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Abstract

Wan Khan Mak (4glaonema simplex BL.; WKM) is the plant in Araceae family that has been
referred as a miracle plant possessing several ethno-pharmacologic properties; however, neither
research in its claimed biological properties nor its toxicity have been conducted. The present study
aimed to investigate the phytochemicals and explore the antioxidant, anti-allergic and anti-
inflammatory activities of 95% ethanol crude extract of dried fruits of WKM. The results suggested
that the yield of WKM extraction was 12.65% and the total contents of phenolics, flavonoids, and
proanthocyanidins were 56.73+0.37 mg GAE/g dry extract, 5.03+0.03 mg CE/g dry extract and
7.02+£0.12 mg CE/g dry extract, respectively. For antioxidant studies, the IC,, of DPPH scavenging
activity of the extract was 399.77+15.33 ng/ml and the FRAP value was 44.07+0.59 ng AEAC/g dry
extract. At non-cytotoxic concentrations (125-500 ug/ml), WKM extract effectively attenuated
intracellular reactive oxygen species generation in tert-butyl hydroperoxide-induced oxidative stress in
macrophage RAW264.7 cells, as monitored by DCFH-DA fluorescent probe. The anti-allergic activity
of the extract was suggested by a dose-dependent suppression of the release of B-hexosaminidase, the
enzyme that co-release with various preformed allergic mediators, upon antigen-induced degranulation
of rat basophil leukemia RBL-2H3 cells. In addition, WKM at 125-500 pg/ml also strongly suppressed
NO production in concomitant with iNOS and COX-2 suppression in LPS plus IFN-Y-activated RAW
264.7 cells. The mutagenic study revealed that the extract at 500 and 1,000 ug/plate had no mutagenic
activity in the Ames assay.

Overall, the present data suggest that WKM extract has a potential as an effective, low-cost
source of natural antioxidants with many pharmaceutical properties and is worthwhile to be developed

as natural chemopreventive products or nutraceuticals in the future.
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Reactive oxygen species (ROSs)
Radicals

Superoxide 0. 10°s

2

Hydroxyl OH" 10" s

Alkoxyl radical RO® 10°s

Peroxyl radical ROO" 17s
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Non-radicals

Hydrogen peroxide H,O, Stable
Singlet oxygen 1O2 10°s
Ozone O, S
Organic peroxide ROOH Stable
Hypochlorous acid HOCI Stable (min)
Hypobromous acid HOBr Stable (min)

Reactive nitrogen species (RNSs)

Radicals
Nitric oxide NO® S
Nitrogen dioxide NO.* S

Non-radicals

Peroxynitrite ONOO 10" s
Nitrosyl cation NO+ S
Nitrosyl anion N 0_ S
Dinitrogen trioxide N,0, s
Dinitrogen tetraoxide N,O, s
Nitrous acid HNO, s
Peroxynitrous acid ONOOH Fairly stable
Nitryl chloride NO,CI ]
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(electron transport chain) Ao complex I (NADH dehydrogenase) L8 complex III (ubiquinone



cytochrome ¢ reductase) (9INANTT A electron 910 complex I Wio Il lida coenzyme Q 130

a ' 4 § v @
ubiquinone (Q) tNA reduced form coenzyme Q (QH,) Fadlonlasunauily coenzyme Q 32 lddnas

. . . —_— d' ' = % —_ d‘ a 1 1 ] I~
semiquinone anion (*Q") A lades Tu Q-cycle @13AINAN *Q~ MNANIND electron DYIITIALIN

v
a

1% Tuanaves 0, 1NABYYABATY superoxide (superoxide radical) dafu BINTATINIHINAIY G
(high metabolic rate) éﬂlﬁﬂﬂﬁﬁﬂlﬂﬂzﬁ ROS,) @4 superoxide anion ‘ﬁlﬁﬂﬁu %gmﬂﬁﬂudmﬂu
hydrogen peroxide (H,0,) Tagiow 93] mitochondrial superxode dismutase (MnSOD) ANy
Vo4 H,0, Qﬂﬁ15ﬂﬁ38mﬂ1%ﬁ catalase (CAT) 4a¢ glutathione peroxidase (GPx) dauﬂizﬂauﬁu
¥4 mitochondria  MN817097UM5AZ19  ROSs 141A monoamine  oxidase, Ol-ketoglutarate
dehydrogenase, glycerol phosphate dehydrogenase L& p66shc Tdsau p66shc fJ‘]JVI‘UW]LﬁEJ’JﬁJiJmi
HAMTAUBIFATUUY apoptosis @111 pp66she agj'ﬁ cytoplasm 1U@N12¢ oxidative stress
p66shc e (translocate) HTWE;"( mitochondrial intermembrane space N cytochrome c Fnilina
msdans12ef ROS Y411 mitochondria 1M peroxisomes nmsdunsizieyyadaszratosiia 15U
H,0,, 0,°",0H" 11ag NO* n3iAa B-oxidation U84 fatty acid 15/1nT2UIUANT metabolism wenini
1¥1Aa 1,0, Tu peroxisomes rou lassTRuana 19 11 peroxisome 1914 acyl CoA oxidases,

D-amino acid oxidase, L-Ol-hydroxy oxidase, urate oxidase, xanthine oxidase, D-aspartate oxidase m

Tinansa31a ROSs NA9AY (91131990 2.2) (Phaniendra et al., 2015)

ROS Production & Detoxification

°: o, — FERI"

e +2H,

ADP+P

F.il Inner
Mambrane

Intermembrane
Space

ﬂﬁ 2.1 M3a3719 ROSs 11 mitochondria (http://www.mayo.edu/research/labs/mitochondrial-

genetics/mitochondrial-oxidative-phosphorylation)



M15199 2.2 L’E]ubl,clfﬂﬁﬁ%lw ROSs 1u peroxisomes (Phaniendra et al., 2015)

Enzyme Substrate ROS

Acyl CoA-oxidases (enzymes of Fatty acids H,0,

B-oxidation

D-amino acid oxidase D-proline H,0,
L-Ol-hydroxy oxidase Glycolate H,0,
Urate oxidase Uric acid H,0,
Xanthine oxidase Xanthine 0,*~, H,0,

Tumaiiadfnienlu endoplasmic reticulum 10U 'la] cytochrome p450, b5 touland uag
diamine oxidase ¥ 1¥1inAN3FuAT121 ROSs 181 14137 thiol oxidase, Eroplp 159A15818M99 electron
910 dithiols 1% 0, lffiRamsade 1,0, undsiuiia ROS melusrneduiadululfniedy
SAINIIY 1T TEHATUAB UM FaUnTIZH prostaglandin, N15:NA auto-oxidation U84 adrenalin,
MInaURUYBUTIAERAY (phagocytic cell) D13 reduce riboflavin, FMNH2, FADH, miﬂiz@]i}u

Y

Jd a [ a @ a o v w a
FEARYNANNU NITINANITONLA U AANSIATIAVDIA 10 (mental stress) M500NMAINN MY MsAnA

X a [ ' . A v X . . <3 EY
10 NTNANLLII NI (aging) LATTNIILVIAADAYABLAYN (ischemia) Fluau

. agyaaasxﬁaﬁﬂmauenémmﬂ (exogenous free radicals) Lﬁﬂllﬁ}?imﬂmmﬁ]
1B @3R3 NANIT LA LAWAA (59T UVA uag UVB) a135197 2.3 udauradniiineyyadasy

A v A g o 9 Y a a A 2
AMNNIYUDN ﬁ\?lﬁﬁTL!HJu@]qﬂﬁg@]‘usl,wuﬂ’]iWﬁ@]i’)HﬂJﬁﬁ@ﬁﬁngMﬂlu



M15199 2.3 71540A ROSs NLUHAINIEUDNTIIAY (Phaniendra et al., 2015)

Air & water pollution Ultraviolet light

Alcohol Cooking (smoked meat, used oil,
Tobacco smoke fat)

Transition metals-Cd, Hg, Pb, As Drugs such as Halothene, Paracetamol,
Heavy metals- Fe, Cu, Co, Cr Bleomycine, Deoxorubicin

Industrial solvents Metrenidazole, Ethanol

Pesticides CCl,

High temperature

d a 2’, o o a
2.1.2 Uszlaviveseuyadasz N9 ROSs 1ay RNSs HUNMNMAIAYNNTIIMG ayya
a =\ g‘; 4 A y 9 ; A =\ 9 ~ A A a
paszinalsglemivaz Iny NANududud 130 11una1e ROS/RNS IniNN1a35Inen 91m
o 9 AY o o & o A s
MIMUINNVesUYNANAY  myhaarelsavseaauilani/asuveasaa  macrophage 1oy
neutrophils  eYyAdAI I UNUIMdAY lumMFaeDAiEe (bacteriocidal) Au'lid wazdu
Y Y v
@15n01HD39N (anti-tumor agents) RNS AUANANNALTANANIU cGMP 119 ROS/RNS ¥1w1iTh
I A A 4 . an 1
Lﬂuﬁﬁﬁ@ﬂﬁWﬂumiﬁﬂﬁﬁﬂ%ﬂu!ﬁh’aa (intracellular messengers) oluﬁmﬂ’m‘ﬂﬁﬂlﬂﬁmiﬁﬂ

%% J

Ay IUVDIYAa (cellular signaling pathway) Tagmwiz lumsaovauoIved mitogen (mitogenic
~ 4 a I 4
response) LAY NITIAIUANIABDNT (redox regulation) ummmmmp@aasﬂuﬁ’mﬂumsﬁama
4 ' d o A g .
VBUYAS (intracellular messengers) HU400n Iy 5 Usemsae 1) imvhnily cytokine, growth
£ o o A g o U
factor, ?Jt]“l/l‘ﬁ"ll@ﬁ hormone (hormone action) LA N1TNAIATT (secretion) 2) Mt udrvuad ion
. <) .. . = 9 v
(ion transport) 3) 11U transcription 4) mmmzunﬂimm (neuromodulation) L@ 5) NYIVDINY
4
NINYUDUYDALY apoptosis (Phaniendra et al., 2015; Lander, 1997)
[ 9
2.1.3 duangveseyyadasy Tunududuiige 119 ROS ag RNS neliinadnizinion
POATIATY (oxidative stress) Ay an1iATen lulaTI¥du (nitrosative stress) 1UI19A1Y FUNAN
AAa [ 4 a 1 9 a d R a
nsdilmMyduns 1z ROS/RNS  TutlSunagunuly (excess) nanaunauaisauosndnsusail
2 Rl s 1q 1 ¢ . . .. =
nauvyndlueu ol uazlilyenlasl (enzymatic 118 non enzymatic antioxidants) 915190 2.4

uaasensdueendadunnulusne WeveanuaugadsziiNmsaseyyadasz uazds

Muoondady Al lhlumsinalnie1veROS/RNS mldinannuidemoeasasnil



v
Turanavuialvgilus19ne (macromolecules) 19 lusiu nsatianadn uazllsau dewaliinanu
=y 1 4
[@erienvIvan
d’ 9 a d Ao & 4 19 1 P [ ]
M9 2.4 msdweendaduisadlueu lad uaz bilmeoulminwolusme @anlas

NAAUNA 2548)

AMaNTA asAUINTIATY

Superoxide dismutase (SOD)

Catalase (CAT)

v 4 . .
santuen lun] Glutathione peroxidase (GPX)

Glutathione reductase (GR)

Glutathoine S-transferase (GST)

Glutathione Lipoic acid

Tisaithuenland Ceruloplasmin ~ Albumin
Transferrin Haptoglobin
Hemopexin Uric acid
Bilirubin Cysteine

\J g}/ o
. wammawa'ﬁmzma Deoxyribonucleic acid (DNA) %14 ROS/RNS #141391M

ANMUFNI890 DNA  DNA 11 mitochondria 1A% 1aeieanu@enisain ROS 11nA1 DNA u

[

nucleus IW5120g 1NANTINA ROS 1NN ouyadaszNd AT OH® A1W150 MRnaen Iaeasanunn

g

1 A ' y < 3 .
d111/52noVYes DNA NINUA purine, pyrimidine oz daundlurhaialulnsea$1s (deoxyribose

sugar backbone) Ao IFNAMIUANTALUUA8IAED (single stranded break) uazmﬂfj (double stranded
= 1 Y a d' g}/ . . . qe
breaks) Y83 DNA N15A392¢0N H 193 OH® nolvtnamsasundasvoans purine L% pyrimidine

UAZINANT cross-link 5211919 DNA uag protein oyyaddsz OH® ¥ 1¥INA pyrimidine adducts

naneyia 13U thymine glycol, uracil glycol, 5-hydroxydeoxy uridine, 5-hydroxy deoxycytidine,

hydantoin Wudu dm purine adducts Mnan ol laun 8-hydroxydeoxy guanosines (8-OHdG),

I 1 PN ) a 4
8-hydroxy deoxy adenosine (HUAY @31 DNA adduct U84 base ﬁmﬂmﬂﬂﬁ%ﬂuwmwgaamzﬁu



13

Iaun 5-formyl uracil, cytosine glycol, 5,6-dihydrothyronine, 5-hydroxy-6-hydro-cytosine, 5-hydroxy-
6-hydro uracil, uracil glycol, 182 alloxan #19614 adduct Yoadffluhaalulaseaiaues DNA
18un glycolic acid 1@y 2-deoxypentose-4-ulose §11935901W (biomarker) YD4ANNAOVIGVDS
DNA fign oxidize (oxidative DNA damage) fie 8-OHAG fiiamdunius fumsinamsnateriug
(mutagenesis) mnﬁ@uzﬁ'q (carcinogenesis) HAZANNYIININ (aging) DNA 114 mitochondria %
F2AUVDN 8-OHdAG q 4071 DNA 1 nucleus (Phaniendra et al., 2015; Dizdaroglu et al.,2002)

RNS Tasmnie peroxynitrite (OONO-) UMY guanine 1§ nitrative- 118¢ oxidative DNA
lesions 1FU 8-nitroguanine A& §-oxodeoxyguanosine SRFS RN 8-nitroguanine liiades uagaegn

@

° Y] wa o a L. . 1 o J .
ﬂ'ﬁ]ﬂ@’t’]ﬂiﬂﬂ@@ﬁﬂﬂﬁ ‘Vl'li?ﬂﬂﬂ apurinic site Glu‘izﬁ’)’liﬂ’liﬁﬂmi’lgw DNA 1U& adenine &30
Y
[ 1 o 1 a Y o a Y4
UANY 8-nitroguanine dawaliing G-T transversion AU 8-nitroguanine “I/]ﬂﬁjmﬂﬂﬁﬂmﬂwu‘lj
{ o a <
VDI DNA !Laglﬁﬂ?%@\?ﬂﬂﬂigﬂﬂuﬂ'ﬁlﬂﬂugﬁq (Phaniendra et al., 2015)
a 3 g Y AA o w v A a
UONI1N DNA RNA Wa'IEJGH‘L!@’IT‘IL‘]JL!L‘IJ'lWiJWEJﬂ'lﬁIi]lIGW]ﬁWﬂillusll@\‘l ROS ®UNDIN Gluﬂu
a 1 4 I
RNA @013 DLNA oxidative damage 2110 ROS Ul@g])ll'lﬂﬂ’ﬂ DNA Lﬁ@\?ﬂ'lﬂjﬂi\?ﬁ%}'lﬁellﬂﬂ RNA Lﬂu’?ﬂﬂ
A = 1 .. A =) . Y v W =}
1913)8] Vlllllﬂﬁllﬂﬂ'liclf@llllﬂfu oxidized RNA NAN® Las RNA ]’l,llll protein ﬂ@ﬂﬂ@ﬁﬂuﬁ]u@lﬁ’lﬂl’ﬁm@u
(% g @ 1 . . L g ' o J
@94 DNA  4an9Indu RNA 1u cytoplasm ﬂﬂﬂgiﬂﬁj mitochondria HuiuHaIduAIIEH ROS
a A a A = A A . . = o A
NANA®MI1N RNA NFYIINUNITANHININNG AND 7,8-dihydro-8-oxoguanosine (8-0x0G) HITLAUN
2 2 v o Jdo ' 1 @
WNAUTANUFURUSAIDTIAME 9 1¥U Alzheimer, Parkinson, l3n¥idlauazviaoanen
(atherosclerosis), hemochromastosis (t8¢ myopathy (Phaniendra et al., 2015)
U, WaveleYyadaIzAe lulY (lipids) polyunsaturated fatty acid Y84 phospholipid
Ay I 1 . a a A4 . . =) Y
LEJEJY]&JLG]SamJﬂ’JHJUl’JG]EJﬂﬁQﬂ oxidize Iﬂﬂﬂuyﬁ@ﬁizmﬂ lipid peroxidation F969HA 11 membrane

= [

Y A ] I = o Y A J A
UAITNIWLASNITMIHUIN LTU a@am’szﬂmﬂumaﬂwa ’LjﬂJLﬁEJﬂﬁVﬂWH11/]GIJfN!E]uVlGIﬁJ NI

o)} =)

v o Y 1 A A Ay J a a 9 . . a A a 2
A3UJ (receptor) $IN nognigeiuiyan ﬂ;]ﬂifﬂ lipid peroxidation NANODUYADATLAI H
92ADNAIN methylene group (CH,) 11 fatty acid (LH) 1@ M3a319 carbon centered lipid radical (L*)
< v @ { [ ] v o
F95WANY 0, 18 lipid peroxyl radical (LOO *) g mnsndaizes luanaluilasmaduaaniluag

a o ! a { g a2 .. . . 2
(cyclization) NANIN endoperoxides m"lﬂz;fwawaﬁq@ﬁ'wﬁgﬂuwmm lipid peroxidation AoInA

malondialdehyde (MDA) 8¢ 4-hydroxylnonenal (4-HNA) F91ANUFE0R0 DNA Loy protein

LOO* aunsndmir e peroxidation og19a0ItioeIasnsas H ozaonn luanaves luiuou

v H Y
isoprostanes (€113 nde prostaglandlin AaF19¥u1u519MeAMIINA esterication VYDA arachidonic



