_’
Uninduced 0 30 300
control
B16F10 + WE-FLP (ug/ml)

5UN 4.30 1WSguiigunavesansanna 95EE-FLP (A) uag WE-FLP (B) sian1sasaduiion
TmifAnInnstninveusasuzise B16F10 Tu CAM 211149 24 Lag 48 .
1 al' < 1 I~ o a o
ANNWEALTUAT mean = SD (N=6) kaztTuMLNUTBINITNAFDIDATEINUIU 2
ASINANATUAANIALINY LATDINNY * UUNBT9AN 24 way 48 Y. A1

o o A

uANANNAURENHTNEIAYY p <0.05 LWeAATIZIAMIY Student’s t-test
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60 - 4 A
C
5 40 1 b &
g
2
£ 20 A
O
-3
L
:q_g
& 0
k=
=
-20 4
a
-40 . . . .
o= ) ol Gl
s ,
oo B16F10+95EE-FLP (ug/ml)
120
d d B
Z 2002 PS04
> 20 2222 [:000
= 2222 2R
2 *ee 2223 c
= 2222 22223
= 60 2222 2222
° *ee 222
Z 2444 ess
e 40 b XEXX *
v
= 2 *
o ~ > *
& 2022 PO 94 a
2222 000
0 R EX X X3 EY Yy
Uninduced 0 30 300
control
B16F10 + WE-FLP (ug/ml)

U7 4.31

NAUDIANTANA 95EE-FLP (A) hay WE-FLP (B) fan 15l Uads uIULdULaan
TmiNAnann1stntinveswaduzise B16F10 21nszeziian 24 09 48 v Tu

CAM model Afkandtdual mean + SD (n=6) waztdufLNUYaINITNAADT

LY v a

daATEIIUIU 2 ATaNlANaluAANILRAeInY  ASINLISNEDNwIANeR Ul A1

o w

unnAsAueg1sltsdEAY (p< 0.05)
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£ v ¢ o e
4.6.3.5 ﬂ']i'VlﬂﬁaUﬂMﬁﬂaﬂaqﬂwuq%aﬂaqiﬁﬂﬂa?qU\?aﬂ

Uymmilsdwsudldayulng Aennuinaieriuanudasndevenisldig

[y [ )

ayulnsradonduszazen Wnsanzaiuivaiertunmstniliiiouzss  Weanaisne

aa

uziSsdlngdniduansnonateiugaie Muidelfadenitnedeuiivssezernlowiu lng

nageugnsnenaleiuivetasaineduiandieisves Ames  lasdonlduuailizs S

typhimurium aneWug TA98 uag TA100 Tuan1iendl waz 1l SO mix Tunisudanagnanisne

£%
v A

naneugliAiadianisienateius (mutagenic index; M) wnndadianisdenaneius vie
MI Sifnuirfuniesnnnii 2 wansianstuiigridenaneiug (Hakura et al, 2005) wansvaday
qisrienaeiusvesansatneiiuionlumsned 4.3 39ndn fearsatn 9SEE-FLP uag WE-FLP i
AULTNTY 150, 300 wag 600 pg/plate lﬁﬁqwéﬁaﬂmﬂﬁuédmwﬂﬁL%EJ S. typhimurium @
g TA98 uag TA100 lun1mndey sisluanneitlid wie & S9 mix iesnynanududures
a1vanm 95EE-FLP Way WE-FLP way metabolite product vesasatnveaadlifidn MI Wity
v3UNNNIN 2 9neN5197l 4.3 ansarda 9SEE-FLP fld1 MI egil 0.73-1.2 Tuwazil WE-FLP flein
Mi ogi 0.76-1.15  Gasiearnnguansiiléidu positive control uansguisnenateiugesadmau
faeAT M ﬁgaaﬂﬁaﬁmsamﬂu Ao Tuanealdil 5-9 mix, 2-NF (10 ug/plate) &A1 MI sip TA9S
8904 50.6, sodium azide (10 pg/plate) dld1 MI 13.56 Tu TA100 druluaniefifl 59 mix 2-AA
(2.5 pg/plate) A1 MI gafia 37.74 way 41.88 Tu TA98 uayx TA 100  @Iua1au
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A1539158d

Pseuderanthemum palatiferum ~ (Nees) Radlk 38 gituden iWudiglulssing

[

v o a a - o Y 1 ! = < A ' i

anssuszdsauienieauungnindigussmalnendt 30 U uazgniaduivayulnssuludid
£ ' ' & a a v ! < <

msldegraunsnanevisludszrvurnilneuasyiioauny lnslanzyndsauuineinuieniduy
- o ¢l D = d A 9y 9 o
HyurassdnUgnanudnuisey wenivtleannmsugnaituteniiveldluivusedu Tuanvesainug
angniunldusznauemng visewrelfuiialdsnulsasiie q visluauuazludad Weinassnau
vasgIuienduinuieimduilawiulunygiuilan Falinsfnwideifeadudiulsznauaes
ansngnuall uazAuauURandyinelusueng o veddugituien wu grdiiueyyadase fu
UMY BUNISENLEU FAULT09AUNTE YI8anAURL $INTIINISEUINISIRT YD LTAAUZLS
mEJﬁ'Uﬁ: (Dieu et al,, 2005; Dieu et al,, 2008; Giang et al,, 2005; Chayarop et al,, 2011;
Khonsung et al., 2011, Pamok et al., 2012) usiaginslshf MATeNativayugniNTInINVeLE
Tudondidivsinadesuinlunsazaiu lnulanizgnsaiun1sentay Lazgnodiuuziie dudy

= ' = A o Y 9 £ =
assnAungnnaetanniiaalaegvie wavduslaaludssmelne Tudagdu gnsmedinm

wesguieniins@nwiluliniadidn ldide 1-2 sreulusdavaiu uenaintu Selaflauide
Weanfetesiunalnreiniseangvsuaaensla Tasen1s39etefnyIL e U NENI9TININANE)
1 <@ a a = 1 = a | = I < a o
YasgIudaniiuitiiiasiosan laanisiussusudiudssnauasngnunilvesluginuianiadn
nluan uagluuis ansanniiazatelu ethanol Wisudvaisadanazaialalui v 9uided
nanidesnisltarsazanenidgyuifenuaruvaonneuiu  methanol, chloroform, ethyl
acetate Tun19m38uaTANALULIUNUITEDU (Ngyen and Eun, 2011; Giang et al., 2005; Nam,
2003) ieneneulilndifesiuantiearnuduasaesnistdiivayulng Inevalundeuuiloaan
&4 v oo 3 a v v = a ) Y} v v a a 1% °
w3e sududnAlndy vseluuansaliluginesiuman (ethanol) ansaiafiwleulagnyinnis
ATIRdRULIEUSUANEAUAUYARATEAUTILALIINTTIIENUL NIBUNYEIENITNAGBULTILALDS
mnanIavesansaialunsiueyyadassiianglugadndaldineiinis@nwiunneu dmsu
gUBAIUNITENEUYesaNsain Anwieatunalnnisesngns in vitro H1uN3EUEY NO, iNOS,

COX-2 wag pro-inflammatory cytokine TNF-a. ey IL-6 lngldluina v09 RAW264.7 waai
vy ! Sy @ = ! =] o <
N3eAUAIY LPS wag IFN-Y dugisiuuiiadnyaiuaunsavessinuleniunisiaieueiiang
Wugaliagng 9 in vitro wiaunsnsvaeunalnnsvhatewaduzswesasaineinulonininni

N38UIUNT apoptosis w3sliluwaduzisaaeiusniianulmenisgniiaieuniian wenainiu
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§ald in vivo CAM model tiiansiagaunalnnisinaneigaduzisavesginuianinaiuisaiinniu

Asdudanisastadudan iy Fedunadaliireiin1sfnwunneu

nMsssuasatanevanlusidenldiiinismsenanluan thanduldazsealu
blender wiaiJun1sidsunuunisuilaneiiuionausssuyid MuResuUsEnIuEn
Wisudisutunswienansatnanlufimnuieiivanduliasdenteundnfuiinazats dadu
mawFeuansataanfivasulnslnonutuneunasguiitenrhiuialy inseivagulnsiinn
wisanansaAulduiy dhuuussdiieussquavya vietunadalidudulddely dmsv
Tsen93deE laraswdsuansadaonluan viie luuimeseiiuion luduneugeving vhansafin
WLGi’Iu%Jusﬁuﬁaaﬂwsssmamﬂé’qmaﬁmﬁ §eiA3eq  rotary evaporator. uwarviIunage
Bnsuduiwazyliuiadienisld yophilizer  dwmduansazare@ildlunisada denld
95%ethanol tHufvinaraty  nsg 95% ethanol Wudvhaganefianunsaatnaisainiis
ayulwslivianuatesin ludsUfua ethanol dallu “Favhazatvaina (universal solvent)”
WsIgaNnsaainaseantaununyia Weensfiien (polar) uaz lifidh (non-polar) Taeiamiz
aﬁmﬂﬁjmm’iﬁﬁ@mauﬂ’aazmﬂﬁﬂﬁa Aol polar g4 (very polar) polar Uunans (neutral) ansfi
ﬁqm‘éﬁ]uﬂim \usne nsmeilly nucleotides  1pa uas polysaccharides #14 9 duiosann
1A538519%99  ethanol ﬁﬁgqmg polar Uag non-polar vy polar 78w hydroxyl Tuluanaves
ethanol aansnaiaiuse hydrogen (hydrogen bond)  luvasdiiing alkyl afuduiidy
non-polar i ethanol Preivansifidnuasduneaiisiy (grease) LLazﬂfjumi?iuﬁLﬁu non-
polar eananfvayulnslaa (http://www.researchgate.net/profile/ying_li58;
http://www.easychem.com. au/production. of materials/renewable.ethanol/ethanol.as a

solvent; http://community. baredofstudies. org/870/ chemistry/228126/why do some

chemicals-dissolve-ethanol.html)  LABNISHMUIITNNISENRAISTLAUIZEN WBNANANSEANAAIY

[
(Y ]

95% ethanol 4133 Udmanedaineie 80% ethanol MsililiasananautAves 95% ethanol
VEnu1safanguansing 4 sanulags sauviafanan wax waglvduluiy Jedenalvasadaniainy

N TUgeuLilaNIUTUABUYRY  rotary evaporation @1sanalianumzvileivida uazfaiuvin

'
a

nugildluedes fenwudwinlumsynansooninldun 9uitet Jdldvnassmsarinlaed
USinahdn 15% lu ethanol Faaiadiy 80% ethanol Amugfunsaingae 95% ethanol vl
detrwanainundanietvesaisadadlievilidudu dreandymnisiatuvindildfuinies
rotary evaporator  fganalAgInu n1sainnluurie 1snsudn (maceration) d@vaniinly

A1582a78 95% ethanol #3588 80% ethanol U181 24 WU NAUWMANTATADDN WAZLAY


http://www.easychem.com.au/production.of.materials/renewable.ethanol/ethanol.as
http://community/
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asavanslmlifievhnsatasesiufuiomn 3 seu Fwaansansiuinsatadaeds maceration
wouies Inedunaldnnndvesansazaneililimsivdsundaniinty suduuuuitinuunivaly
489 maceration  dmsunismdeuansanaanlusiiuieniiavaretinld lunsveasadesdy
(preliminary study) nwuinansafafiwienaniuan vise luukwessindenildd-lunisadn dlo
wlhdudutusazyilndunandwiuduneuves vacuum  rotary  evaporation  uaz
lyophilization augsfu ansadaild  dlamlunisazatet fodu Weuilamiiesnisazane
muATeiteldiRuduneureanisadadenisiianduatsitliazaretoendienisuendiy
(fraction) TneiSuguainansaaiildain 95% ethanol (afiatnainluan wde luwse) thunddn
nauaUsELn wax Lusfu ua chlorophyll #dliavansthesnteu Tavafanguansvariueneen

=

nguiilvieglutuves hexane 851y separatory funnel 3 hexane : Uludnsdy 1:1

O A - A o ] av - v P a v A

wazhenieantstundulieenyt  (vdanquaisiliazaiouioonudd) Wiewieuansanai
901 2 = [ 1 [ i3 ada | 1 @ f < & a
aunsaavarsinlanel Jwavsesnsanaluginuionmeisnisne o wansaluiuasigunusuim
gz ¥38 % yield lun5199 3.1 wanadansannaintuanlidinagly 95% vise 80% ethanol 3 %
yield iAautn9en laifs 5% faudnsly 80% ethanol Fagussimauniiamieinaznishnves
ansfiuralavnadewieuiu 95% ethanol uabildusuugslunisiiin % yield wsogndla
! ) Y v ad . N o v v | a
WANAIAINNNTARAINTULASAIBTENTS maceration NIN15¥AAIENTTLY 80% ethanol gLy
% yield Waifisuiuniandngig 95% ethanol —aluveIAIINMANAINlITNSTINTUY %
vield  lunsdlassnasldluan eld 80% ethanol Jelunsirunidna twsrzarsadnalaann
. = v I = = a = v v

evaporation Weldaisazaly 80% ethanol lufimnuuilsaniiauninilounsdlussnisadneie
95% ethanol uavdepsiiUsunandesgdsaunsawmeanannltidtendt Wevihlidunsusis
AI8NS¥UIUNNT lyophylization SnwalzUesansannninNsuInnIWlaaInnsannae 95%
ethanol sl Tunsalariameluan % yield Mlalagly 80% ethanol Fsmsgenitnisadinaae
95% ethanol ndlousdlunsdivesluuis ag1alsia §338And1 % yield 7ld 919LinainAN
Aananvesmsdaivtnvesasania ldawnsanniwdnigneesld isednvasmiyviaves
ansann waslinuauifndgaiusagannuduaneinialiegssimsluragidaimin Jeili
% yield Aicnunnldranmaouainauduass dmsunmsmisuansanaiianunsaazanetnladinag
wissnantuan vise luwis & % yield gen3nuin AediAnuinndt 80% wadiurazidunsiens
wisNasanafaratsullatl 1ISUAUIINNTUINILAIIBIESNENATaUS0aLAa29In 95% ethanol

1vnsuenaIuBnneaniayinduaienisly separatory funnel dilasanuainnslalusiauensn
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FldiinnsgadeTutunousie 9 anidn laglansdnvugarsaiaiazaieinlalidlaiidnuoe

! =] o a 1 L%
witlganile vilild@alunisugeng 9 wnin

nsmsraaeUa s nuallumsain S enseiSnsuandaiunudn 1) ynansardad
nguans phenolics ua flavonoids 2) ansafafw3ouanluaniuiuia TPC uaz TFC gandn
asafanmionanluwe lisduasatnfiazaieldly ethanol wie ansafndiavaneldludiy
3) M3l4 95% ethanol s 80% ethanol Wusviasarslunisainans lifinaseaiuuanmng
asUSinal phenolics way flavonoids lussiiarals 4) asafndiuitavaneiiwionsnluan
(WE-FLP) flUSunau phenolics uag flavonoids  g4gn druansadnfiuSuna phenolics way

flavonoids  shgalsiainansainiasouainluwia uazld 80% ethanol Wusvinazane (80EE-

dl Y YV

DLP) (5U# 4.1-4.2) aﬁaIumu%%’aﬁlulﬂmammaqmsaﬂﬂmmwmnlmﬁmaﬂ% 95%

Y

ethanol Wusvhazane esanldarsludiuiimmnluniswieuarsasn WE-DLP gaduans

'
v

anaNazatsinlaneseuanlulianazil 95% ethanol ludvinazaty  waddediull aannasd

[y a

Fuanidedu 9 (Ngyen Wag Eun , 2011;Giang et al., 2005) Feenuansatnainlugiuien

D

[ %

Nanamefinazangn1swinfe methanol, ethanol, acetone, 11, ethyl acetate wag butanol
auudanulufiaIsnay phenolics wag flavonoids — feuu $1widelivenannylsduduinlue
' < v | A . v o ' o a =
TUIDNYANAIBAIINGY  phenolics waz flavonoids Wad Seuanadn ansatamseuanluand
U31avesansngal phenolics wae flavonoids gandnansafaiesguainluwis Feaduayusliuy

nsuslaevefiayulnstl Muuzihlndgluadnuiendn 9 Nbinainsu

o

Jufinsufufidn a1sngu phenolics Taglarng flavonoids iunguansngnuiaiiddny
fiflgnuaniAduoyyadasslufivayulng TnsinsideiidonAnugvisueyyadaszvesansarin 3
% Ao 14 DPPH assay, FRAP assay kag DCFH-DA assay mmalﬂmimﬁmauma%aismemaﬂu
iesanlusumeoyyadassvainvansuiln uazsumesinalnuandnafulunisidaans oxidant
uazeyyadaszeng q meldanzalenoondindu lnevhlunisAnuuitensiaaeugnifueyya
dasgluiivayulns Fdhiasldnisnsivaeuiienisifien wasuenainuanslimiuieninuaiunsaly
msfueyyadasslunasanaaeiudy AInTIvaeUfiedl fvayulnsannsaeengrisuoyya
faszagluiniedsdidin vieedsliosuansmnuannsasengrssnueyyadaseldnieluwad
sideiiiadonld DCFH-DA  assay BafudSvaaeugrisiusendindunisluwadaiugiiv
DPPH uay FRAP assay duiiuisvedeugvidusendindueillunaoannass lunisvageugns

Aueyyadase deuldarsmeendl (secondary metabolite) Tuity wu lanndiud  catechin,
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quercetin ¥5augILe trolox ansdaAsIzveslinfiudnarateile Wudu ey antioxidant
positive control - imsglasund answariilagnldiieneuiisuanuannsaiueuyadassves
HANAMUIIAS 9 N9AIUBIMIS 1ATaN5I988 F9ld catechin, quercetin uaz  trolox u

antioxidant positive control nan1sNAaaUAIY DPPH assay Tugu#l 4.3 ¥ndnauaiunsaves
ansannantusinuienlunisdidn DPPH wusiumuuSunuuesas phenolics wag flavonoids
Tuumazasann aanasanaiwsouanluanian IC, AnIansanafmsauaInlulLie Fanunena

a15aimantuanilniNuaIunsalun1snidn DPPHe ladanitansianaannlunia wsizlgainy

Ao o

WUTUYBIAS I UUS UL aeNItUNTSAN9A DPPH® e 50% wvindu @tsanaainluanidi@igin
I 2 = A a . . Y a v
azaneldu 95% ethanol 3 80% ethanol FsiiUSuIu phenolics way flavonoids TnalAgeiud

ANMUANSaVRLAsNAUlUN1SAIAA DPPH® (AnanuLiied 7.5%) ansanaiiazalsuilenaseuainty

d@n WE-FLP &33#1 phenolics kay flavonoids dnaniusyansninasantunisvinate DPPH Tu

usufvIiu arsainanlulisnlgfavinazale 80% ethanol (8OEE-DLP) 713iUSunau phenolics
way flavonoids deegaiuseansaindgalun1saiida DPPH® ¢afiansarin 8OEE-DLP df1 ICs,

gaan dunansmaaeulu FRAP assay (U1 4.4) lvinafidenndesiu Aeansanafivmieuainluan
#ifiusunas phenolics uaw flavonoids @indtbuuwsisiiadiuanunsalunisidu reducing agent 7
a | ' . X ! v a

Ainan wazlufinuuanaisves ferric reducing power 11 FRAP assay s¥#179a158inaseuann
95% ethanol %38 80% ethanol #1%la@13 phenolics Wag flavonoids viatiauny d@ruaisanaiil

A1UD9 FRAP signdaaau 80EE-DLP #fiUsunas phenolics wae flavonoids sigatiuies Tafirms

dunnfe asana WE-FLP 7131 phenolics kg flavonoids g9gn waza1unsaida DPPH® 1o

v a

gean nduildn FRAP shndnansada 95EE-FLP uay BOEE-FLP dndien (p< 0.05) eenawiiu
31231 nduanslu phenolics uaw flavonoids fleengwslu DPPH uay FRAP assay fAdnu
wansnaule snzudinnaneaaousia DPPH was FRAP awifeadostunisdaniu electron ilessh
17 (Bunea et al., 2011) udnanuaz AUl wae nalnvesufn3en wag waany (endpoints)
fimnuuandneiy 33 DPPH  fufumnuanansavesanslumsingm (scavenging) activity aUYA
a5y DPPH (DPPHe) luwaizdi FRAP Safndsmnuanunsavesanslunssms Fe”  Ju Fe”

(Benzie wag Strain, 1996) uaNAINUU FRAP assay S9a@10150VAADUANENINUDINITNIANY



134

Un3engnlgvesifnIennisiinesndindu (chain-breaking antioxidant potential) (Ghiselli et
al, 1995) agndlsfd Foyaanmanaassdtainasatnanlueionaunsnduoyyadasels
sislu DPPH way FRAP assay dsfinalndnusyyedassiiuansneiy uaseniddoiuansinuium
a13nax phenolics uay  nax flavonoids  fimmdnsiusiuauaunsalunsiuoyyadassd
R529d8UME DPPH waz FRAP assay 3sd0nndaaiiu Neuyen waz Eun (2011) finuitansadnain
Tugiuleniiuszneusenguans phenolics way flavonoids fanifnueyyadaszideussidude
70 DPPH uaw FRAP assay Giang et al., (2003) Uag Giang et al, (2005) 38yinansngs
flavonoids LHuansiislquidnueyyadasyluasainanluediuion lu DPPH assay uenaintiu &
Ui duinansauduiusszvineUunasauvesaisngu phenolics uag flavonoids Au
ANUAINTaluNSAIUeYLABATE WU Saeed et al. (2012) wua1sngu  phenolics kag
flavonoids Tu Torilis leptophylla mmaaﬁﬂﬁﬂaggaaﬁiz Fernandes de Oliveira et al. (2012)
wanInEIRUSTAuAsEMIIaUS s INas phenolics uag flavonoids fugwisinu oxidation
YOIANTANANYIU Sidastrum micranthum Wag Wissadula periplocifolia Bunea et al. (2011)
LAMIANALTUSAULTAS211919UT3 04 phenolics  wa flavonoids AugaFueyyadassves
blueberry aneugeing 4 fadu nduans phenolics wag flavonoids TidieguTinmgsluatsarn
neguanlusiiuiensinuduiusiugvddueyyadassiingaadeusie DPPH uay FRAP assay

aills WlawSeuiflsugnssiueuyadassvesansainainuieniuaisuinsgiuiidu positive control

A1 1Cso Tun"3idn DPPH® wasynansafnveseinuien $1A189N91815119551U vitamin C, trolox,

=

uay catechin ansadnuesginuIenfifivszdvsningsandie WE-FLP Tp1 1Cs, tinfiu 21.55+0.06

ug/ml Feflauanunsarnan DPPH® fiosnda vitamin C (ICs, = 3.94 + 0.01 pg/ml), catechin

(ICs = 3.55 £ 0.01 pg/ml) uag trolox (ICsy = 5.90 £ 0.27 pg/ml) Uszuad 5.5, 6.1 Wag 3.7 v

ARy dIuA1was FRAP wasansaiin 95EE-FLP fifldngsgnagil 213.23 + 1.09 mg VCEAC/n3y

Y 9

hweinusts Somneaarinansadadmdnuts 1 nfuliarwannsolumsitad TPTZ-Fe () Tu
Hu TPTZ-Felll) isuiin vitamin C U3gwiswiin 0.213 n3u videfinrwanunsadesninlandudlu
13 reduce @13 Ussana 4.7 Wi egelsfiniu nanegeuldunanmsinauanasiiveyya
daszvesansataneuiisuiAssfuainuainsavesansuinsgududuamsuians  Felild
mneauluressinuienanansaiueyyadastldtesninansiueyyadaszunnsguildiy

positive control tlasnilunsiSeuiieuseninsansadave1uvedsinuien wara15u3ansves



135

a1sunsgu RldanansaTeuiisudseansamlaeasald lagsin 4agaannIsnaaeitnin

ansannantuginuienausasuenyadaseliegitos 2 naln wagaruauisalunisesng sl

ANUAUNUSIUUTINIYRINGYans phenolics wag flavonoids

Yo

uilvia DPPH wag FRAP assay \Uuisuanieuilldinanuanunsalunisiueuyadaszves
413819 9 sz duddngivaeuiiine s1a1gn wanidedidalunisulana twsizineyyadasy

o

DPPHe  LilaAnTuasslusienievesdedidin @iy FRAP assay udlansiddnaninanlun1ssnag

. a ¢ 3 2v v a M v o

(low redox potential) fAanunsasiad Fe™ 1Bu Fe™ 16 wagiSmsvaaeu FRAP lildnsevinlu
PN Y a Y] ] . . AR ax =

pH #lndiAssiuani1Ize9319n18 (physiological pH)  UBARINUL N9 2 ABNAAIUDIAILLNT

SUNUIINATBUTANLsAgANTULEITIANEIRawReInuNldlunTaaey vilvRan1Aaes

'
[ a 14 =< A =

AAALAREY wazdeininfdAyandntenisre Nvayulnsvarevinudanunsanueyyadaseluls

'3
I W a

MAAoU DPPH way FRAP udnaulifignssueuyadasenislusnnie (Pérez-Jiménez et al,
2008) i lasam sl Jufiudsnsnadeugnsinueyyadasyvesasaingituionnieluwad
(cell-based assay) fslslineiinsAnwlusinudenunneu Ineldars DCFH-DA fiaunsansiadn
nsseaedansngluwad (intracellular fluorescent probe) Liieansgn oxidize Aeluiyad
Tneviald nsfinwufeniveuyadasy e ROSs w19 q neluiwad dnlleuldiwad macrophage
< = £% 3 ' Y a v =3

Juluwa We99nn13nIeAuead macrophage Aalilinn13a3e ROSs Aunnung wselay

a a 6

5ITUYIA 1988 macrophage tandufiu (phagocytize) un3d nsodsulanvasudngiwad ae

Aaufnioneendiatu aieanseyyadasy wie ROSs g 9 Lilevhanegdunidfinduiuidly
oty udseisadonld model wos RAW264.7 Faluwad macrophace Tuns@nwgude
oyyadasznoluwad ingzanansngnnszdulitaing Ross ameluwadliieluuiinugs ansily
WJu  antioxidant poisitive - control Tu cell-based assay il catechin, resveratrol Uag
quercetin Tneewisedl denldanududuvesansiidu positive control museeIdeaud
medwL‘fl‘ummLﬁﬁu%’uﬁﬁﬂszﬁw%ﬂwwgﬂumséfma%a@aiz (Kim et al., 2011; Okawara et al,,
2007 way Nishikawa et al., 2007) mamaamwmaaﬂugﬂﬁ 4.5 A Freduduin anududud
wonlglu antioxidant positive control nﬂ%ﬁmﬁa 250 UM catechin, 2-uM resveratrol uag 10
UM quercetin anunsadudiniseondlad DCFH wi3pannisiin ROSs ﬁgm‘?ﬂﬁﬂﬁa%ﬁumﬂu
ad RAW264.7 Tng tBOOH léiaust 30 unfiusniiiudoya sunseiisduganisnnaesil 240 und
IneLanIe resveratrol ay quercetin IummL%@J%uﬁi%’ﬁﬂiz?m%qumdfl catechin Tunsduds

N15LAR DCF Inszanusaannisiin ROSs nnglulwadaunseyadiamifiuivinduaiues baseline
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v Y

Tu naive control 7llasunisnseAumle tBOOH Tuvauedl catechin AiRNsLUUYY 250 UM Lilay

9

C- I

au1sadudsnisin DCF egeditdedAty (P <0.05) wenldaiuisoanu3unaes DCF auilan

TnawwesduA1ves baseline Tu naive control 19 &auhdunefanaws 180 widduly 99

[y

resveratrol ag quercetin @ansaanUsuial ROSs Tiinn11A1Y84 naive control ag1siitidAey

o

(p < 0.05) @safingindon 95EE-FLP wag WE-FLP wondndgvddueyyadasslu DPPH way

a

FRAP assay @evndaunieuenias ullgvaiuenyadassivageunigluwadliiiuiy 310U

4.5 B-C n15anadvuad DCF w5e ROSs Manneluwaduusiuniuanududurasalsaingiiuion

a a

Afintu Tneanududuvesansataieail 50-250 pg/ml anansadudensiin DCF ewdieu
fiu vehicle control loagedifaddiny (p < 0.05) wazduudegluguansadavetu uiuszaninm
YosaNsann 95EE-FLP wag WE-FLP lunisinuenyadasenieluiwadly DCFH-DA assay lildnes
nEnsImsgIL positive control flegluzuvesansuiavsusesiile fmanudidugeandilily
NM5MAABIUBY 95EE-FLP i 250 pg/ml dnansnane DCF adlisnndna navie control aaenta
S2878N1INAA8Y druanududuvesaisatmiedtuil 150 pg/ml Aaunsaanel DCF aq
FleuwihifuAn baseline 1w naive control faust 30 wiilusnde 150 widl wazudeanntu 84
a11150an fluorescent signal 910 DCF adldiagnasiarilosauiia1sini naive control aunseis
Auganisnaaes (GUA 45 B) Tsmuanmisalunisandreiuiduves DCF Tsndndriinulu
naive control @nunsanulalunsaives resveratrol wagquercetin 7y antioxidant positive
control  LuLAYIiU (g‘dﬁ 4.5 A wlansatndiazanenirle WE-FLP fimnududy 150-250 pg/ml
aunsnansziuves DCF sgnsiidudfay (o < 0.05) aust 30 mﬁmaﬁﬁuammwmaaqﬁ 240

Wil Wewisuiungy tBUOOH @ufisuinguitlu vehicle control. dmsuansain WE-FLP

oA’

09910 WE-FLP azanelely media Tuvmsiinauindyu vehicle control we9an5afie 95EE-FLP

q

a

79 0.25% DMSO) wiiamuanunsalunsdnueyyadassnisluwadlasdudsnisin DCF dafas
i1 95EE-FLP  iwsnzusimnuidudugeandl 250 ug/ml WE-FLP Adslsianansnansefuves DCF
TAfuviriuenlu naive control mileuansarin 95EE-FLP (U7 4.5 B -C)  eils nsansives
U3ua DCF lllddunansdon MAnananudufivuesansatn 95EE-FLP w3 WE-FLP #e
RAW264.7 1wad finavhliiinnisaevemas uaswaseyiildaves DCF anasnuludag sied
mszenuduresansainildlunisaaes tannsAnuideduiinanindrswesnnandudy

ldlunsmeasslaifinanszyiusie % msegsentes RAW264.7 wadudedisla (U7 4.6-4.7)