< v a . S S . o B o 1 Al o
acid) 1Ju HaaN 1891n3InA lipid peroxidation U®N arachidonic acid wazdauaiuasndg 1l
1 v r Y
Yo Il uNTeMI89INMIYN oxidize WONIINIY lipid peroxyl radical (LOO®) o IWAINUUINY
93 .. . = b Y v o . .. o Y
181 lipid alkyl radical L® 8nn3e  gaiie L* sauaanuilu polymerized lipids (LL) v11#
1 o o
membrane A ] UYBUHAA IAYIANIZ membrane VYOI mitochondria FRYUFEAMTNIA WavVDIBYYA

daszan lvaiuuaznisine lipid peroxidation ﬁ;ﬂﬁ’qaumiﬁ’mén (ﬁ‘i’iﬁ@lﬁ 2548; Phaniendra et al.,

2015)
OH®+LH — H,0+L®
L®+0, — LOO®
LOO® + H,0 — LOOH +L*®
L® +L®* — LL
Fniu m3ifa lipid peroxidation a1 1sauLNeoMTlY 3 280 T282EUAY (initiation)
izﬂzﬂmﬁﬂﬂﬁﬂ?mdmﬁm (propagation) Lgazizﬂzﬁquﬂ§ﬂ§ﬂ1 (termination) P”5A  lipid

. . 1 Yya 3 ds! 1 ] < A A o [}
peroxidation eM15agMTalHNAG WU TasTarzaa o wu wan (31N 2.2) 310 2.3 uaasdinga

RETGEE lipid peroxidation U®N arachidonic acid

1. Initiation
LH+Xs — . L-+XH
2. Propagation

L-+0, LOO-
LOO-+LH L.+ LOOH

3. Termination
2L00- non-radical products
Le+ LOO- non-radical products
Le+Le non-radical products

Catalyzed by metals
LOOH + Fe?* OH +LO + Fe’*

HEAANTZIZYBDINITINA lipid peroxidation ( http://slideplayer.com/slide/5372691/)

=Y
=
=h-
)
()



Membrane phospholipid
l Release of fatty acid

CHy(CH;)¢, . CH;, CF 1 CHy(CH,);COOH
PR T

C~CC~C C~C C=C
HHHHHHHH Arachidonic acid

\ Hydrogen abstraction (-H)
AN\ S\ SO

1 Molecular rearrangement

M COOH
A A /

KA A K et s COOH
& I\ \ v v
III R
i RH oQ Aeat or
Q COOH 1 ol
/‘\ /,‘-\ ,/\‘ /‘v_: /\ / T \ N / VAVAVA" /".\ /\ /N \ A\ /\ 3: | I
TAAA YA A" v VAY VA \ Noom (
Lipid hydroperoxide Cyclic peroxide MDA

3 1 2.3 5202 initiation LA propagation UDINIJ 1ne lipid peroxidation Y94 arachidonic acid (Power

1ag Jackson, 2008)

a ld = a o =3 a ] a
. Waveseyyadaszaellsiu  mseend lad lisAudunsanamueyyadase
Wae¥ia 191 0,°", OH®, peroxyl, alkoxyl, hydroperoxyl tazamnsnnamuasn lulyoyyadease

' . . a3 Y a L4 . . ~ ° 9
15U H,0,, 0,, HOCI, singlet oxygen, OONO™ 1iludu ROS 090 lads amino acid luTdsau 114
INA protein-protein cross linkages aaWalw 1/sAudoan I (denature)  gaydomsiiminnves

@ o o { 1 { < s '
oulai  @5ud wienthAmsvudewealsiy  amino acid NN sulfur Wuesnilsznen 1wu
.. . = ' o = 3 .
methionine LAY cysteine umm%mamigﬂ oxidize lpg ROS wazilasuilu disulfides tag
: a { @ J a 4
methionine sulphoxide #IN1FIIMeamsogmlasunduganivianldlaeld wuled disulfide
reductase 118 methionine sulfoxide reductase ANAINY AIDYIY amino acid LA oxidation product
Y09 amino acid MAAIINNTYNTaNATAY ROS 191 tryptophan ¥11¥IAANISA319 nitrotryptophan,
kynureninine, formuylkynurinine; phenylalanine Aamsasie 2,3-dihydroxylphenylalanine, 2-, 3-, tiai&
4-hydroxyphenylalanine; tyrosine AAMTE3 3,4-dihydroxyphenylalanine, tyrosine-tyrosine cross-
linkages, Tyr-O-Tyr, cross-linked nitrotyrosine; histidine a3 2-oxohistidine, asparagine, aspartic

acid; arginine AAMTEI glutamic semialdehyde, lysine AAMIEI Ol-aminoadipic semialdehyde;



proline mamsadia 2-pyrrolidone, 4- k8% 5S-hydroxyproline pyroglutamic acid, glutamic
semialdehyde; threonine mamsaia 2-amino-3-ketobutyric acid ; leucine U9g valine mamsaiia
hydroxyl residue N3 i 19%iAe oxidative damage U®Y amino acid 1 lysine, proline, threonine
A arginine “lﬁ’mgﬁ’uﬁmm carbonyl (carbonyl derivative) ﬁjﬁflju g ﬁwy: carbonyl TuTisAuden
FustasanuEenoue protein ﬁgﬂ oxidize 1A ROS 11145 81vD4 protein AR oxidation A0
O-tyrosine (ﬁ?ﬂﬂ%ﬂlﬁ]ﬂ hydroxyl radical), 3-nitrotyrosine (ﬁ?ﬁﬂ%ﬂlﬁ]\i RNS) uﬁlﬂmﬂffu M3y
5¥AUVDY protein carbonyl HANUFNNUTAUNTan Mo 15AMAE 9 MANY 1¥UT5A Alzheimer,
Parkinson, muscular dystrophy, cataractogenesis, rheumatoid arthritis, diabetes, progeria,
atherosclerosis, respiratory dystrous syndrome, Werner’s syndrome 52¢ ¥3191W (Phaniendra et al.,
2015; Chevion et al., 2000; Berlett et al., 1997)

214 eyyadaszmazmanalsn  Boudtemnnefinenuany laugaduesmsad
oyyadasz ROSRNS finelfiiadnzdsnsendinduuaznnianmuesmsialsama 9 1wy
Foaeasulsamnunuratedszion  Tsamefumadenvesszuulszam (neurodegenerative
diseases) %Y Alzheimer’s disease, Parkinson’s disease, multiple sclerosis Tsa lauazviaeaiaon
(cardiovascular disease) Tsauzi3alueforzans q Wy vzdafingven veddud 1§ nguaznns
1N  (colorectal cancer) uzﬁqffidaugﬂwwm (prostate cancer) 113!%41]@@ (lung cancer) Tsndo
NIZIN (cataracts) 15AMOUHA (asthma) 13Alud00nid@Y (theumatoid arthritis) ©1MIONIAD
(inflammation) Tiﬂmmﬁuqa Tﬁﬂgﬁé’\’mmmm (autoimmunity) Down’s syndrome hepatitis 1731
@eviesolonnms a5y asbestos, nitrogen dioxide, ozone, paraquat, hyperoxia, carbon
tetrachloride ﬂ?TNL%SWWUﬁLﬁ@ﬂTﬂﬂTi@@ﬂﬁ'lélﬂﬂ'lﬂﬁ’ﬂiﬁll i?%%ﬁﬂ?ﬁ%ﬂﬁWiﬁLﬁﬂﬂ?iﬁWﬂﬂlﬂﬂlcﬁaﬁ’
UL apoptosis N1IEMINTAL AT 1UATIA (intrauterine growth restriction) N1IZATINIUNY
(preeclampsia EL) pregnancy-induced hypertension W30 toxemia of pregnancy)iae L’fd;ﬁl’rﬁ}mﬁj“lm’{]m
B3NN (aging) (Ullah et al., 2016 ; Phaniendra et al., 2015; Chen et al., 2011; Matés 1ag Sanchez-
Jiménez, 1999; Atalay (92 Laaksonen, 2002; Pham-Huy et al., 2008; Halliwell ta1g Gutteridge, 1999)

d' (% d' a = d' d' 9 v = a o
ATNN 2.5 ﬁjﬂf)’)fﬂ%‘mﬂ@ﬂ’NllLﬁ’EJ‘VHEJLm%Iiﬂ‘V]LﬂEJ’JGUfNﬂUﬁﬂTJ%Lﬂiﬂﬂﬂ@ﬂ“ﬁm‘]ﬂ!



~ o A a = A A ) o = a < o
A1319N 2.5 'E]'JEJ']g‘ﬂlﬂﬂﬂ']'llllﬁﬂ‘ﬂ18l!a$15ﬂ MNYIVBDINUNTICIATYADDNBLAT U (ﬂﬂuﬂaﬂﬁnﬂ

Ullah et al.,2016)

aSzfifetea Tsniiina
1on Ashma, chronic bronchitis
o Glomerulonephritis, chronic renal failure
lado Arthritis, rheumatism
[1E'N Alzheimer’s disease, Parkinson’s disease, memory loss,

depression, stroke

#11 Cataract, retinal diseases
dvouluassd Preeclampsia, Intrauterine growth restriction
ale Arteriosclerosis, hypertension, ischemia
waon latia Cardiomyopathy, heart failure

AeIvoraeeIody Cancer, diabetes, inflammation infection, aging

2.1.5 mstueyyadaszluny Tuilagiiu HO38emneNs in vitro WY in vivo 53UTs
wé’ﬂgmmqizuwﬁ‘nm‘ﬁaﬁ’um§ummmmmmiﬁmawaﬁmﬂuﬁm A wa lianvianeviia
fidemunszUIUMIIRANZAT srasmIun dumssniay ﬁqwéaﬂﬁzﬁ’uﬁwmmmz cholesterol
luidon aamainadonszan  aneimslsagiui selivasadonveisd)  nszdUMINIYUD
puaiiteRduilse Tewilud 14 (probiotic) UAZAUMITINIYVDINAUNTINDI5A  (Surh, 2003;
Aruoma, 2003; Fine,2000; Bagchi et al., 2000; Ames et al., 1993; Block et al., 1992; Shigenaga et al.,
1994 1102 QANSMN VIAGITTYL, 2548) e‘i’aafmmﬁﬁf‘i’ﬂmﬂﬁsvmgu"lmﬁﬁqw%ﬁ’ma%aﬁﬁszﬁ
e AR egu uzaw 39 Win dandes wided gree Wudin uzdema umadha
(Belamcanda chinensis) @£t®1  (Surh, 2003; Su et al, 2005; Subapriya and Nagini, 2005;
Monthakantirat et al., 2005; Wang et al., 2004 LAz A3Wa AIITOWUT, 2548) SanaaS T
vmmsﬁ'wmmsafﬁ”ﬂmﬂﬁwamsnﬁﬂﬁﬁqﬁﬁ’ma%aémz 11 W Wl (Coffea Arabica)

~ 9 A 4 A . 2 Y a a9 Y o
NIEGUN NN T INUNASY (Tribulus terrestris) YWUFYU (Curcuma longa) Wsui N1H1hgaeuog

o o A o . Hq ¥ A 1
INVINNUIUABY (Bacopa moonieri) Waggnya (Trigonella foenum-graecum) AlHihunseaunda ¥



A Y ' ¥ < . . . '
ATE AR RTEVITEY: ﬂﬁzﬁumgﬂ uazaniinga 1JuAY (Sathisha et al., 2011) @13 antioxidants AW Tu
o Jalu"l,W’i fin wa 1t 1dun tocopherols, carotenoids, ascorbic acid, ubiquinones, steroids, thiols, inosine,
. N . o @ <
pyruvate, taurine, gallic acid t4a flavonoids (FHWMU 2548) Fludu
Tutlagiiu InsfAninena lnveswgnuall (phytochemicals) A9 ) fiog luisayu Tws fn
é =\ Q(SI a 1 o g}z A a 1 9 []
LLEWW@llmuf)"mWi"INMQVI'ﬁGI'Iu’EJHEJ”afJﬁi%’NﬁnﬂiQfJ‘UfN HIDUTIININISINATIAAI 9 vlﬂ’t’]ﬂfl'i
S
@ v @ ] o a v v a 3 o
°luszﬂ°u1maqa @NG]’J’E]EJ'NETTiﬁﬂﬂﬂ1ﬂﬁ%ﬁa1ﬂ%uﬂﬁ1ﬂTiﬂﬂﬂﬂﬂﬂigﬂjuﬂTHT‘lﬂﬂJgﬁﬂ Tagi
v A< . £ A 9 a 3 ... . .
nimu « blocking agent” aaﬂqmﬂmzﬂmmummﬂmﬂmzm (initial phase of carcinogenesis)
(% ] a o J 4 a 1 a
aemstloanulildinanisnareriug lu DNA Wsenszduonlaidueyyadase dAremsdudsu
MINIIUVBY Nrf-2 (NF-E2-related factor 2; transcription factor ﬁmuqumi #3719 antioxidant
H Y g
enzymes ﬁt’f'lﬂﬂluﬂﬁ%’l“]fu@) HONITMNUU Wi]mgmﬁmmmmaaﬂqwﬂmzﬂzwmmmmzmumi
a 3 A ' a . Y 9 . a 3 o
Nauzi3e Ao luszezduasy (promotion) 1AZIZHZN1INUT (progression) VOINTINANZITY Tagii
{ o o & A 1 a a J <
iy “suppressive agent” UYY transcription factor NFIYTIUTTUNITATYUVOIULAAUSLII

9
A LYY 1

A 4 <
nszauliinan1IAIeUeI¥adULITIAIUNTZUIUMS apoptosis NIOGVIINITUNITNTEY
o < a 1 @ a 1
(metastasis) UVDIUFAAULLT T@a"lﬂsummﬁmNmmmimatymummm (signal transduction
' s 9 A ' . . ¢ 3 &
pathway) SEHIUFAANLITY  NITASTNHAAADA MU  (angiogenesis) VOUFAANSITI 1Y UAY
(Landis-Piwowar 1182 Lyer, 2014) A15199 2.6 aaena lnveangnuni luasanaiisine1nis lu
9 o a < [ A A A A
msilesnumanauzialuszauTumna tagasned 2.7 udasna lnvosngnuinll Muldeuns

LAAIDDNVDY gene 1A Ju/auaeTeaUILaYY DNA #4i58n31 epigenetic mechanism



4 @ o < [ [
M9 2.6 uaasensanannayulns AwdnsalduaznalnduuzdddusezduTuana @autaq

910 Landis-Piwowar 101 Lyer, 2014)

Dietary

Chemopreventive Effects

2-methoxystypandrone

(Polygonum cuspidatum)

Inhibits JAK and IKK[} kinase signaling to NF-KB

Apigenin (numerous plant source)

Inhibits NF-KB DNA binding, [IKB-a

phosphorylation, and IKKf} activity

Curcumin (Curcuma longa; turmeric)

Up regulate Nrf2 signaling; induces apoptosis;
inhibit NF-KB signaling; decrease cell invasion and

motility

EGCG (Camillia sinensis; green tea)

Inhibits proteasome activity for IKB-ol stabilization
and NF-kB inhibition; increase expression of E-

cadherin; inhibits signal transduction through ERK

[6]-gingerol (Zingiber officinale;

ginger root)

Increase expression of E-cadherin; inhibits signal
transduction through ERK; inhibit MMP-9

expression

Isothiocyanate/Sulphoraphane

(Cruciferous vegetables)

Increase Nrf2 expression

Luteolin (Terminalia chebula)

Inhibits MMP-9 expression

Resveratrol (skin of red grapes)

Increase expression of E-cadherin; inhibits signal

transduction thrugh PI3K/Akt
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d’ o 1 v A % Y A a"’g} <3 ]
MA1919N 2.7 G]’J’E]EJNﬁﬁﬁﬂﬂﬁﬂﬂW%ﬁﬂ}!uhl‘Wi WD wa"l,u ‘V]lli]VI‘ﬁG]1u3J$L§QTﬂEJﬂ1Sﬂ’J']Jﬂ3JN1u

epigenetic (epigenetic modulators) (Aaulas91n Landis-Piwowar L1a Lyer, 2014)

Dietary Epigenetic Modification(s) Role(s) in Chemoprevention

Curcumin Inhibits DNA methylation (DNMT) Prevent DNA damage and inhibits
Inhibits histone acetylation (HAT) and NF-KB signaling
deacetylation (HDAC)

Modulates miRNA expression

EGCG Inhibits DNA methylation (DNMT) Trigger apoptosis and cell cycle
Inhibits histone acetylation (HAT) arrest in tumor cells

Modulates miRNA expression

Isothiocyanate/ Inhibits DNA methylation (DNMT) Inhibits tumor cell growth and

Sulphoraphane Inhibits histone deacetylation (HDAC) triggers cell cycle arrest and
apoptosis

Resveratrol Inhibits DNA methylation (DNMT) Inhibits NF-kB signaling

Inhibits histone deacetylation (HDAC)

2.2 Nitric oxide (NO)

Nitric oxide (NO) gnaunIae WniALig 18909y Joseph Priestley 11Tl a8, 1772 aewaa

9 4 < =1 1 [ 9 (9 = (== =
AMNMVIAUNUNIY oxygen Lﬂui$‘t’l$!,'3a'l 2 ’1J NI 2 ANITTY HAJINYAAUNY NI NO "]NlliJiJ’ﬁ hlﬂJiJ

'
a [

<3| A a 4 o 1 { [ g v Y
naugniadluenshliiyge  esniminalnaremungaaumaiid 1 TulfmageTasliaals
= a ! [ ~ v Aa J. 2
IHFININGINITVDL toxic shock syndrome IUATINAIVBIAAITIHN 20 1WNINGIFIAATIUTY
o 1 <3| = A o o A Y 9 < 1A
aseniind NO iy luanadinmnianudagss uazdali NO Wi Tuanaunst) (molecule of
the year) 143l 2002 Mevidsn Robert F. Furchgott, Louis J. Ignarro and Ferid Murad 18551970 Tu
' o a o ' < { o
Tuaswnulumnaisinewazaumaunndluil 1998 minmsdunun No HuTuanaiimh

9 A A 1 4 . . @ A .
UUINADTITTEHINUY DA (signaling molecule) Tuszuuriarlanaznaoadon (cardiovascular system)
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221 ANNMAYVDI NO Tudugun I (health) 1taznsinalsn (diseases)

[

o I ~ = = o a 9 o a ~
1uﬂ%§uu Wunnswnuan NO llTJ'V]TJ'I‘VIET'lﬂﬂJLﬂfJT’U’E]\Tﬂuqellﬂ'lwuazﬂ'lﬁlﬂﬂiiﬂ NO U

o

[

g @ v Yy A g @ A Y Ao ' E
nanlse Tewiuaz Inyaeseane Tuduidluilss Teni NO InindiAgyralseda yunun
o o2 Ao ' ' < . . . .
NO gﬂmmswwmummgmuﬂﬂ 19U 13U neurotransmitter 1A signaling molecule Tu signal
@ 4 o
transduction pathway AIUANNAIUINIG azANUToN (degenerative) vousaadszan dunuinlu
o v o <Y o ¥
A3VE18AIV0IHADAIADA GUHINTITUYIAIVEUADATY endothelial cell NTARIBAIVDINAINLILD
3 o a o § a o £ o a
Fou MudadaueInma Fronruqumsimiivesszuugiiduiu uazlignsatogaunsd
s 3 I A g a A Y A o o2
wagesaaue3 Hudy unuImves NO My Inwinamonnuintuves NO Ngndunsiznauluy
1 a Qé L% ) Y A 1 ] Y % :) 1 a o ]
sumeAalnagea o liing Tsaai 9 wu sszauves No sinnlnd ewnsoihldglsn
[ A ) 9 é’ @ A = [

ANUAUGY T3ANaDADAANDIAY (strokes) N1IENAWILBYI DV IARDARBUNAY (heart attack)
A Y] <3 "9 ] a @ v o a dy A
3o Walane uaz lsauzise uadiszauved NO gunu i wwduiusnunnzdarelunszudiaon

. [ :7 z:; d' 9 (% é’ (% = [} 1 ] d‘ 9
(sepsis) 13AANAUAT 13ANNIITOINITONAVFTOTINALIDIVNAUAN ) 15U TIABOHUAND
v . o 4 . A\ g S
SNIEY (meningitis) UOONIAUFNIADEA (theumatoid arthritis) 1oy T3Aw1NU Tudy uenaIniiu

4

Y
WnInermans lardail NO  dunusnumainalsagiddiuaues TsnglduW nsnatonug
aaeAuN TN IiinanszUINMT apoptosis ﬂl@ﬂ!“]faﬁ( 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) uun Tady
a v v 0 Y a o d‘ 1 1] 1 ] 9 A
vy lutlegiiv dszgnaly NO Tudamsunmdmasiesne lanaa q 15 Tsguauianisves
v
NaRAAoANALMITUIINITUTIRIVDAUADAVDI NO Tun35nu115a stroke (Culotta t1ag Koshland,
1992) 1451 Tsannusulafiags 9INHANIUITENAUNT I dimethylarginine
dimethylaminohydrolase (DDAH) Hunumdageslunmsaivauanuaulana tazmsguiasns
Y

o A A [ 4 [

MATUVBIGUU FINATUNIUNTTUATIEH NO (Leiper et al., 2007; Leiper and Nandi, 2011) 14¥5Am1
T5AAUTOUNINANDI 1¥U Alzheimer’s discase taz 15A15za1m¥nnszan (Huntington’s discase)
NINANUITENLAAI NO NaneaNua1u50 A IUMIAIUIY (computational ability) V4
#U9Y (Khazan 482 Hdayati, 2015; Medical Research Council, 2014; Fernandez et al., 2010; Shukla,

9 v 7 a a . . 1 A Y I <

2007) lggugannuralnfves epithelial cell v Barrett’s oesophagus AouNdEWaM I uuz3 9

{ 1 4 5 7 L
1NITUI gNAUNL N NO TUNVIMANYMTTUATIZH MMP (matrix metalloproteinases) a1

v 9
enzyme family nauasuliinannuialndves epithelial cells (Clemons et al., 2010) UDNIINUU U
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Av A 1 1 a <3 g’/
QWH?%ﬂﬁllﬁﬂQQW NO ﬁ'liJ'lﬁﬂﬁNaﬂ@ﬂﬁ%ﬂﬂuﬂ'ﬁlﬂﬂuzlﬁﬂ‘ﬂﬂ 3 ﬁgﬂxﬁ@ J¢8¢ initiation, promotion
. o o A A (Y @ < A
1A S progression Iﬂﬂvlﬂﬂ'l‘ﬂﬂll (modulate) NITUIUAIAYNINYINUNAUINITUDINSLII D
1 4 a @
NITUIUNTUDULAQUASNITIITY NI1TAYLUD apoptosis NTEVIUNITONH U Lm%ﬂ'lﬁﬁ%}"lﬁﬁa@ﬂ
= ' . . J 3 I Y . o
oalvy (angiogenesis) UDIUFAANSLIY wuau (Khazan 448 Hdayati, 2015) NnANNAT NS
9y as o = J =\ a o d' 1 d' 1 9 .
ﬂUWU'J'ﬁ'JﬂﬂiiJ1ﬂl‘llf’JQ NO ﬂ']fJGluﬁ'Nﬂ']fJ 3Ji'1fNTLl'Jﬂﬂﬂllﬁﬂ\??fluuﬂﬂaﬂﬂﬁﬂﬂWu metabolic
Y . [ a A A o 4
syndrome 1413A87U (obesity) ANUAUTaHAgI tazywY VSnamsduasizn No u
1 ° 1 1) a % o Y4 v o o
319MeAINMsTAUUNA (Siervo et al., 2011; Siervo 1A% Bluck, 2012) FAIFUWUTHARUAUTEAUUDY

VEGF (vascular endothelial growth factor (Siervo et al., 2012)
2.2.2 MIdunzTi NO mealusrame

NO gndunsizyilugluesoyyaddszan L-arginine laooulminizna nitic oxide
synthase (NOSs) ‘I/?iﬂﬁfj NO 19910 guanidine nitrogen Y94 L-arginine WU oxidative-reductive
pathway 3119 5 clectron dawalififia L-citrulline (Shukla, 2007) cofactors #1149 9 % IulfnTende
oxygen, tetrahydrobiopterin (BH,), nicotinamide-adeninedinucleotide phosphate (NADPH), flavin
adenine dinucleotide (FAD) tla¥ flavin mononucleotide (FMN) @15 ’?TEJﬂﬁN (intermediate) ‘ﬁul@a]}ﬁﬂ

Nm-hydroxy-L-arginine (NOHLA) (gﬂ‘ﬁ 2.4) (Khazan et al., 2015)
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HoN NH2 H2N N—OH 0 NH2

NADPH '/:NADPH

HaN coo H3N coo H3N coo

L-Arginine N°-Hydroxyarginine L-Citrulline

31]‘?; 2.4 L-arginine Qmﬂ?%ﬂmﬂumwﬁﬂaw No-hydroxy-L-arginine (NOHLA) Gluﬂgjﬂ?wﬁy’uﬁ 1
Aoams 1 lwanaves O, uaz NADPH iio7]  tetrahydrobiopterin (BH4), flavin
mononucleotide (FMN), flavin adenine dinucleotide (FAD) ila¢ haem Gl,uﬂjj ﬂ?mﬂ%uﬁ 2 1nA
Tag oxidation Y94 NOHLA @ L-citrulline 4ag NO (Khazan et al., 2015; gﬂmﬂ

http://www.gbhealthwatch.com/GND-Cardiovascular-Disease-NOS 3.php)

2.2.3 Isoform Y04 nitric oxide synthase

NAIINMIANEIAN cloning WuAnen lwilunszna NOS finanua 3 isoform A8 neuronal
NOS (nNOS) 30 type I NOS (NOS1), immunologic NOS (iNOS) #30 type 2 NOS (NOS2) uag
endothelial NOS (eNOS) ¥39 type 3 NOS (NOS3) @aoulassi nNOS 1az eNOS QANAIINITAA
U52e M (neuron) u,mzmaﬁg%yﬁammwﬁwaamﬁammﬁﬁu HagziimsFaunsiauaaoanal
(constitutive) {TﬂﬁJu cNOS uazmiﬁnméﬁuﬁu calcium-calmodulin @31 iNOS Qﬂﬁgfﬁmiwﬁiﬂﬂ
N15%¥N11 (inducible) Lﬁiamaﬁﬁlmzuugﬁﬁ’n Wugﬂﬂixﬁu (activated immune cell) NININIUVDY
iNOS iU calcium  (Khazan et al., 2015) iminTianaves nNOS, eNOS 1az iNOS Tf1
10U 160 kDa, 135 kDa uag 130 kDa @M@l (Xu and Liu, 1998) NO fvimhidiu
neurotransmitter ﬁ%}NIﬂﬂiz‘]_l‘]_l‘]JSZﬁT%d’JuﬂaN (central nervous system) Lmzszuuﬂizﬁmd’m
@10 (peripheral nervous system) lag nNOS Junumdidgyluduanunssswazmsiseus
HonMIAIY nNOS ETqﬁmfhﬁmmumsﬁnmmmﬁa% M5TUAIVOINMUAUDINIT (peristalsis)
LlazﬂWiL%IW’EJ”IiiJiIIVINLWﬂ (sexual arousal) %ﬂiumﬁﬁiﬁﬂlmzmﬂ%w spliced isoform U84 nNOS !‘]dJL!

é’ (3 ' . { v . .
TusAulunduniloadwdgyanalumsnouaueiae calcium 1MAI9IN sarcoplasmic reticulum (SR)



o o . . . . o Y A Y A A 9 o Y o 1 1 9y a 4
71131 inducible isoform iNOS MUUINTITIN NO “I/lLﬂfJ’JSUE’Nﬂ‘UﬂallﬂﬂTiﬂf’)\iﬂl&ﬂf’)ﬂﬁﬂ@@fﬂauﬂ g
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~

o 15ALAYADUEUDIAD cytokine @I endothelial NOS @319 NO lunasaidon uazliunumdinny

Tumsmunihfvesrasaden Msauvedridly msaievasaidenlny (angiogenesis) tag

v, . o Y A 9 [ = o 9 zil =
N15¥ a4 insulin eNOS MHUUNNYIVDINUNTUUAIVDINATUUBLTYY (Khazan et al., 2015) 1T N

A = 4 ¥ . A = ¥
n 2.8 L‘]EEJUWI?J‘ULEJM‘I%M NOS 74 3 isoforms M350 2.9 uaasmaasunilasif/suna NOS 13

o v v a 1
3 isoform HAZANNFUNUTNUMSINA T5AAS 9

M319N 2.8 ANHAULYDI NOS 114 3 isoform (AALa3a91n Khazan et al., 2015, Nahrevanian, 2009)

Name Human Location Function Regulated by
Chromosome
Neuron NOS NOS,, Nervous tissue, skeleton | Cell communication, Ca+2 / Calmodulin
(nNOS, NOS)) chromosome 12 muscle type 11 signal transduction,
neurotransmission
Inducible NOS NOS,, Immune system Immune defense against Ca+2independent
iNOS, NOS2 chromosome 17 (macrophages, pathogens endotoxin,
neutrophils), cytokines
chondrocytes,
hepatocytes,
cardiovascular system
Endothelial NOS | NOS,, chromosome 7 | Endothelium Vasodilation, Ca+2 / Calmodulin
(eNOS, NOS,) modulation of platelet
aggregation, modulation
of leukocyte endothelial
interactions
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M990 2.9 ANUFUWUT VDA NOS isoform tazmInaTsaaa o (faudadnn Khazan et al., 2015)

Disease NO Isoform

Cardiac diseases T iNOS
Myocardial ischemia
Reperfusion injury
Myocarditis

Heart failure

Vascular disease

Atherosclerosis TeNOS
Hypertension TeNOS
Aging leNOS
Neurodegenerative disorders T iNOS

Parkinson’s disease
Alzheimer’s disease
Huntington’s disease
Multiple sclerosis
Amyotrophic lateral sclerosis

Traumatic brain injury

Local inflammation TiNOS
Chronic arthritis
Inflammatory bowel diseases

Tissue inflammation from toxic origi

Cancer 1iNOS, TeNOS, TnNOS
Metabolic syndrome TiNOS
Diabetes TeNOS
Obesity TiNOS

Dyslipidemias (hypercholesterolemia and TeNOS

hypertriglyceridemia)
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2.2.4 ms¥af3ana NO NignFunasiziay

= ti' Y] 1 ld’ 1 d’ ~ [ d’dg! 1 1 =
msfneuneany No lul¥isesde 1ieenn NO gndunngiuulusimeluiedes oz
(J l <3 = 2 aa . 2!’ A =~ a =~ =
A08AI081937IA137  NO Uo1ga3eaa (half life) Tuiliewe laamasiszuna 3-6 31N lwdea
a = . . A Ada Aa X L. ' <3 Y
Uszunm 1-2 317 (Malinski, T, 2000) Tu@elidia NO MAavuzgn oxidizeIno 0, 0819590157 14
. I o W
nitrite 148 nitrate YU metabolite product Tu plasma wazlu@on (whole blood) ANdIAY  1ag
. A A v 3 v 7 A .. A
metabolite product MatesowTunadnNnINNMTAA18UD9 NO A0 nitrite taz TunsanldTinuveg
A A o = . Y . 2 o 3 1tri 3
O2 NIWYIND  nitrite ﬂzgﬂgﬂaaum"lﬂ nitrate 91YAITITIAUVDY nitrate LLAT nitrite 1uizuu"lwagaﬂu
VBI519M18 (circulation) A0 5-8 ¥ 1AL 110 1NNMNAIAL (Khazan et al., 2015) 1199910 NO ﬁmq
R Aa A gl.: = o J =2 1a [ o Y
AsIaNauIn  MImlsnamsdunsizy NO 34 lutsuiaaives NO Tagasa msznszila
< =K A (% =Y . A .. .
on Taena l13etieninl5uaves metabolite product U893 NO A0 nitrite 4D nitrate Tu serum,
4 I ] 4 = o J 1
plasma tag lutlaanzuny meldiludive® USuamsdunsizy NO Tusname (Khazan et al.,
2015; Ghasemi et al., 2007)
Tuiagiiu Tvannaeds lumsialsmmues NO 15U M3IAAINITAANAULETIVOITIT
UV (UV absorbance), gl GC-MS, HPLC, ion-selective electrode, capillary electrophoresis,
1A, 1 <3 1
fluorescent assay, chemiluminescence assay g electrochemical detection UAIBNTIAGI 18R 1Y
% d 'Q { v
Usgnda naziuitonnniigano Griess assay 395109711108 Johan Peter Griess 141l A.¢1. 1879
{ o Aa A 1Y) v oA o % (R { 1 {
P5a No 13a1dnnifnsen Griess Tanuduiusnanuds Ge-Ms aedeaniluisnldan
andoangalumsmsinaves NO ludsy (Romitelli et al., 2007; Khazan et al., 2015)

QU Q

2.2.5 mgu"l'wsﬁmnné’mammznné’uﬁfa iNOS

= o ¢ X 3 A A o
NO NgnduAs1ZHIUIIN inducible isoform iNOS HudenatsimertoenunszuIums
[ g a A [ dal [ . < Ay 4
FAUAUNIFUARIUNAY  1aZI059 (Heras et al, 2001) iNOS Hhueulwinaialaesad
A Y . A 9 o a A J A
macrophage NYNNIEAU (activated macrophage) LW@Gl“lfﬂ’mﬂmmx“mmﬂi}auﬂiEJﬂfJIiﬂ 130
' A A Y @ J
ADUTUDIAD endotoxin LS cytokine MnNeINUMIONIAD (inflammatory cytokines) ou Iyl iINOS
2 o g . . A J .
Ay immune inflammatory factor anuluead macrophage, hepatocytes, wazlu glial cells

. ) 4
(Nahrevanian, H. 2009) NO #ig51991n iNOS H1f5unmge uazad e lasadnansyiaiionoudusa

'
A o o 1

' [ @ ' a a 4
AD cytokines iNOS valuifadendiaguesiumelunmneuauesneillsda msaareunaiiGe

a 4 { <
LAZMINTYUBHDION (tumor growth) NO Na31a1las iNOS 1iluaunaves septic shock taglsn
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1 A a 9 . . A A A 9 @
AN 9 “I/IiJﬁ'WL‘HEﬂMﬂTﬁﬂQ?JGﬂHﬁHL@Q (autoimmue etiology) waz IsanaresiaineIveInunIs

Y] g}/ 3 9 A 9 Y= ~
Ny 5IuNe Isan5e 150w uas Isamnenuua I Uoasu (1135199 2.9)

< s Y ¢ A Y 9 . .
RAW 264.7 1Hwwaa macrophage 6l“LA‘Vi“LW‘lmJWf WBYNNITAUAIY  lipopolysaccharide LT/

a o L { (%
30 IFN-Y 9zinamsdunsizd iNOS tazdine No lulsmags fimwsadalfinamedonlag
Sad3ua nitrite 4281519 Griess reagent (Park et al., 2000; Nathan and Xie, 1994; Komutarin et al.,
Y v
2004) a3 lunizeayu Insvateytialasmwizlungu flavonoids eunsndudamsaine NO Nad
Tag iNOS 135U quercetin, apigenin, wogonin, luteolin, tectorignin, galangin, morin, epigallocatechin
[ < 1
gallate, ginkgo biloba extract, silymarin, hesperidin, @13dNAINIUAADIU nlaenduau wazan
I I
Lﬂﬁ@ﬂﬁﬂlﬂﬁﬂﬂ%%ﬂ Ay (Kim et al., 1999; Raso et al.,2001, Kobuchi et al., 1997; Sakata et al.,
2003; Chan et al., 1997; Kang et al., 2002; Fine, 2000; Komutarin et al., 2004) Tagmwizasana
=) Y .. . A o 1 F) VA =\
OoPC nnilasnauey (French maritime pine bark) NINUUIYNINNITA molave Pycnogenol® U
a o § 9 =] = g’/ £ a [ g’/ a‘{
qm’mEJmmJwﬁﬁuuﬁumuﬂumiﬁﬂ@@aﬁwmmmuauga@ﬁi:ﬁ EJ‘]JENT‘H?ET%}N NO ngﬁf,]‘ﬂ‘ﬁ
v a ] £ Y dil A A [ <3 a 9 Y Ay o