=

Aty asaingdnulsnuenatnansasueyLadasEIaaeuMeIsLallliuay Seaunsoriy

'
a =

g RAW264.7  1wad wazeangnsiunisiineuyadaseiiinnisluwasd nan1snaassil
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donndesTuniseiu q fistenuiasaini e asain ethanol vesfiwuaznaliannnany
vilpfifiansuszney phenolic  ansaeengnssueyyadasziiinnieluwadlngld DCFH-DA
assay (Aiyegoro tag Okoh, 2009, 2010; Shi, et al,, 2011; Shukla et al,, 2012; Serra et al,,
2011) Faifu Auannsasueyyadaszmeluwadvessituen iazifetestuasuszney
phenolics uagngal flavonoids fnuiiuuTunmgsluasadn Wuiindunnd arsadafiazaie
¢ WE-FLP fqvidinueyyadasslu DPPH assay gean wiansarin 95EE-FLP fqvidiueyyadass
gend1 WE-FLP yislu FRAP assay uag DCFH-DA assay FeatfuayuuuAnitansngy phenolics
uaz flavonoids ileenguisluusaznisnaasutivzdanuuansaduld msziinalnvesnisdu
oyuadaszlulivaaoui 3 FBduuandetufie luitvagou DPPH  nnseengvisvesansduriu
ANNAIatUNTIATgeuyalulnsiauues DPPH fiafies (stable DPPH nitrogen radical),
FRAP assay 1mf1 reducing power Tunns reduce Fe+3 Ju Fe+2 daunsel DCFH-DA assay 5u
DCFH-DA fiaarudng sannouns diacetate gnineaning esterase N1ty RAW264.7 wwad o
a13 DCFH Fsgnoendladenislumaddne oxidant s 9 iina1siFowuas DCF snddeild
tBUOOH LHusnszduliiAnanizinienoendndunisluwad 4o oxidize DCFH LfinUIuna
ansi3esuas DCF TiflAngaduuansinaainet baseline lu naive control (wadfilalld¥unisnsedu
¢1e tBUOOH) aeedialau i DCFH-DA assay mnanduvesansiFosuasitinlfiduuinialaonss
ffuusanawes ROS (DCF) fignadrsduntelumad (Yen et al, 2003) uazansfianninanaady
yesansi3eauas DCF Aoansfianmisiin DCF viseansfianansnannisiineyyadaszaeluisadle
ey anautRvesansfioongnslu DCFH-DA assay I#thy dosanunsoruddiwaduazanuns
ffudaniavineruvesaninga peroxide luns oxidize DCFH 18 Fafiululddn ansadn WE-FLP 7
avaneilddenaazanmaaiudndwadldtoondn 9SEE-FLP  instgmaantRvaluves cell
membrane azgauliarsiiasarelddlulotuiudgiwadlfiinnitarsfiazarsldalud

wenNUU nalnvesmsanysuia DCF Ngnassdunisluwaduiszunniisannalnvesnsduds

3 o v = 1Y ] ‘:4'
DPPH® wazn13 reduce F T DPPHuaz FRAP assay mud1du Jsflanundululigedn arsiioen

gVsAueUNadasYURdaTanngituienluinaaeu DPPH, FRAP wag DCFH-DA tuinvziiaany

waneineiy dunase ansiueuyadaselungnuail sy flavonoid wag phenolics flagnany

[y

nau Fallnuantivaznalnluniseengnsiueyyadasensneiuls Wy Kumar way Pandey
(2013) l@51897u731 flavonoid  UsgnaumigansnIueyyadasEssTuYvIRNINUIenaIeng N3l
o d’

lassasriemaad waziinalnluniseengnadiuesnBndunuans1eiu 819 wu vy hydroxyl

vareviglu flavan nucleus vee flavonoid Yigdueendadu uagdielunis chelate a1508nd
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uaud vy methoxy sUMUMTEENgMILAzLiunITegTmfUluiu  (lipophilicity)  Wused
(double bond) kag 3y carbonyl Tursuyiuvaiy 9 39 vedlasasiaman (heterocycle of the
nuclear ring) T flavonoid 1Agdesfumnuaiiosveseyyadasy waziiuanuauisalunisesn
qvfé duansusenau phenolics ﬁ‘ﬁmyj hydroxyl %38 methoxyl  luwaizdi flavones iy

a

hydroxyl, keto, wag carboxylic dasy wag flavonoids & flavan nucleus Fefivany ai\gﬁuﬁ

o

o

D,

(different types of substitution) Nilgnsaueuyadasels (Heim et al,, 2002) fstiu Iaseasng
LANA1IT RIS ITUYIRYRsA1 TN nwaTima lluasannuetuaig o vesginuienivenad
AaudRLANGNG uag nalnidiaduladisluniseengnsdueuyadaseiinsivaeulu 3 354

LANMIAU

w1 NO Wuansdenans  (mediator) dday@awas macrophage ldlunsidniead

\asan (Manthey et al,, 1994) wsin1sas1adsuna NO Ngaiuluneliiinnisaieveaesad e
AUdsevenilos  lnsanizluaniizanulaun@nnaluseninenszuiunseniay 4013
a%ﬁqa%aﬁaizlﬁm%umﬂma 4 reactive  oxygen/nitrogen  species, pro-inflammatory
. . g . . . | ¢ & 4 A

enzymes, pro-inflammatory cytokines 2194 signaling proteins @14 9 Tuwadussluiileltion
\Ann1s8niau (Mineo et al., 1997, Reuter et al., 2010; Pan et al,, 2011) NO figndniilaing

TuluUsunaaaunsasusiiu superoxide Win peroxynitrite ion (OONO) Faduluianawilsi

1%
[y

vanudemeliiueaduazidedelussninediinnissnau (Fang et al, 2009) snAdeiiss
Anwgusiiunissniavvesansanneinuionlaeidenianizansaia 95EE-FLP way WE-FLP &
U310 phenolics waw flavonoids ge waziiqudduayyadaseiiinianieluuazaneusnieadge
wnsradeufnennlunisdudenisase NO Tneiden RAW264.7  wadiluluaalunisdne
ms1e RAW264.7 (umadaneiuduosmyshd deanansadansz NO TudTunagadleldiums
nseaulay LPS uag IFN-y Jamnzandwsuliiulupasendouiuuidlowad macrophage Tu
fumedognnssduluaniiefiinnisdniau wu nsedulne endotoxin Mnuuafi3e (uideilld
LPS Fadudrutsznouvat cell wall Tunupfiiownsuau) #3e 910 proinflammatory cytokine
(ATl PNy FeludnidiliAansifiuveseulss] iNOS isoform viliinn1sasts NO Tu
U3uauge (Alessandro et al., 1994) MsdauAsIzY NO 01de 2 dayay1ad (signal) Aiw deyeyauisn
Tag IFN-y 18U priming signal Faewseaeadidadu (prime) ilolneuaussdeduyaail 2 9n
LPS i triggering signal Ity n1sl4s IFN-y wae LPS FaNTLAU RAW264.7 L9aabamndanig
Tanslaansuiafosanien muatedfadenlds LPS ua IPN-y Tunisnsedu RAW264.7 Load

Wunan 24 vy, ietnilwase NO wazlilndnnnsinusuial NO lagnsinseyinlasn twsy
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aralsiiadosves NO Tasiamizdiusinaves NO fiiatulsigann Tutlagtu nisiausuia NO
Juindvuianeeeulaeleisnis spectroscopic 1@ ultraviolet visible spectroscopic method
1oy Griess  reagent Mdudrunanves sulfanilamide,  HCl,  wag N-(1-napthyl)-
ethylenediamine (NED) iie¥n nitrite 7l metabolite product Fiiadiesves NO #ididn1s
gAnAuLAIEIandl 548 nm Tasfiedn Uunawes nitite uufanalaenssiudimnames NO 7
a%19%u (Kelm and Schauer, 1997) dnfudniduilsvasnista NO lnemis UV visible
spectroscopic  1HUfn381581319 oxyhemosglobin iU NO 1@ methemoglobin uag nitrate
oty Fansatadasnmsduenzd NO  luansazawld iszduufnielaensatunis
Wasuulawwas absorption spectrum wos HbO, (Gow et al, 1999) dmdusnAdetidents
Griess reagent Tun1sinUinaves NO figndaasizsidulu RAW264.7 iwadidloldsu LPS way
IFN-y Han13398mwui ansaring 95EE-FLP way WE-FLP fidasmnundudu 50250 pe/ml dlovy
dravthsmfumad RAW264.7 Hunan 24 wu. awnsodudsnsaine NO figndminliaiiedy
oeaiifedity (p < 0.05) TneUsinamwesnsdudiduiusiuanududuvosansataiiiatu was
ansafin 95EE-FLP fiuseAvEningsniiansarin WE-FLP Tunsdiudanisaia NO (3Ufl 4.8 A-B) d
aonndestumnuansalunsiueyyadasyaes 95EE-FLP fimilondn WE-FLP (U7l 4.4-4.5)
Hoannsadng NO was RAW254.7 Leadiignanuiliiadnsduain LPS wag IFN-y iAnsuieulssd
INOS lundn AdeiiTsmsameunalnnsdudnisaine NO vesansatnaiudenininmiunis
fufneulel  iINOS  widelal annnisAnuinud luannziRersuiiansadaanunsodudanis
Ak NO vhaansarin 95EE-FLP wag WE-FLP annsadudinisuanseanaes iNOS Tusauls
ogaildRyiuiu Weifisuriungy vehicle control (p< 0.05) (3U71 4.9 A-B) TaguSunmnns
fudafiennuduiusiuenududuiifiuturosansada uazansadn 95EE-FLP fUsAnsningandn
WE-FLP Tumséiuds INOS @saenndasiunaveanisdudanisasng NO dedu nalanisvesans
afingiuieniisudansdauasiesi NO Tu RAW264.6 isadidognnazdulas LPS waw IFN-y Lfin
siunsanaswedlsiiu INOS Budueulsiduinveulunisduased NO Agndmitlfadredu
(induced NO) lagn13nseAuves proinflammatory cytokine Wioansuiiieadestunissniay
favu LPS (usu eenslsny ilesnansadasinuieniivarsnalnlunisdueyyasdsy 39010
Huldldin nmsanaswes NO enadluraananautfvesasadaiiaimisayinats (scavenge) NO

Talnunse Feoaazdudnuianalniimsiasunis@nwisaly

wonINasnTnIITad RAW264.7 1a$1e NO uag iNOS s 113 LPS uag IFN-y

Faanunsadnmimsiiunisianseenvedlusiu COX-2 lu RAW264.7 wadgnnsesu (Jang et al.,
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2005; Karpuzoglu and Ahmed, 2006) nisifiunisuanseanves COX-2 nuldluiwadueis
vannmanewde waznuldluwaduieiiedofiinnsdniau nsfiutures COX-2 Thlvusuna
PGE2 Wistuetnanning Sudnfuwaduaniiioidennafiaifieiianissniay (Subbaramaiah and
Dannenberg, 2003) $1u3SeTseFnwInaveasatnde S nuilsiinatsveInsSniay
(inflammatory mediator) Ine@nwmuansalunisdudenisuanionntes COX2 wan3
NAFBUNUT SraEnsaia 95EE-FLP way WE-FLP fimnandadu 50-250 pe/ml ansadudnis
LARIBBNTBY COX-2 wazianituiiisaifunisdiudanisasna NO, uay INOS qwéiumaé’u&% COX-2
dusmunrunduduvesansadaiigatu Ui 49 CD) wsifinnuidudulusedu (50-150
ug/ml) @1sanm 95EE-FLP lag WE-FLP fimnuanunsalalsefumnalunisduds cox-2 uaiiau
Hududaus 200 ug/ml TulU ansarin 95EE-FLP ansadudinisuanseanvas COX-2 ldunnnin
ansafin WE-FLP Tnsfimnududugeanililunisnaaes (250 pg/ml) 95EE-FLP anunsaannis
LangeanTes COX-2 Iifau 70% luvnsfinududuiontures WEFLP annsadudils
Usganad 55% (U7 4.9 C-D) oils ansadaitusinuien 719 95EE-FLP way WE-FLP @nansoannis
uanIDonved INOS Tdfndnnsannsuanseentes COX-2 (3Ul 4.9 A-D)

IL-6 waz TNF-o. \Ju cytokine funumdAglunssuauniseniau wasilu pro-

[
=

inflammatory ~ cytokines  fiflUSunauiingsdulunnszezvasaniziiianisdniay n1sduda

proinflammatory cytokine wsaesdamduitmuneniandrrglunissnemenddinifisaneins

£%
a v A

Sniau (Xing et al., 1998; Scheller et al,, 2011; Popko et al., 2010) s1uAdeildsladenaisana
95EE-FLP GafiUszAvEningeanlunsdudanisadns NO, INOS, uag COX-2 iftefnwinalnnisean
qwééfmmsé’mauLﬁuLﬁaflmamiwaaumamaqaﬁaﬁma pro-inflammatory cytokines IL-6 lLag
TNF-0, Tusgdu protein was ey gene Tawidendnulu RAW264.7 lwadiignnszdudie LPS
199310 LPS 18U endotoxin ﬁaﬂmiamzﬁﬂﬁmaéwmﬂumwﬁmwﬁ% macrophage 1@
pro-inflammatory cytokines #14 9 590V 1L-6 ua TNF-o (Guha and Mackman, 2001) Nan1g
VAEEUNUIENTERR 95EE-FLP gy 150 uay 250 pe/ml @snsadudaniswaaits TNF-o
way IL-6 egnafifuddndlodiauiu vehicle control (gﬂﬁ 4.10 AB) (p < 0.05) uazmstiuda
cytokines Weaendunaduiiesainnsdudfiseduvas mRNA (5U7 4.11 A-B) Wil MsfnwT

lusgaulusAunarseau gene Winaliaenndeuazatiuayudaiulaziuil a1sann 95EE-FLP 4

AMUAILTAIUNNTTUEY IL-6 TaRn11 TNF-o
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Proinflammatory cytokines #114 ¢ lagtanig TNF-o ke 1L-6 faslneadeng 9 LU
Lszjaa“[,umzqasum myeloid (myeloid lineage), macrophage e endothelial cell Lﬁ'agﬂﬂssﬁu
FroansBansgdumsvinauesszuugfiduiu 1wy 1Welse endotoxin wie LPS anunsadnuliia
5a$13 INOS FmfenilAnmsats NO TutBinags wagasiogldumiu Wink et al,
1998) %QU'%mzuﬁquﬁulﬂsuaa NO (a315luszdu nanomoles unufiazidu picromoles) Tngn1sdn

o w =

11999 INOS (Cuzzocrea et al,, 2001) JudumadAynidsineliiAnnisuinliuneisaduiay

q

a

Welde 1wy iian1sadneansneugise  N-nittoso  compound, LA deamination uag %se

oxidation veawalu DNA  Aslfiinnisnanesiug (mutagenesis) samvianmdemeseiilode
wavnean ndiinlulsasng 9 wu lsaaudusn septic shock, nitrosation, neural damage
(Liu and Hotchkiss, 1995: Moncada et al,, 1991 wag Wink et al,, 1998 ) luan1izunfves
e wadluiledaiiounnadiaunuarliadaoulsd Cox-2  udadraamy COX-1 wihiu
NM58519 ¥3e N1suanseonvotleulyyl COX-2 Tulwad Wy macrophage, endothelial cell way
synoviocytes  1Ana1nn1stniiliadstumelfianiizvesmssnauminy  wu gnnszRulag
proinflammatory cytokines N 9 (IL—10L/B, IL-2, IFN-y, uag TNF—oc), endotoxin, mitogens,
phorbol ester, growth factors #13 9 (fibroblast growth factor, platelet derived growth
factor way epidermal growth factor),ka® luteinizing hormone Judu (Dannhardt and
Kiefer, 2001; Wang and Dubois, 2010) sty lugnneiinmssniaudsiirnuieatotu
inflammatory mediators #14 9 wnglagianiznsaita NO luusunauge (Liu and Hotchkiss,
1995), pro-inflammatory cytokines TNF-au ita¢ IL-6 (Faghali and Wright, 1997) wag inducible
enzymes iNOS wag COX-2 (Dannhardt and Kiefer, 2011; Calixto et al.,, 2003) %ﬂﬂ’lﬁ%’ﬂﬁ
uansinansaineiudenuenaninuaudfduoyyadasy Giflqridiunisdniay Tnedudanis
Yauresasdenasuayisiunanssiaifsidestunsruiumsdnay Aedudanisang NO,
nsasaeulel iINOS wag COX-2 wagn13d319 proinflammatory cytokines TNF-oL bag 1L-6 Tu
in vitro @ens vise Wsiumanidrudunumdndy Saruduius wesfenyuiulunistuil
AAN1SONLEY drumnuausavesasanatunsatunsenauly  in vivo sndudesiinisdnw
sioluluaunn quidnueyyadastuaziunissniaueseiuenlunuidsiativayulnesmony
84 Khumpook et al. (2013) Zslfnsraaeuanuannsafiueyyadaszuaziunssniauese
Jdenludninaaes lngldansaia ethanol fiwdeuainluvessimnien uagnuiasadadigns
FrunssnEURILUUBBUNSULaT UL 851 luny albino rat  lagld ethyl phenylpropiolate-

induced edema ear test ey cotton pellet-induced granuloma formation Wulaealu



142

N1ANYINTAIUNITONAULUULREUNGUY ba WUULTOTINIUAIAU 19191338089 Khumpook

2013) §eluladnwnalndunisaniauludadninnelteaeiuansuselusauniieltuniseniay

¥
av A !

Tatha wirmeAdeduuedn gridunssniauressinieninasifeidesfunmuandivesnisdi
auyadasy senuIluny rat ﬁgﬂéﬁ'ﬂﬁﬂﬁlﬁmmié’ﬂLaULLUUé@%’a GUFGIIGRHR PRI FHRRINLN
malondialdehyde Fadu degradation product 281 lipid peroxidation wazdusiivadanioy
oxidative  stress mu@ﬁ’umiamﬂ%mmmaq NO LLazmmmmiﬂumiLﬁu superoxide

dismutase @910u  anti-oxidant enzyme uilullagiu  fillvAdeneriugvsdudnauess

A o A

TulenUBinudfemnn uilnAdedudnnninefiuansiansadaanfivayulwsnanvaneuiad
fnnantAdu antioxidant annsofigvafiunissniausinunisduda NO, INOS, COX-2 uax u3e
pro-inflammatory cytokines #14 SIS TNF-o. g IL-6 Tulwasa RAW264.7 ﬁgﬂﬂisﬁu %
aonndostuNaredlATINTISeT fegrau curcumin a1nvi (Curcuma longa L.), resveratrol
Nnwdonagu, htluns wazansadnainiivduq Snannune usdu (Surh et al., 2001; Calixto et
al,, 2003) wonanil phenolic compounds I@EJLQWW%Q'@J flavonoids 8191L%u apigenin,
genistein waz kaempferol Wiauuarminfuiead RAW264.7 annsadudamsuansoonvas NO,
iNOS tay COX-2 protein ﬁﬂizﬁuﬁw LPS (Kobuchi et al., 1997; Liang et al., 1999; Raso et
al., 2001; Sakata et al., 2003) @1358AA ethyl acetate W93 Sonchus asper e?’fqi%ﬂuaaguiwﬂ%’
Snwilsaiieadeaiun1sdniay 1wy vaenaudniau  veudia gnlnaan Uudu Aoy
expression 84 antioxidant superoxide dismutase mu@ﬁumiﬁugﬂ inflammatory mediators
A9 9 A NO, INOS,COX-2, PGE2 TNF-a, IL-1B, IL-6 wag heme oxygenase-1 luigad
RAW264.7 finsedudng LPS uasliwugdnansfieongnitiasdu rutin, caffeic acid wag queretin
(Wang et al,, 2015) Neobavaisoflavone Fadu flavonoid wilanilsiiwIenain Psoralea
corylifolia a@wnsadudianisadis ROSs uaw RNS 591w cytokines IL-1B, IL-6, IL-12pd0, IL-
12p70 waz TNF-o. Tu RAW264.7 Load finsgiusng LPS $auiu IFN-y vi3enszduse PMA Liing

p819R87 (Szliszka et al., 2011)

oils mwanunsalunistiudsansuaslusauiifearunissnaululasssised Lildin

e dufiviesansadn 95EE-FLP uaz WE-FLP finolfiinnismevesead RAW264.7 du

danan1eauliwaanansiusuiaues NO, TNF-a, IL-6, iNOS way COX-2 anadnig SI1EAINY

dduvesansataiidenlflunnnismnassesnuddeilifinansemuse % Usuuues RAW264.7
s aaa

wadniiTin (UN 4.6-4.7) Jaanideillalimnuddglusesidimenisussiivanuduiviesais

annaiuionss RAW264.7 wadlnaliisnsiadau % Wwaaniuinndiainuusiuiualsanane 3
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WATUSASUeNA1eUAB 1) MTT assay @9m5939m metabolic activity Yeusaaidin 2)

trypan blue exclusion method #l¥n1suuigadniidinuaziwadnglagnsaniglindoganssel

v
a 4 o

w94 trypan blue #a.Uu anionic 7 physiological pH wagdeudndinduaes trypan blue lanwg

wadn1e IS trypan  blueldannsaiubevuwadvesganniizindelausssuyatuseqay

q

(Kwolek-Mirek and Zadrag-Tecza, 2014) uag 3) propidium iodide staining method 74 flow

cytometer TunsAnmuiwaanededouindisouasuns propidium iodide (P)  %isil teliuila

Y v o A (3 A !

MANMUIUTUIBIETATA T A DN T UNTNAFRULANUMLNTEN tUTRYRDas 115 0aINaNTENUMD

saaaa = ) Y] Y]

O aa & a = o v d =
% LHAANUYIF YINANITNAADUNUIING 3 ']ﬁLUUIﬂIUV]ﬂquQL@EJ'Jﬂu LLagi‘WNaVIEJUEJu‘UQﬂULLaSﬂ

=

< & dv\lv a

o81alsfnu lundazisnaasuildlunisuszifiunisidineguesnuadil ddolfiuou wie
FounnsosFauansnety wuds MTT Wumsanasienisld spectrophotometer nsevinléiing
LAyazAINNITIS trypan blue exclusion finTmAaialrdAeuszrIayARatosni ursg1lsiia 4o
FoiseuuneUsemsedis MTT Aodailileiausinausadiimelnonss usiin metabolic activity
vouwad (oulwsl activity ¥89 mitochondrial succinate dehydrogenase) 3s913LAn false
positive Tiaaddafidin ws metabolically inactive wazanafidaniiesdsuniuain phenol red
drutsznousuly media viouslusdvesansataiilinaaeu uenainiiu metabolic activity v84
ado19UABUL AL TN RANSINUINASTIINAGEU YS0aN1I¥VINITNAAOU LU @19
polyphenol Tu green tea %39 pH Y03dnAIENAGOU udu (Wang et al., 2010; Plumb et al,,
1989; Hansen et al.,, 1989; Hsu et al., 2003) %QL%U‘TJ@QW%HMN colorimetric method
Maioli et al. (2009) F189MU81 waz a15UsENBUUITInaLTaUABLWAY mitochondrial

1 &

activity T MTT assay 1A @91y n1sUseifiunisidinegvoasannionisldis  MTT 35Ae9

Y

'
2 U a

sedfnsgYadufiey prsesendnieligmilonafaduls Lagiidddonfiunguaiunu Lilo
ATINABUNITUMUTEIENANTATATINA e AT e 138 MTT UssiliuuSinmueadiiadia 3
anunsanseyildsenst culture Aflwiansadaunsauiu MTT laglifiwadidu “blank sample”
iiehAnsganduuasiilaluaueenannaganduuasyesaismaaey (culture Awaduusiuiy

a1sanauas MTT) 35 trypan blue 1Juisnldiduunnsgiu (classic method) Tunsmusunu

fsaaaa !

wadidin uiduisiiude wzdesldnarnnlunisiuwadnielindesganssed sl
WNzANNSERifeguIuInn wsgRnauRanaindenaumiiosdn dedldaenny
wadneldndesganssaiiduszeznaun uarlymadyfelimunaiaindeuniniadesming
yana 1y fegrafedtu idulae 2 yara onaldduiuwadinaiu videusiuluyanaideaiu

FUIUIUTAZVRIRENALINY 2 s analdaldresindu Wusy wenantu N1seTel
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At uvesiiegeiildlunsiu drduwaddosniouniuly aunsadanaliiinainy
Aawanaludiitu dwdSild Pl orfenuandiveadeorumadiinaudemelusaziieadane
Jageulyi Pl udnluduiu DNA JaymnAeenala background g3 ise false positive dlodasei
e flow cytometry msziiowwadnie DNA gﬂﬂéasaaﬂuamsﬁaégfﬁuﬁ’u Pl waz Pl UpAIN

JuAU DNA §9a111509unu RNA F309td RNAase Tunaannaasd uanainiu nsdauwwaanie Pl

= A

lmsldaunuiu wagvaldiuadfigneds (fixed cell) Fadovfuneadgniiili permeabilized
Aevaulviansynin Ui lalunisveaes Mlisessuinsiznsiiegsiufine flow cytometry
Lianunsafudegamadfignasaud edinsziniends suiludeufiRdlvgivinlnis
Ainswisegalagld flow cytometry fauazainautes wenainiiu a3 Pl Saiu senotoxic
VER) mutagenic HOLYAR (Rieger et al., 2010; Rieger and Barreda, 2016., Johnson and Spence,
2010; Deitch and deVere White, 1982; Kwolek-Mirek and Zadrag-Tecza, 2014) dmsu
Aot Beneuduiugsgavosansadaiililumavanssninanududuiivedlinansnndu

Rypolwadannamdulonduiveswia 3 Isnaasutinty

nsfinugrdiuuziewesasadaly in vito nsghlaevaseuanuluivlaenssde
aauziSaeiug 4 alln Ao waduzisa HepG2, MCF-7, PC-3, uag Jurkat dWoduiunues
TsAuziSsiinutanAe uzidsiy unifanssen unSwiougnuvunn wazuziidudiadeavnimuddi
NANSATIEBUNUIVIAN5ANA OSEE-FLP way WE-FLP uansmudufivsowaduzibesinans

v 6

WU HepG2, MCF-7, PC-3, way Jurkat anndesuanaeniu laewas Jurkat dmnwla (sensitive)

]

a

| o v o i ¢ < ¢ <
‘Vlfjfﬂmamig]ﬂ‘vrlmEﬂfﬂamiaﬂ(ﬂwﬂﬁm Iuallmgcl/]l,sﬁaallglﬁ\‘]mij\iaﬂ MCF-7 LL@ﬂﬂEJLQW’]%L%@@&J%LN

soNgnuun PC-3 fiauvuniusisnisgnyinanelagansadailuiivey (U7 4.12) uiiannududu

Yoeasaineaosasde 1,500  pg/ml Adsliannsadniliiinnisnievessad PC-3 wan1s

'3
a |

npaasiidenadestunmsenuaulufivwesensataneiu p. palatiferum Afgnsunndstuse
iaauzLSEeiug waduziseanld (HCT15, Swas, Swago) (Pamok et al, 2012), Caco2, wag
USRI (MCF-7) (AiFsa was Ussiasg 2557). uﬁﬂﬂﬂﬂﬁﬁﬂﬁQUIWiﬂaWS%ﬁ@ﬁﬁ polyphenol
HudmuszneuuariinvidusendinduiannsauansanuufivielwadugziSsaoiugnarsvie
iy waduzisadnidenvaeiug Jurkat cell (Musika and Indrapichate, 2014), Lwaduzi5e
NSLNEDIMNS (AGS, SNU-668 and SNU-638) (Kim et al., 2009)uaziwaaueiSa@dnus (MDA-MB-
231, MCF-7 and SK-BR-3) (Award et al., 2003) 9101 LCs, v09an5@insioigaduzissaeiuglu
M5197 4.2 Wud1 WE-FLP uamsanufuiivieimaduzifaanonus Jurkat  uay MCF-7 1nnin

O5EE-FLP svliu  Adnudufivwes 95EE-FLP  uay WE-FLP  saigaduzissaeiugunosd
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ANUduTUSAUBsAUsENay  polyphenol fazareldluth 1wy flavanoids, apigenin, catechin,
gallic acid, waz tannic acid (Dieu et al., 2008; Das et al., 2009; Chayarop et al., 2011).

wana Nl Vasann 95EE-FLP  wag WE-FLP fimnuidufivianizianzasgednsowad Jurkat

v '
§ v A IS

unnineaduzSaivdedn 3 aneug visll enaulesnananuuansivesganiRagnivds
VIWQWUQﬂﬁNﬁGi’NﬁJwUBQL%aéﬂwﬁﬂa’mﬁuﬁ:@hﬂﬂjﬁ@ﬁu (Thi Mai et al., 2011; Sak, 2014). <Uof
vasgimlonfimnzanlunislddusideie Tudnnududu 250-1500 ug/ml vesiiansarin
95EE-FLP Wwag WE-FLP finvuidufiuseieadund PBMCs wounin wwad Jurkat (U7 4.13 A, B
muddv) gauantRauduivilonzinnzawessnaivhdadelsaduziie vienuaansaves
efuansnmdufivdewadunitesninwaduziadunuandsuilsUszasdvesenniivrdaild

Snwilsruzise Fadundesnisuegnegilutagiu (American Cancer Society, 2013)

laeyaly wadenainnisanelaly 2 sUsuunEdne fie N13AN8LUY apoptosis ka¥N13

MBUUU necrosis (Majno  and  Joris, 1995) 1ilasanngviaewadugiseniincunalnves

apoptosis azdufifisussawiminniinisdninliiinnsaewuu necrosis sziEaauzSTign
FnilitAnnseewuy apoptosis lidelminufn3s1n1senwau (inflammation reaction) laivin
AUALMEADITAAUS LD DTN9LABY TILAARIIINNTANBVDUTARHULLSIUUU necrosis 7ay