NNOFYINGINIONUTY LY UGNTATUYDUUANLIY Ul’]ﬁ’ﬁ Iiﬂllzlﬁﬂ Iﬁﬂﬂ"NLL‘W NITAUISUUYUANNU

A A ' 9 ) ' 3 A 9 v =
INNANUIANYUUD collagen ‘]JfNﬂufﬂiLfﬂ%ﬂ@um@ﬂlﬂﬁﬂlﬁﬁ]ﬂ ‘]J?J\‘iﬂ‘lillﬁ&’ﬁﬂﬂ'ﬂﬂlﬁﬂﬂ?ﬂﬁﬂﬂ

@ o 1 I

Tsaale vaglsnludesnauaa q dudu  (Fine, 2000; Ray et al, 1999; Dhanalakshmi et al.,

2003; Shafiee et al., 2003)
2.3 NUIUHNIN

2.3.1 anyazin lJvaaNnudurinn

=

' Y A Ao v o A A U | 4 A
NUVUHHUTD. UTIDNIINIAIUNUILIINI Lﬂuw%cluj\iﬁﬂau (Araceae) U¥O

a 7 o An o 7 § 9 A Y 1
INOEAT N Aglaonema simplex Bl (10N aUATUNY, 2544) U¥onosdaun1ee nu 15ulus (asa
FUWT) NUIAKY (AT NUTUNLIN (MANN) NTHNAUFS (Mald) taz Nudurnaseg (Tu
. I Y a ¢ A . = J @ 1
internet) Wuau (e NYIYIUTITU, 2542; http:// medthai.com/NHTUAUGI) mumuwmﬂagiu

anawenuadesszuils (Homalomena rubescens Kunth.) 1muluena Aglaonema fiognatewiia

4

[ ' = A~ J o 1 [ 9 J Lo o 20 a o
Y NURINUY ’J"IHﬂ’Jﬂ‘VﬂQﬁ"IEJT]JEJTJ ’J"IHﬂ'JﬂV]"NﬁTEJT]JTJ@?J ’JTHIW‘ﬁ’]_IaaQﬂ UTHIW‘ﬁﬁ@Iﬂ
1 £ a 3‘, <3 ] = 4 Jd a Ja v o ' 7
?]TL!TW‘ﬁ-i”NN‘L!TN(l‘]JLaﬂllagiﬂiﬁﬂg NNAYRNYY ﬁ@nill‘]J@] FAIDIAIT ITUNINNDIAT ITUNIN

o £ [ 2] 1 % I v a Aa
NONTUHNT NINNDUN  DYUAIUASITUYUNUIN L‘]J‘L!@%}u (PJ"IEJ?T”ISI!LTI?[WL?[H,2004) éfuwsmau

o v Y

A J % I Y Y a ' ya 9
(4} mmmmuwu”lﬂlﬂuwsim"lmuaﬂ aaunINlszum 1.5 I UALNNT LWN%TﬂN']Gl@ﬂu qql’lﬂ

Q
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a = an A I 9 ¥ 2 Y A oA =

Uszunm 35 wudwas 09 1 was Imdendude 9 erwdwandos (U0 25 n) luvwadhiie &

meaa areluuviay lu@eteenaay  sonlundarsduvuuduvinn dunilailulunu 10 lu
A = A A U 3 1A Y ] =\ 1

U 2.5 v) eendu Wiemudassgeu q eonitlursenwenly waziurensns aendizlin

anbauzAdeaoninT uatdan loudmsends 13 (U0 25 A)  wagdnauiadiewaiina wso

= A

Y =\ I a g a aa A 1A < Y
AAPNUANATNY WVUIRLAN aatlumag 3-12 Wa WaAUTY? Lllf)!,l,ﬂﬂi@i:fﬂlﬂuﬁmﬁﬂﬂllﬂﬂﬁu

A A W o JY  ax < X A 40 A 4d o a
NIDALUAITA (31]1/] 5\1) ’J']u"lluﬂu']ﬂ"uﬂqﬂwuﬁf‘ﬂqajﬁﬂ]ﬁlquluaﬂ VUATHNUNBUFH UDUNUURN

Q

o

N & ' ' o A Aa & = a a
@]'lﬂJlGINlG]J'W]’JUl‘]JT;Iﬂﬂ]ﬂql@QUl‘ﬂﬂ l,mm’nullﬂWiJiJ‘L.!QHﬂﬂHWJJﬂ’JTJJi‘JJ%H@ﬁE]ﬂﬂ (E]ﬂﬂ]umu'l Y,

2548; http://medthai.com/NIHUAE)
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{ . {12 o v v
st 2.5 waasavidudidu (0 Ty () aen (A) wazHagN (1) VBIAUNTHUAUGINTD

MUTUHNIN (http://medthai.com/‘Wi‘Villaug",fﬂ)

2.3.2 a3INAVVDINUTUHIND

o a ¢ A o o 9
a1 lng nd Meaysusisy, 2542; dninaudoyaadyu Ins 2014;

[

9
. ! 4 Y
http://medthai.com/WHIUAUG) 521YATINAUVOINUTUNLIN HIoNTHUAUG 1IN

Y [ 9 ) J
1. HalATINAUAIURIAUZIAZMUANNET)  renuNMTUlszmuNagnnouuey
I o w o Y A ' 1 3 1 Y]
Lﬂu‘]J3$%1'Juﬁ$ 4 Wa %wﬂwmqﬂuﬂn PIAYYSADAITULD ﬂﬂﬂﬁ?ﬂlﬂuﬂk}ﬂﬁ?ﬂ HUIN
¥
AINSSUVIRARD DT uRsAaz NI Tineen

v 1
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o = o [ Aa Y v ° a Y 9 I v <
0IMSAY  uazlsauueNeses  lwmInsA1  Unezihwaauuianudadvatluree il uiia
unlyaiulsemu (http:/medthai.com/WsHUAUG; DAY AU, 2548)

dy d' ) Y a A (% A 4‘ 9 1 % = .
msngINaganm linamsszmeowazay  91FUHBIINANNUIUNNING  calcium
oxalate #a70 1HIAAANNTEABIABIABHUBBIIDA (mucous membrane) A4 9| calcium oxalate 3 ¥iia
o A A A 4 a . . A 7 .
nannnuluneslu@eunsIne raphides, styloids 1ag druses W 1WA Araceae A1MITONY calcium
Y Y
oxalate 1AN3 3 1A 1azis18UNY calcium oxalate ¥HA druses LA raphides M¥UA defensive
1182 nondefensive idioblast IuaIuluves Aglaonema commutatum (Saadi (182 Mondal, 2012;

Prychid 448¢ Rudall, 1999)
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EWEJQ']HLﬂEJ'Jﬂ'UﬁiiWﬂﬂ!m@ﬁ'ﬂuiua’f}ﬁ Aglaonema 11!’3\3?( Araceae ’E]QTJ'N LLG]EJLWENlllIﬂ"Huﬂ LBU
-4
v = =]
sesnudiulsznouvesaseongns iU Aglaonema commutatum iU alpha-carotene, beta-
. . . . ¥
cartotene, delta-carotene, gamma-carotene, lutein, lycopene, lycoxanthin (18 violaxanthin WIDNTL1)
£ v A ' I a
gNIMUNF¥INGN0N Aglaonema commutatum 130w 1y Huarsaulsagiui uazvoviia
Y ' Y ' o o Y < @ 1 9 v Y A o 9
ATUNTTLUNYIT ATUNTTNDNANYNUTD mumljﬂummzmﬁ gl Lmzmuiiﬂwmmumaﬂqﬂmu AU
a o a [ I []
pyYadasy uazlia1InszAUMININUVeITTUUNIANNY WUAY Aglaonema angustifolium $0
v ' . D) P . - |
AUDINITUINAN €] (swelling) nazlvanly Aglaonema marantifolium UHNITATUIUDIDN LIS
Y] a I (% Ao
Aglaonema pictum 1%5nu11sAnes naziiluereigiame (Duke, 2005) H310UIToMIANYT
a o A ¥ A g X \ . . vy 3 A
LﬂfJ'Jﬂ‘Uﬂ15ﬁWIJ5N1mu1§]1ﬁ1uﬁlﬁlﬂlﬂulﬂ1ﬁ’ﬂu (streptozotocm-dlabetlc mice) Iﬂfﬂﬂf HIATNY
. 3 s o B = o A A A A .
nitrogen Wluesnlsgnavanaain Aglaonema  treubii  INYUNUNYFUADUAND Xanthocercis

g

zambesiaca, Morus bombycis, Wa< Castanospermum australe (Nojima et al., 1998) Lags 18\1114!’5]‘1/]%

9
YR

§U9n158319 nitric oxide (NO) Ty aa macrophage ‘ﬁgﬂﬂi wj’ UAIY lipopolysaccharide (LPS) Tag
Aglaonema modestum Schott ex Engl. Lﬁﬂuﬁuﬁ%ayu"lwﬁu%ﬁ@%u (Ryu et al., 2001) HoAIIMIY
fawnunsdnmamsdidyiadannfisana Agaonema 15U 180UMTARATITNGH
polyhydroxyalkaloids Ao 2,5-dihydroxymethyl-3,4-dihydroxypyrrolidine ~ 48¢ Ol-homonojirimycin
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@ { g
Schott, Anchomanes Schott Qg Pseudohydrosme Engl. (Kite et al., 1997) 31891UMTANATT Milu
9
homoazasugars HA1YFUA LBU Ol-homonojirimycin, homonojirimycin isomer TINNINIT AUNVES

v 4 9
rialnine OL-4-di-epi-homonojirimycin E) Ol-homoallonojirimycin N NTIUVIINITNINIUUD

v
=

o laya] glycosidase 910 Aglaonema treubii Engl. (Martin et al., 1999) ®15U5210N azasugars 9

o & . I 1 § o o o
A1M130GUYI glycosidases 1Ay glycosyltransferases 1 unguatsnianudngyuinlutdagiivag
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= %% o J ' o d
W IMsANEIMIANNFURUTIZH oW UEAN 9 VoW luana Aglaonema 9 species
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A3 Gl%&ﬂﬂﬁﬂﬂ?ﬂﬂi}g%i%ﬂ 8170 amplified fragment length polymorphism (AFLP) marker (Chen et

al., 2004)

HAgNUOINUIUINNIFuAsoudYy  T91192la13  polyphenol  9ggY  lAgmwizngu
.. = . a L Aa A o Y A 1 A { a
proanthocyanidins BiJu flavanoids siavHaNTegluNwin tazwa ldNLFIA 199 WT0IRY Loz
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3.1 asindl 1 waz daa iyl umside
3.1.1 asiad

(+)- Catechin hydrate, vitamin C (Fluka Chemine GmbH, Buchs, Switzerland)
1, 4-Piperazinediethanesulfonic acid (PIPES) (Sigma-Aldrich, St. Louis, MO)
2-AA (Sigma-Aldrich, St. Louis, MO)

2-NF (Sigma-Aldrich, St. Louis, MO)

4-Nitrophenyl N-acetyl-3-D-glucosaminide (p-NAG) (Sigma-Aldrich, St. Louis, MO)
Albumin, dinitrophenyl (DNP-albumin) (Sigma-Aldrich, St. Louis, MO)
Aluminum chloride hexahydrate (AIC13-6H20) (Sigma-Aldrich, St. Louis, MO)
Ampicillin (Sigma-Aldrich, St. Louis, MO)

Anti-DNP (mouse monoclonal IgE) (SPE-7) (Sigma-Aldrich, St. Louis, MO)
Ascorbic acid (Sigma-Aldrich, St. Louis, MO)

Bacto agar (Becton Dickinson, Sparks, MD)

Biotin (ACROS, NJ, USA)

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

DCFH-DA: 2°,7’-dichlorofluorescin-diacetate (Sigma-Aldrich, St. Louis, MO)
DMSO (AMRESCO, Fountain Parkway Solon, OH)

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

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

Ferric chloride hexahydrate (FeCl13+6H20) (Carlo Erba , Italy)

Ferric-2, 4, 6-tripyridyl-s-triazine (FellI-TPTZ) (ACROS, NJ, USA)

Ferrous sulfate heptahydrate (FeSO4+7H20) (Sigma-Aldrich, St. Louis, MO)
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)


CCS
Rectangle
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Gallic acid (Sigma-Aldrich, St. Louis, MO)

Glucose (fluka, Germany)

Hank’s balance salts solution (HBSS) (Invitrogen Molecular Probes, Eugene, OR)
KCI (Sigma-Aldrich, St. Louis, MO)

L-histidine (ACROS, NJ, USA)

LPS: lipopolysaccharide (Escherichia coli O111:B4) (Sigma-Aldrich, St. Louis, MO)
mIFN- . Mouse interferon gamma (Piearce Protein Research Products, Rockford, IL)
MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (Invitrogen Molecular
Probes, Eugene, OR)

N-(1-Naphthyl) ethylenediamine dihydrochloride (Sigma-Aldrich, St. Louis, MO)
Na,HPO, (Carlo Erba, Italy)

NaCl (AMRESCO, Fountain Parkway Solon, OH)

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

NaH,PO, (Carlo Erba, Italy)

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

Penicillin G (Sigma-Aldrich, St. Louis, MO)

Quercetin dihydrate (INDOFINE Chemical Company, Inc., Hillsborough, NJ).

RPMI medium 1640, HBSS: hank’s balanced salt solution (Gibco Invitrogen, Grand
Island,NY).

S9 fraction (AAIFIFAAT, NH1INLB T MW, 1889 11)

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

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

Streptomycin sulfate (Sigma-Aldrich, St. Louis, MO)

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

fBuOOH: fert-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)
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3.1.2 i

2 4 2 g _ : ' ¢ ;
hnlslumsnaasananuaiili deionized water N1'149101ATINTDIUUDI Cascada Bio

water (Life sciences, Ann Arbor, MI)
(Y] &’ o (%) dq’ d
3.1.3 'Jﬁ@;lllﬂi’)ﬂ!‘lf?)ﬁ‘lﬁﬁﬂﬂ‘li!‘l"l‘lz!ﬁﬂ@!“ﬂﬁﬁ

15 ml t48 50 ml conical tubes (Corning Inc., Corning, NY)

96 well flat bottom plate (Corning Inc., Corning, NY)

96 well plate costar black/clear bottom (Corning Inc., Corning, NY)
Culture flasks Y119 25 118 75 cm’ (Nunc, Rochester, NY)

Petri dish Y419 60x15 mm t4a¢ 100x15 mm (Corning Inc., Corning, NY)

Cell scraper (SPL Life Sciences Inc., Gyeonggi-do, Korea)

3.1.4 Antibodies

Anti-COX-2 (murine polyclonal) (160106)  Cayman
Anti-DNP (mouse monoclonal IgE) (SPE-7) Sigma
Anti-iNOS (mouse monoclonal IgG1) (C-11) Santa cruz
Goat-anti-mouse-IgG-HRP conjugate (Sc-2005) Santa cruz
Goat-anti-rabbit-IgG-HRP conjugate (10004301) Cayman

OL-Tubulin (mouse monoclonal IgG) (B-7, Sc5286) Santa cruz
d‘ =) d av
3.2 !ﬂiﬂﬁuﬂ!!ﬁ&’@ﬂﬂiﬂ!ﬂ1ﬁﬁl%ﬂ

Blender (Phillips)

Autoclave (model HVE-50) Hirayama)

A3 0eTaneion 2 i (model PG5 002-S), Mettler Toledo)
Lﬂ%ﬂﬂ‘f;ﬂﬂﬁﬁﬂﬂ 4 gi'lll,ﬁljﬂ (model PW254, ADAM®)

Centrifuge (model ICT15RT, Techcomp)
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Compound microscope (model CX21, Olympus)

Inverted microscope (model CKX41, Olympus)

Biohazard safety carbinet class II (model SG600E, Holton)
Hot-air oven (Memmert GmblH & Co. KG,)

Sgljlgu (4°C) (model Superior frost free T H 8903, Sharp)

U

9 1

AUBLTI(-20°C) (Whirlpool)

Y

9 [ . . .
ALLLUN(-80°C) (Forma 900 series, Thermo scientific)

Microplate spectrophotometer (Cecil 1000 Series,Cecil instrument)
Gemini EM fluorescence microplate reader (Molecular Device)
Electrophoresis system (model HE33, Hoefer)

Electrohoresis power supply (EPS601, Amersham)

Dessicator (Schott)

Rotary evaporator with vacuum (model R205, Buchi)

Lyophilizer (Freeze-zone 12 plus, Labconco Corporation)

Water bath (Memmert)

pH meter (Metrohm)

8-Multichannel pipette 5-50 ul ttag 50-300 pl (Gibco)
Micropipette 0.5-10 pl, 2-20 pl, 20-200 pl, 100-1000 pl ttag 500-5000 pl (Pipetman®, Gilson)
Carbon dioxide incubator (SHEL LAB)

Haemocytometer and cover slip (Fisher Scientific)

Pasteur pipettes (Fisher Scientific)

Glasswares (Pyrex)

U

3.3 auimmsIoy

A A Yy o X s O 1 A
NNNITNAQTVINLINYIVIINVNITINIZLQ YT AR (cell culture) 4 WIZIAYUTDUUANITY

o ¥ . . [ g1 ¢ g’u a
ﬂiwﬂué’ﬂaam% (biosafety cabinet class II) m@uazqﬂﬂimmmﬂaam%a saunaldmaiia

A Y v 1 ~ A o s Y v v
“]Jﬁf]@l%”é] ANUYNUYUUDITITAN ) mz141umimammmmwamﬂummmmuqﬂmﬂmmmi
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a

] 4 o 1 { 0 4 { " A @
Tu culture Mstuaanszihluduutiguwgi 37°C uaz 5% CO, Minaassdus N lunerdoany