AalmAnUinT81N15MOUALBIRDNITENEU WABEIA18wad W30 LUBLEaT1MALY LAY

a

Feovenduudaniia (Sineh and Anand, 1995; Kam and Ferch, 2000) &slaidunadisasianie
Foty uideismsisdeumuansavesansanalunstnilfiAnnisaeves Jurkat wadin
WAk unalnues apoptosis lonTaly Imi#ﬁ%’iLﬂiwzﬁﬁgﬂmsm%"auuﬂaaé’mé’mgmﬁmmmwaﬂ
veuwad uaznsiasuuasneluad saonun 4 walla fo 1) Anwinsasunlasdnua
ANULEEMBURITIAREAAIN1SERUE Hoechst 33258  2) AATIgiinIsuaniinues DNA Tu
agarose gel electrophoresis 3) 753388UNT translocate V89 phosphatidyl serine PNLANT
maagjﬁaﬁwﬂuaaﬂﬁﬁaﬁmuaﬂmmLﬁaﬁmmaé suduwendnualveawadlusyey early apoptosis
ren1sld Annexin V-Pl uay 4) asa9deun1sildsunias mitochondrial membrane potential
fidemaliiinnismdwes cytochrome C #aemadin flow cytometry Wan1sATIadEUIN 4 T
Tinaatuayudstuuasiu uazddaduiendusidn nalnnisdndiliiAanismely Jurkat wad
Tneansarinie 95EE-FLP way WE-FLP \Ansnunszuiums apoptosis n1ewas Jurkat wwagdiva
saufuansainne 2 Wunan 24 90 maannsindues Hoechst Wiunsuaduaznsuaninues

a a A o o d' = o d' v = o cal 1
mmaﬂa%gﬂmmaamﬂﬁzmﬁm (E‘U‘V] 4.15-4.16) f99anwzUa9 nucleus NUARIYAFINULYARNUN
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$2uffU 40 pg/ml etoposide A4y positive control fiansadninlieaduzisain apoptosis
(Kozmar et al., 2010)

NAN1TVIARBY AgIuing1es Jurkat WwadiunsamAuasain 95EE-FLP uay WE-FLP 7
uainndosqanssminssiudnuvazianzvesmauasuilamewwadiilelin apoptosis Ao 1wad
fvuraldnas (shrinkage) L?iaﬁmsdaél,ﬁmms blebling  dwfitdu  chromatin Wian15uasy
(chromatin condensation) A NAWNITUAGIVDY nucleus (nuclear condensation) wag DNA
LAANISLANAN (DNA fragmentation) (Pelfrey et al., 1995) n1sumnwnees DNA Budulaainua
Y99 agarose gel electrophoresis Iug‘dﬁl 4.14 AD NAINNISNARDINUIIENTARR 9SEE-FLP
uway WE-FLP fimnududu 300 wag 600 pg/ml ansnsadniiliwadugide Jurkat 1in apoptosis
I§7ida9szesan 12 wae 24 9. 1091150Y Fdunnandnuaznswaninues DNA Juwuy
Sutula suluendnuaivos DNA veusadiiin apoptosis G5n154in  DNA ladder wuldlamz
lane Tiwaduusiufvarsataiifanududusazszoznafiviansay way lane fwaduusuiu
positive control etoposide (lane fifisnws P 1ugﬂﬁ 4.14 A-D) 75l DNA ladder Tainuluieadd
Ju vehicle control @slailgiguansarin vie etoposide (lane 7ifdnws C Iugﬂ‘ﬁ 4.14 A-D)
Lﬁaﬂmﬂlﬁgﬂ%’ﬂﬁﬂﬁlﬁ@ apoptosis Huies lunsdifiwadlildnedeonszuiunis apoptosis il
load DNA Tu agarose gel electrophoresis aufidnuaizidu smear Goviuneds DNA fianas
wanndynaun bp Ws1zgnAneag19liita1zas (random) d1uNANITNTIAARY early apoptotic
cell fensld annexin V-PI uaz n15Wad cytochrome ¢ 910 mitochondrial membrane L&y
AT1E flow cytometry liinan1snnasifidenadenasdudutuienfuitaisnataaunse
FmilF Jurkat \wadiiin apoptosis Ingran1snaaesnudn % early apoptotic cell iudumny
mududuvesansataiides (g"dﬁ 4.17-4.18) wadidaidu early apoptotic Wulwadluagniai
3 Wity s fumadiideuind annexin |V Slansingadiin apoptosis i1z annexin v
@111509UNU phosphatidyl serine %3 translocate 91nduluves cell membrane aamjﬁaé’wu

1%

uaNvod cell membrane 7LAAlUTEHLLSUAUVDINIGAA apoptosis walusseziTuwInt  cell
£ ! a wva L% 1 Y a =€ o 1 ! ¥ 1 13 d' Y
membrane ilaigadsanuandinseenlansiule @ Pl Fadildanunsasudngwadiieludu
DNA aeluiwad fatiu waafdmdu early apoptotic Fsdoudaianiz annexin V uslifnd PI
nsAnwnalnaesarsanalunistninliiinn1sm1eves Jurkat LlWARAIEATEUIUAIT  apoptosis
WUINANIUN1ITNUTAANNITUA9YBY  cytochrome ¢ 310 mitochondrial membrane 1ag
UTUNY0INITUAT cytochrome ¢ WUSHUMIUANLTLTUYDIETANALAZ S¥EELIANYBINTITUL

Sy Jurkat cell (UM 4.19 -4.20) a1safinviaedfes@N1saviIANMEeeseldavy
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mitochondria T Jurkat ¥liAan1siUEsuLUaes mitochondrial membrane  dsualviinnns
$1lwaves  cytochrome ¢ 990 mitochondria g cytoplasm é’mﬂusﬁzumauﬁﬁ@%aﬂmnﬁm
apoptosis W3¢ cytochrome ¢ A1U1509UNY Apaf-1 Tu cytoplasm iif apoptosome ﬁ
aﬂmiaﬂizéju initiator caspase 9 ﬁl‘dﬂizéju executive caspase 3 if apoptosis 1511‘14‘17‘1'?191

(Von Asen et al., 2000; Donovan and Cotter, 2004; Garrido et al., 2006)

wimAdeiinud ersafnamisadniadunds Jurkat THAamsmenuy apoptosis
wardruniwensdninianiunalnues intrinsic pathway AANSW&T cytochrome ¢ 210
mitochondria winAdeidsliannsnasuléin ansadanseduliian apoptosis Tnssunalnues
intrinsic pathway Lie99819LAE7 N2 NSHET cytochrome ¢ 211 mitochondria audu
pathway #an¥ed intrinsic apototic pathway WANI5LAA apoptosis K1 extrinsic pathwayﬁ
annsanseduliAnnsmdses cytochrome ¢ Idiguiu TasnsdniliiAn truncated bid
(Kantari and Walczak, 2011) et Sududosiinmsfnwnfivduisfunavesansasiaselusiu
9u 9 MAvtesiu apoptotic pathway 1Wu AnwiAtamsavesasaialunisnszsu caspase
9, caspase 8, AIF uay Fas ligand pathway SR NATeE AR Ade pro- 1ag anti-apoptotic
protein fiddaydue wWu p53, Bad, Bid,8Cl-2 wag BCL-X 1usiu ins1zvansatnenvainsadni
TAn apoptosis 1y Jurkat wwadldnaenunis ffaeg1aves  etoposide 7Mdu positive
control TusmAded etoposide ugnvdianilsfidenldlunssnuvlsauzds wseiinalnnisesn
quistniliAnnIsneveuadNzISHIuNSEUIUNS apoptosis lavanesukuy  etoposide

gddiuda topoisomerase Il @l nuclear enzyme vihwuthfiaaneindedfiiiundedounien

'
1Y a

299 DNA uagdiunuiudiAying1ve9iunTeuaun1sinasinulesas DNA, transcription, N3
fouLYl DNA Lazn1sUsunenImuesals chromatin (chromatin remodeling) Wudu  as
E‘J”qu activity ¥84 topoisomerase Il U84 etoposide dawalifiin protein-linked DNA double-
strand breaks ﬁLaaﬂiLLaﬂﬁmmmsﬁaﬂJLLGUZMIGQT (Montecucco et al, 2015; Grandela et al.,
2008) Fainn1snszAUNIaie ps3 FadniiliAn apoptosis Témanenaln 1wy p53 lneyvimig

%

\Ju transcription factor dnuibiinnisasiengulusiudinszduliin apoptosis 1Wu  BAX,

9

'
Y

PUMA, NOXA waz BID wieuffusudensadraldsiuiidudensyuiuns apoptosis 19y BCL-2,
BCLX,  weona1niu p53 Swanunsadniiliiin apoptosis Ielesldnalniiliiieadostunisin
iy transcription factor 1ng p53 aunsaviufnienlnensedu BCL-2 wag BCL-X, MRaves
mitochondria  ¥iliAan1552lwaves cytochrome ¢ @8n91n mitochondria wazdniiiliAs

apoptosis Fudaiuindunalandnvesnistnuilmiin apoptosis 989 etoposide (Jamil et al,,
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2015)  viail wasitedufiatuayuie fanududugives etoposide annsanseduliin
apoptosis W1 cytochrome c/caspase 9 pathway 91V Fas ligand pathway (Wang et al,,
2006; Kaufmann and Earnshaw, 2000; Montecucco et al, 2015) @unatnnisgnubnin
apoptosis Tulwagduzise vesansaineinuienaziivarsdmunendends etoposide vl S10u
fgdewhmsAinyiiiniin Fansesensnudesenagned iWeswnuanaasunisdnilyia
mandawas cytochrome c luguil 4.19-4.20 F¥ath ulfansadaisaondufiosansataneiy udly
ANUTNTUES AR 600 pg/ml ﬁﬂﬁzﬁm%mwgmiwmiu‘%wé 40 pg/ml etoposide Fuduen3ne

IsruziSanenldiueglutagiu

Wesannisasiaduidenlud w3e  angiogenesis Lunsyuaun1ssnduduiunis

Lﬁ]’%ﬁylﬁﬂm LATANSHENINSEANY (Mmetastasis) Yasnausliadan (Fidler and Ellis, 1994., Folkman,

v
[y = [

1990., Hart and Saini, 1992., Chen et al., 2009) las3n15398UIANYIANAINITOVDIATEN

95EE-FLP g WE-FLP Tunnséfuda angiogenesis in vivo fidninlnewaduziislaidendnuly
CAM model  ffsannifulumaiiioudne sianlduns was CAM w3e chicken choricallantoic
membrane \Ju  membrane ﬁagjuaﬂéfﬁéaué‘z’fu‘jLé’ul,ﬁammwéal,gmL‘fluai’wmuum Judu
w3eaflengilunmsfinuviiesfunaeniden (blood vessel) way CAM model Jufideuldly
NMSANYITYIUNUAIUAN € WINUNY LU UNNAUIFINTTUTUIY (bioengineering) AUNAIU
N13  (development)  &ng1uIneT (morphology) — @aLAil (biochemistry) ¥In15Ugnane
(transplant biology) s1u3deiAgfunziSauazen (Nowak-Sliwinska et al,, 2014) waduzisd
FmilnAnnsadradudenlvdiildlunuiseine BL6F10 Fuduwadusidionls @wnsondn
0 melanin iflesiufuundy vie dwinnndufoudessniulddaly CAM model iflasann
wadiidf Ssazmanlunisdnsuasfinay uananniu B16F10 melanoma fimnuanunsagsly

A [l

M3 metastasize WouUgna1s B16F10 7 CAM 11001 80% Teiwadanunsaildined awmnsn
WNSNAIDBN (extravasate) WAYWNINTYANE 150 metastasis 88NN CAM Laviaurauduiau
L‘ﬁlael,myj (macroscopic tumor mass) Meluszeziianiies 4 Su (Ribatti et al, 2013) fatfu 13
Twad BL6F10 Fumnzaudmiumsinuiiiesesonsuddesniy CAM model waz/MIeluny
$ihd B4 B16F10 anansoundnssaneguon Wudoudiowdn 4 Tuten (lung nodule) Feiids vl
avAINABNISTU nodule MspdEAINtUNITIIBIUNALTaUSUN (Ribatti et al,, 2013., Chen et al,
2009) wazamantANdARAe nsUgna1s B16F10 Tu CAM reliAnnnsmeuaussfenisaing
Wudenlniognauning (strong angiogenic response) Lﬁ&lULﬁﬂﬁUﬂ’ﬁﬂizﬁuﬁw angiogenic

cytokine fibroblast growth factor-2 39 bFGF (Ribatti et al., 2013) Feaonndeatunanis
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]
o

naaeslusUTl 4.22-4.23 vessnAdelfiuandliiiiuin B16F10 daaautidu strong angiogenic
Tu CAM wi51zile inoculate Tu CAM Wusyeziian 24 wie 48 v, USunausad BL6F10 §aus

¥

6 6 ¢ o o Y a v Yy oA ' ' Y
1x10 -6 x10 L%aaaquqiﬂsﬁﬂuqiwLﬂ@ﬂqsasqﬂLa‘ULaE]WIWNQQﬂ'J']ﬂ']iﬂiB@!u@'JEJ 100 ng bFGF

£
(Y =<

pgeliludAy (p< 0.05) waztSunaunistniiiintunulsunaead Naadu uideilidentd 3
6 s a P o o o Y A '
x10" Wwadves B16F10 ulsunageanidialdlunmmegeugnsdugnmsaiadudentmivesans
o o’ 2PN a ¢ & A 6 s U 08§ Y a P P
anm gauden szlilinUSnagadidu 2 wide 6x10° wea aunsadniiliiiunisadnedu
A 1 6 L3 d‘ o o (% d‘ £
Wonludan 3x10° waduszual 14% Waz 16% 7 24 Laz 48 T, MUy d115U bFGF 719
Ju positive angiogenic control Tusuiduil Hundlaly angiogenic cytokine MwaauziSavaiy
Binas 19U Wetslunisiaiyiuln nsunsnszane wazlinnuduiusiulymlunisitdadelse
(Claffey et al., 2001) bFGF faudunusiu vascular density AneAInlunISUnINIzaNe Lay

dnsnsidedinluduielsauzsaldlng uziswmssen unSweugnuuin wasuesisaRml

v Y

¥
a v A< I

melanoma (Ribatti et al, 2012) 1wideiidadenld bFGF W positive control wiatdaunuy
(mimic) angiogenic activity ¥4 cytokine fiasslagigasuzi5e Fawwannaouduluauiininmuie
fio bFGF 71 100 ng/ml anunsadnihlimAndudenl (neovascularization) Lﬁmﬁuaﬁueﬁm 4-
12 wih Wdusnmanasadluusazasy) Weifisutunduauaudlailénsedudie breF waluauide
Juanstmauingaduzss B16F10 fnnuannsadniliianisasadudenlmimionin 100
ng/ml bFGF

[
LYY

osanaududuvesansann 95EE-FLP waz WE-FLP 1umﬁmaaqu'§awqmsa§w
dudealnifidniiles B16F10 limsuansanudufivlaeraowadusiSdaonss wszsuiu
waduziSefianas ardawansdesliiiamsadradudenlmianas nstudinsadiadudonln
vesansaindonslidlenalnnisesngndduuzisavesansarin uidunamedeuniiinainanudy
fwvosansainnewaduzislnenssnnng] Haa1AnSIRaRNAUT LT UTIIIN TN B IaN SRR

Tunsvaaes (SUN 4.21) wuid @sananauaudusi (50-100 pg/ml) ldfinansenune % nsil

Y

(3 1

Tinegvoavad uiansadafienuidudugedu daud 600-1,500 pg/ml vhliAnnsnevenead
30%-70% AudIFudWIY WE-FLP way Ussann 36%-82% dwi¥yu 95EE-FLP sidduidaden
At 300 pgy/ml Bumnududugaaniiiofnugrssudsnisaadudenlndvesansarin
soly ilosanfiauiduduil 95EE-FLP uag WE-FLP dninliiAnnismeuszana 26% uag 9%
muadu Fseglunamifiansnsalfifu maximum tolerated concentration (MTC)'lé &3
WE-FLP uaedimunfufiviigandy MTC Sndndeelunsdives 95EE-FLP iflosaniisansarin 95EE-

FLP l@a1nnisananig 95% ethanol @9datdu universal solvent Naunsaainansvianazaeti
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16 uazfiazanetnldly wazansadn WE-FLP  fusniendruaniziiazaneiinlgansnsasiane
waauziSuamzviale anuduiivvesaisaineinuienlunsiatewaduziss BL6F10 39019
LﬁIEJ’JL‘ijNﬁ‘Uﬁ"J‘Ll‘Ui%ﬂE)UGUENE‘ﬂiWﬂﬂULﬂﬁlud’luﬁasa’wﬁ’llﬁ U flavonoids,  apigenin,
catechin, gallic acid &g tannic acid (Dieu et al., 2008., Das et al., 2009., Chayarop et al,,
2011) LWimeuﬁmmﬁuﬁ’hmjums polyphenollungnuiafianisanansaudufivee
iaduziSEeiugvateviin wu T cell leukemia Jurkat cell (Musika and Indrapichate, 2014)
UEL5INTTNE1INT (AGS, SNU-668, SNU-638) (Kim et al,, 2009) uazuziSainsisen (MDA-MB-
231, MCF-7 uag SK-BR-3) Awad et al., 2003; Park et al., 2008; Afsa N1aY war Uselasy A5,
2015).0¢4lsfimu nsviatelead BL6F10 Aenvazifendesiudiulsznauvesansngnuaily

duiliazatevluansann 95EE-FLP Tatyuiuy

UONIINMSNARIMANNTLTUTIN T auvesasafnginuieni B ufiureovaduziss
Tnoass udseddmsaaoumeanududuiivanzauvesansadailifinanssnusenisadiadu
Geslndly CAM fiinmusssuwnd (natural angiogenesis) NUNANSaRR 95EE-FLP way WE-
FLP fiannadudusing 4 fu cam iussesina 24 uag 48 vu nuiwavesasadnainuionsenis
aradudonlufiiamusssumaly CAM TuiuauudularssogaInsULvesansaria WE-

FLP fiszazina 24 wu anududuansadnganiilidudanmsairadudoslmifiianusssuniey
7 600 pg/ml usidl 48 vy, Amdudugeanogf 300 pg/ml (§UA 4.258-4.26B) duansaria
95EE-FLP ewidutugeaniilifinansznudenisairadud onlminiusssuvilu CAM og 300
fiafiszazinan 24 woy 48 v (SUT 4.25A-4.26A) deyaiiunauladio Westesinan 24 wu. ans
arin WE-FLP fimnandiaidius (100-300 pg/ml) ansnsanszdunisairadudenlmiliigeaniingu
mupuegnaiifoddny uifl 48 wu. asataiierudududananldisavhlndutenlnifiastud
USinnuandnsanngumuauuaogndle Suuginfieudidusin arsadaannsadniinisainadu
GoalnlliAniity widlonaulu flddmansenusosinuvendudonlnifladstuny
535U CAM  wsipgsla AuaudRvesarsadalunistninliianisasraduidonlvdniy
s350mAlY CAM THiAnETu viielqniduasunisairaduionln (angiogenesis promoter)
Fevideld Suluagdesdimafnuuaznsaaoudely andlsid nanmaedlusui 4.25-4.26 F4n
ammmmmqummsaﬂm Tnetanizdl 900 way 1,500 peg/ml w99 WE-FLP Wag 600 pg/ml
95EE-FLP fimnmidufiuie CAM 1losanluanduiududenifndisloglu CAM  deUSanandu
Foalu CAM fldianasaindieszezvesnisFuiunismaass (szazandugud) (Usunaududon

[

IwajﬁLLaMLﬁuﬁhamaduEUﬁ 4.25 wag 4.26)  seu uideisadenldansaiaiaesiiniig
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udugegaiioldly CAM model 91 300  pg/ml Mliinansanuduiivsionisadraduidonniu
533UYFL CAM 9Wl 24 waz 48 . wsldlunismeaadeugnsduginisasiaduiaonlnivedans

anmwold

=

nsas1adudontni #se angiogenesis Lunszuaunslusneuywdninisauan
DYNITUIINLAY angiogenic LAY angiostatic factors %19 ¢ (Folkman and Klagsbrun, 1987)

nsasrduidanluinianeisanimindululsauziss Isaineideefuni1senaulsase wselsa

=

NaRnLaanwAILTde (atherosclerosis) (Gacche et al., 2015) ms%mqwéé’ué’ﬁmia%ﬁﬂLﬁuLﬁaﬂim
ansasunutumewsing 4 lunsasadudenlml Wuieatu ersiiduasumsadadudenln
flanunsaldnszdulvairadudonluvinaiiduidengnriiats Tnen1snszdunisaiyves
endothelial cell 38 nswpdeusioanuas endothelial cell lunisuanuvuaweneanduidu

\Heoalnyd  (Koutrafouri et al, 2001)  lesainmsiasavednauileseniieuynyiln dese1d

'
= a L%

NITUIUMIALEUGoRILILE IR NENITATHATNITLNINTEAY a15TellnuanTAfudanis
afrduidenlndiinainnisimieilaswadueissduisuiesen Jelidneningslunis

Uszgnalditoimundunagnduiislunsinuilsnueisa nan1snsiaaeugnsiuueiswesasans

¥ 1%

Kunalnvesnisdudenisasraduidonlminuian WE-FLP finnududy 30-300 pg/ml @uisa

fudanisasradudenluuntninlaewaduziss B16F10 Useunal 20-87% 91 24 ¥y, hag Useaia

a

15-91% 91 48 3. N 1STUTIAUTUANUANULVUVUYDIANTAN daudnsanm 95EE-FLP 71 100

€

ug/ml SudalalndiAnsiufie Uszann 41% 1 24 wow 48 vu. (3UT 4.28-4.29) vietl nstfudanns
ahadudenlmindmilnewaduzselifodesiuanufuiiveesasain mszaranduduild
A8 30-100 ug/ml WE-FLP waz 100 pg/ml 95EE-FLP laifinnsfufivisie B16F10 uavannis
aadudenlmiifensssimdly CAM  Aiuaulafefinnandiudugeanvesansain 300
ug/ml Fadurr MTC wSegenindndessie BI6F10 fliAnn1sneves BI6F10 tiins 9% Tu
WE-FLP uay 26% lu 95EE-FLP ansndudamsadadudenlmifidninlnowadusdeldunds
90% Tunsdlues WE-FLP uay 100% lunsdlues 95EE-FLP fsUSunanduidenlmilu CAM fivufu
ansaiaiinududu 300 pe/ml SAnflourin (kaves WE-FLPTI 24 % ) w3asndn (e WE-FLP
fi a8 wu. uay 9SEE-FLP visl 24 way 48 wa) (JUT 4.28-4.29) msadraduideslnaluaniy
ssamATlildegmeldavinavesnistninlaeiwadumnss B16F10 fatiu Usinunisdudanmsadns

£ A rala = = & = W vE o [ a v |
Lamaamimwumqam 90% %32HU1INNITUU ‘ﬂﬂlﬂl@‘UUﬂUﬂﬁﬂﬂLUUW@I@H@?Q%@Q&W?Gﬂ@@@

% ]
Aav ad o 1 v A a 1

B16F10 wieadadoifen  lagsiu- Nadudf89ddvnln arsannfanududunLansauduiuse

s & v o I3 v o o Y A ' % & aa
laaanuay (300 pg/mt) Nﬁﬂﬂﬂqwgﬂﬂ]@ﬂﬂﬁliLUUﬁqiﬁUEJ\clﬂ’ﬁﬁﬁ'NLaULa@@I‘WﬂJ“U@Qlefaallzlﬁfl‘l/lﬂ
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(strong angiogenesis inhibitor) Wiawieufunisldarnududusi (30-100 pe/m) Fomsdnnade
wadussiivusiuivansataienududuindussesioa 48 su. Adsaunsaadradudenlngdli
duTuan 20 v, egnaiiudndrld (Uil 4.30) 16 uidssufuasatniinnududugs 300
ug/ml waduzssliannsaadiadudonlmlliivtuusedrdaliievduissozina 24 vie 48
Y1, wansasataiinrndudugeamsasudusadunsdunstniliinnmsaiaduienln
Lildflesudvzasszoznaveimsadrndudentmilidasidu Snvssfunidivhaulede
Usinaunsiiatuwesnisasaduidenlnsvesead B16F10 a0 24 v, U 48 wu. fiuSunaanas
deruiduduresmsatadiutu Ui 431 Finsaadudeslmily cam fmienilag
B16F10 910 24 wyl. 519 48 wu. SlAnfinTudszanm 95%, 50%, uay 4% finnududy 30, 100

o o A

uag 300 pg/ml ¥ea WE-FLP anudnsu (3U71 4.31)  @eiidnAtyfe anududuvesasananaus
100-300 pg/ml gansailnawnnznsdudeasnaduienlmindniilaewaduzse B16F10 Tngly
danaln sensasradufenlndiiinnusssuyfly CAM  (JU7 4.25-6.26) Fadunmaudii

Y

IndunazdrfgdsdmsuansiasanenisimuisesaniioUszendldsulsauzsdluouam

nsdudansadradudenlmifitnilaewad BL6F10 vesasatmanluginieneiadl
awduiusiugvddueyuadassvesasatn snidslutligduiivhnis@nelu in vivo model
B9 9 ST CAM assay WU asngnuiaiimaneinlufiviiannsadueyyadass wiedu
sendndudnilgnssudinisadradudonlnlsiniie degrwes  aisafn  ethanol  vos
Pithecellobium Jiringae @safnanluues Nuelumbo nucifera  @15@in methanol U84
Sphenocentrum  jollyanum  Pierre, GRFHRGE MK samﬁgqmﬁwqwmﬁ anthocyanidin
delphinidin, flavones way catechin (Muslim et al., 2012, Lee et al,, 2015., Nia et al., 2004.,
Lamy et al., 2006., Lamy et al., 2002., Cao and Cao, 1999., Gacche et al., 2015) Lfluﬁlmw
fuddn ROSs  Tiumuwlunisnssdunszuaunnsasadudontl weulwifiduuvasiuia ROSs
lu endothelial cell wazdnihlwAnnisadisdudonlnifeo NADPH oxidase wag endothelial
nitric oxide synthase waduzSwanealnau1saase H,0, Tusaugs dnmihdyaaladadu
\donlni (angiogenesis signaling) W VEGF receptors lngtawnz VEGFR2 Wag angiopoietin-
|/Tie-2 receptor %30 {fisin15a519 NADPH oxidase 1 H1u hypoxia inducible factor 1 %39 WU
AsilnsuanseenYes VEGF uenaintiu oxidized phospholipid LLae metabolized products
310 arachidonic acid ~ @1315aNIEAUNTEUINNITATILEUGOAlLWUAY (Prauchner 2014,
Bochkov et al, 2006) fstiu astedimnuansnsalumaiaseyyadass envaziiunumlunis

(%
LYY 14

fugdansasradudontuulaiguiu
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Wsfiudivihmiididfalunisifu “angiogenic switch” ns¥Au endothelial cell Tikdng
nszvIuNsas1adudentng laun VEGF, angiopoietin-1, angiopoietin-2, IL-8, bFGF, platelet-
derived growth factor, angiotensin Il, matrix metalloproteinases-2 (MMP-2) iag
metalloproteinase-9 (MMP-9) (Prauchner 2014., Pepper,2001) @1351U8ULABHTLAN
wandasisssumanansviniinalndudimstminisasadudenlnl in vitro waz /vde in vivo
HIUN13AIUANNTSESF e N eluLgagdves pro-angiogenic pathway LU flavonoid precursor
4-hydroxychalocone (Q797) mmiamuauﬁy’q VEGF- way bFGF fidnurliiin
phosphorylation 984 extracellular signal regulated kinase (ERK)-1/2 Wag Akt kinase Tu CAM
assay (Varinska et al, 2012) EGCG anunsadudanisadraduidenlwmivsluluma in vitro uay in
vivo maly CAM assay  Iegriuwatenaln Ao dudinisadne IL-s, duda activity veq
urokinase uaZYos MMP nn3rindn ROSs Sudansdintn VEGF uavteaiu neutrophil Tun154n
ihliiAnnsadraduwdontud (Tang and Meydani, 2001., Zhang et al, 2000., Prauchner,
2014) woNaNtY EGCG waz theaflavins 9131 Ssdnunsadudanisduaas AP-1 fu DNA vilw
Anmsdudanisaradudoslvel iesin AP-1 18y transcription factor fimuauN1dLATIZY
MMP-1 Wag urokinases (Prauchner, 2014)  resveratrol Fuduans polyphenolic WUIuaﬂ;u il
nalndudsnsaradudonlnadly CAM Tnasuniunisadns ROSs W1u VEGF lusumeuwosnis
s Src kinase 7vlAn tyrosine phosphorylation was cadherin Tu endothelial (Lin et
al,, 2003) du apigenin Sudansiasaesfewiesenly nude mice lnedudsnsuanioanves
HIF-1 uas VEGF  wana1niiu lycopene Lﬁuﬁﬂmﬁaﬁaashwaamsé’ﬁua%aﬁmﬂquﬂwmﬁﬁ
Fudsnsasradudenlmiluluwaves rat aortic ring way CAM  Iaean activity w03 MMP-2,
urokinase-type plasminogen activator, aﬂmiﬁdﬁiyﬁmm (attenuating signaling) v84 VEG-2
wazifiun1suanseanves MEUFT MMP-2 (inhibitors of MMP-2) wazsadudy plasminogen
activator (plasminogen activator inhibitor-1) (Chen et al.,, 2012., Prauchner, 2014) d%35u

I
g } %4 } %4

nalnlafiansandn  95EE-FLP waz WE-FLP Tdluniseangnddudinisadiaduibenlnlvoasad
B16F10 lnadinansznu angiogenic factor, anti-angiogenic factor #38 0y Ussa1T@0d Q10U
nelusadvtinle (signal transduction) U749 FelANUTUNIZADNITATILAULADA INUTLUTYIN

ToetwasuziS gy sndunazdesd@nerasaniuiteluded@ndaly

nsfugainmsaiaduidenlvaiuenainiinsiunalnvesnisiuenyadasy deenaiieitas
fugnasunsdniaurasanalaltuiy Wesnnssuiunsasadudenbiiinufeivesiu

mediators #19 ¢ MAgIMBINUNTTUIUATONEU WU VEGF Tl pro-angiogenic stimuli 9
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d1ARy @InsatnUINISHAAIEONUBY eNOS MRNA way TUsAU tagtiinnsdauasizin NO® Tulwas

endothelial (Hood et al, 1998) way NO® Hunumiegatun1sinunnisas1duLdan i

(Murohara and Asahara, 2002) uena1ntu COX-2  Fedunumaaglunszuiunisonau 89
Joudu mediator NdAglunsasradudonlml wazmswauivesniinilosen Aelwaauziss

AN IANUSUIUUBICOX-2 LNNTUTEURUSAUNITES1 VEGF wazn15as19581sa0m runiuay

vy
v

(Gately and Li, 2004; Toomey et al, 2009) %191 Gately wag Li (2004) $1897U"
proangiogenic activity 293 COX-2 LAANIUW thromboxane A (2), prostaglandin E (2) wag
prostaglandin | (2) 1ag eicosanoid products ﬁgqamﬁﬂizéjumia%ﬁﬂLéiulﬁaﬁﬁlmmuﬂalﬂms
3o VEGF SaansnsadniiiliiAnnisaine matrix metalloproteinases nszdunsadaLdy
onlyaifiAnn1u EPGF receptor dua3unsegsen (survival) 984 endothelial 1wadlagidiauns
LARIEBNTBY BCL-2 war nsdsdayay1nives Akt (Akt signaling) SIUTHLSINIUANKUITBIVAEN
Beslny (vascular sprouting) N1swAAaUs (migration) wazn saswmasniden (tube formation)

(Gately and Li, 2004) @91u qméé’fvé’J’ﬁmia%ﬁaLﬁulﬁamimjsuaamﬁaﬁ’ﬂ 95EE-FLP Ay WE-FLP

919980804 UNALNNITAIUNITONLEUAILNITARNISAILATIZY NO® anUSunun1sas1y COX-2

wiiansana 95EE-FLP war WE-FLP fiussaniamgslunisdudinisuantoanves iNOS Miasedu

[
Y

TUsAuLazIZAUBY LAIzaangnaduds eNOS aaevselil AstinisAnwidely 1eosinnszuIunis

asadudonlnsduasy metastasis vougaauzLSs arsatnanluginulonfifignddudanisasng

' ]
a A

duldanlnivad B16F10 9za111sadudani1siin metastasis V04 B16F10 saudrevsaly 1ua

1 Ao & £% [ a1 1
mauiwmLﬂumadmmaa%maa@mdﬂ

denuslaadnafgiiuadouion llvfiwdeunau e Mufvdeunau iwszly
Uszmdlnauazlnganizasisasgdenntenioauulainisldluanainuionunduulunissne

& o & 1 )~ = v a o« ) 4 =2 oa Y] o’ |
VNAULLATERN LLaﬂaJLﬂ‘&Jiﬁ’l'EN’mm'EJ’AﬂUWHLQEJUW@U nIv ﬂ\‘iLQEJUWﬁuGU@Qg')’]u@@ﬂl,uﬂﬂﬁ%ﬂ'ﬁi@

v @

wiuslaasindmainnsuilaaiivayulnsradonduszezuiursuanmebiiinlsauzisa daduy

1%
LY 1

NuITeiIadendnufivszezerndessurssasainaintugiiuien lngidennisaaaugvsne

naneugvesasainaInluan 95EE-FLP wag WE-FLP fed3 Ames test adunisvaaeuniey

[V Y]
v

Iiedunisdnnsesdesiuvesaisionasiuduazansnonsise sl msizansneuzsedulng
O] ! v 61 £ v 6 & =% ao o a @ o Y a <
finduasnenaneiugriume uwasnisnateiugilunalanianddgddunistniiliiinlsausse

Tug19ne (Klaassen, 2008; Griffiths et al., 2000; Tennant, 2014) wavduiilosanasiifivvans
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yiiafioongrsnonateiusle azdosgnivdsuntadiasiaiislusnis (metabolize) Tgioulss]
TusuliuAsmduansdenaeiug assnstawsrdevauantdninduasdenaieiugussans
afasdinudon el wazlaifl 59 mix Fadueulesiviadouanduny rat flarunsa metabolize
asfiwaineg 1 wamsidelumsnedl 4.3 Fdadnsta 95% EE-FLP  way WE-FLP #iuSunas 150-
600 pg/plate laideliAnnisnaneiusuawis TA 98 uar TA100 Tunsnaaeuliidnesd vde T
SO mix S8 waneINETatA war metabolize product vessIwieniiuutas 160-600
ug/plate liduansnananeiug LazINNsEunAdnvAE SIS YYe LTouUATiSeRlY arsatnd
Fremududusanalifianundufivinensesienta S. typhimurium strain TA100 Fadinnsnane
WUSWUU base-pair substitution Wwag S. typhimurium strain TA 98 fiflnsnanefusuuy
frameshift mutation wazilen M sndn 2 vidluanestus TA8 waw TA 100 lurafiansdenas
stugianuadldifu positive control lid1 MI gennegsfiensazifu Ao MI fandaud  13.56-
50.6 svsuenauauAfiiuasnonasiuguesansesstalan uwazansiilu positive control
2-NF uaz sodium azide Juaisnenateuglalaelidll SO mix diuans 2 AA 1y indirect-
mutagen fiasr1u N-oxidation ag CYP1A2 Tu S9 mix Fenaneiluasnenateiiug (Carriere et
al, 1992) %agﬂé’aqmqﬁ’uﬁmaﬁmii’]ﬁmum (Hemanth kumar and Ramesh,  2014;
Mortelmans and Zeiger, 2000) i wanmeassdtaitn NI uYesansainaiuiendild
lifigvnenaneiugidlenaaaudie Ames test uaztuugilifienuinuniusesndlalufuneumes
WAadeu iamﬁgﬂ S. typhimurium strain TA 98 uae S. typhimurium strain TA100 ldlu
nanaaesilifiauiaund laiAan1snatewusuuusssui (spontaneous  mutation) 71Rn
dune uaziimsnaneiusedraiimsasiduiuansiléidu positive control ABuguinisnaaeuil
Armgndes wamsidbilaenadoafumesuuns Pamok et al (2012) fiesuituReatud,
aqueous Wag ethanol extract’ aanlusdnudendl 25-100 pe/plate lidwmanananewusse .

9

typhimurium 919 TA98 uaz TAL00 uaz1uideiluanainusunaansaingads 600 pe/plate Ads
Luflgvsnenaneiug

]
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1. nawseuansaianeruanluginuden wuisesasUsunagnsvesnisainnluan
fAngegalaliiy 5% Faininisainanlumnuisniiaigegaussana 16% drusesasUsuaans

wugegaUssana 85% wuluansaiaveufazarstnlanwseuainaisiananluande 95%

=

ethanol L&1NLeN fraction INNEANTLIAIY hexane Waz 11 Lazlannonanie fraction My

(%

i
2. ynansanainIeuanluaniAnUTinnsiuves phenolics waz flavonoids @indn

=

v a o v P L . .
ansanalwSeunluwis  wavansaiafdA1UIunasiuves phenolics wag flavonoids gegnae
WE-FLP iluansaindiuiiazarsinlifiwsenanluaniainie 95% ethanol lnafiAnusuiu

571 phenolics wag flavonoids WU 212.47 + 0.52 mg GAE/ nSuiuiinuyms uag 133.43 +

11.27 mg CE/nSuinnuinuiimuanay

3. ansafareuantugiuiendgnsiiuenyadassliningluiasaisuenaad waz

v W

wenyadasEiliANFuTuUsAUYSIITINYEY phenolics wag flavonoids laansainainiu

moyyadasy DPPH® uay flA1 reducing power lu FRAP assay ganinasannainly

IS a a A

Wi @nsatafifiuszAvsnnasanfe WE-FLP fidian ICs, Tun1sviiany DPPH® Wiy 21.55+0.06

Y 9

pg/ml Fafimnuaunsataendna1suInggIu vitamin C, catechin uag trolox Ussunay 5.5, 6.1

WA 3.7 NRNUAIRU @IUASANATILASEUINN LUARNANAAIY 95% ethanol (95EE-FLP) fl@n

reducing power geanlu FRAP assay agjﬁ 213.23 +1.09 mg VCEAC/nSu dmiinuis 3eil

ANMUAILNSAUREN I MU USEUNM 4.7 W1 i9a15ane 95EE-FLP way WE-FLP @11150a0n1S

v o

asveyyadaszngluwad RAW264.7 Ngndniilviiinanneiaieneendiadume tBuOOH Tu

Y

DCFH-DA assay 1ag 95EE-FLP 1 250 pg/ml §UszanSanlndifeadiu 20 pM resveratrol uae

10 uM quercetin

'
[y Y v a

6. fsssummnudnduiilddufiviowad (50250 pg/ml) Tansafn 95EE-FLP uaz

2V v

WE-FLP fiquisunissniau in vitro Tasansadaisassanunsodudainisudn NO toulasd iNOS
uay COX-2 Tuiad RAW264.7 AlFFunsnsediusng LPS (1 pg/ml) $2ufu IFN-y (25 U/mL) wag


CCS
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a1vanm 95EE-FLP mmmé’uégqﬁgqmmamaaﬂsuaq pro-inflammatory cytokines TNF-a g IL-
6 ViluseAuTUshuuazzAU mRNA Tulead RAW264.7 fignnszsude 100 ng/ml LPS

5. vaansatn 95EE-FLP way WEFLP fanudufivsowadusSeanaiugsenio
wansnafiu Tnedssddunnudufivanunlumdesdad wad Jurkat > HepG2 > MCF-7 > PC-
3 Tpwansatmnsaeansmufuiivse peripheral nuclear cell lupusninaaduzise Jurkat
TureszAumN LT ULAYIAY

6. asafin 95EE-FLP way WE-FLP annsawmieniliwadusds Jurkat fianisane
fENsEUIUNS apoptosis H1WAEN19MBY mitochondria U UAINKANITATINAOUNIEIFIU
Weweuwas lendnwalues DNA ladder Tu gel electrophoresis  n138oufAdE annexin V-PI
LAYNITNAIVOT cytochrome ¢ 911 mitochondrial membrane qj cytoplasm

7. @nsafm 95EE-FLP uay WE-FLP 91 100 waz 300 pg/ml Tusvezinan 24 uay 48

(%
o

g, fgrddudimsairadudoniniamzsdaiiinonmstnilaoweauziis B16F10 Tngllfl
NANSENURBNTAS19MaeALdanlrdn NS Allenagauly in vivo CAM model

8. \Wavadaunig Ames assay Y19an5a@nn 95EE-FLP way WE-FLP f1USuney 150-600

=

ug/plate MUNMAURUATISY S. typhimurium @eiug TA 98 wae @teug TA100 Tuaniieviai

fiwazladl 59 mixlufignSnenaneiug

JDLAUBLUL

NTsillanansliiuinaisadnannluainuieninadnanluansiedsnistuiusunu
33Y83E5NAY phenolics wag flavonoids asndansanailainn1smsin w3e maceration vasly
AN asanmanluainuiesnlasaniziainainluan wazaisannaiunazatelenmseuann

wva ¥ a

luaniianneig 95% ethanol BnsentedlgnEnTINNUINUIY FodlanauURfnuoyladaTens

aelulazasuanwad sunsenEay wasdgnimuuzis nsdneilunuidelativayugndns

wndvinevesluginulaniinisldundiuiu wasilunislundngrumaineimansvedassnaneg

Fudeniignnaniens siuieniluiigayulnsinssarsafiaslasunisimuisasfnyidesen

MATeNIUgVEAUoYYadaTy gVSAIUNITENLEY waTaVEAUNLSRALLAN TIUINTANW
< =~ = A a o v i &
gYIENNTIN AU iiufudadelauowussialull

o a a [ 1 =3 ~ PN a a
1. YSuusamatialuniswisuarsannaintuanaiuioniiofinussansainves

USuuansvesnisana (recovery yield) Wigeliu anwan1sfinwinuinaisanaveiuiiaineie
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95% ethanol wazansafadufiazaretlifinsenainaisatase 95% ethanol Snveanileid
qrismeTanmgeied fadu Samrsvhnisuendau (fractionate) asafaliuiandtudieIsnand
uazlnseidiulsznevresasngnuaiinnzeialuuday fraction favareluh wie azanely
Fvhazanedunid ndeusts muSinmasTiunandu active ingredients Wy rutin, caffeic
acid, quercetin, B-sitosterol, stigmasterol, B-sitosterol 3-O-B ¢lucoside, stigmasterol 3-0
methyl ether 7-O-B glucoside, apigennin 7-O-B-glucoside LUu@u Wit annsadnulagld
MmATeRweTenuRetudulsznevddylusiutaduwuimdunsasamansansials
(Phan et al., 2003; Dieu et al., 2005, 2006) NM33ATIERAITNYNWLATRNITVLA YIT0 LANIBNGHY
mugifunsfnugnsmatanm neAnwiinguanslafifiquidueyyadass dunmssniau uas/
3o Fruusds teliannsnataasiifgrimundeinelifanuuianiidududieldluns
naaewosonludninaass uay/misluyudsely auvin1s Wawarsadaveseiudontvidu
wAnAusindgAludandyine e ovnsiasy AvdngiumsinemanisesiusuasInnm
Tl duuAnsnandns lavanaes 9 wiloundadusiaulnsluiesmannily

2. Ainwquisinueyyadaszvesmsarnsinionduiniiannsoan  oxidative
stress Ipgifiunmshauvesansiueyyadaszasssuvamiinnglusadlsnioll 1wy wasie
endogenous antioxidant enzymes §114 ¢ LU superoxide dismutase, glutathione peroxidase,
heme oxygenase-1, s¥Auvas elutathione, nase lipid peroxidation 1Jugu lasenaisusuld in
vitro model  uazsovonnuAdelnensaaeugsieyuedassly in vivo Ingltlunaves
dorinaans

3. Fnwguisiunssniauresansatneiiendindy Hewin gene fiieifes
funs8niau W type Il phospholipase A2, COX-2,uay INOS genes ad1noulusiviiedeaiu
ATHWATIEN platelet-activating factor, leukotrienes, prostagnoids, waz NO (Dinarello, 2000)
fatfy wenandnwmavesansainlun1sdudinisaiis NO, INOS, COX-2 udrmsBudunisan
sefues lipid mediators 7idfy 1w prostaglandins, leukotrienes uaw platelet activating
factorts $9%62¢

4. usnaneIENNTITetANsatalun1tudy COX-2 msfinvmavesansaiase
COX-1 sy 1ilesa1n COX-1 1y mediator AiflunumardAeadeaiunismuaunsiy
vesEsTIng fufumnansataeiiuien Tansediu COX-1 doufinadrafes wszasnsenuste
nszvIUMTLUNAYeIs e andnefugunudagtunaeviiafiaansoanenssniaulng

ANTEAU COX-2 waluumuzielIfuaNaann1synauees COX-1 Mg satudtansainginuiani
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qusdudaany Cox-2 wilifinade COX-1 asatneimienimsragidaronisdesaninuide
wagmuiedusiusniauldluounan

5. Tunsdlftensarinanunsadiuds COx-2 uagliifinasie COX-1 T in vitro Arsfne
qrddunssnauesansataeiuienludn imaaeriannsadunssniaulfinntesifiads
T,mLmaﬁ’m’iwmaaaﬁlﬁm%qﬁumsé’mauﬁazuimmma 19U carrageenan-induced paw edema,

acetic acid-induced vascular permeability 139 arachidonic-acid-induced ear edema Dudu

a

6. \flosanansdonans wie mediators MABIRUNTTNLEUANS 9 WU NO, IFN-y,
COX-2, PGE-2 1Husnszduitddy (potent activator) wosidvmmansdsdnyananielueadi
Aeadastiunszuiunissniau (pro-inflammatory signal transduction cascade) i1 9 LU NF-
kB-inducing kinase, mitogen-activated protein kinase, ia¢ protein kinase C (Pan et al,
2009; Pan et al, 2011) Faawunsafnwinalnnisiunissniauvesansaineiuioniiudinluds
SniuAmrunsSuds transcription factors dndeysine qiiendes iy NF-kB , NFAT, C/EBP, waz
AP-1 1Budu  iilegainuaninsavesansadalunisauaunsldsunlasisyfuiy SPTRR
signaling molecules 13 9 fiddnjluusiag signaling pathways

7. UONIMNANBINATBIETANALUNITAN proinflammatory cytokines UB9aNTaAA
S1019RNwINAYDIENTARARE acute phase proteins #19 q WIBANWIHARENSRLNTTNUWS
aUSuNaYes  ant-inflammatory  cytokines U IL-4, IL-10 uag IL-13 mmﬁy’ﬂmimju
glucocorticoids sran s iirnuansnsalunsannsdntiues COX-2 (Dannhardt and
Kiefer, 2001; Wang and Dubois, 2010)

8. Anwsevenfiniinly CAM model vosussunsasiadudenl wu vene
nansMeaBIazRenindLT  mMsdufimsadradudenlmiitninlowadusde BL6F10
yesansatmaInsadmadudimsiauivesafowieten — (tumor  mass)  wazAsLAn
metastasis UYaagaauzidslauntosiiiasls

9. Anwnalnvesansatmeintenlumsiudnisadiadudonlmifidnilag
waduziseinieadesiu pro-angiogenic mediators %38 anti-angiogenic mediators Tiddey
Tathe sauvimavesansatase inflammatory mediators Wag tumorigenic cytokines wu TNF
wag IL-6 wag pro-inflammatory cytokines 14 9 ﬁawmmﬁ%w%waﬁiamiﬁwmmimaqmﬁqﬁ”ﬁ

3 J¥yy AOIPYY initiation, promotion, Wag progression TIUVINNAMD metastasis (Grivennikov

and Karin, 2017) iesAdesesenly CAM model
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10. AnwnalnvesansaineinulenlumstnihldiwaduziSain  apoptosis in
WU intrinsic %150 extrinsic pathway ln8fn¥INaveIENTanAAe initiator caspase Way protein
fing 9 MAeatedluusay pathway wasmstniiliin apoptosis Wi Hasie caspase 8, caspase
9, apoptosis-inducing factors, surivwin, Apaf-1, Fas receptor. ﬂfjm BCl-2 family fdu
proapoptotic (BCl-2, BCL-X) LLasﬂﬁjuﬁLfJu pro-apoptotic (Bad, Bax, Bid, PUMA, NOXA)
S transcription factor fiAedes p53, Akt tTudu

11. Anwngvisiunziwesansanaludninnaesiuiy Tasiden model iy
solid tumor model ey metastasis model

12. ileaninnisuanseaniiuniiuly (overexpression) U89 COX-2 Aedaeiu
WanMsvewzEe uasnsinuzise Tnaame colon cancer uas Alzheimer’s disease 3
msﬂmEJﬁuﬁ:ﬁLﬁ'wﬁaqﬁ’um'sLst'ﬂizmstuaawﬁa (metastatic mutations) (Timothy et al,
2015; Vane et al, 1998) asasanunsaduds cox2 I Feuunltuiionmasdosiunsinuzse
uag Alzheimersléf Fsmsfnugrdnistesfunsiiaussesasarin lnadenlunanisvaassi
nstniiAnusdudnineassifedostunisuanseaniiuiniulives COX-2

13, aeadnwgninisdanindu q Windnfidnensanmisidestunszuiunig
NLEU Lsﬁuﬁﬂwﬂqwéﬁwukmmmm AUTUW Frunssnauiliieaiulsagau (obesity), 1sa
dnauvesald (inflammatory bowel disease), n3olsalutadniauniy 9 WU rheumatoid
arthritis 1Uusu

14. Buduhansadalifiginenanewus Teld in vivo model

15. psAnwandu q vesdiu 1wy dwu 90 iedanserinaglgvinnedinim

wisloudunmdulunsely
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1. Folin-Ciocalteau micro method

® Gallic acid stock solution
Gallic acid
Ethanol

199 1AMUTUANADINTITAUUN (LAUN 4° C)

® Sodium carbonate solution
Anhydrous sodium carbonate
DI water
PRy filfaumedeu Wundnaes sodium carbonate
asluidnios Melsfunan 24 . tilunsesuasiiu DI water
ilUieg 1 L (Aulifienmgiivies)
2. Aluminium chloride colorimetric method
® 5% sodium nitrite
Sodium nitrite
Distilled water
® 10% aluminium chloride
Aluminium chloride
Distilled water
3. Vanillin assay
® 4% vanillin-methanol
Vanillic acid
Methanol
® 4% HCl-methanol
HCLl
Methanol
4. DPPH assay
® Stock DPPH solution (1 mM)

DPPH

0.500
10

200
800

100

10
100

100

96

0.0985

S

mL

mL

ml

ml

ml

ml

ml

S
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Methanol

(n09 waztiulilu freezer)
Working DPPH (0.2 mM)
Stock DPPH solution (1 mM)
Methanol

5. FRAP assay

Acetate buffer (300 mM, pH 3.6)

Sodium acetate.3H,0

Glacial acetic acid

@ DI water lUaunsevslivsunsanynedu 1 L

(AULAT a° Q)
Dilute HCL: 40 mM
Conc. HCL (1 M)

A DI water TUaunseisivsuinsgavinesdu 1 L

(Aulifenmgiivies)

TPTZ (10 mM)

TPTZ

HCL (40 mM)
(WSEUYNASINBUYINNNTNAGBY)
Ferric chloride 20 mM
FeCl3.6Hzo

DI water

(wSEuYNASINaUYINITNARSY)

Working FRAP reagent

Acetate buffer (300 mM, pH 3.6)
TPTZ (10 mM)

Ferric chloride (20 mM)

DI water
(LG]%‘EJQJVJﬂﬂ%ﬂﬁauﬁ’]mi%ﬂaaﬂ)

250

10
40

3.1
16

1.46

0.062
20

0.108
20

200
20
20
24

mL

mL

mL

mL

mL

mL

mL

mL
mL
mL

mL
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6. Nitrite assay

® (Griess reagent

Phosphoric acid 3.5
Sulfanilamide 1
N-(1-napthyl)-ethylenediamine (NED) 0.1

A DI water TUaunsevisfivsumsgavinesdu 1 mL
(nses waznuliil 4° )

7. Western blot
® RIPA buffer

PBS 1X 100
NP-40 1
SDS 0.1

(AUIAT a0 ©)

® | ysis buffer

RIPA buffer 1
PMSF (200 mM) 10
Leupeptin (2 mM) 1
E-64 (1 mM) 1

(WSEUYNASINBUYTINNNTNAGDY)

® 66X Sample Buffer

Tris-base 0.59
DI water 8.5
SDS 1.5
2ME 0.6
Glycerol 7.5
Bromophenol blue 7.5

GAUlAT a2 0)

® 10% SDS-polyacrylamide gel
SDS 10
DI water 100

a v

(Aulingaumgivies)

Y
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10% AP solution
Ammonium persulfate

DI water
(LG}%EJN‘VJﬂﬂ%ﬂdauﬁﬂmiwmaaﬂ)
30% acrylamide
Acrylamide

bis- acrylamide

DI water

(n594 wasAulifi 4° O

1.5 M Tris C|, pH 8.8

Tris-base

DI water

Uughensa HCL TUfl pH 8.8 9ntiuufutiinnsgaving
s DI water LUl 100 mL (n389 waziulii 4° O)

5 M TrisCl, pH 6.8
Tris-base

DI water

Uughensa HCL TUfl pH 6.8 9ntuuiutianasgaving
se DI water TU#l 100 mL (nss waziulif 4° )

Running buffer (10 X)
Tris-base

Glycine

SDS

UFulSunsantiesay DI water LUl 1 L

(n509 wasAvlin a° Q)
Running buffer (1X)
Running buffer (10 X)
DI water

nso9 AULAN 4° O)
Blotting buffer (1X)

Tris-base

Glycine

30
0.8
100

18.165

80

80

30
14.4
10

100
900

3.03
14.4

mL

mL

S
mL

mL

mL

mL
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Methanol

200

USudSunmsaavinesie DI water 17 1 L (nses uaniulin 4° )

TPBS 0.1% Tween 20
PBS 1X

Tween 20

nses (AUliT 4° 0

5% skim milk

Skim milk

TPBS 0.1% Tween 20

(WSEUNNASINBUNITNAGDY)

Coomassie stain solution

Coomassie blue

Methanol

Glacial acetic acid

U3uUsnmsanyinese Dl water U7 100 mL

(Aulingamgiivies)
Destaining solution

Methanol
Glacial acetic acid
UFuUSunsanvinesae DI water LU#1 100 mL

(AuliTgumniivies)

10% Resolving gel (12.05 mL d115u 2 gel)
30% acrylamide

1.5 M Tris/SDS pH 8.8

DI water

10% AP

TEMED

(WSEUNNATINBUNITNAGDY)

1,000
1

0.75
15

0.05
80
14

3.984
2.988
4.98

84
15

mL

mL

mL

mL

mL

mL

mL

mL

mL
mL

mL

plL
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® Stacking gel (4.99 mL du3u 2 gel)

30% acrylamide 0.65 mL
0.5 M Tris/SDS pH 6.8 1.25 mL
DI water 3.05 mL
10% AP 34 pL
TEMED 5 pL

(W3EUNATINOUNITNARDA)

® | owry reagent
Reagent A (2% Na,CO; in 0.1 N NaOH)
Na,CO4 5 g
NaOH (0.1 N) 250 mL
(AulE ¢ 0)
Reagent B (0.5% CuSO,5H,0 in 1% sodium citrate)

CuSO45H,0 0.05 g
Sodium citrate 0.1 g
DI water 10 mL

Reagent C (1 N Folin phenol reagent)
2 N Folin phenol reagent 13941968 DI water (1:1, v/v)
(w3BannATadaumsnanes)

Reagent D
Reagent A : Reagent B (50 : 1)
(w3paynATateumvaaes)

® Primary antibodies iINOS %38 COX-2 (1:500)

Primary antibodies (iNOS or COX-2) (200ug/ mL) 20 uL
Skim milk 0.1 g
TPBS 10 mL

(WSEUNNASINBUNITNAGDY)

® Secondary antibody HRP-conjugated rabbit-anti-mouse-IgG (1:10,000)

Secondary antibody HRP (200 g/ 0.5 mL) 1 uL
Skim milk 0.1 g
TPBS 10 mL

(NFPUNATINOUNITNARDA)
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® Tubulin antibody (1:1,000)

Tubulin antibody (200 pg/ mL) 10 uL

Skim milk 0.1 g

TPBS 10 mL

(m’%aunm%daunwmam)

8. ELISA
® C(Citric-phosphate buffer ( pH 5.0)

Diabasic sodium phosphate (0.2 M) 257 mL
Ctric acid (0.1 M) 24.3 mL
DI water 50 mL

(U5U pH 1Ju 5.0)
® 3 3’ 5 5-tetramethyl-benzidine stock solution (6 mg/mL)
3, 3’, 5, 5’-tetramethyl-benzidine (TMB) 30 mg
DMSO 5 mL
(Stock solution anansaifule 1 ieuiigamgiivies)

® H,0, (1%)
H,0, (30%) 0.1 mL
DI water 29 mL
® TMB substrate
Citric-phosphate buffer pH 5.0 125  mL
TMB stock solution (6 mg/mL) 200 uL
H,O, (1%) 50 pL
(w3euan)
® H,SO, (6 N)
H,SO, (18 M) 166.67  mL

USuUsinanidu 1 L gevh DI
9. Hoechst 33258 staining

®  Fixing solution (4% p-formaldehyde)

37% formaldehyde 2.2 ml

PBS, 1X 178 ml
® Hoechst staining solution

Hoechst 33258 (1 mg/ml) 40 ul

1% TritonX-100 400  ul

DI water 3,560 ul
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(AUT =20 °C)

10. DNA fragmentation

TBE buffer 10X solution

Boric acid

Tris base

0.5 M EDTA, pH 8.0

DI water

U5uUsunsidu 1000 ml GRud 4 °C)
TBE buffer 1X solution
TBE buffer 10 X solution

DI water

® 1.5% agarose gel

Agarose gel

TBE buffer 1X solution

(Ww3euan)

RNase A 100 mg/ml

RNaseA

DI water

Ethidium bromide staining (0.5 pg/ml)
Ethidium bromide

DI water

11. Ames test

Vogel-Bonner medium E stock salt solution (VB salt)
MgSO,.7H,0

CeH100s

KoHPO,

NaNH;HPO4.4H,0

55 g
108 ¢
40  ml
800 ml

100 ml
900 ml

0.75 ¢
50 ml

005 ¢
500 ul

005 ¢
100 ml

10

100
500
175

v uva uva vao

USudsumsanvineiu 1000 ml #ae DI water wag autoclave 20 wiifigamgil 121 °C.

40% glucose
C6H 1206

40 g

USuusunmsaavineiu 100 ml fe DI water uaz autoclave 20 Wil Nigaumgil 121 °C.