Q U

Y
o o a oA a A a a a [
msnmzLEmmaaﬂszmiuﬁ’mﬂgmmswy’mm 2IA1TNANNTEINGTA 80 WITHT UKMIINY1QY
= = A < o 2 [ '
mﬂIUIaﬂﬁ:'iLl"li Nﬁﬂ1§ﬂﬂﬁ@\1ﬂ!£ﬁﬂ\1‘l@ﬂﬂﬁﬂﬂa’ENHJ‘HGI?LL‘VIL!SU?Nﬂ'li‘l’]ﬂﬂ’f)\ul,ﬂﬂlﬂfJ’Jf‘l’L!fJfJN

Y A 5
uUaINga 2 4

U

al o A a = [ d o d
3.4 FBAuiuMIdeNNLINVIBaaa@WuE (Cell lines)

d v d
34.1. yaameanuUy

THaaduunTasvhaeoius RAW264.7 (Mouse macrophage RAW264.7 cells, Cell Lines
Service, Eppelheim, Germany) ifiefinywavesmsaiaaniudumnnaemssudimsaiisouya
saszluad nazmsdudimssniay 1wasiu Talaseius RBL-2H3 (Rat basophilic leukemic
cells, ATCC, Manassas, VA, USA) Lﬁ@ﬁﬂmwammmsﬁﬁ'ﬂ%1ﬂ3'1m‘i’uwmmﬁiaﬂﬁﬁ’miiﬂaﬁuﬁ’

Y o

4 2 1 1 a
Tagggnsmsdudivesasananemsassaisnszqualquny

1 ¢ o d
34.2 msmmﬁmwaamﬂwuﬁ

Q

mmﬂ'gmwaﬁ RAW264.7 8 RPMI-1640 media ‘ﬁ@u (supplement) A8 10% heat-
inactivate fetal bovine serum (FBS), 100 U/mL penicillin 48 100 pg/ml streptomycin Lﬁ@iﬁ!ﬂu
complete media L’gmwaﬂué’ carbon dioxide incubator 18 1ddN12Y 37°C, 5% CO, wnseiaad
winyAu Tadaifly 80% nasuAquAtLff flask (confluence) A 1FHaBuadnnATeneu 14y
N1TINAQBDN

L"gﬂ\‘llcﬁﬁf‘{ RBL-2H3 Tuow Wiléﬂﬂlcﬁﬁé’ MEM media ﬁgﬁmﬁnﬁ’aﬂ 15% heat-inactivate fetal
bovine serum (FBS), 100 U/mL penicillin (82 100 pg/ml streptomycin Lﬁflsl%}!ﬂu complete media
L’gmmaﬁiué’ carbon dioxide incubator meldanig 37°C, 5% CO, ﬂuﬂizﬁ’qma’éfm?mu@ﬂm

X { { 1 J y )
Uszunm 80% AaouAquUNURA flask WldRsaradnnasinowi Il lunsnaaes

3.4.3 19 trypsinize (a0

! a s 2 3 !
Gluﬂiiﬁﬁﬂﬁ!%iﬂlﬂj@ﬂl“h’ﬁaLﬂuﬂimﬂﬂﬁ@ﬂﬂﬁﬁﬂmwgﬂ (adherent cell) ﬂﬁl,ﬂ‘]JLﬁEJ’J

A o s o A . A q9 s A 4
(harvest) NIDUNFAADDNVN culture flask ﬁ']i]'liﬂﬂig‘vniﬂﬁnﬁ trysinize LW’E)GlWLG]SﬂﬁWQﬂﬂ'IﬂWHVI
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9
flask 323184 80-90 % F18azBAvEITUABLIUMS trysinize 15 NA
1. Pipette RPMI media aaﬂmﬂmaﬁﬁagﬂu culture flask
v % Y v
2. 1uwad 2 A28 PBS
3. Trypsinize (¥aa00nR28M3 11302818 trypsin (0.25% trypsin 1 mM EDTA

Tu pBS) TasldfSiasvesarsazate uypsin Iiioolge uaeunsonqu

'
a

dy Aa & s X o o 1 Y .
NuRAIMIuAveuYas Fanserinlaevdy flask Tduredretiuuialyt trypsin

¥
a

a 7 o ' { 4
Tvanguinead i wu 8119 culture flask vurana1e AUNUAF 75 m* 14
trypsin 1323184 20-50 LI

T I Y LAY o < =

4. UMHAAIIWNY trypsin NYUN 37 °C 5% CO, Wuszoznan)seun 5-10 wIn
1 ] ° J t4 o [ .

Tuszremstn diradeonuIng199AIendeanssainuRINaY (invert

. I A 1 9 &’ AAa = A o
microscope) nJuszﬂzgwemammwazﬂﬂquﬂmﬂwuwm!mzﬂwmmam

a

9 F4 v Y 4 1 v
Nallamsone flask 1019 HaZHUUNAY trypsin 1AquUNUNA2 19N flask

J ]

4 1 2 ] J o
esreliisaanaadledu 5820810 INTUNFASHY  trypsin AIT VY

q

' '
= 1A °

vy Y ' v ' =
i$fm’mﬂﬁﬁuﬂﬁﬂmTV]%%ﬂi&ﬂWqﬂ !,Lazhlums“lmammaﬂm 15 UIN INTE

q

Y o v s

< < a 1 J
trypsin 11l protease DITUWANULEAAUIU wunyAoran

9
A A = 9

4 4 a o Q( .
5. ioaargaeonniuNAlGouies FUMMsAIUONT  (neutralize) VDY
trypsin femsla complete RPMI media 9% 10% FCS
° y A S < ~
6. MmMsdumieasaan 1,500 rpm 1Wuszezal 10 I
v 2 ) 2 L Ay U
7. 91%aa 1 A59A8 PBS 1A resuspend 1¥aa 1Y media NAINT 1¥IUMNS

IGGBRN

U

aa o =\ =\ d‘ d‘ U s A .
3.5 IBAHUMIVeNNLINUIUANSY (Bacteria)
3.5.1 uuanisey

4 £ o d v 1 2 4
Tﬂiﬂﬂ"liﬁ‘l/lﬂﬁ@lli]‘l/lﬁﬂ’f)ﬂa”IEJW‘L!‘Q"U@QET”ISﬁTﬂﬂ’J"ILl"U‘L!WZJ"Iﬂ‘ﬁll@%)ﬁ]”lﬂ 95% EtOH Uiy in

[

[ A
vitro 10819 Ames test 35naaoUN 1Y uvARS Y Salmonella typhimurium TasanuIseiliaonly s,

typhimurium @10WHE TA98 1@z TAI00 NENTOATIVIAMINAGNUFUUY  frameshift
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o ¢ . o : o
mutation UALNITNAYNWUDLUY base-pair substitution mutation AIUAIAY (Maron and Ames,

1983)
3.52 MSz@gaunnise

Y o P Y
QOMUANGTIANWNWUTG Salmonella typhimurium 1101131289 Oxiod nutrient broth No. 2
A o <3 1 a3 o 1 A
e 37 °C ANVIFITOU 90 ToUABUIN 1T UNAT 16 BU. TAANNYUVBIDIMITINOMIUT IV
I=9=| A 9 I Y1 A A A
uuniiize Taive1e 4o 0.9% NaCl 1 lasginmsganauudalszana 0.3-0.4 1A7E1IAAYU 620 nm

dy A ]
(MINAaeIIea1lszuia 8 111)
3.6 MIAIBNATANAIN NUVUKNN

' 7 < a a v o
NAUBDIITUIVHHUID (Agloanema simplex BL.) YUINVUIVTINUUIVIVILINU D. ﬁﬂﬁ\i"]fﬂ JWHIA
= ' A @ =2 A A < 1 A Y
UATTTIBAU 1“5314'31\1&@@14‘51!31?]% DUADUNUNIIAUY mmmmﬂumuaamammumnﬂ
o w Y 1 [ 4 1 @ @ T Y A
ﬂWﬁ\?’L:fﬂ‘W’ﬂa DUAYITINTINIAIAINATI HAVDIITUVUTTUINISUIYIN G]'Jf]ﬁl'lﬂﬁ"])'gﬂﬂ'lﬁ’t’]\?ﬁ'm Flora
. ] @ l <} A Y ] a

of Thailand ta¥ 11 part 2 Ll,ﬁ?.i@f]f]fﬂ\?ﬁﬂf (BKF 186333) Qﬂlﬂﬂhl'ij'i/l‘ﬂ@w3§mllu AINYNITULYNTIN
YA v A
dad s Wugiy

Y
v A o (%

9
ananaNuTUIN Taale 95% ethanol A283T5N13130N (maceration) AINTUNDUAIL

[

@ 1 % A a9 =2 9y o Y 9 ¥ Y = I~
1. Aammwzeanuiunign iadutavudumaty dnndudeilnazein maluin
v v Y v
suaunsznaun 11 11Tulu blender worey 91n1ui louu hot air oven
a o S
guuigil 40°C 1luszezm 16 v.4.
o ¥ v A Y Y A a
2. hwanis lduadaomsesuarunszns ldnsuianazivon
3. winutuvunluviagdsuyuuia 500 ml Taeldmeuauraroa N 100 g
ADAINIAZA1Y 95% ethanol 200 ml
] { a < < o { a
4. 19811m3 14 shaker Nguvgiidoudlunm 24 s mumsanaldn 4°C uazi@u 200
ml 93 95% a3 1 hwg1dn MuuuELIuNTENIATY 3 501

° o g‘/ 1Y X a A A o I ~ '
5. WEsENANIMNANITINNY TUmIe99 3500 x gNn4°’C Wunal 10 W9 LagnseanIu

NIZATYNITIDI Whatman No. 1
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o Y v y 9 9 Y o Y 3 Yy 9 ax
6. Miasanarintuaensszive Iaald rotary evaporator g1 It umILHIA 1875
freeze dry Tu lyophilizer
o Y v A =~ 9 g}J o & Sol o <3 v A
7 hwaniavesansanafieson IaAnaruauRaus Y ¥aimin tazinuasanan
I { o o ' ' y &
Aumansts 139 -s0°c dmsvldlumsnaassne ) lunmsnaasuaazae Fana
uraveeensanai 1an ethanol luSinandesns uaniunavatelu dimethyl

sulfoxide (DMSO)

3.7 PBnawesanswgnuindl (phytochemical) YBINUTUHIND

ASANANGIVVOINA NUTUNNIND IADINMTANAAIY ethanol 95% gnas leallFiians

= a Y = A A a 4 = .
ma TuTadn1eems unaneaoma TuTaggsuls e lnszimaaiiuuulszana (Proximate

] Y Y
analysis) OM1ANNY YT 19390009 11/5AUTIN (crude protein) 13iU (crude fat) Vi (crude
Ja ] dy
ash) 4aN1NYe1U (crude fiber) Tﬂﬂmﬁmmgmmm AOAC (1997) #9115 0aANUTUINNIG
) . . = .

BULNA 1A8 weight difference method 111515 INVDINIAMEIY 1LAZUD19IANSIA (ignition)
fee19 T lsAuney vag lviiuren 1la laeld Kjeldahl method 1a¢ Soxlet

extraction method AUA1AL
3.7.1 YSmnasinvesansiluedn (Total phenolic content)

= & = a ) : [ ana A -4
msasanfsmnamanuavesansiluedn 1935 Folin-Ciocalteu 011l fAsesaond

A A

TumshIdinadfisenduiiiosnin molybdate tungstate ion @1582a10 Folin-Ciocalteu (Folin—
Ciocalteu reagent) U32nOUME sodium tungstate, sodium molybdate, phosphoric acid Lla¢ sodium
o an A A Yo ad Y a % 2 A
carbonate ¥1iaNM13YBIITNATOVAD 1D A UBIANATOUINAIIAIUEENTIATY Toou Mo(VI) &4
a2 A . . = ' R Aam Y A A a
fimdoalu Folin-Ciocalteu aztlasuloglugiues Mo(v) Falimiiku fdwnsodaaiums
1 aan a 4 =y o 1 {
nlasumlasdannlfise vazdnszimilsunaldlagiammsganauuasd 750 wiTuwas uda
i huFeuieununsinasgiudenldnsaunuiia (tannic acid) nsaUNaaA (gallic acid) W30

kY

S a . < Y = a . v o KR J
MANYU (catechin) Audumuvesansisznouiuean (Singleton et al., 1999) AIUUIITINITONIAN
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v993118U89 phenolic THLAaZANTAAARIBITNIVDY Folin Ciocalteu (Mariod et al., 2008)
o % 3/ = = 2 -dy
FMTVIUADUVDINTNATO VNI 10AIDIAAI
1. @umsana 100 pl 8l lurasanaaes Muaae 2 ml Y89 2% NaCO, 1Az NAUAIY
1 Y Ay g A
vortex Ui MANgamgiitouiiuna 2 wi
2 181 100 ul U84 50% Folin-Cioculteu reagent (1938uea 1:1 Y99 91582819 Folin : DI

=

Y 1y g ay g A
water ) LAZHANAIY vortex Ly IANgunglinesdmilunat 30 wii
[ 1 =) v d' Y . .
3 JamnsganauLaIueIasanan 750 nm 1aan1s 1y Cecil 1000 Series
spectrophotometer
4 hlldwanSeuiiouny calibration curve ¥94eM311ATF IV gallic acid NHiA10Y
5%1319 0.05-0.5 mg/ml

[ ]
5 F1BNUHAANMTNTUUDIE1TU5ENOY phenolic Tua1sanailu mg ¥o4 gallic acid

equivalent (GAE) A0NINYBIE1TENA

3.7.2 Y35 3uvea flavonoids (Total flavonoid content)
1511590104 flavonoids 8 1un5an1 14 1ael% aluminium chloride (AICL,) colorimetric
method (Liu et al., 2002) Hanmsnadoufe AlCL 1117036100 C-4 keto group, C3 W30 C-5
hydroxyl group U84 flavones 11a¢ flavonols (AAMI a3 19315 neuiTideuiaaesaonsa (acid
stable complex) uaﬂmﬂﬁu AlCL & HJﬁﬂﬁT]Jf]ﬂ?iEﬂfT‘lJ ortho-dihydroxyl group U84 flavonoids &
astsznouiFadoud luiedaslunsa (acid labile complex) flavonoid iviI§n3eniy Alct, Tu

v
A =<

acetate buffer 19a15 kelate NNTmaesrIaldane spectrophotometre (Constanta {82 Rodica, 2010)
g’/ S o dyﬁ
YUADUNIINATOUNAIUAD
. ANAI0ENEITENA Y0 positive control (catechin 0.05-0.2 mg/ml) 250 ul 94
Y v
Tunasanaaos MuAe1Inay 1.25 ml uaz 75 L 5% sodium nitrite Weru 1@

9y o 9
UINUAY vortex

9 9 Y
2. waeniy 6 Wi 1d 150 LU 10% AICI3 weru ldidnay wagasna 1 5 wii
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3. AATUMHUAAL AN 500 LU sodium hydroxide (1M) ttaziiinaw 275 I
e I

4. FAMMIgANAUIAIUBIAIDE19N 510 nm Taen13 14 Cecil 1000 Series

3.7.3 Hunasuves proanthocyanidins (Total proanthocyanidins content)

Y3113 90v098151/52n9Y proanthocyanidins 1113930 1@A283F vanillin-HCI
assay (Sun et al., 1998) HANNITNAADUAD vanillin HANWTUNIZABNGY flavan-3-ol Tuaisazaien
< L a v & g . . A o
1Wunsa vanillin NIAN proton (protonated) laensaraily weak electrophilic carbonation NN

Hinl o ; 2
URN3e1M VLM flavonoid (flavonoid ring) NAMNIUG 6 1Az 8 A15AINA1NNYNALTMANAVEIN
9 A 2 e A o Aa
pon lAesNNAUAY  TUADUNIINATDVVDN vanillin-HCI 1 Asiife
1. Aufmegasana 125 ul aelllurasananaes MuAIY 4% vanillin-methanol 750 pl
Y
NNUUAY 375 pl VoIa13aZa8 4% HCl-methanol WANETAZAIUAIY vortex
o 1 A o A 9 . .
2. IMNIANAUIAIVOIAIANAT 500 nm 1A8n13 19 Cecil 1000 Series
spectrophotometer ATUIAMFVINOUN calibration curve YBIFAI1ITNIATIIU catechin X
AAUAUTUDEIZHI1 0.05-0.2 mg/ml

@ <
3. FBNUANNENTUYDIE15UTENeU proanthocyanidins Tuesana Wu mg UdN

catechin equivalent (CE) ADNTUVBIAITANA

d
3.8 qNEALAIHOYYADAIZVBIAFANADINHANIUYUHINN

ilosnneyyadasyinaeyiia uaznalnmsdueyyadasziivatelszan minsivdeu

7 9
i]ﬂ‘ﬁﬁWu@Hyﬁ@ﬁi%GU’é]\i’dﬁ’dﬂﬂﬁﬂﬂ’J1u"llu°ﬂll1ﬂ %Qi%ﬁ%ﬂﬁﬂﬂﬁ@ﬂﬂﬁﬁhﬂ 3 ’Zl‘ﬁﬁ’é] M3V

]
a [

AMUAWSOIUMS  scavenging free radical #28M15 1FoYYADAsEADes DPPH® @359

Y ax g

a 4 v e < [ { I
aNuaNIalumMsiad 42895 FRAP @94 2 35utlumsnaaouluvasanaass a1u3sn 3 1
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£ a v A a J {
mMInadeUgniAueyyaddszvesasanananieluwad aemsldas DCFH-DA fidwnsn

Tasiewaeneluyad
3.8.1 2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay

3 ax a s 9 a 4 Aqu A
DPPH assay lﬂu’]‘ﬁﬂ15']lﬂ513Wﬂ']11]ﬁ']ll']§ﬂ‘1uﬂ15@1u@@ﬂ%lﬂ%u Vﬂ“]f reagent 19 2,2-

< 3 . . . { [l )
diphenyl-1-picrylhydrazyl (DPPH®) Failu organic nitrogen radical Meadosuazianeluaam
Y o 1A Y a A o o . Y
02018 methanol amaafﬂmmmmmmiumamuawa@ﬁsz ADNIVA (scavenge) free radical 1a
9 s Y ~ A Yt A A
ANULUNVDIFTITASAWANINITINAN leem‘w@,@ﬂauum”lﬂwmmanﬂau 517 nm (Katsube et
g‘/ A o dyd
al., 2004) YUADUNMTNATDUNAIUAD
a 1 Y 9 [ Y
1. 1§14 0.2ml 611aqLmazﬂ’nmmmumamﬁﬁﬂ@aﬂﬂiuwaa@mam AUAY 3.0 ml YD
2 Y 1 AA A Ay
a13a¥a18 DPPH (2.5x10 g/L methanol) WEUAIY vortex !,Lazfuu“lumm NYWUNHUNDN
) =
Lﬂmzaznm 30 UIN
o A o A 9y . .
2 ’J@ﬂ'lfﬂiﬂﬂﬂﬁuuﬁﬁﬂlﬂﬂﬁﬁﬁﬂﬂ“ﬂ 517 nm Iﬂﬂﬂ']ﬁcl“lf Cecil 1000 Series

spectrophotometer

4
3 ﬂﬁ‘ﬂﬂ\ﬂuwaﬂl@ﬁﬂﬂﬁiuﬂ1‘i%1ﬁ1‘d@1{y’ﬁ@ﬁﬁ$ﬂigﬂﬂugﬂuﬂﬂ median inhibitory

v 9
concentration (1C,,) HnuedInNUTNTUVBIAITAI0619TUMIGUEY DPPH® 50%

J o o 1 @
A1 1C,, MIAlaemIa3 19N WANNFNNUTTZHI1 % inhibition Y99 DPPH® i1

ANV UTUVDIAITAIDIT AN U LUDITISAI0E19NT % inhibition 1M1AU 50

1 J I3 4 o & a a o [
AoA11C,, Wosduamsdusioyyadaszyila DPPH dwnsamuialdaigas

DPPH radical scavenging activity (%) =[(A__ -A__)/A__]x100

control sample) control

A, MO A ADAINIGANAUNANN 517 nm YOIA1IAIBEN (HaoANATDdl

sample control

a1sana uag DPPH®) 1ag ngu control (1A®ANAABATIMWIY DPPH®) AW A N15aAaIv0a

' P
ﬂﬁﬂﬂﬂﬁul!ﬁﬂ%@dﬁ1ia$ﬁ?8 DPPH® ‘]J\T]Jﬁ)ﬂﬁ\?ﬂﬁlfwMﬂdju"lJfNﬂ’Nllﬁ?ﬂ?iﬂiuﬂ1§ﬂ161ﬂ DPPH®
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3.8.2 FRAP (ferric reducing/antioxidant power) assay

[ QQ

FRAP assay (1iudtasnnaeuanuamnialumiduesnsiadu  Taverdoilfises

' a = = a 9 A A a g .

aeng  uazaamumsasuulasdvesansiseneurasor Ao Wed15synoUWIEOY  ferric
. . . . - v Aag a @ . T

tripyridyltriazine  (Fe'"TPTZ) lasudianasouninaisdueondmdy  vxgmilasulioglugll

~

a 9 . . . . 2+- Aaa ¥ a A A
3U52NOUITFIOU ferrous tripyridyltriazine (Fe” TPTZ) NUAUINY NAIUITOQANAULAIZIFAN

Q

o

593 nm  anuansalumIMuesndaduvesansdieds  nszilaemslSeuieunuans
1AsTIH udenuilual FRAP value mi3sdannuansnlumsiaiduesarsanansziany
9 F2
I5115U04 Benzie 118 Strain (1996) AYN5 1002 DIAVDITUADUAH
S 1 % 1 Liy
1. $3eaIUYT2NOUVDI FRAP reagent 73610 11/3 0.1 M acetate buffer (pH 3.6), 10 mM
2,4,6-Tris(2-pyridyl)-1,3,5-triazine (TPTZ) solution 14 40 mM HCI taz d15a2a19 20
mM FeCL-6H,0
Y
2. haudsenouvesd1sng 3 via MaNsINAUIUEATIEIUN 10:1:1, viviv
a Ao v k)
3. 1AW FRAP reagent (3 ml) a3'1d1u vasanaaeand 0.1 ml vos a1sana uag HauAw
vortex
' Py Ay < A o A o A
4. vy Anguvigiivies Wy na1 30 Wil Tammsganaundsvesasanai 593 nm Ty
M35 19 Cecil 1000 Series spectrophotometer
5. ahldehuramlSeuiieunt calibration curve Y8981511A3§ 1M vitamin C NTA0Y
NI 0.002-0.04 pg/ml

a o <
6. 51ENTL!ﬂ'J’liJﬁ'uJ’]iﬂsluﬂ’]i%ﬂ’JcﬁGU@Qﬁ’ﬁaﬂﬂ 11lu mg UB vitamin C equivalent

antioxidant capacity (VCEAC) ADNTUVOIATEANA

3.8.3 qnsmueyyadaszmeluwad (Cellular antioxidant activity; CAA)
Y (
NuIteiiidonld DCFH-DA assay iiofnugnisiuoyyadass wiedm oxidative
I
stress meluad  ag DCFH-DA (2’,7’-dichlorofluorescin-diacetate) WueasUsenoy  non-

A =< Y S A Y s 7 S w v
fluorescent ﬂmmimmmwmgmaa mmmgwaa Lau”lcm esterase meflumaaﬂmwyj diacetate
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9
%

Y Aa da! [ Y a ~ ] rd
’f]’é]ﬂémﬂimaf]‘ﬁﬁl]’f)\‘] DCFH-DA llﬂ?ﬂi DCFH “I/liJ‘U’JgNGUu m“lw’mgy.a’aﬁﬁwagma“lumaammm
- v a Yy I &2 3 A .
oxidize DCFH uag Ivinanaagaimelu DCF Gauilues fluorescent NiToWa (Wolfe 118 Liu,
o A a 22 I ' o . . .
2007) @y fluorescent NNAVIN DCF vuTluamsHUa intracellular oxidative stress 71871
4 = QQ'SI a 4 0o Aa as .
5aa m'sﬁﬂymmmu@ugaamzmﬂiumaamm DCFH-DA assay AUUUAINITNITUDY Kim et

| Y =) (= = ? o A
al., 2011 T@ﬂummm!,ﬂmmmaﬂ ANUINYASIDYAUDIVUADUAIU

g A ¢ PRI . g 4
1. 1UNeNraa RAW264.7 Maea 14 petri dish ¥u19 100x15 mm 1aem5 1% cell scraper
a 4 1 1
2. Auwad RAW264.7 Moglu complete media adlunguund 96 well plate costar
5 4 g ' I3 Y1 oA
black/clear bottom (1x10” 1ad/vigu) MNvULMEadlumal 16-18 ¥ Tugiun 37°C
uag 5% CO,
£ a 4 J
3. M media 00n9M0  plate  TuMsAuHIgNEAsAUeYyaddszmeluaduesY
@ v 4l [ v { o [
TUNIN UIadsmAUaTananaNIdudy 0, 125, 250 uag 500 pg/ml §M5U
. . Y . [ ) o Yy 9
antioxidant control 1% quercetin (10 pM) vl 24 ¥, SIMTUANUVNTUVI
1 2 1
asananmenly I8ennsnaaeliosdu (preliminary study) AT IFA
o A 1 a 1 4 = Vo Y A
yosasanan idluiivaoan RAW264.7 (3100z00a0g1ia90N 3.9 MIniAw
9y 9 v A 1 a a 1 J
Wuduvesansanan liitluiyaowan)
A v > 7Y ¥ Y a
4. WRATU 24 TN, ANAITANADONIINGAAAIY HBSS 2 ATI AUAWMITIAN 20 uM
~ 1 1 1 AA A g ~
DCFH-DA fioglu HBSS adli/lunaazrqu nazinluniadmiluszezna 30 wi
(MENFINTIAY DCFH-DA 0 plate 728 aluminum foil tWoiloeruues wazyims
naaosluriosniiuaslvlas)
) Y
5. 1ieAT1 30 W1 419 DCFH-DA 09n@18 HBSS 3 A39 1Az gameaudinizdu 500
. 4 :
uM tert-butylydroperoxide (tBuOOH) Misisonlu HBSS asliluuaaz g
6. BIUHARIUNITIA intensity VDY fluorescence signal MEHad 3 ¥U 1aelY excitation
= . = ¥ .
wavelength N1 485 nm LIAY emission wavelength N1 535 nm 1aen51% Gemini EM

fluorescence microplate reader
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Yy v % d' L a 1 d
3.9 msmﬂ:u1ammmmmmianﬂﬂ"!mﬂuwymma

] o =< ' o I o Jd o &
Gluﬂ131/]ﬂa@\uﬁEJ'JﬂUf]ﬂ'ﬁﬂ'l\‘]%jﬂ'lwellﬂqq']umuﬁu']ﬂﬁLﬁﬂj%@\?ﬂﬂlcﬁaa ﬂnﬂu&l}@\jﬁqﬂjqu

o <

Yy 9 v A [ Jya a 1 4 a dy 9 = £
riutuvesasanan hineldinanyaowaa Tulasansiteil 1hyaa RAW264.7 lumsanuigns
1 o a 4 o o &
oI nuIurNIn lumsmueyyaddsznelumad uag AMumMIsnauRIeNIEusINITasIe NO

9 o £ o ' a ' o 7
dmsumsfAneignssumsvasasnogiul vesuturun 14 1vad RBL-2H3

S 9 g

Yy 9 v AR 1 A s ' o A Y 9
m’iwmﬁmmlmlu"llmﬁﬁﬁﬂﬂﬂllmﬂuwyﬂmﬁmaL UAUAIYNTUNAITANANAIULUNUUY

1 [ o 4 JAAAA ] @ ] o { 1 o
LANANNUITINNVIEAE MIHITuasan HPINDINIYHAINTT VY ﬂig‘VHIﬂEJ 2 ﬁﬁumﬂmmu

9 9
v o

Y
A MTT assay L2 trypan blue exclusion 518888AYDITUADUNINUANAIIAD

3.9.1 MmstgaaNtUMsana
' P 5 s A 4 < A
1. laiwad RAW264.7 (1x10° 19@8/Mqu) 1139 RBL-2H3 (5x10' 15a0/1qu) Nog
1 media a1/ lunquund 96 well plate
2. uwadneglu plate iumeay (16 .4 Tuduuiniguaungii1in

37°C, 5% CO,

Y
v % a

3. wasnndwavasananuiurunes ) luidaz vauued plate Tagldnam

Wutugamevesansanaidy 0.125, 0.25 1ag 0.50 mg/ml Az lyEsaaADON

Q

I

Wuszezina 24 ¥y,

d‘ o ) a < a [ ] o
4. \WeasuMKUaAal MMsUszuanudl unyueIaIsana TAM asisan

frems ¥ 2 IfFeudieuny Ae MTT assay b9g trypan blue exclusion

3.9.2 MTT assay

S o 4

MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide) Huadansies

I g [ o 1

U321AN tetrazolium salt N5 1H MTT assay Useiivasunanwaaniziniu e1denannsn mme

s

AdAa A A . . v g ~ 9 J .
IFAANUYIN 1TON metabolically active INTUU Aaansalaonley succinate dehydrogenase Tu

: [ a A {
mitochondria 1/aeu MTT 1#1ilu formazan product Tﬂ&lﬂg]ﬂ‘i 81 reduction formazan product i
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a = A

Y Y zﬂ'
AAvUT A9 UNAANAULAIFIFAN 550-600 nm (Mosman 1983; Denizot (ag Lang, 1986)

o—

9
[ Y

] A I v 1 o ~ 7 @
W mmsganauuauudadiulaensany formazan product NudsiulasasanulSnuves
. = da{ v o saAAAA < a I a [
succinate dehydrogenase TQUUALTIUIUYAANLTINTUBY  Mdszmiuanuiuiyvosasana
NNANUTUNINN ABLEAd RAW264.7 118¢ RBL-2H3 §18 MTT assay fiaudadunanisnmsves
9 2
Martin and Clynes (1993) 11a2 Byun et al. (2008) Iagiisieaziooanuiuaouaqil
o ] I @ @ 4 14
. MUNSIMILUFAATINAUETANAIY 96 well plate (RAW264.7 15aa 1% 1x10° 1308/
o [ 4 Y 4 4 I )
Wau dm5U RBL-2H3 1aa 1% 4x10° sad/mau) 1iuszeznat 24 vy 1 plate 11
. = ° 3| =1
centrifuge N1 1,500 rpm, 4°C 1Wuna 10 W m supernatant 99110 plate
2. 1@N 100 pl 0.5 mg/ml Y9I MTT dye solution 8411 1unaagzriquans 96 well plate 1az
oA o =]
1N 37 °C, 5% CO, AvdnuszeziIa 4 wu.
A ° ) A A < A A
3. ieAsy 4 wu. 1 plate JTuwdesn 1,500 pm, 4°C Wunan 10 WA e
supernatant 99NYINUQN
4. 1@y 100 W DMSO adh/luudazrquiieazate formazan crystal 1doglugilves
M3azAeTUN
5. ilﬂﬂ'”lm'iﬂﬂﬂamlﬁﬁ‘ﬁ 540 nm #8 Benchmark Plus Microplate Spectrophotometer
System

o J <3 J s Y o dy
6. mu’;mlﬂmmummwaa b\ ’JG]@]’JEJﬁﬂJﬂﬁﬂQﬁflulﬂu

ANDAY OD NQUNATDL

P-4 s AAA
Lﬂﬂil%um%ﬁaﬂﬂ%’)ﬂ = x100

AMmAY OD NUAIUAY

3.9.3 Trypan blue exclusion

I a 1

a s Y I [ [ =) ]
mMsvsziivanuilunyaesaanlens 19d trypan blue 9IRBHANNITIN & trypan blue 14

7 g s

1 d' Y AAAA Y o A 9 a A s [l
mmsamuwaumcﬁaawwm"lﬂ ANUU Lcﬁaammmzﬂau"lm@mm trypan blue mmzwaam”lu

9 9
o A %

ana 1 g’z ::'9) a A ay I a 1 o
UEIAUNMUUNIDUAATUUIUUDN trypan blue éuumuﬁuaqTﬁ1/1@aaumwmﬂuwmmammuwnm

[

v 9
AoLrad RAW264.7 11ag RBL-2H3 @1875M386018 trypan blue Huaauadilfe
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o ' 7 o o ¢ y <
waqmﬂummaaﬁwmmﬂﬂ E%}Nﬁ"lﬁﬁ'ﬂﬂﬂﬂﬂmﬂl%aa 3 ﬂi\?f’%}’w PBS uag iny

= 7 )] . = .. J 1w 9
Nou¥aa laen1s 14 0.25% trypsin-EDTA (51002190AM3 trypsiniz [¥aa0gH90

U

3.4.3)

douadang 0.4% (w/v) trypan blue (w3only PBS) laglédanaiuwad fo
trypan blue 1:1 (v/v) U single cell suspension 100 pl lalunaoanaaos tag
T8 100 ul 0.4% trypan blue 1H1dY

Pipet waﬁﬁwaméﬁuﬁ trypan blue 841)1u¥03909 haemocytometer §1HT VNV

4 A 9
raanazlanle cover glass

o a3 Sl

s AAA I o 1a a 12 a s
HULFAANNBIA (mfaaamﬂymziaLW51z"1m@au1Nu) uammaaﬂwmm (l¥aq
4

a A a Yy 9 4 dy 1 .
aamigy) 1 haemocytometer  alandoaganssAuuuUNUAIN  (light
microscope)

o J I J JAAAA Y
mu’;mxﬂaimummmaa N%?@Iﬂﬂiﬂfﬁﬂﬂ?i:

o J 2’, ) s
sa s N R TIIUFATNIHUA-TIUIULTAANAY
oS uasaaniyia = ) %100

NUIUFAANINUA

3.10 Ms¥1f33a Nitrite

WANYDININATOUAD (101G macrophage RAW264.7 nnsgiuaie LPS uag IFN-Y

P 4 = HIP . a g < ¥y .. X &
INANITHAINN NO ‘Slﬁullllﬁﬂﬁlﬁ G!‘L! culture media NO %gﬂaaﬂ%"l@%aﬁmmmiﬂﬂ nitrite G]N!,ﬂu

A Aa = A o Y1 9y .
NANAANUANULEDYITUDI NO ‘1/Iﬁ13\l1iﬂ¢]i’m3ﬂllﬂﬂﬂiﬂﬂelﬁb‘ Griess reagent (Green et al., 1982)

[

Y
VUHABUNTIINAADIN \‘luﬁ@

1. @mwad RAW264.7 cells (1x10° 1ad/may) aellundasiguaes 96 well plate 1oz

¥
=

] Y3 A Y Ia Aa
‘Ullll’Jlf]Jul’Jﬁ'l 24 ¥Y. LW@iﬂL%aﬁﬁﬂWH“ﬂWﬂm@ﬁﬁqu

1A antioxidant control JALA quercetin (10 pM) HAZ ATANANANANUTUNNA (125,

250 and 500 pg/ml) a3l Tuuaazvguitivua
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3. wasnamstuiluna 4 s, shmsnsedumsaiie NO demsiAn LPS 1 pg/mL+
IFN- Y25 U/ml tagindedmilunan 24 .