® Minimal glucose agar plate

Bacto agar
VB salt

525 g
7 ml


http://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C6H10O8
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40% sglucose 175 ml
11 Bacto agar 5.25 ¢ fiu 350 ml ¢ae DI water waz autoclave 20 u"7ifi
gaun)il 121 °C #ae autoclave Lfis 7 ml sterile VB salts Uag 17.5 ml sterile 40% @1sazany
slucose waulidnfu W agar medium w3eulild 100 mm petri dishes
® Oxiod nutrient broth no.2
Nutrient broth no.2 2.5 ml
UsuUsumsanneiiu 100 ml sme DI water wisansazateldviaanaz 12 ml
fio autovlave 20 Uil Migaumgdl 121 °C.
® 0.1 M L-histidine HCl stock
L-histidine HCl 2096 ¢
UsuUSumsidu 100 ml #e DI water waw autovclave 20 min figamail 121 °C

® 1 mM L-histidine HCL
0.1 M L-histidine HCl 1 ml
UsuUSumsidu 100 ml se DI water wag autovclave 20 min figamadl 121 °C
® 1 mM biotin stock
0.1 M L-histidine HCl 0.024 g
USuusumsidu 100 ml ¢ne DI water wag autovclave 20 min 121 °C
® (0.5 mM L-histidine HCl-0.5 mM biotin
1 mM L-histidine HCl 100 ml
1 mM biotin stock 100 ml
® Top agar
Agar 0.6 g
NaCl 0.5 g

a

USuUsnasiiu 100 ml #7e DI water wag autovelave 20 Wiifigamndl 121 °C
wdantudn 0.5 mM L-histidine HCL-0.5 mM biotin wasiweaudniu

® 0.2 M NaH,PO,
NaH,PO,.2H,0 14.2 g
USuUsumsidu 500 ml fae DI water

® (0.2 M Na,HPO,
Na,HPO,.2H,0 13.8 g
USuUsumsidu 500 ml Aae DI water

® 0.2 M NaPQ,, pH 7.4 (Use: for S9 mutagenic assay)
0.2 M NaH,PO, 60 ml
0.2 M Na,HPO, 440 ml
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navansazanevaadlidnt Usu pH Wu 7.4 f28 0.1 M NaH,PO, wENT
autoclave @sazareiduiian 20 mﬁﬁqﬁquﬁ 121°C
® 1 MKCL
KCl 7.5 g
USuusunmsidu 100 ml ¢ae DI water uag autovclave 20 Wi 121 °C
® NaPO,-KCl buffer
0.5 M NaPQq, pH 7.4 100 ml
1 M KCl 16.5 ml
UsuUSimsidu 330 ml #he DI water way autoclave 20 Wiifigamgdl 121°C
® MgCL,-KCL salts (15U S9 mutagenic assay)
MeCl,.6H,0 615 g
KCl 407 ¢
UsuUSanmsidu 500 ml ée DI water way autoclave 20 Uiifigamadl 121°C
® 1 M glucose-6-phosphate d113U S9 mutagenic assay)
Glucose-6-phosphate 282 ¢
Distilled water 10 ml
©0.1 Nicotinamide adenine dinucleotide phosphate (NADP) (d5u S9
mutagenic assay)
NADP 0383 ¢
Distilled water 5 ml
® (Co-factors for standard S-9 mix, total volume 50 ml (Lﬁ@isﬂu NADH
regenerating system)

S9 (4%) 2 ml
MgCl,-KCl salts 1 ml
1 M glucose-6-phosphate 025 ml
0.1 NADP 2 ml
0.2 M NaPQOq, pH 7.4 25 ml
Distilled water 19.75 ml

(WiBnasazaEaarNAsINounIsNAaBIUaZAUR 4°C),



ANANUIN B

ANSMsEUNESIATdI NS UNISIAgNYAd

1. @seddwmiunsideuvad

® FBS/FCS (inactivated, Hyclone)
azany FBS fiududslu -20°C dronisihluugly breaker Minvlnasinu
1310 serum 1y water bath figsgaumgfly 37°C
Funelvazanedursunarsuduilomeatiu
Heat inactivate igaumgil 56°C Wuian 20 Wil
LWL ﬂimmimmﬂmmaﬂuﬁmﬂ 5-10 W1l
Aliquot Tu 50 mL conical tube (AU -20°0)

® RPMI 1640 1X
RPMI-1640 1X @8 L-glutamine Way phenol red 1 %94
NaHCO; 2 g
U§uUsunsie MQ water 1 1000 mL

USu pH U7 7.4 sumisnisnses waniulin 4°C

® RPMI 1640 1X (complete media)

FBS (inactivated, Hyclone) 20 mL
HEPES buffer 1 M 3.75 mL
Penicillin+Streptomycin (100 X) 2 mL
RPMI-1640 1X USuvSanmsgayinewty 2000 mL

(AUIAT a° 0)

® PBS 10X
KH,PO4 0.288 g
NaCl 18 g
Na,HPO,4.7H,O 1.5 g
MQ.water 200 mL

(Autoclave 7 121°C, 15 Ui, wasiAuls7 a°0)
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PBS 1X

PBS 10X

MQ.water

(Aulii a°0)

Hepes buffer (1M)
Hepes

MQ.water

WAulE 4°0)
Penicillin/Streptomycin (100X)
Penicillin

Streptomycin

PBS 1X

(Aliquot wazfuli7 -20°0)
Trysin/EDTA

Trysin

EDTA

PBS 1X

(Aliquot wazsifiuli7 -20°C)

20
180

23.83
100

0.6
1.34
100

0.25
0.04
100

mL

mL

mL

mL

mL
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1. asruIasgIuves gallic acid Tun153As12%inn total phenolic content

Absorbance at 750 nm

Standard curve of gallic acid
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Gallic acid (mg/ml)

y =2.9173x - 0.0562
R*=0.9928

2. n9NNIFIUYRN catechin Tun153LATIZiUTUL total flavonoids

Absorbance at 510 nm

Standard curve of catechin

1.400

1.200 -
1.000 -

0.800

y = 3.153x - 0.0068

0.600 R? = 0.9954

0.400
0.200
0.000

-0.200

0 0.1 0.2 0.3 0.4
Catechin (mg/ml)
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Cytometry histogram 983 immunolabeled cytochrome c
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E1 n15dnm RNA Iagld SV Total RNA isolation kits (Promega, Madison, WI)

1.

10.

11.

Aendansneaes (AU supernatant wazududei -80°C iietu3A1Einag ELISA)
asdumduead 1 aSeme sterile 1XPBS (Wrldw)

18 175 ul RNA Lysis buffer (RLA) lffawaditdrstseglu 6-well plate wamsuns
vortex #30 resuspend LWAAAIY pipette

ée cell lysate Tuamaan 1.5 ml microcentrifuge (iuugudalédl -80°C aunsevild
)

& 350 pl RNA dilution buffer (@#1) lugfe 175 pl cell lysate ﬁaﬁﬂu microfuge Uann
vaealviain deunaulneewasnevaanesauunayszan 3-4 A% tweonldly
water bath #38 heating block fifsgamaiilid 70 °C vsiduan 3 wift @wisuuniy
3 U1 D1vENasANULADEST (integrity) UB9 RNA

dlomsu 3 uit tvaealy centrifuge 1 12,000-14,000 xg Wuai 10 wiil i 20-25°C

18 cleared lysate solution 1U microfuge Tvsignnasn (Weneundniaeani1ssunIy
pellet debris 1NuMaDN)

Td 200 pl 95% ethanol 1Ufs cleared lysate Wansaen1g pipette Juas 3-4 AT LA
wa pipette U3 spin column Fsusznaulseuses WnlU centrifuge 12,000-14,000 x g
Junan 1wl

wona@ufdu spin basket 88na1n spin column assembly wagiaufidureanaily
collection tube aon Td spin basket nauti1lulu collection bube

14 600 ul RNA wash solution TU83 spin column assembly 11lU centrifuge i
12,000-14,000 x g 1 W%

wvaamallu collection tube M4 Wa¥I19MaBA M rack LDFHITD

W38y DNase incubation mix laanau 40 pl Yellow Core Buffer, 5 pl 0.09 M MnCl,
waz 5 pl DNase | enzyme wmeiulurasalasnde (da1sisesniudidu) wisy
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UTu1ad DNase incubation mix laW1zReINIsLY LazNaualenis pipette Yuasoeg
sednsyianennuuwia (Auld vortex) doafiu DNase | luthudesznindld w3e
syninseliaransy (thaw) Wetheenanguiuds

111 DNase incubation mix Mw3euan 50 pl Talu membrane auluwes spin basket
roduuladansavareldsemauiiuiialy membrane auny Fedunaladny sy
a19a¥an8 DNase incubation mix H&LADS

wdsantiu ynluna 15 wiitii 2025 °C leasuiaan Td 200 ul DNase Stop
Solution U8 spin basket Wag centrifuge 9 12,000-14,000 x g Junan 1 i (udu
meuvinedl ludndudeanveanailu collection tube aan)

ARY 600 pl RNA Wash Solution (7lfiu ethanol w&a) wae centrifuge 71 12,000-14,000
x g \Wunan 1 uf

wupawallu collection tube 8an @198nsaUMENTISLHN 250 ul RNA Wash Solution
(fdiu ethanol U&2) way centrifuge 20,000 x g L1Wwaan 2 U7

\Waele9nan spin basket paen1sUnen

wsiazfeee finraananuasn 1.5 mlelution tube €18 spin basket 917 collection
tube U84 elution tube udaLAn 100 ul nuclease-free water aslu membrane (Iuila
iy membrane gnAguLAILL1)

111 spin basket assembilies U centrifuge Todufidusives elution tube nneTu
centrifuge 9 12,000-14,000 x ¢ tJwaa1 1 w1l

wnawfiilu spin basket 7is Ua elution bube @il RNA u3av5 1fiufl -70 °C wathly
wisauklu cONA sold lunsdiisiainisnsrvdounuusansves RNA ke Tinsvaenid
RNA Tuthuds waginusunusie NanoDrop ND-1000 spectrophotometer
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E2 n19911 reverse transcription (RT) 211 RNA \Uu cDNA Tneld High Capacity cDNA

Reverse Transcription kit (AB Applied Biosystems, Foster City, CA)

a.

[

W38 2X Reverse Transcription Master Mix  Tunaeaiiuglusiudasadl:

daudsenau Ysums/dinsen (ul)

10 X RT Buffer 2.5

25 X dNTP Mix 1

10 X RT Random primers 25
MultiScribe Reverse 1.25
Transcriptase (50 U/ ul)

RNase-free H,0O 5.25
YSunsgaving 12.5

Pipette 12.5 ul w89 2X RT master mix aslUluusiaznay

Pipette 12.5 ul 83 18819 RNA asluwsiazviay wadlmdniuaienis pipette Yuaq 2-
3 a3

Un plate Wwuuazuudl 25 °C WWuran 10 uadi 91 37 °C Wunan 2 v, wazdl 85°C Wy
a1 5 Ul

Audt 4 °C 1Wunan 24 v, neuvunld

E3 Jumaunisanaddueiiuuzinainuiendunan (QIA prep spin miniprep kit %84 Qiagen)

1.

Ysaadng19Usums 200 ul aslunasn microcentrifuge
W@y Proteinase K Usuas 20 ul Aotgaameg19ausans 200 ul
WuUWes AL 200 pl Aelwaddegeusunns 200 pl
Mntunauynedslidifulag vortex \uian 15 unil
ﬂmﬁqmmﬁ 56 “Ciilunan 10 uil

Wlenuea 200 pl (96-100%) felwaasiag19usunns 200 pl waskaudnasalay vortex
Dunan 15 3uit ntugedulaldlunedul Qiaamp spin wazasreduil QAamp Tu
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12.

13.
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naoAAUTIUTINYWIA 2 ml wagihlutdumieaininasa 6000 x g WWuan 1 Wil waviis
YADANLAINT DY

Wudnimes AW 500 pl Yaruazduwmiesi 6000 x ¢ Wunal 1 Wi antiuinanedul
QlAamp spin TunaeALiusIVTINIWIN 2 Ml LagiarasaliuTIUTIRNAT@1IUaRN
NT94LAINTON

Budilles Aw2 500 pl Tnglddealianseureu Jarwaztuwiesd 20,000 x ¢ lulaan
3 Uil

119ADAUY QlAamp spin aslu microcentrifuge YUIA 1.5 ml LaTLARIMaRALAUTIUTIL
WAUNLETNA9INNTDILAINTD

Fudhioies AE 50 pl Uuilgamgiivieaduan 15 wiikddumies 6000 x ¢ Wunan 1

Y

U9 22lednag19mLeuLe
YFIVURDUN 10 DNAT

111879819 DNA Tutuliwes AE 5 pg Wauu 100 pg sio ml a9 RNase A (AULTNTY
goving) wazunfioamgll 37 °C 1Junal 30 wiil

AvIvaaURIegs DNA 7ilglU load Tul.5% ves agarose gel  wagrun 71 70 volt «Ju
a1 1.50 Tl

E4 Auuzinisly FlowCellectTM CytoChrome c Kit 31nusswgugan (Millipore)

1.

a I3 a 6 s
WinadLuItaasUIuIng 200 pl (1x10° 1waq) asluviasn
deadlutusnesn 400xg WWwaan 5 udl

anauladis Anduiin 1X PBS Usu1ms 200 pt asluusaevauviseviaendiogne 310ty
NALFIDENS LAY

Wludumiesn 400xg Wuan 5 89 7 Wil uwazgedulans

\#isl Permeabilzation Buffer Working Solution U3111%15 100 pl asluwsiagviauvseviaon
f819 wagkan iy

Un plate Mvgrav3arAToULAYMABALATUNULLLTS 10 Ud
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20.
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NAIINUN 1R buffer 115U fix 1waa (Fixation buffer Working Solution) U3u#1s 100
il

Uufigaungiivieniurian 20 whi

Y | P y S A < = ~
nasnvuLaaa lUTWes? 300xg Wuan 5 83 7 wiil
andulanisiasiinaisazaie 1X Blocking Buffer Usunns 150 pldmsuusiagiiegns
UwaaUulniosil 400xg o819tey 5 019 7 W1l

anduladisiaziiuaisazaie 1X Blocking Buffer USums 100 l edieg1a a1ntiunay
T

| o Y ' I aa a v
Ud pLate 139890729819 UJULIa1 30 m%%qmwgmwm

NAIINUNLAIALGN Anti-IgG1-FITC Isotype Control #38 Anti-CytoChrome c-FITC
Antibody Usues 10 pl anntunanlmannu

Unsognsfigangivieadunan 30 uiiluiile
NAIINUNLAIALRN1X Blocking Buffer Usums 100 ul dmsuusiaz@ingns
shegdlutumiesd 300 xe \unan 5 81 7 Wi

anaulafiauaziin 1X Blocking Buffer U3unas 200 pldwsuusaziags

degnsldiasginiuaies flow cytometer

IALIFIRg1LAreUNan18ly 4 Tlag
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Anti-angiogenesis activity of Hoan-Ngoc (Pseuderanthemum
palatiferum (Nees) Radlk.) leave extract on CAM model

Benjamas Salangam?, Sanong Suksawaengb, Benjawan Dunkhunthod?,
Benjamart Chitsomboon*®

School of Pharmacology, Institute of Science, ®School of Pathology and Laboratory Medicine,
Institute of Medicine, Suranaree University of Technology,
Nakhon Ratchasima, Thailand 30000

*benja@sut.ac.th phone +66-897 180 683 fax +66-44224185

ABSTRACT

Pseuderanthemum palatiferum (Nees) Radlk. (P. palatiferum) known as Hoan-Ngoc or Payawanon is one of the
most frequently used medical plants in Thailand for treating a variety of inflammatory diseases including cancer.
Angiogenesis is a key process in human cancer growth, progression, and metastasis. There are several families of growth
factors with angiogenic activities that have been identified such as fibroblast growth factor (FGF) and vascular endothelial
growth factor (VEGF).This study aimed to investigate the effect of the water extract of P. palatiferum (WEP), fractionated
from 95% ethanol extract of fresh leaves, on angiogenesis occurring naturally or induced by tumor melanoma B16F10
using the in ovo chick chorioallantoic membrane (CAM) model. The results showed that B16F10 induced a stronger
angiogenic response than that of 100 ng/ml of angiogenic cytokine basic fibroblast growth factor (bFGF) (p < 0.05). No
lethality of chick embryos was observed post exposure to WEP at 100-1,500 Blg/ml for 24 and 48 hours. WEP at 100-300
ug/ml selectively and significantly suppressed the B16F10-induced angiogenesis by about 21 to 91% at 24 and 48 hr. (p
<0.05) and did not inhibit the normal neovascularization on the CAM. Overall, the data suggested that WEP might exhibit
anti-cancer B16F10 cells, at least in part, through its anti-angiogenesis activity.

Keywords: anti-angiogenesis, Pseuderanthemum palatiferum (Nees) Radlk., B16F10 cell, CAM model

1. INTRODUCTION

Pseuderanthemum palatiferum (Nees) Radlk (P. palatiferum) is a new medicinal plant belonging to the
Acanthaceae family. Its vernacular names are “Hoan-Ngoc”, “Wan ling” or “Payawanorn”. Hoan-Ngoc leaves have been
reported to possess many pharmacological properties including high efficiency against cancer through apoptosis
induction [1]. The leaf extract of Hoan-Ngoc showed high antioxidant activity against hydrogen peroxide radicals in the
human blood. The ethyl acetate extract of the leaves showed strong antibacterial and antifungal activities [2]. P.
palatiferum is used widely as a medicinal plant in Thailand to treat various diseases such as hypertension, diabetes, and
tumor [3]. Previous work from this laboratory has revealed anti-inflammatory activity of the crude water leave extract of
Hoan-Ngoc as evidenced by decreased nitric oxide production and suppression of inducible nitric oxide synthase and
cyclooxygenase-2 in lipopolysaccharide and interferon gamma-activated RAW 264.7 cells [4]. As angiogenesis is essential
in almost all tumor growth, progression, and metastasis, and it is related and is promoted by inflammation, Hoan-Ngoc
which possesses anti-inflammatory property may exert its activity against various cancers through targeting the
angiogenesis pathway. Therefore, this study aimed to investigate anti-angiogenic activity of the crude water leave extract
of Hoan-Ngoc.
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2. MATERIALS AND METHODS

Preparation of the water leaves extract of Pseuderanthemum palatiferum

Fresh leaves of Hoan-ngoc were blended in 95% ethanol and filtered through gauze. The extract was
centrifuged at 3,500 x g for 10 minutes and then the supernatant was filtered through a Whatman No.1 filter paper.
After that, the ethanolic filtrate was concentrated using a vacuum rotary evaporator and lyophilized into powder of
ethanol crude extract (EEP). The EEP was partitioned between hexane and water (1:1, v/v). The water fraction was
collected, centrifuged at 14,000 x g for 10 min at 4 °C, and then the supernatant was filtered through a Whatman No.1
filter paper. After that, the water fraction was evaporated and lyophilized into powder of water fraction of 95% ethanol
crude extract (WEP).

Cell culture

B16-F10 (mouse melanoma cell line) was purchased from American Type Culture Collection (ATCC, USA). B16-
F10 cells were cultured in Dulbecco's Modified Eagle's medium (DMEM) with high glucose supplemented with 10% FBS
and 100 U/ml penicillin and 100 pg/ml streptomycin without HEPES. The cells were maintained at 37 2C in 5% CO, and
95% humidity.

B16F10 and bFGF- induced angiogenesis in chick CAM model

Five-day-old chick embryos were purchased from Suranaree University of Technology Farm. An approximately 2
cm’ window was cut in the shell over the false air sac, allowing access to the CAM. Angiogenesis in the chick CAM was
induced by adding 10 ul of 100 ng/ml basic-fibroblast growth factor (bFGF) or 10 ul DMEM (uninduced control) onto a
sterile filter paper disc placed onto the CAM. For tumor induction, pellets of 1x10°, 3x10° or 6x10° B16F10 cells were
inoculated directly onto the CAM. Then, 30 pl 100 U/ml penicillin was immediately added to the placed disc or to the
tumor pellet in the CAM prior covering tumor pellet with a paper disc (1 disc/CAM). The exposed hole in the shell of each
egg was closed with tape and further incubated at 37 2C in 5% CO, and 95% humidity for 24 hours and 48 hours. Before
and after incubation, the images of each treated CAM were captured and the number of blood vessels in contact with the
paper disc within the focal plane of the CAM were quantified when viewed under a stereomicroscope.

Cytotoxic effect of WEP against B16F10
To rule out the direct cytotoxicity of WEP on B16F10, the effect of WEP on cell viability of B16F10 was
determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as previously described [5].

The effect of WEP on chick chorioallantoic membrane (CAM)

To find out the concentration of WEP that was not toxic in the CAM model, the effects of WEP on
natural angiogenesis in the CAM was evaluated at 24 and 48 hours post exposure. A filter disc in the presence or
absence of different concentrations (100-1,500 pg/ml) of WEP was placed upon the CAM and 30 ul 100 U/ml penicillin
was immediately added. The exposed hole in each egg was closed and incubated for 24 hours and 48 hours.
Angiogenesis at each time point was quantified as described above.

The effect of WEP on B16F10-induced agiogenesis in CAM

A Pellet of 3x10° B16F10 cells were placed directly onto the CAM, then a filter disc in the presence or absence of
different concentrations (100-300 ug/ml) WEP was placed upon the CAM prior adding 30 ul 100 U/ml penicillin. The
exposed hole in each egg was closed with tape and further incubated for 24 hours and 48 hours. Angiogenesis at each
time point was quantified as described above.

All experiments were performed at least twice with four replicates per treatment, unless stated otherwise. Data
shown are representative of at least two independent experiments with similar results.

3. RESULTS

When compared to the uninduced control, the neovascular vessels were increased 12 and 4 folds upon exposure
to the angiogenic control 100 ng/ml of bFGF for 24 and 48 hours, respectively (Figure 1). B16F10 also increased the
number of neovascular vessels in both dose- and time-dependent manners (p < 0.05). Notably, the increased number of
neovascularization induced by B16F10 was significantly greater (p < 0.05) than that of 100 ng/ml of bFGF in both time
points. Furthermore, the angiogenesis induction by both B16F10 and bFGF were significantly higher at 48 hours than 24
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hours (Figure 1). As doubling the cell number of B16F10 from 3x10° to 6x10° cells only increased the number of
neovascular vessels by about 16%, 3x10° cells of B16F10 was selected for further study of anti-angiogenesis activity of
WEP on the CAM.

The result of cytotoxicity of WEP towards B16F10 in Figure 2A showed that WEP at the concentration of 50 and
100 pg/ml had no toxicity towards B16F10 cells (p < 0.05), whereas 300 pg/ml of WEP decreased the viability of B16F10
by 8.97%. WEP at 600-1500 pg/ml showed the cytotoxicity towards B16F10 by 30-70%. Therefore, the concentration
from nontoxic till maximum tolerated concentration of WEP (50-300 pg/ml) was selected for further study in the B16F10-
induced angiogenesis CAM model. The results in Figure 2B showed that exposure to WEP up to 300 pg/ml for 24 and 48
hour did not decrease the natural neovascular formation in the CAM. In contrast, exposure to higher concentration of
WEP (900 and 1,500 pg/ml for 24 hr., and 600-1,500 pg/ml for 48 hr.) could suppress the natural neovascularization. In
spite of some toxicity on neovascular formation of WEP at high concentrations, there was still no lethality of the chick
embryo was observed in any treatment groups. Consequently, the concentration up to 300 pug/ml of WEP which had no
suppression on natural angiogenesis generation was chosen for subsequent anti-angiogenesis study.

350
300 *

o d
2 250 * d m24h
3 % ¢ 2 @48 h
= +4
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Uninduce bFGF 1x10¢ 3x100 6x10°¢
control
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Figure 1. Comparison of angiogenesis induction by bFGF and B16F10 in the CAM model at 24 and 48 hours. Values are
mean * SD. Bars marked with different letters (24 h) or italic letters (48 h) are significantly different within the same time
point at p< 0.05, as performed by one-way ANOVA. The asterisk indicates the different of mean values between 24 and
48 hr. (p < 0.05) using the Student’s t-test.

A B

12000 - 60 4 * -

» ) m24h
. .
W 1 F F Q48h

100.00 -

80.00

60.00

40.00

Neovascular (Vessel)

% Cell viability

20.00 4

L e 66605000060604
4008049440088 4

0.00

Control 100 300 600 900 1200 1500 Control 100 300 600 %00 1500

WEP (ug/ml) ‘WEP (ug/mly

Figure 2. (A) Cytotoxic effect of WEP against B16F10 cells. The cells were exposed to various concentrations of WEP for
24 hour. Values are mean + SD. Means with different letters are significantly different at p <0.05 as determined by one-
way ANOVA. (B) The effect of WEP on normal angiogenesis at 24 and 48 hours. Values are means + SD. Values marked
with different letters (24 h) or italic letters (48 h) are significantly different at p< 0.05 within the same time point, as
performed by one-way ANOVA. The asterisk indicates the different of mean values between 24 and 48 hr. (p < 0.05) using
the Student’s t-test.
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Anti-angiogenesis activities of WEP on B16F10-induced angiogenesis in the CAM are clearly demonstrated in
Figure 3A and 3B. WEP produced a dose-dependent suppression of B16F10-induced angiogenesis in the CAM (p < 0.05) at
both 24 and 48 hr. Concomitantly exposure of B16F10 with WEP on the soaked paper disc for 24 hours caused the
reduction of tumor-induced neovascularization by 20.48%, 50.90% and 87.65% at 30, 100 and 300 pg/ml of WEP,
respectively. Likewise, After 48 hours, the number of neovascularization induced by of B16F10 was also reduced by
14.7%, 49.8% and 90.8% upon exposure to WEP at 30, 100 and 300 pg/ml, respectively. Notably, the inhibition of
B16F10-induced neovascularization by WEP was more pronounced at 300 pg/ml which was barely non-toxic towards
tumor cells. Therefore, the strong suppression of neovascularization by WEP was not solely due to direct cytotoxicity
towards B16F10 tumor cells (Figure 2A and 3A).
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Figure 3. (A) Anti-angiogenic activity of WEP on B16F10-induced angiogenesis in CAM at 24 and 48 hours. Values are
expressed as means + SD (n = 6). Bars marked with different letters (24 h) or italic letters (48 h) are significantly different
at p< 0.05 as performed by one-way ANOVA. (B) Photograph of neovascular vessels formation in CAM concomitantly
exposure to B16F10 and WEP at 24 hr. and 48 hr. time points (6.7x magnification).

4. CONCLUSIONS

The water fresh leaf crude extract of P. palatiferum at 100-300 pg/ml produced a dose-dependent suppression
of B16F10-induced angiogenesis in chick CAM model. The activity of WEP was highly specific as the extract only

selectively inhibited the tumor-induced angiogenesis without targeting the normal or natural neovascularization on the
CAM.
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ABSTRACT

Pseuderanthemum palatiferum (Nees) Radlk. is one of the most commonly used medicinal plants in Thailand.
It has been reported to have antioxidant, anti-inflammatory, antidiabetic, and antimicrobial activities. This study
aimed to investigate the in vitro antiproliferation of 95% ethanol extract of P. palatiferum (EEP) against different
human cancer cell lines (Jurkat, HepG2, MCF-7, and PC-3) using the MTT assay. The mutagenic effect of EEP as
a possible health risk from its long term use was also evaluated by the Ames test. The results showed that various
types of cancer cells exhibited different susceptibilities to EEP in a dose dependent manner. Jurkat cells was the
most sensitive to the lethal effect of EEP. The LCsy of EEP in Jurkat and HepG2 were 476.35 = 31.51 and 927.01 +
90.84 pg/ml, respectively, and the LCs, in MCF-7 was higher than 1,500 pg/ml. No growth inhibition of EEP on
PC-3 cells was observed. The cytotoxicity of EEP was mediated through apoptotic mechanism as evidenced by the
nuclear condensation and DNA laddering fragmentation profile of Jurkat cells exposed to 300 pg/ml EEP for 12 and
24 h and 600 pg/ml for 24 h. Apoptosis induction in Jurkat cells was further confirmed by Hoechst 33258 and
Annexine-V/PI staining using flow cytometry. There was no mutagenic effect of EEP on the Salmonella
typhimurium strains TA98 and TA100, regardless of the absence or presence of S9 mix. Overall, this study
suggested that EEP exhibits antiproliferative effect on Jurkat cells by apoptosis induction, and the extract possesses
no mutagenic activity

Keywords: Antiproliferation activity, Mutagenic activity, Apoptosis induction, Pseuderanthemum palatiferum
(Nees) Radlk.
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1. INTRODUCTION

Pseuderanthemum palatiferum (Nees) Radlk. or Hoan-ngoc has long been used as medicinal plant by
Vietnamese people. A few years ago, it has become popular among Thai people for alleviating or curing various
diseases, including cancer. Hoan-ngoc leaves have been reported to have antioxidant and antidiabetic [1], anti-
inflammatory [2], and antimicrobial activities [3]. Moreover, the major bioactive compounds in Hoan-ngoc leaves
are revealed to be flavonoid, stigmasterol, B-sitosterol, and apigenin-7-0-p-glucoside [4]. Flavonoid and B-sitosterol
were reported to induce apoptosis in cancer cells [5, 6]. However, up to present, the pharmacologic studies of Hoan-
ngoc’s claimed properties are still very limited, and the long-term effects of its use are still largely unknown.
Therefore, the aim of this study was to investigate the in vitro antiproliferative activity against different human
cancer cell lines (Jurkat, HepG2, MCF-7, and PC-3) and evaluated apoptosis induction on Jurkat cells of 95%
ethanol extract of P. palatiferum (EEP). Besides, the mutagenic effect activity of the extract was assessed.

2. MATERIALS AND METHODS

Preparation of Pseuderanthemum palatiferum (Nees) Radlk leave extracts

Fresh leaves of Hoan-ngoc were blended in 95% ethanol and filtered through gauze. The extract was
centrifuged and then the supernatant was filtered through a Whatman No.1 filter paper. After that, the ethanolic
filtrate was concentrated using a vacuum rotary evaporator and lyophilized into powder of ethanol crude extract.
Cell culture

HepG2 human hepatocyte carcinoma cell line, MCF-7 human breast adenocarcinoma cell line, and PC-3
human prostate adenocarcinoma cell line were obtained from American Type Culture Collection (ATCC). Jurkat
leukemic cell line was obtained from Cell Line Services (CLS), Germany. HepG2 and MCF-7 cells were cultured in
DMEM with high glucose supplemented with 10% FBS and 100 U/ml penicillin and 100 pg/ml streptomycin. Jurkat
cells and PC-3 cells were cultured in RPMI-1640 supplemented with 10% FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin. All cell lines were maintained at 37°C in 5% CO, and 95% humidity.
Cytotoxic assay

The cytotoxic effect of EEP on cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay as previously described [7].
DNA fragmentation

Jurkat cells were treated with 100, 300, and 600 pg/ml of EEP for 24 h and 300 pg/ml for 6, 12, and 24 h.
After treatment, cells were collected, and then DNA was extracted using QIAamp® DNA Mini Kit (QIAGEN,
Germany). Five micrograms of DNA sample were loaded on a 1.5% agarose gel. The gel was run at 70 volts for
1.50 h and then stained with 0.5 pg/ml ethidium bromide. The DNA fragment was visualized under ultraviolet light.
Hoechst 33258 staining

After Jurkat cells were treated with EEP, the cells were fixed with p-formaldehyde (4%, v/v) for 20 min and
further stained with 10 pg/ml of Hoechst 33258 for 30 min at room temperature in the dark. The stained cells were
washed with PBS and visualized under the inverted fluorescence microscope.
Annexin V-PI staining

After EEP treatment, the Jurkat cells were collected and stained for 15 min with Annexin V-FITC and PI
using the Annexin V-FITC Apoptosis Detection Kit (EXBIO, Czech Republic). The stained cells were analyzed by
flow cytometry.
Ames test

The mutagenicity of EEP was evaluated by the Ames test using Salmonella typhimurium strains TA98 and
TA100. The assay was performed by pre-incubation method [8] and conducted under both absence and presence of
S9 mix. The extract was considered as mutagenic if the number of revertant per plate was at least double over the
spontaneous revertant frequency.
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3. RESULTS

The in vitro cytotoxic effect of EEP against various human cancer cell lines, namely Jurkat, HepG2, MCF-7
and PC-3 after 24 h of exposure are shown in Figure 1A. The results showed that various types of cancer cells
exhibited different susceptibilities to EEP in a dose dependent manner. The LCs, was calculated from a dose
response curve using linear regression analysis. EEP exerted antiproliferation only in Jurkat and HepG2 cell lines
with the LCs values of 476.354+31.51 and 927.01 £ 90.84 pg/ml, respectively. EEP at the concentration up to 1,500
pg/ml had no cytotoxicity towards PC-3. The breast cancer MCF-7 cells showed less susceptible to EEP treatment
(LCso> 1,500 pg/ml). Being the most sensitive target of EEP, the Jurkat cells were selected for further investigation
whether the cytotoxic effect of EEP was mediated through the apoptotic mechanism.

a
A 120 —&—PC-3 B n
100 —8— MCF-7
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Figure 1. (A) Cytotoxic effect of EEP against different human cancer cell lines, PC-3, MCF-7, HepG2 and Jurkat
cells. The cells were exposed to various concentrations of EEP for 24 h and were assessed for cell viability by MTT
assay. Reported means + SD values (n=4) are from a representative of three independent experiments. (B) DNA
fragmentation in Jurkat cells exposed to EEP for 24h. Lane M, 1 kb DNA marker; lane P, 40 pg/ml of etoposide
(positive control); lane C, media alone (negative control); lane VH, 0.1% DMSO (vehicle control).