4. Lf}@ﬂiu 24 1. 11 96 well plate llﬂﬂum%m udréhe 100 pl U®N supernatant h1‘1J‘17] 96
well plate Tl

5. 11 100 pul UDd Griess reagent [1% sulfanilamide, 0.1% naphthylethylenediamine
dihydrochloride (48 3% phosphoric acid] aal1/lu plate ﬁﬁ culture media  Wery 1N
fu waztuluiisiaduna 10w

6. Jammsganduuas i 540 nm  Jaen1sl¥  Benchmark Plus  Microplate
Spectrophotometer System

7. Y31aved nitrite TuiI9619 mudald Inensnl3eufeouny calibration curve Vo4

T1TUIATI Y sodium nitrite

¢
3.11 MIBATIMIUaaseenveslsau iNOS uaz COX-2
< 1 X X g‘/
ﬂ'l'iﬁTE]‘Vl‘ﬁ@%}'luﬂ']ifJﬂLﬁ‘U‘lJ’E)\‘]ﬁﬁﬁﬂﬂTmﬂJUWJﬂﬂ L!@ﬂmﬂﬁﬂ‘kﬂﬂ'ﬁﬂﬂﬂﬁﬂlﬂﬂﬂ?iﬁ%}%‘] NO

Y o
\111!’3%8‘?!ﬂ\iﬁﬂ‘hﬂﬂﬁﬂ]@ﬂﬁﬁﬁﬂﬂ@@ﬂ”lillﬁﬂ\‘]’f]’f]ﬂlef’J\‘iL’E]uul"”IﬂJﬂ’ iNOS uag COX-2 ﬁlﬁﬂ’)sﬂ}ﬂﬂﬂﬂﬂﬁ

Y
enta@unIug lldumsdudainmsadie No

3.11.1 MsAsen protein lysate
1. Plate 108 RAW264.7 (2 x 10° saa/maw) a9l Iuusazvquues 6-well plate

k4

AA A
ANNUN

Ia

g YA A % A ]
waztmdlunan 24 ¥, Tuguunligumgil 37°C 5% Co, s lvivaa
HIURIAAL QY

2. 1@y 100 JL1 antioxidant positive control 1aun quercetin (10 uM) 130100 LU

v 1 A 99 Y ¥ Yy <
ﬁ”lﬁﬁﬂﬂ’ﬂuﬂluﬁﬂﬂﬂl‘wﬂiﬁﬂQTNLﬂINﬂJUQfﬂﬂTGLﬂH 0.125, 0.250 ttag 0.50 pg/ml
as 1/ lunaaznau

" s Y . < v ) sy
3. Umclfaaﬁlug C02 incubator L‘]Junm 4 ¥, AINRIYNTITNISAULTADRNIY LPS (1

ug/mL) 39311 IFN- ¥ (25 U/mL) Fluszeziadn 24 v,
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MondInsL A9asaiasennmad 3 ASidan PBS uazidy 150 ul U994
ice-cold lysis buffer (1 mL RIPA buffer Gf’ﬂﬁ@u 10 LL1 200 mM PMSF, 1 LI 2
mM leupeptin 140 1 pl E-64) Fuan 20 w1

Tl cell lysate #ilANMadFwandasluudaznguves 6-well plate 1Uf
microcentrifuge tubes (LO1 ﬂum‘}jm'ﬁ 12,000 x g ﬁ 4°C et 30 wii

AU supernatant 13 -80°C Lﬁﬁ)ﬁﬂﬂj‘]ﬂumiﬁ1 Western blot glm‘?umwi@"lﬂ

= [ = @ 1 = % o a 4 =
HazHLNdnaIUiavedlng1uden i ldBaszisua Tilsau

3.11.2 mmnzddSinalilsau

Iagzrmlsuaveallsanly tysate Taold35m5ue Lowry ef al. (1951) Tag

[

9 v
N31002108ATDIVUADUNITNATOUATL

[a——

99919 protein lysate Tu lysis buffer (1 : 10 v/v)

@ 20 L vesldsaun Idmenudlraslylunaaz nquues 96-well plate a1
¥ [T A A Ay

A28 200 uL Y04 reagent D LAZUNADITIUTZEZIIA1 10 WIN NQUKNH0I

@ 20 pL Ue9 reagent C adldluuaazvguues 96-well plat waziuf

) < =
Qmﬂgnﬁﬂﬂﬂﬂlﬂu5$8ZLﬂa1 30 N

TAMNMIAANAULEIVDIAI0619N 750 nm  IaenilH  spectrophotometry
microplate reader Sana TlsAuvesanseana lagldy calibration curve Y83a13

UINTZIU bovine serum albumin (BSA)

3.11.3 SDS-PAGE gel electrophoresis {las Western blot

'
ﬂﬁfﬁl}uﬁ1ﬂ1/]‘ﬁGUE]QﬁTi’(?fﬂﬂ’Nu"UuﬂMWﬂﬁ@ﬂWiLlﬁﬂﬂ@@ﬂm@ﬁIﬂi@‘Ll iNOS  uag

cox-2 nszrlasldinaiin  Western blot #Haisuannsuenlylsaulag  polyacrylamide gel

electrophoresis AIWITNIFUOY Laemmli (1970) Lmzﬁ1%ﬁ@ﬂlﬂﬂﬂi€luiﬂﬂi%} monoclonal antibody T

[

o 1 = 4'91 = 3}/ = = dﬁld
ﬁ]ilWWS@]@IﬂS@H%@]@QﬂﬁﬁﬂBW VYUABDUNITNATDUNINYASIDYAAIUAND
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U1 cell lysate Tdudlunar 5 1w Tu 6x sample buffer (50 mM Tris-base, pH

7.4, 4% SDS, 10% glycerol, 4% 2-mercaptoethanol, 0.05 mg/mL U®J

bromophenol blue) Tagldlusnsraiu sample : buffer =5 : 1 (v/v)

Tvaa (load) 15 pg U0 cellular protein lysate avluugag lane Y03 10% sodium

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) A3&¥NAILLYN

TusAud 125 Toad Wuszezina 120 w1

ﬁlwiﬂs?]uﬁa&ﬂmwiumallﬂﬁ nitrocellulose membrane 18NS blot 7 80 Trad

< = Ay

Wuan 1 ww. NYUNHUND

Block membrane 428113 1% 5% BSA 11 0.1% Tween-20 Tu PBS-buffer (TPBS)

A 1 . T '

a9 lUuru nitrocellulose membrane tagUNABIUTZOZIA1 4 W,

U3 nitrocellulose membrane TINAUAIY 1 : 1000 dilution VD primary antibody

anti-iNOS mouse monoclonal (Santa Cruz Biotechnology Inc., Santa Cruz, CA)

W30 1 : 2000 dilution V9 primary antibody anti-COX-2 mouse polyclonal

(Cayman Chemical, Ann Arbor, MI)

A39doUNaz normalize 11/5AunTraalunaag lane NUUTINBIMNUIIN Tag

U1 nitrocellulose membrane A2¥ primary antibodies Ao protein U®4 house

. J & 2 A Y . .

keeping gene AN €] F9lumsnaaoatiiaonly anti-tubulin mouse monoclonal
. Ay YA VoA a9 I

antibody (Santa Cruz) T]Ulﬂﬁ]’f]ﬁ]'l\? 1:2000 Lm$U3J1/IQQ!WQ3JWENHIH§$EJ$L’J@1 2

V.

AMINEINTUNAY primary antibody 819 nitrocellulose membrane 728 TPBS 3

v [

739 €] 8210 UIN UDSVY nitrocellulose membrane mqmwgnﬁm a1 W,

A 1:10,000 dilution U®4 secondary antibody goat-anti-mouse-HRP conjugate

(Santa Cruz) §1131 iNOS 148 tubulin 1182 goat-anti-rabbit IgG-HRP conjugate

(Cayman) #1151 COX-2
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Y
8. NMYNAIVUADUNITUNNY secondary antibody #19UWY membrane A28 TPBS 3
) A
A3 9 g 10 UIN
9. luweslia 1N ECL Western blotting substrate (Piearce Protein Research
. A Y o dy AAa R
Products) 841U nitrocellulose membrane Aaou 1M INUNHY Tagtuilunal 5

~ Y v oA 7 I A o o . a ~
win awaemsdsznunuduadunan 5 UM @Iy INOS uag 30 UM

#1151 COX-2

3.12 MINATOUMIAIUNTHAIAINOHNIN

£y

MInadeUgNIAIUeIMIgIuivesEsanaUIUNIINIAY in vitro model nizi1lag
@ g’/ @ 1 < U a . <
‘I/Iﬂﬁ@’]JWﬁﬂﬁfJ‘UfJ\‘l‘ll@\iﬁ']iﬁﬂﬂﬂ’t’)ﬂﬁﬁaﬁﬁﬁﬂﬂﬂuullﬁ}mﬂ RBL-2H3 ‘%QHJM basophilic leukemia
. < S A 9 I % = = [ a 9
cell line VINNY rat uazLﬂuwaawuaﬂmﬂumsmumm mast cell Glumiﬁﬂmmmmgmmum
A o R ao X a D) v < 1 a9 o ]
NFATINUTVUI N1U7 EJ“LJLﬁ@ﬂclcb'ﬂ']ﬁ@”li‘!ﬂﬁ‘ﬁﬁ\iﬁﬁﬂ@ﬂ“mm‘lﬁ)\‘]ﬁﬁﬁﬂﬂiﬂﬂﬂlfﬁ B-hexos—
aminidase assay
v % ' a 9 A A A 1 J
Wﬁﬂﬂl’ﬂ\?ﬂ'li‘ﬂﬂﬁ?)‘ﬂﬂ1§1’iﬁ\1ﬁ'1§ﬂ@{]ﬂ!wﬁﬂﬂi% B-hexosamlnldase assay foLUDVULLAR
9 A 1 Y o . Aa o 1 . Y Y
RBL-2H3 UuAUAINHUINY IgE antibody NUAITNINUNIZAD DNP antigen HaINTNAIY DNP-BSA
. [ a . A o =2 o 1A Aa 4
antigen Tuunou 921NANS crosslink Vo4 IgE NYUNISHIIVIOBYN FCERL NWIFAA NIT cross-
o ' Jd a
linked FcERI m"lﬂz;f signal transduction meluaa 1 phosphorylation U84 tyrosine kinases 113
a Y

MNsZAUYY Ca” 1 cytosol damalififanmisnasvesd1sneniuiaig q nleguasly  granule

4 1 g’: 4
(preformed mediators) 99NIINLEAR  (degranulation) LYW histamine, serotonin QY layyd B-

a A

{ < [ v = Y] g’/ [ 4
hexosaminidase1 1900 NUINT ONAVAI1TNOYIUNTIAD AU 5zAVVD U laal -
.. Ja (=0 = o ' a g
hexosaminidase 11 supernatant 813130 1913/ UAY¥HUIUDNDINITHAIVOIATNDHULUNWAI 9] DONIIN
N ¥ 1o Y Y ' A ya d . .
wad e laglusuiludesiatSunavesasnogiininnateanu lasasa (Fischer et al., 1995; Choi
9
et al., 1996; Abramson et al., 2006; Abramson 1@ Pecht 2007) 318a08AVDININATDVIAILAD

1. 1@uad RBL-2H3 cells (5x10° ad/maw) a9l Tuunaz viquues 96 well plate tagiiy

& o Yy A A g9 a A Aa
N 37C 5% C02 ll’mnmu LW@IWLW@'@@@WH‘WW’J%@QWQN
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Y ]

2. NAHUUNNUAUAIBLOUATDANIINIZAD DNP antigen (50 ng/ml anti-DNP IgE) 1137

=< 9 Y . .

WANDDNAIY Siraganian buffer (pH 7.4)
3. @Y antioxidant control AL quercetin (10 uM) ¥3® ANTANAIINNANUTUKNIN (125,

' A o
250 and 500 pg/ml) a3 1 Tunaaznguitivua
o 3 9 Y . . o 9y 4

4. viasnnmstmiunat 12 wu. §1900nA10 Siraganian buffer ¥IMInszauMsaoy

9 Y a

J a a 1 1 I
A13NDYUUNAIMTIANLOUALIY (10 pg/ml DNP-BSA) tiazinaodniumal 30 i
5. WeasummuAnai 96 well plate lTiifumdes udrére 25 ul ¥4 supernatant 1 96
well plate T
a A . Y Y o ]
6. 1Y 25 ul Y04 substrate buffer a4 1111 plate N culture media wan ¥ nu taztulu
AA g
nuauszezg 1 wu.

Y
7. NdUMgamMsiRR3e1d28M51AY 50 LU stop solution

8. Jammsganduuey N 500 nm  1aemsl¥  Benchmark Plus  Microplate

Spectrophotometer System

a

S v d
313 msnageugNENenawuEIng Ames test

I v @
Ames test LﬂUﬂ'l'iﬂﬂﬁ@Ull‘UUﬂ’lﬁﬂa’lﬂwuﬁllﬂﬂ in vitro aNNITUDI Ames test ﬁalaflﬂl{’]ﬂf}
o . . = o q ¥ o o 1 o ¢ Ay A ax Y o q ¥
uuanLsy S. lyphlmurlum V]Qﬂﬂ'lglﬁﬂﬁ']flwuﬁ ]lllffnﬂiﬂﬁfilﬂﬁ']gﬁﬂﬁﬂ@gﬂiuaﬁﬂﬂuqﬂlﬂﬂ ‘VIﬂ‘H
[ a a YU ~ = a a ag 9 I ' v
"lllmmiﬂlﬁ]‘iigmuimblﬂglummiﬂvluuﬂiﬂazuIuaﬁ‘ﬂ@u ﬂ'lﬁ'ﬁ%ﬂﬁaﬂLﬂuﬁ’]ﬁﬂ@ﬂa’lﬂwuﬁ L
o Y aA a v J 9 o . 1 Y A A
mﬂlmmﬂmimﬂﬂmiﬂmﬂwuﬁuuu%uﬂau (reverse mutation) ﬁﬁWﬂiﬂlLUﬂﬂLiﬂﬁTNTiﬂ
wiganTaldluomsi bilinsaozd Tugandy (Ames et al, 1975; Maron and Ames, 1983;
4 1 v a ] Q"’ 1 v
Mortelmans and Zeiger, 2000) Lﬁmi]"mmiﬂ@ﬂa"lwau‘g‘lJ"mmﬂhlﬂJﬁimﬁmiﬂﬂﬂmﬂwuﬂﬂﬂ@N
o < 9 [ B @ = 9 9 a3 1
%’llﬂuﬁ@\?’f]’lﬁfllf]uulcﬁﬂcluﬁﬂlﬂaﬂullﬂaﬁiﬂﬁﬂﬁﬁ’mﬂ@ﬂﬁ’li (metabolize) leﬂmﬂl,ﬂumiﬂﬁ)ﬂmﬂ

@ ngl dY Aax [

4 Q"‘ 1 1 { 1Y
UF AU 11 Ames test 3MINAADUYNTNONAWHUTABITN 1Y A1INAADUUNIIWAY S9 mix

Q

ee

2 3 A A @ =) ta Aq VU qy A Y
mgﬂmau"lcmmmaumﬂmuwk‘umzm@u"lcvmn gl Tlclslfeluﬂ"li metabolize 013 YINU L‘Wi’ﬂﬁi‘ﬁiﬂiﬂ

' io & ' v a J 1 o J
ﬂi?%ﬁ@‘ﬂﬂtjiJﬂ'liﬁ%'llﬂugll’fNW'luﬂi$‘1j’3uﬂ'li metabolism "Uﬁ)\‘lG]‘Uﬂﬂu%ﬁlﬂﬂlﬂuﬁ'lﬁﬂ@ﬂﬂ'lﬂwuﬁ

q
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[

Y Y
v @ a 1 o J [ [ o
auiu  Iasamsddolidamageumsnenaewuvesansanannuiurnlaeld  Ames  test
A 9 a A v J = ] [ ~ o Y a
onlduuANze  S.ophimurium @0RUT TA98 BII0TUNTATIVIA (detect) 3N IHINANS
o o X o { o a o .
AANWWUTUUD frameshift mutation 182 TA100 $IA329IAE1I N IFINANTNAWWUTUUD base-pair
. . . . dy a o dyw A YA~ 1
substitution mutation (Mortlemans and Zeiger, 2000) U3nNIINU UIVYU waonl¥IsMIUvans
AnAaNMIAULUARISY (pre-incubation method) tiNoMiyAN1Y (sensitivity) VeImMInaaoU 1Ay
g}/ =} = . o 2 = = g}/ (% dyd
nagauna luaamzuuuivazuuu1ul S9 mix F11SUIIBABDIAYDINIINAADINTUADUAIUAD
v 1 Y Ay ¥ v . A~
1. WHANaTanaNUIUENINT 18010 95% EtOH 131105 100 pL A1 S9 mix (n1zhdl S9
mix) H3© phosphate buffer (@122 13431 S9 mix) USuas 500 ul
a A A Y A A &£ A A A
2. 1AN100 pL HuANTEN inoculate VINAY (TA98 130 TA100) FALAINITAANAULAIN
A ' 1 Y Y o
ANVIINAY 620 nm BYILHIN 0.3-0.4 Wery 1N
3. dwuaiiBelliunesniuguguyluUUe1 (shaking water bath) Ngmmgil 37°C
=
U 20 U
a Y Y o 2 . v
4. QY top agar U511a35 2 ml wau 10y 91nUumas 1y minimal glucose agar plate A17¥
AR poured plate
& 3 o K o " Ay A o <
5. 509UNTZNI top agar AR 0 luAGAIUAURUHAN 37 °C UL 48 F2 Taa
A o ) ~ o Y [ . A
6. WensuMUUANa HuT I Ialalina1ewugdounal (revertant colonies) N1l51ng 1u
Ay plate
o @ 1 1 A =\ v JY o
7. mauawaminaasd iz laen1ImonsdIuveInnas 1a lallnaenugdoundu
. Y [l A g YR | [ ~ ~ v JY o
(revertant colonies) VoIARENNTIUATANAREAINTsIA TalinaenuFdoundy lay
FITUWIA (spontaneous revertant colonies) HINBATIAIUAINAINAUMAUNIBNINAN
1 d' =1 le v J
2 1@aIN A1INnadoulgNINenaeWUg
8. MINATOUNGUNAABIUIN (positive control) Tuan1zuuy il $9 mix I¥a1snenaie

@ J

4 I o [ o
WUF 2-nitrofluorene (2-NF) 11a¢ sodium azide 19w positive control @1WIUVTIYNUTD

TA98 1Az TA100 awad1ay @auluanzuuuil 89 mix 1¥esnenatewis 2-amino

Y
anthracene (2-AA) 11lu positive control ﬁmiummawuﬁ TA98 ttag TA100
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4.1 MIAPARNANUTUHNIN
o ) A Y < v 9 Y a
MSANATIUTUHUIN FUINHAD VLAY VATIUHS LAz anARIY 95% ethanol IAL5uIaIgNT
¥ 1 (%] 1
(percent yield) E138NAKEIY Fo8aY 12.65 + 1.27 Yvouininaisanauia navnmsdedilesa
a 4 1 1 @ 4 ¥
NUATILHATUVVUTLUND WU HIUFTIUDINANUTUHUINTANUFTY 11.96£1.39% VS5 4.72+
0.12% AN 0.11£0.002% USuiasrvvealisau vag lufuminy 71.44+2.25% wag 0.9 +