The DNA fragmentation analysis (Figure 1B) showed that EEP induced the apoptotic cell death in both
concentration- and time-dependent manners. The fragmented DNA was clearly observed in Jurkat cells after
exposure to EEP at 300 and 600 pg/ml for 24 h and at 300 pg/ml for 12 and 24 h, respectively. No DNA
fragmentation was observed in both negative and vehicle control cells, whereas the DNA ladder formation was
clearly observed in the positive control group (40 pg/ml etoposide) at 24 h of exposure.

The nuclear morphological changes of Jurkat cells after EEP treatment were observed by Hoechst 33258
staining. The extent of apoptotic cell death induced by EEP was dose- and time- dependent (Figure 2A). At 300 and
600 pg/ml, EEP induced apoptotic cell death in Jurkat cells, but had no effect at 100 pg/ml. The time course study
revealed that Jukat cells exposed to 300 pg/ml of EEP showed nuclear condensation and DNA fragmentation at 12
and 24 h post exposure, but no alteration of nuclear morphological changes was observed at the earlier time point (6
h). As expected, non-treated cells showed normal nuclear morphology.

The Annexin V-PI assay was further performed to confirm the apoptotic cell death induced by EEP.
AnnexinV-PI staining was used to evaluate early and late apoptotic cell death. The percentage of EEP-induced
apoptosis in Jurkat cells were increased in both dose- and time-dependent manners (Figure 2B). The percentages of
early apoptotic in EEP-treated Jurkat cells were 5.21%, 7.93%, and 14.24% upon treatment with 100, 300, and 600
png/ml of EEP for 24 h, respectively. Likewise, the percentages of early apoptotic in Jurkat cells after treatment with
300ug/ml of EEP for 6, 12, and 24h were 6.93%, 8.44%, and 11.42%, respectively.

The mutagenicity of EEP was evaluated by the Ames test using S. #yphimurium strains TA98 and TA100. The
assays were performed in both absence and presence of S9 mix. A compound tested with a mutagenic index of 2.0
or more is regarded as a potent mutagen. EEP ranging from 150 pg/plates up to 600 pg/plates had the mutagenic
index of less than 2.0 on both tested strains, regardless the presence or absence of S9 mix (Table 1). Therefore, EEP
in the range of 150 - 600 pg/plates had no mutagenic activity, whereas all positive controls always induced a clear
mutagenic response with high values of mutagenic indexes (13.6-50.6).
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Figure 2. (A) Effect of EEP on nuclear morphological changes in Jurkat cells. The nuclear morphological changes
were evaluated by staining with Hoechst 33258 and visualized under fluorescence microscopy at 400
xmagnification. The fragmented or condensed nuclei are indicated as white arrows. (B) Flow cytometric analysis of
apoptosis in Jurkat cells exposed to various concentrations of EEP for 24 h and kinetics of apoptosis induction in
Jurkat cells exposed to 300 png/ml of EEP. The apoptosis of Jurkat cells was detected by flow cytometry using

AnnexinV-PI staining method. Data are a representative of two independent experiments.
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Table 1. Mutagenic effect of EEP on the Salmonella typhimurium strains TA98 and TA100 in the absence and
presence of S9 mix

Number of revertants/plate (Mean£SD), (Mutagenic Index)

Sample TA98 TA100

(-) S9 mix (+) S9 mix (-) S9 mix (+) S9 mix
Control 2242 24+5 117+6 11145
Vehicle control(1.4%DMSO) 20+5 26+8 121+10 11249
2-NF(10pg/plate)™ 1,012+225,(50.6) - - -
Sodium azide(10pg/plate)’™ - - 1,587+7,(13.56) -
2-AA(2.5pg/plate)™ - 903+28,(34.74) - 4,691+473,(41.88)
EEP (150pg/plate) 24+2, (1.20) 2545, (0.96) 131429, (1.08)  115+11, (1.03)
EEP (300pg/plate) 20+4, (1.00) 26+4, (1.00) 105+10, (0.87) 9247, (0.82)
EEP (600pg/plate) 20+3, (1.00) 22+1, (0.85) 108+23, (0.89) 8220, (0.73)

PC, positive control. Data were expressed as means + SD of two independent experiments (n=3). Mutagenic Index
(MI) = Number of revertant colonies of the extract/Number of revertant colonies of the vehicle control (spontaneous
revertant). Values in brackets (MI) >2 indicate mutagenicity.

4. CONCLUSIONS

The current study demonstrated that the ethanolic extract of Pseuderanthemum palatiferum exerts the most
potent antiproliferative effect on human T cell leukemia Jurkat cells, and its cytotoxicity is mediated through
apoptosis pathway. The extract in the range of 150 to 600 pg/plate has no mutagenicity in the Ames assay.
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The anti-inflammatory potential and underlying mechanisms of an ethanol extract of Pseuderanthemum
palatiferum (EEP) leaves was investigated using LPS-activated macrophages. Our results show EEP pro-
duced a concentration-dependent suppression of TNF-a and IL-6 secretion by LPS-activated mouse
peritoneal macrophages. EEP also suppressed LPS-induced TNF-« and IL-6 protein and mRNA levels in
mouse-derived myeloid cell line RAW264.7. To further elucidate the molecular mechanisms responsible
for impaired TNF-« and IL-6 regulation by EEP, the activation of transcription factors, NF-«B, C/EBP, and
AP-1, was monitored using electrophoretic mobility shift assays. EEP suppressed LPS-induced NF-xB DNA
binding activity within both the TNF-«a and IL-6 promoters in RAW264.7 cells with impairment being
more pronounced in the IL-6 promoter. In addition, EEP exhibited a concentration-dependent sup-
pression of C/EBP and AP-1 DNA binding activity within the IL-6 promoter. Concordantly, IL-6 luciferase
promoter reporter activity was also suppressed by EEP in transiently transfected RAW264.7 cells, upon
LPS activation. EEP analysis by GC-MS and HPLC DAD-MSD revealed the presence of (-sitosterol and
various polyphenols, respectively, which are known to possess anti-inflammatory activity. Collectively,
these results suggest that the anti-inflammatory effects of EEP are mediated, at least in part, by
modulating TNF-« and IL-6 expression through impairment of NF-«B, C/EBP, and AP-1 activity.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

contain several compounds, such as phytosterols, lipids, saponins
and flavonoids. PP leaf extracts display both in vitro (Giang et al.,

Pseuderanthemum palatiferum (Nees) Radlk. (PP), known as
Hoan-Ngoc, is a native plant of Vietnam. PP leaves have long been
traditionally used by Thais and Vietnamese for the prevention or
treatment of hypertension, diabetes, cancer, as well as inflamma-
tion associated with wound healing, general trauma, colitis and
nephritis (Dieu et al., 2006; Padee et al., 2010). Khumpook et al.
(2013) also demonstrated the acute and chronic anti-
inflammatory property of ethanol extract from PP leaves in albino
rats by using the ethyl phenylpropiolate-induced ear edema test
and the cotton pellet-induced granuloma model, respectively.
Giang et al. (2003) found that fractional extracts of PP leaves

* Corresponding author.
E-mail address: kamins11@msu.edu (N.E. Kaminski).

http://dx.doi.org/10.1016/j.fct.2016.08.021
0278-6915/© 2016 Elsevier Ltd. All rights reserved.

2005) and in vivo (Khumpook et al., 2013) antioxidant activity.
Likewise, we have also found that an ethanol extract of PP leaves
containing phenols and flavonoids exhibited potent antioxidant
activity as assessed by various in vitro models. In addition, the
extract also displayed in vitro anti-inflammatory properties as
suggested by suppression of NO production concomitant with iNOS
and COX-2 expression in LPS plus IFN-y-stimulated RAW264.7 cells
(Sittisart and Chitsomboon, 2014). Many investigators have also
demonstrated that numerous antioxidant medicinal plants possess
anti-inflammatory property (de las Heras et al., 1998; Dufour et al.,
2007; Sheeja et al., 2006).

LPS is an endotoxin that activates a variety of mammalian cell-
types including macrophages to produce proinflammatory cyto-
kines (Guha and Mackman, 2001). TNF-a and IL-6 are among the
most important cytokines released by activated macrophages. TNF
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Abbreviation
AP-1 activator protein-1
AP Andrographis paniculata
BSA bovine serum albumin
C/EBPs CCAAT/enhancer binding proteins
DMSO  dimethyl sulfoxide
EEP ethanol extract of Pseuderanthemum palatiferum
ELISA  Enzyme-linked immunosorbent assay
EMSA electrophoretic mobility shift assay
FBS fetal bovine serum
HBSS Hank's balanced salt solution
IL-6 interleukin-6
LPS lipopolysaccharide
NA naive
NF-kB  nuclear factor-kappaB
PP Pseuderanthemum palatiferum (Nees) Radlk.
qRT-PCR Quantitative reverse transcription PCR
RLU relative light units
TNF-o¢  tumor necrosis factor alpha
VH vehicle

is a pleiotropic and multifunctional proinflammatory cytokine. It
can mediate both growth promotion and inhibitory activities in
many cell-types (Liu and Han, 2001) and exerts a wide spectrum of
biological effects, including inflammation, lipid metabolism, coag-
ulation, insulin resistance and endothelial functions (Founds et al.,
2008). TNF-« is a regulatory factor involved in many inflammatory
mediated diseases, such as septic shock, cancer, multiple sclerosis,
diabetes and rheumatoid arthritis (Vassalli, 1992). Conversely,
blocking elevation of TNF-« or interfering with binding to its
cognate receptor can alleviate the severity of the inflammatory
response (Colon et al., 2001; Mohler et al., 1993; Scallon et al.,
2002). Similarly, IL-6 is a cytokine that is also induced by a vari-
ety of stimuli, including LPS and is also a major initiating stimulus
of the acute phase response. In addition, IL-6 plays important roles
in the immune response during chronic inflammation. Elevated IL-
6 levels have also been identified in many inflammatory diseases,
including rheumatoid arthritis (RA), systemic juvenile idiopathic
arthritis, systemic lupus erythematosus, ankylosing spondylitis,
psoriasis and Crohn's disease (Gabay, 2006; Kishimoto, 2010).

LPS induces the expression of numerous genes involved in the
inflammatory process by activating several types of transcription
factors (Van Miert, 2002). NF-«B is an important transcription fac-
tor playing crucial roles in the inflammatory response by regulating
the gene expression of proinflammatory cytokines (e.g., IL-1, IL-2,
IL-6, TNF-q, etc), chemokines, adhesion molecules, inducible en-
zymes (COX-2 and iNOS), growth factors, some acute phase pro-
teins and immune receptors (Calixto et al., 2003). The mouse TNF
promoter contains several LPS-inducible NF-«kB binding sites
(Kuprash et al., 1999). Recently, numerous plant-derived substances
have been investigated for their potential to impair NF-xB binding
with the intent to identify their therapeutic benefits in treating
various inflammatory diseases (Calixto et al., 2003). Also involved
in the regulation of inflammatory responses are CCAAT/enhancer
binding proteins (C/EBPs) which are a family of six proteins con-
taining basic leucine Zipper (bzip) motifs. The C/EBPs are critical
regulators of cellular differentiation and function in multiple tis-
sues. Among these proteins, C/EBP § and C/EBP ¢ are involved in the
regulation of gene expression during inflammation (Poli, 1998). A
third transcription factor also critically involved in regulating the
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inflammatory response is activator protein-1 (AP-1). AP-1 consists
of either Jun homodimers or Fos/Jun heterodimeric complexes. This
transcription factor binds to the TPA DNA response element (TRE)
appearing in various mammalian promoters, including those of
acute phase proteins and cytokines involved in mediating inflam-
mation (Koj, 1996). Furthermore, NF-kB, C/EBP, and AP-1 are critical
for transcriptional regulation of the mouse IL-6 promoter (Baccam
etal., 2003). The mouse IL-6 promoter also contained the same DNA
binding sequences for NF-«B and AP-1 as the human IL-6 promoter
(Allen et al., 2010).

Currently, natural substances derived from plants are of po-
tential interest for therapeutic intervention in the treatment of a
variety of inflammatory diseases. Though the anti-inflammatory
activities of the ethanol extract of PP leaves were demonstrated
both in vitro and in vivo (Khumpook et al., 2013; Sittisart and
Chitsomboon, 2014) to date, the molecular mechanisms respon-
sible for the anti-inflammatory properties of the extract remain
unknown. The objective of the present study was to investigate the
anti-inflammatory effects of PP by examining its modulation of
macrophage-derived TNF-« and IL-6. Here we demonstrated for the
first time that EEP decreases the levels of TNF-« and IL-6 at the
protein and mRNA level in LPS-activated macrophages as well as
provide a partial mechanism for the immunomodulatory activity.

2. Materials and methods
2.1. Reagents

Autoradiography film was purchased from Denville Scientific
Inc. (Metuchen, NJ). DNA binding sequences of NF-«B, C/EBP, and
AP-1 were purchased from Integrated DNA Technologies (Coralville,
IA). pGL2-basic luciferase reporter gene vector and the pmliL-
6.Luc(-231) promoter/luciferase reporter gene were gifts from Dr.
Gail Bishop from the University of lowa. All cell culture media and
supplements were purchased from Gibco-BRL (Grand Island, NY).
All other reagents were purchased from Sigma-Aldrich Co. (St.
Louis, MO) unless otherwise indicated.

2.2. Plant material

Fresh leaves of PP were purchased from Yasothon province,
Thailand. The plant was identified and authenticated by Dr. Kong-
kanda Chayamarit, Forest Herbarium, Royal Forest Department,
Bangkok, Thailand. A voucher specimen (BKF 174009) was depos-
ited at the Forest Herbarium, Royal Forest Department, Bangkok,
Thailand.

2.3. Plant extract preparation

One and a half kilograms of fresh PP leaves were cut into small
pieces and blended in 6 L of 95% ethanol. The extract was centri-
fuged for 10 min at 3500g at 4 °C and the supernatant was filtered
through Whatman No. 1 filter paper. The ethanolic filtrate was
concentrated using a vacuum rotary evaporator and dried by
lyophilization to obtain ethanol extract of Pseuderanthemum pala-
tiferum leaves (EEP; 60.41 g). The EEP was stored at —80 °C and
dissolved in dimethyl sulfoxide (DMSO, Sigma-Aldrich) for use in
experiments.

2.4. Determination of proximate compositions

Protein (991.20) was analyzed by in-house method based on
Association of Analytic Chemists AOAC (2010). Total fat (922.06),
ash (942.05), and moisture (934.01), were determined according to
the method of AOAC International (2005). Carbohydrate content
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was estimated by difference of the other components using the
following formula: Carbohydrate content = 100%—(%moisture + %
protein + %fat + %ash). Energy was expressed as kilocalories, using
the factors mentioned in the Portuguese Legislation (Decreto-Lei
no. 167/2004): Energy (Kcal) 4 (g protein + g
carbohydrate) + 9 x (g lipid).

X

2.5. HPLC DAD-MS analysis

Polyphenols from EEP containing the active immunomodulatory
activity were characterized by high performance liquid chroma-
tography (HPLC) diode array detection (DAD) mass spectrometry
(MS) analysis. HPLC was performed using an Agilent 1100 series
instrument (Agilent Technologies, Waldbroon, Germany), diode
array detection, and Purospher STAR RT-18 endcapped (5 pm)
LiChroCART (4.6 x 150 mm) column (Merck KGaA, Darmstadt,
Germany). EEP (20 pl) was injected onto analytical reverse C-18
column. The mobile phases were: A, acetonitrite; and B, 10 mM
ammonium formate buffer, pH 4 with formic acid. The elution
gradient was linear; at 0 min 100% solvent B held for 5 min, from 5
to 10 min 20% A was reached and held constant until 20 min, from
20 min to 60 min 40% A was reached. Other HPLC conditions were
as follows: flow rate 1 ml/min; column temperature, 40 °C; de-
tections, 270, 330, 350, 370 nm; and sample size 20 pL. The mass
spectrometer used was an Agilent mass spectrometer detector
(MSD) equipped with an electrospray ionization source and ion
trap mass parameters were as follows: capillary potential, 4000 v;
drying gas temperature, 320 °C; gas flow (N3), 13 I/min; nebulizer
pressure, 60 psi. The instrument was operated in the positive ion
mode scanning from m/z 100 to 700. The mass spectral charac-
teristics of polyphenols were compared to chemical standards.
Quantification was performed by comparison of retention times,
and diode array spectra were matched against chemical standards.

2.6. GC-MS analysis

The n-hexane and chloroform soluble fractions from EEP was
used for determining -sitosterol. GC-MS analyses were performed
on an Agilent gas chromatograph 6890 equipped with an elec-
tronically controlled splitless injection port and interfaced to a
MSD-5973N mass selective detector. The chromatograph was
equipped with DB-5MS (30 m x 0.25 mm, 0.25 mm film thickness)
coupled directly to the mass detector. The injection was performed
at 270 °C in the splitless mode (ratio 15:1). Helium was used as
carrier gas, with a constant flow rate of 1 ml/min. The column
temperature was 270 °C during the entire run and the transfer line
temperature was 280 °C. Quantification was carried out in selective
ion monitoring (SIM) mode. The identification of (-sitosterol was
based mostly on mass spectra compared to a library standard and
by direct comparison of a reference standard of §-sitosterol.

2.7. Animals

Pathogen-free female C57BL/6 mice, 5—8 weeks of age
(17—20 g), were purchased from Charles River Breeding Labora-
tories (Portage, MI). On arrival, mice were randomized, transferred
to plastic cages containing sawdust bedding (5 animals/cage) and
acclimatized for at least 1-week prior to experimentation. Mice
were provided food (Purina Certified Laboratory Chow) and water
ad libitum. Animal holding rooms were maintained at 21—24 °C and
40—60% relative humidity with a 12-h light/dark cycle. All pro-
cedures involving mice were in accordance with the Michigan State
University Institutional Animal Care and Use Committee.
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2.8. Cell culture

The murine macrophage cell line, RAW264.7, was purchased
from Cell Lines Service (Eppelheim, Germany). RAW264.7 cells
were cultured at 37 °C in a 5% CO, incubator in RPMI-1640 medium
supplemented with 5% heat-inactivated fetal bovine serum, 100 U/
ml penicillin and 100 pg/ml streptomycin.

2.9. Sample preparations for mRNA and ELISA studies

RAW264.7 cells were seeded in a 6-well culture plate at
2 x 108 cells/well and incubated overnight at 37 °C, 5% CO,. After
incubation, cells were pretreated with various concentrations of
EEP (50, 150, or 250 pg/ml) or DMSO vehicle control (0.125%) for 1 h.
Cells were activated with 100 ng/ml of LPS (E. coli O111: B4, Sigma-
Aldrich) for 8 h. The supernatants were then collected after
centrifugation at 300g for 5 min and stored at —80 °C for further
analysis of TNF-« and IL-6 by ELISA. For RNA isolation, the adherent
cells were lysed with 175 pl lysis buffer from SV Total RNA Isolation
kit (Promega, Madison, WI) in a 6-well plate and stored at —80 °C
until further use.

2.10. Isolation and culture of mouse peritoneal macrophages

Murine peritoneal macrophages were obtained by injection of
10 ml of Hank's balanced salt solution (HBSS) into the peritoneal
cavity of C57BL/6 mice. The abdominal area was gently massaged
for 1 min to ensure uniform distribution of free cells in the HBSS
and peritoneal cells were harvested by using a 16-gauge (B-D,
Becton-Dickinson, Franklin Lakes, NJ), 1-inch needle as described
previously (Kaminski et al., 1982). A 4 ml aliquot of collected
peritoneal cell suspension was immediately transferred to a 50 ml
tube on ice. The isolated cells were then washed and resuspended
in complete culture medium. Cells were seeded in a 96-well culture
plate at 2.5 x 10° cells/well in a final volume of 200 pl and cultured
at 37 °C for 2 h to allow macrophages to adhere to the plate. Non-
adherent cells were removed by washing once with warm HBSS
and the adherent cells were cultured in complete RPMI 1640 me-
dium. After an overnight culture period at 37 °C, 5% CO; in a hu-
midified incubator, culture medium was removed, replaced with
fresh medium, and then the adhered peritoneal macrophages were
exposed to various concentrations of EEP or vehicle control for 1 h
before stimulation with 100 ng/ml LPS. After an 8 h incubation, the
supernatants were collected and stored at —80 °C for quantification
the levels of TNF-a and IL-6 cytokines.

2.11. Enzyme-linked immunosorbent assay (ELISA)

Cytokine levels were quantified by ELISA as previously
described (Condie et al., 1996).

Briefly, Immuno strip plates (Thermo, York, PA) were coated
with 50 pl/well of 1 pg/ml purified anti-mouse/rat TNF-«a (clo-
ne#TN3-19.12, eBioscience, San Diego, CA) or purified anti-mouse
IL-6 (clone#MP5-20F3, eBioscience) and incubated overnight at
4 °C. Wells were then washed three times with 250 ul PBST (0.02%
Tween 20 in phosphate buffered saline pH 7.4) to remove excess
unbound antibody. The non-specific sites were blocked for 1 h at
room temperature with 300 pl/well of 3% bovine serum albumin
(BSA, Calbiochem, La Jolla, CA) in PBST followed by three additional
washes. Fifty pl/well of sample or standard, mouse TNF-a recom-
binant protein (eBioscience) or mouse IL-6 recombinant protein
(eBioscience) were added to respective wells. After washing, 1 pg/
ml biotinylated anti-mouse/rat TNF-« (Polyclonal Ab, eBioscience)
or biotinylated anti-mouse IL-6 (clone#MP5-32C11, eBioscience),
diluted in 3% BSA-PBST, was added to the corresponding wells and
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allowed to incubate at room temperature for 1 h. After washing,
50 pl of streptavidin peroxidase (Sigma-Aldrich) diluted 333.3-fold
was added followed by incubation at room temperature for 1 h.
After washing, TMB substrate [12.5 ml citric-phosphate buffer pH
5.0 + 200 wl of 3, 3/, 5, 5'-tetramethyl-benzidine stock solution
(6 mg/ml in DMSO) + 50 ul 1% H20,] was added. The reaction was
terminated by the addition of 100 pl 6 N H,SO4. Optical density was
determined at 450 nm using an EL-808 microplate reader (Bio-Tek
Instruments, Winooski, VT).

2.12. Quantitative reverse transcription PCR (qRT-PCR)

Total RNA was isolated from RAW264.7 cells using SV Total RNA
Isolation kits (Promega) according to the manufacturer's in-
structions. The isolated RNA was quantified using a Nanodrop ND-
1000 spectrophotometer. qRT-PCR was performed on an Applied
Biosystems 7900 PRISM Thermocycler (ABI, Foster City, CA) using a
Tagman assay system. Briefly, total RNA (250 ng) in a total reaction
volume of 25 pl was reverse transcribed using High Capacity cDNA
Reverse Transcription kit (AB Applied Biosystems) as described by
the manufacturer's instructions. Two pl of the generated cDNA
were used as a template in a 20 ul PCR reactions containing 1 pl of
the target gene primers (TNF-q, and IL-6, AB Applied Biosystems),
1 ul endogenous reference primers (18S ribosomal RNA, Applied
Biosystem), 10 pl Tagman Universal PCR Master Mix (Applied Bio-
systems) and 6 pl of water to bring final volume to 20 pul. The
amount of target gene mRNA was normalized to 18S ribosomal RNA
and relative to the calibrator was calculated by using the formula
2-8ACT and are expressed as fold change compared to naive control.

2.13. Electrophoretic mobility shift assay

Nuclear extracts from RAW264.7 cells were prepared as
described previously (Condie et al., 1996). Briefly, cells were seeded
at 1 x 107 cells/ml in a 150 mm? petri dish and cultured for 48 h.
Culture medium was removed at the end of 48 h and replaced with
fresh media. Cells were pretreated with EEP (50, 150, or 250 pg/ml)
or vehicle for 1 h and then stimulated with 100 ng/ml of LPS for
30 min (for NF-kB in mTNF-« and NF-xB and AP-1 in mIL-6 pro-
moters) or 2 h (for C/EBP in mIL-6 promoter). Cells were then iso-
lated by scraping, resuspended in fresh media, transferred to 50 ml
tubes, and centrifuged at 300g for 5 min. Cell pellets were resus-
pended in cold 1X PBS, centrifuged at 300g for 5 min, and resus-
pended in 500 pl of hypotonic buffer (10 mM HEPES and 1.5 mM
MgCl) supplemented with 1 mM dithiothreitol, 0.1 mM phenyl-
methylsulfonyl, 0.2 pg/ml aprotinin, and 0.2 pg/ml leupeptin and
transferred to a 1.5 ml eppendorf tube. After 15 min on ice, cell
pellets were centrifuged at 1000 g for 5 min at 4 °C. The cell pellets
were vortex mixed in 100 pl of ice cold buffer C (30 mM HEPES,
1.5 mM MgCl,, 450 mM Nacl, 0.3 mM EDTA, 10% glycerol, and 0.1%
Igepal) added with 1 mM DTT, 0.1 mM PMSF, and 0.2 pg/ml of
leupeptin and aprotinin and incubated on ice for 30 min. Cellular
debris was removed by centrifugation at 14,500 rpm, 15 min at 4 °C.
Then, 100 pul supernatant was transferred and combined with 100 pl
buffer D (30 mM HEPES, 1.5 mM MgCl,, 0.3 mM EDTA, and 10%
glycerol). The protein concentration of the supernatant was quan-
tified using the bicinchoninic acid (BCA) assay (Sigma-Aldrich). The
binding reaction was performed by incubating nuclear protein ex-
tracts (1 pg for NF-«B, C/EBP, and AP-1 in mIL-6 promoters and
0.5 pg for NF-xB in mTNF-a promoter) with poly dI-dC (1 pg for NF-
kB in mTNF-« and mIL-6 promoters and 0.2 pg for AP-1 and C/EBP in
mIL-6 promoters) (Roche, Indianapolis, IN) on ice for 10 min. The
final concentrations were 50 mM (for NF-kB in mTNF-« and NF-«xB
and C/EBP in mIL-6 promoters) and 100 mM (for AP-1 in mIL-6
promoter). After incubation, 45,000 cpm of the double-stranded

32p_abeled probes was added to the reaction and incubated at
room temperature for another 20 min. Pairs of complementary
oligonucleotides with 2 nucleotide overhangs were used to
generate double-stranded DNA probes (Table 1). To assess the
specificity of DNA binding activity, the nuclear extracts were
incubated with a 25-fold excess of unlabeled probe (NF-«B in
mTNF-« and AP-1 in mIL-6 promoters), or a 10-, 25-, 50-, 100- and
250-fold excess of unlabeled probe (NF-«B and C/EBP in mlIL-6
promoters) prior to addition of the radiolabeled probe. The
resulting protein-DNA complexes were resolved on a 5% poly-
acrylamide gel in 0.5X TBE buffer (1X = 89 mM Tris, 89 mM borate,
and 2 mM EDTA). The gel was then dried on 3 mm filter paper
(Whatman, Hillsboro, OR) and autoradiographed.

2.14. Transient transfection assays

RAW264.7 cells were transfected using Lipofectamine 2000
(Invitrogen, Carlsbad, CA) according to the manufacturer's in-
structions. Briefly, RAW264.7 cells were preseeded in a 6-well plate
at 5 x 10° cells/well in high glucose DMEM medium with 10% FBS
followed by overnight incubation. Culture medium was then
removed and replaced with fresh medium with 5% FBS. After 24 h
incubation, culture medium was removed, replaced with fresh
medium without serum and antibiotics, and incubated overnight.
Before transfection, culture medium was removed and replaced
with fresh medium without serum and antibiotics at 2 ml/well.
Cells were then incubated for 4 h with transfection mixture (8 ug of
pGL2-basic in 16 pL of lipofectamine 2000 or 8 pg of pmlIL-6.Luc
(—231) [generously provided by Dr. Gail Bishop] in 16 pL of lip-
ofectamine 2000 per well). The medium containing the trans-
fection mixture was removed by centrifugation for 3 min at
700 rpm and replaced with fresh medium containing 2% FBS and
the cells were allowed to recover for 4 h. Then, transfected cells
were scraped and distributed to a 48-well plate at 4 x 10° cells/
1 ml/well. After overnight incubation, culture medium was
removed by centrifugation and replaced with fresh media con-
taining 2% FBS. The transfected RAW264.7 cells were then pre-
treated with increasing concentrations of EEP (50, 150, or 250 g/
ml) or vehicle for 1 h before stimulation with 700 ng/ml LPS. It is
correct that 700 ng/ml of LPS only modestly enhanced IL-6 reporter
activity compared to 100 ng/ml of LPS. The rationale for using
700 ng/ml is two-fold. The first pertains to the fact that leukocytes
are very difficult to transfect and the amount of plasmid that would
be taken up by the cells. By using 700 ng/ml of LPS we hoped to
induce as strong as possible reporter activity in order to also
maximize the sensitivity of detecting effects by EEP. Second, we
wanted to ensure that the effects of EEP on IL-6 reporter activity
were real and hence we chose to drive the reporter as strongly as
possible, without deleterious effects on the transfected cells.
Treatments were performed in 4 replicates. Eighteen hours after
stimulation, luciferase activity was determined using the luciferase
assay system and reporter lysis buffer from Promega (Madison, WI).
Protein determinations were performed using a Bradford protein
assay. The luciferase activity was normalized to the determined
amount of total protein. Results of luciferase expression were
expressed as a relative light units (RLU)/ug protein.

2.15. Statistical analysis

All statistical significance (GraphPad Prism 5, USA) was deter-
mined by performing a one-way analysis of variance (ANOVA) with
a post hoc Tukey's analysis to determine differences between
treatment and control groups. Values were considered statistically
significant when p < 0.05. Data were presented as the mean + SEM
(n = 3 for ELISA and qRT-PCR analysis, n = 4 for transient
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Sequences of oligonucleotide probes used in the EMSA assay. The putative transcription factor binding sequence is in bold for each probe.

Transcription factors Mouse promoter

Oligonucleotide probes

Position relative to transcription start

NF-«kB TNF-a 5’-GT AAA CAGGGGGCT TTCCCT CCT CAA-3' -510
5-GT TTG AGG AGGGAAAGCCCC CTG TTT-3'

NF-«kB IL-6 5'-TC AAA TGTGGG ATT TTCCCA TGA G-3' —64
5’-GA CTC ATGGGA AAA TCCCAC ATT T-3'

C/EBP IL-6 5’-AG CACATT GTG CAA TCT TAA-3' —147
5-TA TTA AGA TTG CAC AATGTG-3'

AP-1 IL-6 5'-TT CCC ATG AGT CTC AAA ATT-3' =55

5'-CT AAT TTT GAGACTCAT GGG-3'

transfection analysis) and were representative of at least three in-
dependent experiments. EMSA analysis experiments were repeated
at least 2 times with similar results.

3. Results
3.1. Content of proximate compositions

Proximate compositions of PP leaves are shown in Table 2. The
chemical composition, moisture, ash, protein, fat, carbohydrate,
and crude fiber, of PP leaves, were 10.12%, 17%, 21.86%, 2.79%,
48.23%, and 10.31%, respectively. The results also show that the
energetic value of PP leaves was 305.47 Kcal. It was found that
protein and carbohydrate were the major component in PP leaves.

3.2. Identification and quantification of polyphenols in EEP

The analytical plot of polyphenols in EEP containing the immune
modulatory activity is shown in Fig. 1. The peaks were corre-
sponding to reference standards with retention time as 6.58 and
7.28 min for gallic acid isomeric from, 12.43 min for tannic acid,
12.83 min for catechin, 14.88 min for rutin, 15.90 min for iso-
quercetin, 29.85 min for quercetin, and 42.07 for kaempferol. By
calculating from a standard curve, the content of gallic acid, tannic
acid, catechin, rutin, isoquercetin, quercetin and kaempferol was
364.31 pg/ml, 791.69 pg/ml, 1098 pg/ml, 385.7 pg/ml, 4790 pg/ml,
57213 pg/ml, and 86.46 pg/ml, respectively. The results indicate
that the major constituents of EEP is isoquercetin and catechin. The
other constituents shown in this chromatogram could not be
analyzed and identified in the current experimental system. The
HPLC profile indicated that EEP contained other unknown
compounds.

3.3. Identification and quantification of (-sitosterol in EEP

The analytical plot of §-sitosterol in n-hexane and chloroform
fractions from EEP are shown in Fig. 2. The peak of n-hexane frac-
tion (A) and chloroform fraction (B) was corresponding to (-sitos-
terol standard with retention time as 58.05 and 58.24 min. By
calculating from a standard curve, the content of §-sitosterol was

Table 2
Proximate composition (grams per 100 g of dry weigh) of EEP
leaves.

Percent compositions Contents
Moisture 10.12
Ash 17
Protein 21.86
Fat 2.79
Carbohydrate 48.23
Crude fiber 10.31
Energy (Kcal) 305.47

257.04 mg/kg for n-hexane and 525.90 mg/kg for chloroform frac-
tions. The results indicated that the chloroform fraction had a
higher content of §-sitosterol than the n-hexane fraction. The GC-
MS profile also suggested that both fractions contained other un-
known compounds.

3.4. The suppression of EEP on TNF-«a and IL-6 release in LPS-
stimulated macrophages

To investigate the anti-inflammatory activity of EEP, freshly
isolated peritoneal macrophages were activated with LPS in the
presence of EEP. ELISA was performed to quantify secreted proin-
flammatory cytokines TNF-« and IL-6. EEP at 150 and 250 pg/ml
significantly decreased TNF-« production induced by LPS, when
compared to the vehicle control (Fig. 3A). Likewise, and at the same
concentrations, EEP also significantly suppressed LPS-induced IL-6
production (Fig. 3B). The suppressive effect of EEP on TNF-« and IL-
6 was not due to direct cytotoxicity as cell viability of peritoneal
murine macrophages was > 80%, and there was no difference in cell
viability among naive (NA), vehicle (VH), and all EEP treatment
groups, as assessed by trypan blue exclusion staining (data not
shown). Thus, EEP suppressed both LPS-induced TNF-a and IL-6
secretion by mouse peritoneal macrophages with IL-6 exhibiting
more sensitivity to suppression. Reduced TNF-« and IL-6 produc-
tion by EEP treatment was also observed in the LPS-activated
mouse macrophage cell line, RAW264.7 (Fig. 4A and B). Cellular
viability of RAW264.7 cells was > 85% for all treatment groups and
no differences in cell viability were observed among NA, VH, and
EEP (data not shown). Thus, EEP was capable of impairing proin-
flammatory cytokine levels of TNF-a and IL-6 produced by both
peritoneal macrophages and RAW264.7 macrophage cell line.

3.5. EEP suppressed TNF-« and IL-6 proinflammatory cytokines
mRNA levels in LPS-stimulated RAW264.7 cells

To determine if suppression of TNF-« and IL-6 production by EEP
was related to changes in mRNA levels for both inflammatory cy-
tokines, qRT-PCR was performed. Increasing concentrations of EEP
produced a concomitant decrease in mRNA levels for both TNF-«
and IL-6 in LPS-activated RAW264.7 cells (Fig. 5A and B). The profile
of TNF-« and IL-6 suppression by EEP at both the protein and mRNA
level was remarkably similar with EEP exerting a more pronounced
effect on IL-6 than TNF-a.

3.6. EEP suppressed LPS-induced NF-kB DNA binding activity in the
TNF-« and the IL-6 promoters

In order to gain further insight into the molecular mechanisms
of EEP-mediated suppression of TNF-« and IL-6 production, EMSAs
were conducted to examine EEP modulation of transcription factor
DNA binding activity. As previously reported (Kuprash et al., 1999),
the mouse TNF-a promoter contains several key NF-«B elements
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Fig. 1. Typical HPLC profile of EEP at 270 nm. Peaks: 1, gallic acid; 2, tannic acid; 3, catechin; 4, rutin; 5, isoquercetin; 6, quercetin; 7, kaempferol.
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Fig. 2. Typical GC-MS profile of n-hexane fraction (A) and chloroform fraction (B) from EEP.

that are critically involved in regulating transcription
(—-860, —660, —630, and —510). Of these four «B sites, the kB
element located at —510 was reported to exhibit the strongest DNA
binding activity. Based on these prior findings, the effect of EEP on
LPS-induced NF-kB DNA-binding activity was investigated by EMSA
using nuclear extracts from RAW264.7 cells. Initially, kinetic studies
were conducted to identify the peak time of kB binding after LPS

activation using RAW264.7 cells. As shown in Figs. 6A and 7A, NF-
kB DNA binding activity in the mouse TNF-« and mouse IL-6 pro-
moter was similarly induced with 100 ng/ml of LPS within 30 min
and remained elevated throughout the 4 h time period. Exposure to
various concentrations of EEP (50, 150, or 250 pg/ml) for 1 h prior to
LPS (100 ng/ml) activation suppressed the induced NF-«B binding
activity observed at 30 min post activation, in a concentration-
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Fig. 3. EEP suppressed TNF-a (A) and IL-6 (B) release in LPS-activated mouse peritoneal macrophages. Mouse peritoneal macrophages (2.5 x 10° cells/well) were pretreated with
various concentrations of EEP (50, 150, or 250 pg/ml) or vehicle control for 1 h. Cells were then activated with 100 ng/ml LPS for 8 h. The supernatants were harvested and measured
for TNF-« and IL-6 productions by ELISA. Values shown are the mean + SEM (n = 3) and are representative of three independent experiments. Bars marked with different letters are
significantly different at p < 0.05.
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Fig. 4. EEP suppressed TNF-a (A) and IL-6 (B) release in LPS-activated RAW264.7 cells. RAW264.7 cells (2 x 10° cells/well) were pretreated with various concentrations of EEP (50,
150, or 250 pg/ml) or vehicle control for 1 h prior to activation with 100 ng/ml LPS for 8 h. The supernatants were harvested. TNF-« and IL-6 production was quantified by ELISA.
Data are presented as mean + SEM (n = 3) and are representative of three independent experiments. Bars marked with different letters are significantly different at p < 0.05.
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Fig. 5. EEP suppressed TNF-a (A) and IL-6 (B) proinflammatory cytokine gene expressions in LPS-activated RAW264.7 cells. RAW264.7 cells (2 x 10 cells/well) were pretreated with
various concentrations of EEP (50, 150, or 250 pg/ml) or vehicle control for 1 h followed by activation with 100 ng/ml LPS. Cells were then incubated for 8 h after-activation, at which
time total RNA was isolated. TNF-« and IL-6 mRNA levels were determined by qRT-PCR using Tagman primers and probes. Endogenous 18S rRNA was used as a control and fold
changes were obtained using 22 method. Data are presented as mean + SEM (n = 3) and are representative of three independent experiments. Bars marked with different letters
are significantly different at p < 0.05.



232

18 P. Sittisart et al. / Food and Chemical Toxicology 97 (2016) 11—-22
g &
A = B =
g = 2 g
< g S oF
< < S 3
Time(h) 2 0121 2 3 4 = EEP(ug/m) 2 ¥ F &S E 3
<1 [} ° =
LPS(100ng/ml) & - + + + + + O  LPS(100ng/ml) & - + + + + + S
NF-«3 NF-xB mmp
Free probe mmp Free probe mmp
Relative Relative o % o oo
intensity intensity =32 385323

Fig. 6. Electrophoretic mobility shift assay (EMSA) of NF-xB DNA binding activity in the mouse TNF-« promoter. (A) Time course for LPS-induced NF-xB DNA binding activity in
RAW?264.7 cells. (B) The effect of EEP on NF-«B binding activity in LPS-activated RAW264.7 cells. Cells were pretreated with increasing concentrations of EEP (50, 150, or 250 ug/ml)
for 1 h and then activated with 100 ng/ml LPS for 30 min. The nuclear protein (0.5 ug) was resolved by EMSA as described in the materials and methods. 25-fold excess of unlabeled
probe was used to compete with the labeled oligonucleotide and it their NF-«B binding activity was compared at 30 min time point. The data shown are representative of 3 in-

dependent experiments.
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Fig. 7. Electrophoretic mobility shift assay (EMSA) of NF-kB DNA binding activity in the mouse IL-6 promoter. (A) Time course for LPS-induced NF-xB DNA binding activity in
RAW264.7 cells. (B) The effect of EEP on NF-«B binding activity in RAW264.7 cells. RAW264.7 cells were pretreated with increasing concentrations of EEP (50, 150, or 250 pg/ml) for
1 h and then activated with 100 ng/ml LPS for 30 min. The nuclear protein (1 pg) was resolved by EMSA as described in the materials and methods. The binding specificity was
determined using an unlabeled probe (10—250 fold in excess) to compete with the labeled oligonucleotide and their NF-«xB binding activity was compared at 30 min time point. The

data shown are representative of 3 independent experiments.

dependent manner (Figs. 6B and 7B). a peak at 2 h, decreasing thereafter and almost returned to basal
level by 4 h. Exposure to increasing EEP concentrations (50, 150, or

. L. . 250 pg/ml) produced a concentration-dependent suppression of C/

3.7. EEP suppressed LPS-induced C/EBP DNA binding activity in IL-6 EBP DNA binding activity in miL-6 promoter, as observed at 2 h post

promoter activation (Fig. 8B).

To further investigate transcription factor responses modulated
by EEP, gel shift assays of C/EBP binding to the IL-6 promoter were 3.8. EEP suppressed LPS-induced AP-1 DNA binding activity in IL-6
performed on RAW264.7 cell extracts. We first examined the peak promoter
time of C/EBP DNA binding activity in 100 ng/ml of LPS-stimulated
RAW?264.7 cells. As presented in Fig. 8A, C/EBP DNA binding activity Gel shift analysis was also conducted to determine whether EEP
in the mIL-6 promoter was induced by LPS within 30 min, reaching alters AP-1 DNA binding activity in LPS-activated RAW264.7 cells.
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Fig. 8. Electrophoretic mobility shift assay (EMSA) of C/EBP DNA binding activity in the mouse IL-6 promoter. (A) Time course for LPS-induced C/EBP DNA binding activity in
RAW264.7 cells. (B) The effect of EEP on C/EBP binding activity in LPS-activated RAW264.7 cells. RAW264.7 cells were pretreated with increasing concentrations of EEP (50, 150, or
250 pg/ml) for 1 h and then activated with 100 ng/ml LPS for 2 h. The nuclear protein (1 pg) was resolved by EMSA as described in the materials and methods. The binding specificity
was determined using an unlabeled probe (10—250 fold in excess) to compete with the labeled oligonucleotide and their C/EBP binding activity was compared at 30 min time point.

The data shown are representative of 3 independent experiments.

Kinetic analysis revealed the peak time of AP-1 DNA binding ac-
tivity was at 30 min (Fig. 9A). The potency of EEP on AP-1 DNA
binding activity in activated RAW264.7 cell was evidenced by a
concentration-dependent decrease of both upper and lower bands
of AP-1 DNA binding activity at the 30 min post activation (Fig. 9B).

3.9. EEP-mediated suppression of pmIL-6.Luc(-231) reporter
activity in LPS-activated RAW264.7 cells

To further investigate whether the impairment of NF-xB, C/EBP,

and AP-1 DNA binding activity in LPS activated RAW264.7 cells by
EEP resulted in suppression of IL-6 transcription, transient trans-
fection experiments were performed using an IL-6 promoter re-
porter. Previously, Baccam and coworkers showed the activation of
5’truncation mutants of the mIL-6 [pmIL-6.Luc(-231), pmIL-6.Luc(-
161), pmIL-6.Luc(-84)] promoter/luciferase reporter with CD40 in
CD154.CH12.LX B cells resulted in strongest luciferase activity with
pmIL-6.Luc(-231). In fact, pmIL-6.Luc(-231) exhibited comparable
activity to the original full length mIL-6 promoter (pmlIL-6.Luc(-
1277)) (Baccam et al.,, 2003). Based on these prior findings, we
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Fig. 9. Electrophoretic mobility shift assay (EMSA) of AP-1 DNA binding activity in the mouse IL-6 promoter. (A) Time course for LPS-activated AP-1 DNA binding activity in
RAW264.7 cells. (B) The effect of EEP on AP-1 binding activity in LPS-activated RAW264.7 cells. RAW264.7 cells were pretreated with increasing concentrations of EEP (50, 150, or
250 pg/ml) for 1 h and then activated with 100 ng/ml LPS for 30 min. The nuclear protein (1 pg) was resolved by EMSA as described in the materials and methods. The binding
specificity was determined using an unlabeled probe (10—100 fold in excess) to compete with the labeled oligonucleotide and their AP-1 binding activity was compared to VH

control. The data shown are representative of 3 independent experiments.
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investigated whether EEP suppression on IL-6 induction in LPS-
activated RAW264.7 cells occurred at the level of transcription by
using the IL-6 promoter-reporter possessing the 5’ truncation,
pmlL-6.Luc(-231) (Baccam et al., 2003) (Fig. 10A). As presented in
Fig. 10B, pmlIL-6.Luc(-231)—transfected RAW264.7 cells expressed
higher luciferase activity upon LPS induction for 18 h, suggesting
that the LPS regulatory elements present within the 231 base pairs
upstream of transcription start site were functionally active.
However, preliminary LPS concentration-response range finding
studies using 100 to 1000 ng/ml did not produce significant dif-
ferences in luciferase activity in RAW264.7 cells. Fig. 10C shows that
EEP treatment of transiently transfected RAW264.7 cells with
pmlIL-6 followed by activation with increasing concentrations of
LPS demonstrated a dependent decrease in luciferase activity. It is
noteworthy that IL-6 reporter activity was greatly reduced with EEP
treatment (150 and 250 pg/ml).

4. Discussion

Natural products derived from plants have long been used for
medicinal purposes and are also potentially important sources of
anti-inflammatory therapeutic agents (Gautam and Jachak, 2009).
The present study reports on the immune modulatory activity of
EEP as evidenced by suppression of the proinflammatory cytokines,
TNF-a and IL-6, by LPS-activated murine peritoneal macrophages
and RAW264.7 cells. Because high levels of TNF-«a and IL-6 play a
critical role in acute and chronic inflammatory diseases, both cy-
tokines are prime targets for intervention by anti-inflammatory
therapeutic agents. Thus, suppression of elevated TNF-« and IL-6,
induced by LPS, has served as a biological model for evaluating
anti-inflammatory drug candidates (Hiill et al.,, 1996; Wang et al,,
2007; Wu and Gu, 2009).

A

ACATTGTGCAATCT

(-1601t9-147) (-73t9-64)  (-61t0-55)

Certain phytochemicals, especially polyphenols, have been
known to possess immune suppressive activity. Characterization of
EEP constituents in the present study revealed that the extract
contained phytosterol ((-sitosterol) and polyphenols. The detected
polyphenols were identified as gallic acid, isoquercetin, kaemp-
ferol, quercetin, rutin, catechin and tannic acid. Many studies have
demonstrated that these polyphenols possess anti-inflammatory
property by suppressing pro-inflammatory mediators including
TNF-a and IL-6. For example, treatment of RAW264.7 cells with
quercetin suppressed LPS-induced TNF-« (K. R. M. and Ghosh, 1999;
Xagorari et al,, 2001) and IL-6 production (Xagorari et al., 2001).
Rutin and quercetin isolated from Phyllanthus urinaria Linnea also
suppressed IL-6 and TNF-a production from peritoneal macro-
phages activated using LPS and IFN-vy in combination (Fang et al.,
2008). Likewise, treatment of primary macrophages with
(+)-catechin  suppressed LPS-induced TNF-a  production
(Guruvayoorappan and Kuttan, 2008). Moreover, kaempferol gly-
cosides isolated from the leaves of Cinnamomum osmophloeum
Kaneh suppressed LPS plus IFN-y-induced TNF-« (Fang et al., 2005).

It is possible that polyphenols in EEP such as quercetin, catechin,
rutin or kaempferol represent the major active constituents
responsible for anti-inflammatory activity by down regulating TNF-
o and IL-6 released from RAW264.7 cells. Interestingly, PP belongs
to the Acanthaceae plant family like Andrographis paniculata (AP)
and whose extracts displayed a wide spectrum of bioactivities,
including impairment of inflammatory responses (Akbar, 2011).
Indeed, TNF-« and IL-6 mRNA expression were down regulated by
andrograpanin isolated from AP (Liu et al., 2008), mirroring the
profile of suppression by EEP in LPS-activated macrophages, as
observed in the present study.

To further gain insight into the molecular mechanisms by which
EEP impairs TNF-« and IL-6, the effects of EEP on the activation of
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Fig. 10. IL-6 promoter reporter luciferase activity in transient transfected RAW264.7 cells. (A) a schematic diagram of —231 IL-6 promoter reporter construct. Transcriptional
response elements of AP-1, NF-«xB, and C/EBP. (B) IL-6 promoter reporter activity in RAW264.7 cells transiently transfected with pmlIL-6.Luc(-231) construct and treated with or
without LPS at indicated concentrations for 18 h (C) pmIL-6.Luc(-231) reporter activity in RAW264.7 cells treated with EEP. RAW264.7 cells (5 x 10° cells/well) were preseeded in a
6-well plate and then transiently transfected with pGL2-basic and pmIL-6.Luc(-231). Transfected cells were scraped and distributed to a 48-well plate (4 x 10° cells/well) and
incubated overnight. Cells were then pretreated with indicated concentrations of EEP or vehicle for 1 h, followed by addition of 700 ng/ml LPS. Eighteen hours after LPS treatment,
luciferase activity was quantified in relative light units (RLU) by chemiluminescence assay. The luciferase activity was then normalized to the determined amount of total protein.
Results of luciferase expression are expressed as a RLU/ug protein. The results are presented as mean + SEM (n = 4) and are representative of three independent experiments. Bars

marked with different letters are significantly different at p < 0.05.
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key transcription factors involved in TNF-a and mIL-6 regulation,
principally NF-kB, C/EBP, and AP-1, were examined. The present
study demonstrated that EEP decreased activation of NF-xkB DNA
binding activity in both mTNF-a« and mlIL-6 promoters in a
concentration-dependent manner. In fact, decreased NF-kB DNA
binding activity to its cognate DNA response element in both the
mTNF-«¢ and mIL-6 promoters, respectively, was consistent with
decreased TNF-« and IL-6 protein synthesis and mRNA expression
in LPS-activated RAW264.7 cells. In addition, cis-acting elements
for C/EBP and AP-1 are present within the murine IL-6 promoter
region (Baccam et al., 2003). Both C/EBP and AP-1 are required for
IL-6 induction by LPS in RAW264.7 macrophages. Our results show
that EEP also suppressed C/EBP and AP-1 DNA binding activity to
their respective sites within the mIL-6 promoter. It is important to
emphasize that although many studies have shown various natural
products can impair LPS-induced DNA binding activity of both AP-1
and C/EBP to probes barring consensus sequences (Cho et al., 2003,
2004; Lee et al., 2003), the results here demonstrate decreased DNA
binding activity to a bona fide NF-«B cis-element within the mTNF-
« promoter and NF-«B, C/EBP, and AP-1 binding sites present in the
mlIL-6 promoter. In the absence of LPS, EEP-exposed RAW264.7 cells
also displayed lower background mRNA levels of both mTNF-« and
mlIL-6, when compared to naive resting cells (Figs. 6B, 8B and 9B).
These results suggested that EEP could have therapeutic utility by
decreasing transcription of proinflammatory cytokines. Further-
more, the present study also showed that EEP suppressed LPS-
induced IL-6 reporter activity in a concentration-dependent
manner suggesting the suppression of IL-6 occurred at the tran-
scription level. As the activation of NF-«B, C/EBP and AP-1 results in
the expression of the gene encoding IL-6 (Baccam et al., 2003), the
suppression of IL-6 mRNA expression by EEP is mediated, at least in
part, through decreased transcriptional activity regulated by NF-«B,
C/EBP, and AP-1.

The suppression of NF-kB, C/EBP and AP-1 transcriptional ac-
tivity leading to a reduction of proinflammatory cytokines by
constituents isolated from the Acanthaceae plant family has been
demonstrated previously. For example, the ethyl acetate extract
from AP significantly suppressed NF-«kB luciferase activity resulting
in a reduction of TNF-« and IL-6 production in LPS/IFN-vy stimulated
RAW264.7 macrophages (Chao et al.,, 2011). In addition, a mixture
of [-sitosterol and stigmasterol isolated from AP significantly
suppressed NF-«B luciferase activity and TNF-« and IL-6 pro-
ductions in LPS/IFN-y stimulated RAW264.7 macrophages (Chao
et al,, 2010). Likewise, gallic acid can also suppress LPS-induced
NF-kB luciferase reporter expression in RAW264.7 cells (Huang
et al, 2005). In addition, catechin in tea can suppress LPS-
induced proinflammatory TNF-« mRNA expression, its protein
synthesis, and NF-kB DNA binding in RAW264.7 cells (Yang et al.,
1998). In this study, PP contains §-sitosterol, gallic acid, catechin,
as well as other polyphenols. All of the aforementioned compounds
either possess known or have been implicated in anti-
inflammatory activity.

In conclusion, this study demonstrates that EEP-mediated sup-
pression of LPS-induced TNF-a and IL-6 protein synthesis and
mRNA expression in murine macrophages occurs, at least in part,
through suppression of NF-kB (—510) in the mTNF-« and NF-«B, C/
EBP and AP-1 activation and DNA binding in the mIL-6 promoters.
Furthermore, LPS activation of IL-6 reporter activity in transfected
RAW264.7 cells was also suppressed by EEP. Although the thera-
peutic benefits of various herbal medicines have, for the most part,
been anecdotal in nature rather than scientifically validated, PP
leaves have long been traditionally used by Thai and Vietnamese
people for prevention and treatment of various inflammatory dis-
eases. Considering its long historical use in folk medicine, its po-
tential bioactive constituents, and the anti-inflammatory evidence
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provided by this study, components of the PP leaf possess strong
potential to be further developed as a therapeutic for the preven-
tion and/or treatment of inflammatory diseases.
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Beneficial antioxidant phytochemicals are found in many medicinal plants. Pseuderanthemum palatiferum (PP), a well-known
Vietnamese traditional medicinal plant in Thailand, has long been used in folk medicine for curing inflammatory diseases, often
with limited support of scientific research. Therefore, this study aimed to determine antioxidant and modulation of inflammatory
mediators of ethanol and water extracts of PP (EEP and WEP, resp.). WEP had significantly higher phenolic and flavonoid levels
and DPPH radical scavenging activity than EEP. However, EEP exhibited greater reducing power than WEP. A greater decrease
of tert-butyl hydroperoxide-induced oxidative stress in RAW264.7 macrophage cells was also observed with EEP. Modulation
of inflammatory mediators of EEP and WEP was evaluated on LPS plus IFN-y-stimulated RAW264.7 cells. EEP more potently
suppressed LPS plus IFN-y-induced nitric oxide (NO) production than WEP. Both EEP and WEP also suppressed the expression
of iNOS and COX-2 protein levels. Collectively, these results suggest that PP possesses strong antioxidant and anti-inflammatory
properties.

1. Introduction produced from arachidonicacid by prostaglandin synthase or
cyclooxygenase (COX) enzymes. COX exists as two isoforms:
COX-1 and COX-2. COX-1 is constitutively expressed and
is a housekeeping enzyme required for normal physiological
functions. COX-2 is considered as the inducible isoform and
is primarily involved in inflammation [6]. Linkage and cross
talk among NO, iNOS, and COX-2 during the inflammation
process are well established. NO directly enhances COX-
2 activity which results in a remarkable synthesis of PGE,.
iNOS and COX-2 can work together in a variety of similar
pathophysiological actions and inflammatory diseases [5, 7].
In addition, many inflammatory effects have been reported to
be associated with high productions of NO, iNOS, and COX-

Oxidative stress is known to cause cellular damage linked to
various degenerative processes and diseases, such as aging,
ischemic injury, atherosclerosis, cancer, diabetes, and various
inflammatory diseases [1]. Macrophages are key players in
inflammation and their activation is crucial in inflamma-
tory processes [2]. Many inflammatory stimuli including
bacterial lipopolysaccharide (LPS) and IFN-y can stimulate
macrophages to produce proinflammatory cytokines and
small mediators, such as nitric oxide (NO) and prostaglandin
E2 (PGE,) [3]. Excess levels of NO produced by acti-
vated macrophages reflect the inflammation process and
are regulated by inducible nitric oxide synthase (iNOS) [4].

Overproduction of NO has been known to be associated
with various diseases, such as cancer, rheumatoid arthritis,
septic shock, autoimmune disease, and chronic inflammation
[5]. PGE,, the key player in inflammatory response, is

2 [8]. Therefore, an agent with inhibitory effects on excess
levels of NO, iNOS, and COX-2 expression would be highly
beneficial and part of an effective strategy in the treatment of
inflammatory diseases.



Over the last decade medicinal plants as potential
sources of naturally occurring antioxidants have been the
focus of intense research. Moreover, phytochemicals such
as flavonoids and other polyphenolics with high reactive
oxygen species (ROS) scavenging activities have been shown
to exhibit multiple biological effects, including antiallergic,
antibacterial, antidiabetic, anticancer, and anti-inflammatory
activities [9]. As oxidative stress and inflammation are closely
linked and are implicated in many diseases [10], plants that
possess both antioxidant and anti-inflammatory properties
have always attracted considerable research interest. Pseuder-
anthemum palatiferum (Nees) Radlk. (PP), a member of the
Acanthaceae plant family and commonly called Hoan-Ngoc,
is one of the most popular medicinal plants in both Thailand
and Vietnam. Phytochemical analysis of PP leaf extracts sug-
gests many high potential antioxidant and anti-inflammatory
constituents [11]. In fact, PP has been referred to as a miracle
plant in folk medicine to cure or prevent various maladies and
inflammatory related diseases such as diarrhea, sore throat,
hypertension, gastric ulcer, diabetes, and cancer [12, 13].
Nevertheless, the scientific evidence to support its multiple
biological effects is still limited, particularly related to anti-
inflammation. Although the antioxidant property of PP leaf
extracts has been previously shown [14, 15], its intracellular
ROS scavenging activity has never been assessed. To date,
there is only one study reporting the anti-inflammatory activ-
ity of PP leaf extract [13], and the mechanism responsible for
the anti-inflammation remains largely unknown. This study
further compares antioxidant activity between ethanol and
water extracts of PP leaves using various in vitro antioxidant
evaluation methods including the assessment in the cell-
based DCFH-DA assay. The modulation of PP leaf extracts
in NO production, iNOS, and COX-2 expression during the
inflammatory response was also investigated in the murine
macrophage-like cell line RAW264.7 stimulated with LPS
plus IFN-y.

2. Materials and Methods

2.1. Chemicals and Materials. 3-(4,5-Dimethylthiazol-2-
yD)-2,5-diphenyltetrazolium bromide (MTT), (+)-catechin
hydrate, and vitamin C were purchased from Fluka Chemie
GmbH (Buchs, Switzerland). 2,2-Diphenyl-1-picryl-hydrazyl
(DPPH), penicillin G, streptomycin sulfate, resveratrol,
N-(I-naphthyl)ethylenediamine dihydrochloride (NED),
sodium nitrite, LPS (Escherichia coli Ol11:B4), 2'7'-
dichlorofluorescin-diacetate (DCFH-DA), and tert-butyl
hydroperoxide (tBuOOH) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Dimethyl sulfoxide (DMSO)
was purchased from Amresco Inc. (Solon, OH, USA).
Quercetin  dihydrate was obtained from INDOFINE
Chemical Company, Inc. (Hillsborough, NJ, USA).
6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid

(Trolox) was purchased from Sigma-Aldrich Chemie GmbH
(Steinheim, Germany). Mouse interferon gamma (mIFN-y)
and ECL Western blotting substrate were purchased from
Pierce Protein Research Products (Rockford, IL, USA).
RPMI medium 1640, Hank’s balanced salt solution (HBSS),
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and penicillin-streptomycin were obtained from Gibco
Invitrogen (Grand Island, NY, USA). Fetal bovine serum
(FBS) was obtained from Hyclone (Logan, UT, USA).
Anti-iNOS and anti-tubulin mouse monoclonal antibodies
and secondary antibody goat-anti-mouse-HRP conjugate
for iNOS and tubulin were purchased from Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA). Anti-COX-2
mouse polyclonal antibody and secondary antibody goat-
anti-rabbit IgG-HRP conjugate for COX-2 were purchased
from Cayman Chemical (Ann Arbor, MI, USA). The mouse
macrophage cell line (RAW264.7 cells) was purchased from
Cell Lines Service (Eppelheim, Germany). All other reagents
were purchased from Sigma-Aldrich unless otherwise
indicated.

2.2. Plant Material. Fresh leaves of PP were purchased from
producers in Yasothon province, Thailand. The plant was
identified and authenticated by Dr. Kongkanda Chayamarit,
Forest Herbarium, Royal Forest Department, Bangkok, Thai-
land. A voucher specimen (BKF 174009) was deposited at
the Forest Herbarium, Royal Forest Department, Bangkok,
Thailand.

2.3. Plant Extract Preparation. Fresh leaves (L5kg) were cut
into small pieces and blended in 6L of 95% ethanol. The
extract was centrifuged at 3,500 g for 10 min at 4°C and the
supernatant was filtered through Whatman number 1 filter
paper. The ethanolic filtrate was then concentrated using
a vacuum rotary evaporator and lyophilized to obtain the
ethanol extract of PP (EEP; 60.41g). Forty grams of EEP
were further partitioned between hexane and water (1:1)
using a separatory funnel. The water fraction was collected,
centrifuged at 14,000 g for 10 min at 4°C, evaporated, and
lyophilized to obtain a water extract of PP (WEP; 32.71g).
The EEP and WEP were stored at —20°C until they were
needed in subsequent experiments. The EEP and WEP were
dissolved in DMSO and water, respectively, when used in
experiments. For cell cultures, the WEP was dissolved in
phosphate buffered saline (PBS).

2.4. Total Phenolic Content. The total phenolic content of the
individual extract was determined by the method of Folin-
Ciocalteu [16]. Briefly, 100 uL of test solution was added to
2mL of 2% Na,CO; and mixed thoroughly. After 2 min,
100 uL of 50% Folin-Ciocalteu reagent was added, mixed,
and allowed to stand at room temperature (RT) for 30 min.
The absorbance of extracts was measured at 750 nm by
a Cecil 1000 series spectrophotometer (Cecil Instruments,
Cambridge, UK) against a blank consisting of only reagents
and solvents without the extract. Gallic acid solutions ranging
from 0.05 to 0.3 mg/mL were used to prepare a standard
curve. The concentration of phenolic compounds in the
extracts is expressed as mg of gallic acid equivalent (GAE)
per g of dry extract.

2.5. Total Flavonoid Content. The total flavonoid content
was determined using a colorimetric method [17]. Briefly,
250 puL of sample was diluted with 1.25mL of distilled water
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(DI). Then 75 uL of 5% NaNO, solution was added to the
mixture. After 6 min, 150 uL of a 10% AICl;-6H,O solution
was added, and the mixture was allowed to stand for another
5min. One half mL of 1M NaOH was added, and the total
volume was brought up to 2.5 mL with DI water. The solution
was thoroughly mixed, and the absorbance was measured
immediately against the prepared blank at 510 nm. Catechin
standard solutions (0.05-0.4 mg/mL) were used to prepare
a standard curve. The concentration of flavonoids in the
extracts is expressed as mg of catechin equivalent (CAE) per
g of dry extract.

2.6. FRAP (Ferric Reducing Antioxidant Power) Assay. The
ferric reducing ability of the extracts was measured colori-
metrically according to the method developed by Benzie
and Strain [18]. The FRAP reagent consisted of 0.1 M acetate
buffer (pH 3.6), 10mM 2,4,6-tris(2-pyridyl)-1,3,5-triazine
(TPTZ) solution in 40 mM HCI, and 20 mM FeCl;-6H,0
solution. The fresh working solution was prepared by mixing
the acetate buffer, the TPTZ solution, and the FeCl;-6H,0O
solution in a 10:1:1, v/v/v, ratio. The FRAP reagent (3 mL)
was added to 0.lmL of the extract and mixed. Readings
were recorded on the spectrophotometer at 593 nm, and
the reaction was monitored for 10 min. A standard curve
of 100-1,000 ymol FeSO,-7H,O was prepared. Vitamin C
(10-90 pg/mL), Trolox (10-160 pg/mL), and catechin (10-
90 ug/mL) were used as standard antioxidants. The antioxi-
dant power of the extracts is expressed as mmol ferrous ion
(Fe’") per g of dry extract and also mg of vitamin C equivalent
(VCE), Trolox equivalent (TRE), and catechin equivalent
(CAE) per g of dry extract.

2.7. DPPH Assay. The scavenging activity of DPPH radicals
was determined as described by Sanchez-Moreno et al. [19].
Briefly, 100 uL of extract at different concentrations was
added to 3.9 mL of methanolic DPPH solution (63 mM).
The mixture was shaken vigorously and left to stand at RT
for 45min in the dark. Samples that are able to scavenge
DPPH free radicals reduce the purple DPPH radicals into
the light yellow colored product of corresponding hydrazine
DPPH,. Decreasing DPPH solution absorption (measured
spectrophotometrically at 515nm) indicates an increase of
DPPH radical scavenging activity [20]. DPPH solution plus
methanol were used as negative control, and vitamin C,
Trolox, and catechin were used as positive controls. The per-
cent inhibition of DPPH radicals by test samples was deter-
mined by comparison with the methanol-treated control.
The free radical scavenging activity which is the percentage
inhibition of free radical is calculated as follows:

DPPH radical scavenging activity (%)

A €]

control — Asample

x 100,
A

control

where Ao and A g, are absorbances of the sample
and the control, respectively. The IC,, of DPPH radicals was
determined from a dose response of inhibitory curve using
linear regression analysis.
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2.8. Cell Culture. The RAW264.7 macrophage cells were
cultured at 37°C, 5% CO, in an RPMI-1640 medium supple-
mented with 10% heat-inactivated FBS, 100 U/mL penicillin,
and 100 pg/mL streptomycin. Exponentially growing cells
were used for experiments when they reached about 80%
confluence.

2.9. Cell Viability (MTT Assay). A tetrazolium dye (MTT)
colorimetric assay was used to determine the viability of
RAW?264.7 cells as described by Chun et al. [21]. Briefly, RAW
264.7 cells were plated at a density of 5 x 10* cells/well in a 96-
well plate and incubated overnight at 37°C under 5% CO,.
After incubation, the cells were exposed to various concen-
trations of EEP or WEP for 24 h. Then, MTT (0.5 mg/mL)
dye solution was added in each well and further incubated
at 37°C, 5% CO, for 4 h. The media was removed and DMSO
was added to each well to dissolve formazan crystals giving
a uniform dark purple color before reading at 540 nm by the
Benchmark Plus Microplate Spectrophotometer System (Bio-
Rad Laboratories, Inc., Hercules, CA, USA). The percentage
of cell viability was calculated by the following equation:

D test group

Percent cell viability = x 100.

2

control group

2.10. Assessment of Intracellular ROS Scavenging Activity.
Intracellular oxidative stress was detected using DCFH-DA as
described by Kim et al. [22] with slight modification. Briefly,
RAW264.7 cells (4 x 10* cells/well) were plated in a Costa
96-well black clear bottom plate (Corning Inc., Corning, NY,
USA) and incubated for 16-18 h at 37°C and 5% CO,. After
incubation, the cells were washed with PBS twice. To assess
antioxidant activity, the cells were preexposed to different
concentrations of EEP, WEP (50, 150, or 250 yg/mL) or the
antioxidant positive controls, catechin (250 yuM), resveratrol
(20 uM), or quercetin (10 uM), for 24 h. After washing twice
with PBS, the cells were exposed to 20 uM DCFH-DA in
HBSS and further incubated in the dark for another 30 min.
The DCFH-DA was removed by washing the cells with PBS
two times. Then, 500 M tBuOOH was added. The unstimu-
lated DCFH-DA (no tBuOOH) in the unexposed RAW264.7
cells served as the naive control (NA). The intensity of the
fluorescence signal was detected time dependently with an
excitation wavelength of 485 nm and an emission wavelength
of 535 nm using a Gemini EM fluorescence microplate reader
(Molecular Devices, Sunnyvale, CA, USA).

2.11. Nitrite Assay. The level of NO in the culture media
was detected as nitrite, a major stable product of NO,
using Griess reagent [23]. RAW264.7 cells were seeded at
a density of 2 x 10° cells/well in a 96-well plate. The cells
were grown for 3h to allow plate attachment prior treating
with the antioxidant positive control vitamin C (500 yM)
or various concentrations (50, 100, 150, 200, or 250 yg/mL)
of EEP or WEP. After 1h incubation, the RAW264.7 cells
were stimulated with 1 ug/mL LPS plus 25 U/mL IFN-y. The
activated cells were further incubated for 24 h. Then, 100 uL
of supernatant was mixed with an equal volume of Griess
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TaBLE 1: The percentage of recovery of crude extracts from fresh leaves of PP.
Extracts Amount and source of preparation Yield (g) Percentage of recovery
EEP 1,500 g of fresh leaves 60.41 4.03 (from fresh leaves)
WEP 40 g of EEP 32.71 81.77 (from EEP)
(993.21 g of fresh leaves) 3.29 (from fresh leaves)
TaBLE 2: Total phenolic and flavonoid contents and total antioxidant (FRAP) activity of EEP and WEP.
TPC TFC FRAP values

Extracts 2+

(mg GAE/g) (mg CAE/g) (mmol Fe™"/g) (mg VCE/g) (mg TRE/g) (mg CAE/g)
EEP 200.14 + 0.77° 109.67 + 0.35° 2.87 +0.01° 213.23 + 1.09° 292.54 + 1.53" 133.25 + 0.67°
WEP 212.47 £ 0.52° 118.06 + 0.36 2.61 £ 0.04° 193.40 + 2.65" 264.70 +3.71° 121.05 + 1.63°

Values are mean + SEM (n = 3) and are representative of three independent experiments with similar results. Different letters within the same column are

significantly different at P < 0.05 as determined by a Student’s ¢-test.

reagent (1% sulfanilamide, 0.1% NED, and 3% phosphoric
acid). After 10 min of incubation in the dark, the absorbance
of samples was measured at 540 nm using a Microplate Spec-
trophotometer System (Bio-Rad Laboratories, Inc.). A fresh
culture medium was used as the blank in all experiments. The
amount of nitrite in the samples was derived from a standard
curve of sodium nitrite.

2.12. Western Blot Analysis. RAW264.7 cells were plated at
a density of 2 x 10°cells/well in a 6-well plate. After an
attachment period of approximately 3 h, the cells were treated
with various concentrations (50, 100, 150, 200, or 250 pg/mL)
of EEP or WEP for 1 h. 50 g/mL Trolox or 500 M vitamin C
was used as antioxidant positive controls. The cells were then
stimulated with 1ug/mL LPS plus 25 U/mL IFN-y for 18 h.
After incubation, the cells were washed three times with PBS
and placed in 150 L of ice-cold lysis buffer (1 mL RIPA buffer
supplemented with 2mM PMSE 2 uM leupeptin, and 1 M
E-64) for 20 min. Then the disrupted cells were transferred to
microcentrifuge tubes and centrifuged at 14,000 g at 4°C for
30 min. The supernatant was collected and the protein con-
centration of cell lysate was estimated by the Lowry method
[24]. Cell lysate was then boiled for 5min in a 6X sample
buffer (50 mM Tris-base, pH 7.4, 4% SDS, 10% glycerol, 4%
2-mercaptoethanol, and 0.05 mg/mL of bromophenol blue).
Thirty micrograms of cellular proteins were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) using 7.5% and 10% polyacrylamide gels for
iNOS and COX-2, respectively (125volts, 120 min). The
proteins in the gel were transferred onto a nitrocellulose
membrane (Amersham, Pittsburgh, PA, USA) at 80 volts for
1h. The membrane was blocked overnight at 4°C with 5%
nonfat milk in 0.1% Tween 20 in a PBS buffer (TPBS). The
membranes were then incubated with a 1:1,000 dilution of
the primary antibody anti-iNOS mouse monoclonal or a
1:2,000 dilution of the primary antibody anti-COX-2 mouse
polyclonal at RT for 2 h. After extensive washing with TPBS,
the membranes were incubated with a 1:10,000 dilution of
the secondary antibody goat-anti-mouse-HRP conjugate for
iNOS and goat-anti-rabbit IgG-HRP conjugate for COX-
2 at RT for 1h. To control equal loading of total protein

in all lanes, blots were also stained with primary antibody
anti-tubulin mouse monoclonal at a dilution of 1:2,000 at
RT for 2h. After washing, the membranes were incubated
with a 1:10,000 dilution of the secondary antibody goat-
anti-mouse-HRP conjugate. The membranes were washed
three times, for 10 min each time, with TPBS. The blots
were incubated for 3 min in ECL Western blotting substrate
and exposed to film. The relative expression of proteins was
quantified densitometrically using the software image] and
calculated according to the reference band of tubulin.

2.13. Statistical Analysis. All statistical analyses were con-
ducted using GraphPad software (GraphPad Prism 5, USA).
The data from the total phenolic and flavonoid contents as
well as FRAP value results were analyzed by a Student’s -
test to determine the statistical significance between two
groups. DPPH, MT'T, and nitrite assays were analyzed by
one-way analysis of variance (ANOVA) with a post hoc
Tukey’s analysis to determine differences between treatment
and control groups [25]. The data from intracellular ROS
scavenging were analyzed by two-way ANOVA followed by
Bonfferonni’s post hoc test [26].

3. Results

3.1. The Percentage of Recovery of Crude Extracts from Fresh
Leaves of PP.- 'The percentages of recovery of crude extracts
from fresh leaves of PP are shown in Table 1. EEP exhibited a
percentage of recovery of 4.03%, while WEP had percentage
of recovery of 3.29% based on the original weight of fresh
leaves. WEP was prepared from the water fraction of EEP
that was partitioned with hexane and water (1:1, v/v) with a
percentage of recovery of 81.77% based on EEP.

3.2. Phenolic and Flavonoid Contents. WEP had a signifi-
cantly higher level (P < 0.05) of total phenolic and flavonoid
content than that of EEP (Table 2), and more than half of the
phenolics in WEP and EEP are flavonoids.

3.3. Ferric Reducing Antioxidant Power. EEP and WEP were
analyzed for their reducing ability along with three standard
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F1GURE 1: DPPH radical scavenging activity of PP leaf extracts (EEP
and WEP) and positive controls (vitamin C, Trolox, and catechin).
Values are means + SEM (n = 3) and are representative of three
independent experiments with similar results.

antioxidants, vitamin C, Trolox, and catechin. The results of
FRAP values in terms of ferrous ion (Fe**) and vitamin C,
Trolox, and catechin equivalents are shown in Table 2. EEP
exhibited a higher degree of electron donating capacity than
WEP as suggested by the significantly higher FRAP values
(P < 0.05) of EEP when compared with WEP.

3.4. DPPH Free Radical Scavenging Activity. The free radical
scavenging capacities of EEP and WEP are shown in Figure 1.
The results show that both EEP and WEP exhibit the ability
to scavenge DPPH free radicals. The scavenging activity
against DPPH radicals of WEP (IC5, = 21.55 + 0.06 pg/mL)
is significantly greater (P < 0.001) than EEP (IC,, =
23.45 + 0.2pug/mL) by 1.9 + 0.15%, but the scavenging
capacity of these is not as effective as the other positive
antioxidant controls. 12.5 yg/mL EEP and 2.5 yg/mL WEP
scavenged the DPPH radicals by 29.27 + 0.20% and 6.12 +
0.15%, respectively, and the scavenging capacities of both
are more pronounced at higher concentrations. The highest
concentration (32.5 ug/mL) of EEP and WEP could scavenge
the DPPH radicals by 65.96 + 0.21% and 73.19 + 0.09%,
respectively. In the present study, the scavenging abilities of
vitamin C (IC5, = 3.94 + 0.01 ug/mL) and catechin (ICs, =
3.55 + 0.01 ug/mL) were similar, and both are significantly
higher (P < 0.001) than Trolox (IC5, = 5.90 + 0.27 ug/mL).

3.5. Effect of EEP and WEP on RAW264.7 Cell Viability. The
cell viability of RAW264.7 cells exposed to EEP or WEP was
determined by MTT assay. The cells were incubated for 24 h
with various concentrations of EEP (0.05, 0.25, 0.5, 1.0, or
1.50 mg/mL) or WEP (0.10, 0.50, 1.50, or 4.50 mg/mL). As
shown in Figure 2, both EEP and WEP displayed low toxicity
towards RAW264.7 cells as evidenced by an apparent lack of
effect on cell viability until the concentration of each extract
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reached 1.5 mg/mL. At 1.5 mg/mL, EEP and WEP decreased
the viability of RAW264.7 cells by 34.14 + 9.69% and 21.58 +
1.66% (P < 0.05), respectively. However, the cytotoxic
effect is more pronounced at higher concentrations. WEP at
4.5mg/mL decreased the cell viability by as much as 54.21 +
1.74% (P < 0.05). The effect of EEP and WEP on RAW264.7
cell viability was also confirmed by trypan blue exclusion and
propidium iodide staining methods, which exhibited similar
results (data not shown). Therefore, a nontoxic concentration
range of 0-0.25 mg/mL of both EEP and WEP was selected
for RAW264.7 cell treatment in the subsequent studies.

3.6. EEP and WEP as Intracellular ROS Scavengers. The
direct scavenging effect of EEP and WEP on intracellular
free radical stress was investigated in RAW264.7 cells using
the DCFH-DA assay. The increment of DCF fluorescence
emission following ROS-mediated oxidation of DCFH was
followed for 240 min. As shown in Figure 3(a), standard
antioxidant positive controls, catechin (250 yuM), resveratrol
(20 uM), and quercetin (10 uM), could scavenge ROS signif-
icantly (P < 0.05) throughout the incubation time when
compared to the vehicle control (VH). With as little as 30 min
of incubation, catechin, resveratrol, and quercetin showed
considerable radical scavenging activity. EEP (Figure 3(b))
and WEP (Figure 3(c)) decreased the DCF fluorescent emis-
sion in a dose- and time-dependent manner. Again, with as
little as 30 min of incubation, both EEP and WEP at low
concentration (50 yg/mL) showed similar radical scavenging
activity as the antioxidant controls. Various concentrations of
EEP significantly decreased (P < 0.05) the DCF fluorescent
emission throughout the incubation time when compared
to the VH control. At high concentration (150 ug/mL), EEP
exhibited a strong scavenging activity as suggested by the
capability to lower fluorescent intensity to below basal level
of the unstimulated DCFH-DA control at 180-240 min. In
addition, the highest concentration of EEP (250 ug/mL)
significantly lowered (P < 0.05) DCF fluorescent intensity
to below the basal level at all time points. Similarly, 150 and
250 ug/mL of WEP also significantly decreased (P < 0.05)
the DCF fluorescent emission throughout the incubation
time compared to the tBuOOH control. However, the lowest
concentration of WEP (50 ug/mL) significantly reduced (P <
0.05) the DCEF fluorescent emission until 210 min only.

3.7 NO Suppression by EEP and WEP in LPS Plus IFN-y-
Activated RAW264.7 Cells. RAW264.7 cells were pretreated
with antioxidants, vitamin C, EEP, or WEP for 1h, then
stimulated with LPS plus IFN-y, and measured for NO
production using the Griess assay. As shown in Figure 4,
unstimulated RAW264.7 cells (NA) secreted basal levels of
NO, while the production of NO was increased to about
43uM in LPS plus IFN-y-activated RAW264.7 cells. The
antioxidant control, 500 uM vitamin C, decreased the NO
production by almost 35%. Pretreatment of RAW264.7 cells
with EEP or WEP significantly suppressed (P < 0.05) the
induction of NO in a dose-related manner (Figures 4(a) and
4(b)), and the suppression was observed in all EEP- and
WEP-treated groups. These results also clearly indicate that
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FIGURE 2: Effect of EEP and WEP on cell viability of RAW264.7 cells. The effect of EEP (a) and WEP (b) on cell viability was assessed by MT'T.
Values are expressed as means + SEM (n = 3) and are representative of three independent experiments with similar results. Bars marked with
different letters are significantly different at P < 0.05 as determined by one-way ANOVA.

EEP is a stronger suppressant of NO induction than WEP.
Concentrations of 50 ug/mL of EEP and 150 and 200 yg/mL
of WEP were required to exhibit the NO suppression with the
same efficiency as 500 uM (88.06 pg/mL) vitamin C.

3.8. Suppression of iNOS and COX-2 Protein Expression by
EEP and WEP in LPS Plus IFN-y-Activated RAW264.7 Cells.
To determine if suppression of NO production by EEP or
WEDP was related to changes in iNOS as well as COX-2 protein
levels, Western blotting analysis was performed. RAW264.7
cells were pretreated with antioxidants, Trolox (50 yg/mL),
vitamin C (500 uM), or PP extracts (EEP or WEP) at 50—
250 pg/mL for 1h prior activation with LPS (1 ug/mL) plus
IFN-y (25 U/mL) for 18 h. Total proteins were extracted and
analyzed for the expression of iNOS and COX-2 by Western
blotting. LPS plus IFN-y induced increases in iNOS (Figures
5(a) and 5(b)) and COX-2 (Figures 5(c) and 5(d)) expression
compared to the unstimulated cultures. Antioxidant controls
(Trolox and vitamin C) decreased LPS plus IFN-y-induced
iNOS and COX-2 protein levels. The data also suggested
that the suppression by 500 yuM (88.06 ug/mL) vitamin C
is more pronounced than 50 yg/mL Trolox. Compared to
the corresponding controls, both EEP and WEP produced a
dose-dependent suppression of iNOS level in LPS plus IFN-y-
activated RAW264.7 cells (Figures 5(a) and 5(b)), suggesting
that the suppression of NO production by EEP and WEP is
mediated by decreasing the expression of iNOS. In agreement
with the result of NO suppression, 50-200 yg/mL EEP was
probably more efficient than WEP in iNOS suppression.
The iNOS expression was almost completely eliminated at
200 pg/mL EEP and was barely observed at 250 pg/mL WEP.
The inflammatory modulation of EEP and WEP was also
further supported by the dose-dependent suppression of the
COX-2 level by both EEP and WEP (Figures 5(c) and 5(d))
in the activated RAW264.7 cells. Notably, EEP and WEP
exhibited higher suppression of iNOS than COX-2.

4. Discussion

It is well known that major phytochemicals of plant leaf
extracts possessing antioxidant activity are flavonoids and
other phenolic compounds. Researchers have found that
flavonoids from PP leaves display antioxidant activity and
all ethyl acetate, chloroform, and n-butanol-soluble fractions
of PP contain flavonoids [11, 15]. In addition, Nguyen and
Eun [14] found phenolics and flavonoids in extracts of PP
leaves when assessed with Folin-Ciocalteu and aluminum
trichloride. PP leaf extracts also have antioxidant activities
when evaluated with DPPH and FRAP assays. Similarly,
the present study also showed that both EEP and WEP
contain high levels of flavonoids and phenolics and exhibit
antioxidant activity. The most frequently used antioxidant
standards for food samples (vitamin C, Trolox, catechin,
resveratrol, and quercetin) were used as positive antioxidant
controls in the present study.

This study revealed that DPPH radical scavenging capac-
ity of WEP is greater than that of EEP (Figure 1). In contrast,
EEP has higher ferric reducing power than WEP (Table 2).
Such contradictory results between DPPH and FRAP assays
are not unusual. Though both assays are based on a single
electron transfer reaction [27], their characteristics, sensitiv-
ities, mechanisms of the reaction, and endpoints are totally
different. For instance, the DPPH method is based on the
free radical scavenging activity, while FRAP measures the
capability of reducing Fe* to Fe**. Depending on what
specific phytochemical constituents present in the extract
are providing the antioxidant activity, their discrete chemical
structures, positions, numbers, and types of substitutions can
influence their redox properties and hence their antioxidant
potentials [28].

Though both DPPH and FRAP assays are frequently used
for assessing antioxidant capacity, they have some drawbacks.
In the DPPH assay, interfering compounds may have sig-
nificant absorption at the same measured wavelength. In
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addition, the DPPH radical is not present in living organisms.
For the FRAP method, compounds with low redox potential,
which probably do not serve as antioxidants in vivo, still can
reduce the Fe*. Interfering compounds may also absorb at
the same wavelength, and the assay is also performed at a
nonphysiological pH [29]. Therefore, antioxidant activities
of EEP and WEP were also evaluated by the cell-based
assay using an intracellular fluorescent probe, DCFH-DA.
When the nonfluorescent DCFH-DA is taken up into cells,
its diacetate moiety will be hydrolyzed by cellular esterases
to generate the more polar DCFH which is trapped inside
the cells. In the presence of ROS, intracellular DCFH is
further oxidized to form the fluorescent DCF product [30].

The macrophage cell line RAW264.7 is usually the cell of
choice in studying ROS-mediated cellular events since it
can generate high amounts of ROS following an oxidant
challenge. Catechin, resveratrol, and quercetin, at the level
of concentration used in this study, have been shown and
optimized to exhibit a strong suppression of intracellular ROS
generation [22, 31, 32]. Therefore, the present study selected
these compounds as antioxidant positive controls for the
DCFH-DA assay. The present study demonstrated that all
antioxidant standards, 250 uM catechin, 20 uM resveratrol,
and 10 uM quercetin, exerted a strong inhibition of ROS
generation induced by tBuOOH over a period of 30 to
240 min. In addition to extracellular antioxidant capacity,
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FIGURE 4: EEP (a) and WEP (b) suppressed LPS plus IFN-y-induced nitrite production in RAW264.7 cells. RAW264.7 cells were incubated
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Accumulated nitrite in the culture medium was determined by the Griess reaction. The values are means + SEM (n = 3) and are representative
of three independent experiments with similar results. Bars marked with different letters are significantly different at P < 0.05 as determined

by one-way ANOVA.

EEP and WEP also served as intracellular ROS scavengers
and subsequently decreased the oxidation of DCFH (Figures
3(b) and 3(c)). Both EEP and WEP were as efficient as the
antioxidant standards in scavenging ROS. Notably, EEP was a
better reducer of DCF fluorescence than WEP. The reduction
of DCF fluorescence by EEP and WEP is not due to direct
cytotoxicity as the range of concentration used in the studies
had no effect on RAW264.7 cell viability (Figure 2).

Although the current study shows that an ethanol extract
from PP leaves has in vivo anti-inflammatory activities
[13], its mechanism of anti-inflammation is still unrevealed.
Inflammatory disorders are characterized, among other
events, by the production of significant amounts of free
radicals, nitrogen reactive species, and pro-inflammatory
cytokines [10]. High NO concentration combines with super-
oxides to form peroxynitrite ions (OONO™) which are
responsible for cell and tissue damage from inflammation
[33]. Therefore, we investigated inflammatory effects of EEP
and WEP on the suppression of NO production in LPS plus
IFN-y-activated RAW264.7 cells. At the concentration range
of 50-250 ug/mL, both EEP and WEP dose-dependently
suppressed NO production, and the suppression was more
pronounced in EEP than WEP (Figure 4). These results
agreed with the observation that EEP was also a better
scavenger of intracellular ROS than WEP (Figures 3(b) and
3(c)).

As enhanced NO production by LPS and IFN-y-
stimulated RAW264.7 cells mainly occurs via increased
intracellular content of iNOS [3, 4], the effect of EEP and
WEP on iNOS expression was investigated. The present study
clearly indicates that the suppressive effect of EEP and WEP
on NO production was mediated through the inhibition of

iNOS expression (Figures 5(a) and 5(b)). In agreement with
the study of NO suppression, the suppressive effect of EEP
(50-200 pg/mL) on iNOS was more remarkable than that of
WEP.

In addition to iNOS induction, LPS and IFN-y also
efficiently enhance COX-2 expression in RAW264.7 cells [3,
5]. An increased level of COX-2 expression is also known
to account for the excessive production of PGE, in most,
if not all, inflammatory cells and tissues [34]. This study
shows that both EEP and WEP can exhibit anti-inflammatory
activity by reducing high COX-2 protein levels in a dose-
related manner (Figures 5(c) and 5(d)). Thus EEP and WEP
might play important roles in attenuating inflammation
and cellular damage through their extra- and intracellular
ROS scavenging activity and downregulation of NO, iNOS,
and COX-2. Concordantly, Khumpook et al. [13] recently
reported the in vivo anti-inflammatory activity of PP leaves
as evidenced by decreased lipid peroxidation and NO level
in concomitance with increased superoxide dismutase in the
cotton-induced chronic inflammation in Albino rats, upon
exposure to an ethanol extract of PP leaves for 17 days.

In fact, several medicinal plant extracts with natural
antioxidant properties together with suppressive effects on
NO, iNOS, and/or COX-2 expression in RAW264.7 have been
reported to display a wide spectrum of bioactivities. These
activities include anti-inflammation, such as curcumin from
Curcuma longa, resveratrol from grape skins, red wines, and
other plants, and a mixture of S-sitosterol and stigmasterol
from Andrographis paniculata [8, 35, 36]. Previous investi-
gators demonstrated that pretreatment of RAW264.7 with
flavonoids such as apigenin, genistein, and kaempferol sup-
pressed LPS-stimulated expression of NO, iNOS, and COX-2
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FIGURE 5: Effect of EEP on LPS plus IFN-y-induced iNOS (a) and COX-2 (c) and WEP on LPS plus IFN-y-induced iNOS (b) and COX-2 (d)
protein levels in RAW264.7 cells. The relative expression of proteins was quantified densitometrically using Image] software and normalized
to tubulin reference bands. Data are representative of at least two independent experiments.

protein production [37]. Major chemical constituents of PP
leaves consist of f-sitosterol, stigmasterol, kaempferol 3-
methyl ether 7-O- 3-glucoside, and apigenin 7-O-3-glucoside
[11]. All aforementioned compounds have been shown to
possess anti-inflammatory properties. Both kaempferol 3-
methyl ether 7-O- 3-glucoside and apigenin 7-O- 3-glucoside
may be metabolized into kaempferol and apigenin which
also have antioxidant and anti-inflammatory activities. Thus,
it is possible that phenolic and flavonoid compounds in
both EEP and WEP provide substantial antioxidant and anti-
inflammatory activities.

In summary, the cytoprotective effects of EEP and WEP
is due to their abilities to decrease ROS generation and NO
radical production in cells. In addition, both EEP and WEP
exert anti-inflammatory effects through the suppression of
NO release and decrease the protein expression of iNOS
and COX-2. Thus, PP leaves possess high potential for
further exploration in the research development of anti-
inflammatory medicine.
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