0.08% MINAIAY @11V available carbohydrate (nitrogen free extract) AWNINY 10.88+1.17%

4.2 YSanailuedan wilivess uazldsuenuinlaseniiduvesasaniainuduming

GﬂiN‘ﬁ 4.1 wafaA total phenolic content (TPC), total flavonoids content (TFC) g
proanthocyanidins content (PA) UBIAIIANAVINIUIUNNIN Tumsnaaesii e TPC Taoifion
ﬁﬂﬂi1WﬂJ®ﬁﬁ’1iNm51g1u gallic acid uazuaai TpC (A mg gallic acid equivalent (GAE) Ao
witanfuthmifnudsvesansaria A3 1WUIAITNIATYIU gallic acid 1A R” = 0.997 (MANUIN A1)
Y31 TPC 1@1nansanafe 56.75 + 0.37 mg gallic acid/gm a13anauia A1 TFC A1z lag
Meufunsvese3IIAI 1T catechin AIIA1 R = 0.985 (MAKWIN A1 2) AIB1 TEC HAAINUIY
WU mg catechin equivalent (CE) @9 ASNUBIANTANALTY NAMITAATIENHLI  ansanaIu
FUNNIATUTUA TEC 5.03 + 0.03 mg catechin/em Y8IeNIAAALIT A1 US04 PA 15129
Tagfontuns MuesasANTIUAMFUETM R = 0.951 (MANWIN A 3) uazudaai PA iy
mg catechin equivalent A0 NTUVBIATARAURY WAMIIATIZHNUNS s PA 7180 nans

ANATAT 7.02 £ 0.12 mg catechin/gm VYBIATANAURA (A13199 4.1)
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v A J
M3199 4.1 PSuasmvesasiuean dSuasivvesansmliuses uay USuiavesansusuIn

Taeniiau mnasananaNuTURIIN

msilszneungumansidl MsANANANUTHTINN
USunaswvesasiuean 56.75 +0.37
(mg GAE/dry extract)
Psumasamvesaswl Tiuees 5.03 +0.03
(mg CE/g dry extract)
YSnavesansuou Inlyeiiau 7.02+£0.12
(mg CE/g dry extract)

9 o ' { ' | ° @ 1
magauuauaim mmﬁa + ﬂ'lL’ideJ\iL‘]JuilW]ﬁim (@UIUNIDYN = 3)

4.3 QuENTANINUNTIATUINAIANANANUIUHIIN

A I 9y wa 9 a o @ ' &Y =2
L‘W’E]levlﬂﬁuauaﬂmfcm‘]JGlGlumimuaaﬂ%m%ummmiﬁﬂﬂNmmmuwum SlUﬂWiﬁﬂ‘]eﬂ

U Q

9 Y v
ﬂ%ﬁuﬁmi%’)‘ﬁﬂ'ﬁﬂ@ﬁﬁ]ﬂﬂLmﬂ@]Nﬂ‘HlH 317% ll@gljll,ﬂ DPPH, FRAP i1ag DCFH-DA assay

4.3.1 MINATDY scavenge activity Ao DPPH Radical

a

DPPH assay 1¥iflonaaounuaniinvesa1slunisfiiin (scavenge) oyyadase DPPH 7

I 1 { @ 3’,
@985 ( DPPH®) taiignunansnaasaidjuamanuaudsuvosarsnlglumsduds pppae 14

50% (median inhibitory concentration; IC,)) @13N#A1 IC,, /1 MeANAIsHANNE TR LOYYA

[ a

a 4 = < )
oasz ldgaitiosninldanududuyesms lulfmaesnamsotisneyyaddse DPPH 14 50%

HANINAABINMANUANIAIUBYYADATZVOITTANANINHANUTUHIINIAATUAIT19 4.2 WA

a

9 4
1/]@ﬁﬂﬁ%ﬂ)’ﬂ’N’(?Hiﬁﬂ@iﬂﬂﬂﬁ’ﬂu%u*ﬂh1ﬂﬁ1ﬂ1iﬂﬂ1ﬂ@ﬂl§ﬂuﬁﬂﬁ‘i$ DPPH 119911 Tﬂﬂqwﬁﬁ’mwy’a

v
v A

a A ds! I a [ Yy 9 A da! 1 I A
’E]ﬁ'i$!,WiﬁjuHJuﬂ;]ﬂ'lﬂiﬂfl@]i\‘]ﬂ‘Uﬂ'ﬂlILGUMGUH"IJfNﬁ1§ﬁﬂﬂ‘VILWMGUH f)Eﬂ\?Uliﬂﬂ ﬂﬂ!ﬁhﬂﬁiuﬂ1i

'
(% [

o v A1 Y ° A A o A Y I ..

1199 DPPH® U@ 15 aNANUAIADUVINAN memenmumammgmauﬂmﬂu positive control Glu
9

ﬂ'li@al}'lu’éﬂ;lial,ﬁ@ﬁﬁ% Glmm‘ﬂﬂamuﬁa quercetin, catechin 8 trolox ﬁ']iﬁﬂﬂﬂ'lﬂ')']uﬂluﬁn’lﬂﬁﬂ'l

a4 0o £ A~ o A Hq 9 o ' J
IC,, magnny 399.77 cmmemEmfmmimﬁigmauﬂﬂumima@mum IC,,8Y521313 2.00-

o v ' o ' { < ..
446 ANUAMWIT0IUNTAIA DPPH® "U’f]\?'J’]u"lluﬁMWﬂﬂgﬁ}@ﬂﬂ'ﬂﬁ'ﬁNTﬁigWUﬁ61"]91}lﬂu positive
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Y

Y
control TUMINAAOIULTZUIY 100-200 111 HAMTNAADIN GULTAIN T1TUINTITU quercetin LAY

v
[ a [

I Y
catechin Hgn5Mdneyyadass DPPH filndiAesny felia IC,, Yszanm 2 Leg/ml nazd1sniaes

4
o a

= a o YA 1 & g o J a 1
ONINIINDYYADA TS DPPH llﬂﬂﬂ’ﬂ trolox «mﬂumimmﬁwmaﬂmmu E sz 2 m

M9 42 MINIABYYAdATY DPPH 4038 13aNAINHAIUTUHINNLAZAITNIATFIUDUNT

7
i]‘ﬂ‘ﬁ@gl} TUBDDNHIAYU quercetin, catechin A trolox

A Yy 9 9
YUAUDIFT AINULVNUU (l,lg/ml) % ﬂ1§8jj‘1_]8jj\1 DPPH® IC50 (Hg/ml)
78 20.46+0.11
WKM 156 38.08 £0.22 399.77 + 15.33
313 54.86 £0.25
625 76.19 £ 1.09
0.5 13.33 £0.32
1.0 27.16 +£0.58
Quercetin 2.00£0.02
2.0 53.96 £0.70
3.0 77.00 £ 0.85
0.5 23.27+0.13
1.0 41.26 +0.20
Catechin 2.14+0.01
2.0 62.14 £0.49
3.5 77.30 £0.20
1.5 15.50 £0.31
3.0 35.12 +£0.25
Trolox 4.46 +0.02
4.5 53.93 £0.87
8.0 86.82 + 0.06

doyarinauelao Aunde + ANLOULUIIATIFIU (FIUIUAIDE1 = 3)
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4.3.2 Ferric Reducing Antioxidant Power (FRAP) Assay

& 9 a = wa A d . A
vl lunalnvesmsdueyyaddseneguantiavesd1sily reducing agent ')
1 P 1
reduce @15 oxidants 1@@19NT (inactivate) oxidation VOIDYYADATTAN FIANWAINITOVO
3 . a Yy Y as wa Y
#1515 U reducing agent @11150152151 1AR287F FRAP MINAFaUAMTNUAAIUO YYD
a I Y o a I 1" o o
da72a8mM U reducing agent VOIATAAANUTUHNINA2IT FRAP 519Ul ua1fas
a 4
ANNAINI50IUNITIAIT (Ferric reducing ability power values) %3® FRAP values lagldans
. . < J [ &Y < '
ascorbic acid 1uaIToUMeVLINTFIU A1 FRAP values 998150 NANUIUNRNINT 1091110 uA
1 EDI % L%
g U943 ascorbic acid equivalent antioxidant capacity (AEAC) A1® Mninuiavesensana nams
1 [ Y| o = wa a 4
naaoULAAIN ArsanaNUTURIINNAuTuIAIY reducing agent @1M1TDIAITAITUTTNOU
ferric tripyridyltriazine (TPTZ-Fe (III)) complex Ty ferrous tripyridyltriazine (TPTZ-Fe (II))
A o & = =) A I A Y [ = %’ a
complex luaa il pH é1 Feazlasudvesansazarenndurseum liudiheoudaiitu
v ' Y
Y (mummmﬁ’mﬁ’umwﬁumm TPTZ-Fe (IT) ) Tae3iA1 FRAP 101 44.07 £ 0.51 g AEAC 91©

Y v
ﬂiMuWﬁuﬂLLﬁﬂﬂl@ﬁﬁﬁﬁﬂﬂ (GﬂﬁNﬁ 4.3)

! o w Aa J . = . v o
M990 4.3 MAIANNAINIT0IUNTIAF (Ferric reducing ability power) U0Ia15ANAITUTUKNN

111939 A8 FRAP assay

A39819813 FRAP ([lg AEAC/DINHHTHNUTIY)

ATANANUIUNNIN 44.07+0.51

I J A
JoyailuAunde SD. (n=73)

433 anuansemueyyadaszmelurad (Cellular antioxidant activity)
nmsdszuanuannsoaiveyyadaszaielugadvesdrsanauiunuIna1e3s
DCFH-DA assay U&#A971 a3 @A GUnLINa 15080158319 DCF AtAA91nn15 oxidize DCFH
Tag tert-butylhydroperoxide (t-BuOOH) HAINNITAAAINNIT Lﬁnﬁuﬂlﬂﬁ DCEF fluorescence emission
Sluszeznan 180 Wi wuina 10 LM quercetin tazansafauTuINATa LT 0.125,

0.25 118¢ 0.50 mg/ml @XNTAMIANTAA ROSs Melurad 4911 DCFH-DA assay Hi11894n15a9
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Y51 DCF agniisddgyilosunungualiinazaleniugy (p <0.05) (U7 4.1) Myanasved
A 3 a o Yy 9 v oA A dy = o g’/
@131503ua9 DCF 1uilgnialagasanuanuunyuvesaisanaminuiu Usuamsduganisms
(Aia DCF Hinnuuana1seds i iidedian (p < 0.05) AolA NN 21.24 + 0.88%, 40.64 + 0.86 LAY
6431 % 1.59 NANUTUTUVDIAITAAANUIUNNIN 0.125, 0.25 1AL 0.50 mg/ml Awd1ay (U

S 1 [ U

4.2) Auihdunad msadaianududugegadio 0.50 mg/ml #11130aansadle DCF 1

A @ v

1 { I 1 o
UINNI quercetin 10 LM 14131 antioxidant positive control 8 1NUUITIAN (p <0.05)

3000 -

2500 4 b —

2000 A [ ]

1500 4

DCF-fluorescence intensity

1000 -

500 A

VH Q 0.125 0.25 0.5

WEM (mo/ml)

4 o w a ~ 3 o [ U @ A
517 4.1 msfidneyyadaszNasnvumelumed RAW264.7 TasasananInHaNUTUHLN Had
I A a 4
paautluanuduvesansiseauas DCF nanielusad RAW264.7 i DCFH-DA assay
MENFINIAY -BuOOH (HJuszezinan 180 WM 1wad RAW264.7 Uua1NHTiuas
@ ' % A Yy 9 ' [ A T o . I
ANAINHNANUTUHINANANUINTUIANANAY 150 UNIINAY 10 UM quercetin 11]1
] o I

5LHLIAN 24 FY. MUAWANITUUAY fluorescent probe DCFH-DA Wuszezna 30 N
1 d' a 1 d‘dw 1 % = 1 1 A W o U d‘
NBUNILIAY +-BuOOH. unIni Wl NUBAHIANUKHNBDIANAN0ENNTBEIAYN p <
0.05 lieNARD LAY one-way analysis of variance. VH = ﬁ]ﬁ1ﬁ$ﬁ1€lﬂ’)ﬂﬂm, WKM = @17

ANANNNANUIUHNIN, Q = quercetin
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100 1

90 A

70 4 d

60 A

% ROS inhibition
o

30

20 A

Q 0.125 0.25 0.5

4 72 & v ¥ a o o s
?j‘ljﬁ 4.2 L!,ﬁmLﬂﬁ)imummifm&mmimﬂ ROS ‘Vi%'ﬁ] DCF 61]'@\1ﬁ’lﬁﬁﬂﬂ?’]uﬂluﬂﬂ’lﬂﬂ’]ﬂiulcﬁaa

A v

RAW264.7 114 DCFH-DA assay @419 tBuOOH 114 oxidizing agent uMans1MANSAYS

[
o v A

ANAUrINEDIA IR AENUANA 19981 TTBE RN p < 0.05 LIONATOUAY one-way analysis

of variance. VH = @211aza19n7UaN, WKM = @13@naainwaiudunnin, Q=

quercetin

U ] y d
4.4 M3ANIANNTNTUVBIMITARANUTHINNT INN ITNANHADIYad RAW264.7

itay RBL-2H3

o 1 @ A [N a 1 J
Gl,uﬂ’liﬁ’lﬂ')’lﬂl"ﬁjﬂ“lsljuqx‘iq@ﬂl@ﬁﬁ’liﬁﬂﬂﬁ?umuﬂu?ﬂﬂlliJﬂJuW‘HG]E]L“Ifaa RAW264.7 o

RBL-2H3 108 RAW264.7 %30 a8 RBL-2H3 gnuuiaunuaisanafinududu 0.125, 0.250

=

a | '
1ag 0.500 mg/mL NYUHNU 37°C, 5% CO, Wuszezan 24 FU. HANTTNAADI WU ﬂ’ﬂ‘l\ll"ﬁ,i\l"ffu

Q U

v A 9 1 A (Y [ 9y Aa I a 1 s A
VIFTANANUDYNIINTDNINUY 0.5 mg/mL lliJﬂ’f]iﬁLﬂﬂﬂ'J']lJLﬂuW‘Hslﬂ”] A0 RAW264.7 509 1D

IR A '

nFeuiisununguaiunu (control) hinvzdszliuilimansadaadiiineg (cell viability) #1075

o s

v [
MTT %38/28 trypan blue exclusion method 14 2 35 1inaaeandesnu lunsainiadSunauyadnd
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aAa () as P Yo v o A 9y 9
FInogA1075 MTT 1waadn 1asuasananuiuInAnuEudu 0.125, 0.250 1az 0.500 mg/mL
3 o A ' o w
Wuszeznm 24 wu. VivaasaliFIngonod 116.20%, 110.18% taz 102.4% awdaulu RAW264.7
4 1 a { [ Y Y
was (5UN 4.3) dalsziiud1emslFa rypan blue NaNudndwAsnuvesasanaNnuiumnn
s a o w 4 . []
Y3115 RAW264.7 15aa T INTOAND 96.64 %, 94.57%, az 93.18 % awd1ay (U 4.4) @'l
1 1 Aa 4 A 1 Y 9
HANANIINAGUAITAZAWAIVAN NNUTIMaaTOADYN 95.7% (P <0.05) AIUANUINIUVDI 10
. Aq ¥ d .. A ' IR Aa '
UM  quercetin 1141310 positive control liilimansznuseifinanyadasalizinogues RAW264.7
oA o A sAAAA = A A 9 ad an
IFUIAGINY A NN InT0ARYN 110.08% 1A 94.92% 1ip1l52iiua1875 MTT 1835 trypan

blue NN

140 -

-
o
=

—
—

—

=

cell viability (%)
2 g

e
>

L
(=

0 — — -

control Q 0.125 0.25 0.5

WKM (mg/ml)

P PRPRPN

d' A S 1 @ [ Y A
5UN 4.3 PSuauwaaniFInves RAW264.7 5aa NUNTWAUAITANANUTUKRNIN (WKM) #1359

U
Ia

. I a 4 J A Y Aax
10 MM quercetin (Q) Wuszeziian 24 %u.uazﬂizmm‘ﬂaswum%aammmaﬂmﬂn

MTT NAANMTNTUVBIESENA 1D quercetin 113iA1 % cell viability NuAna1906719%

Y] [

seAYIINNGUAIVAN (p <0.05)

g
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110 -
100 4
90 -
80 1
70 -
60
50 1
40 1
30 4
20 4

cell viability (%)

10 4

control Q 0.125 0.25 0.5

WEKM  (mg/ml)

aa

a s I 1 @ [ % A
ﬁ‘].]‘ﬂ 4.4 YSauwaaniyInuod RAW264.7 aanuysiunua1sananuli Ui (WKM) %159

U
. I Aa 4 4 SAAAA 9 as
10 UM quercetin (Q) 1Huszezan 24 au.uazilsziiunledudivadniiiinsond 1035
trypan blue YNANMITUIUUDIANTANA LAY quercetin 113IA1 % cell viability AN

IS v 1

9819 1AYINNGUAIVAN (p <0.05)

] { 1 3 a v % 1
Waﬂ15ﬂ@ﬁﬂﬂﬂ1§ﬂ1%’3\‘lﬂ’ﬂi~|ﬁlﬁl}3\|ﬂTuﬁUliJL’iJU‘W‘]&I"U’E]\‘lﬁ'Tiﬁﬂ@’NHﬂlUWiﬂﬂ@]f] RBL-2H3
Yy & g 2 o A s A v 1o = Y 9
ulﬂWﬁVlﬂﬁ'lElﬂﬁ\?ﬂ‘UﬂW‘Uiu RAW264.7 1598 ABA1TNANUIYUNNINNANUUNUU 0.125, 0.250
T 9 a a 1 J T a Y as d‘ A
1ag 0.500 mg/mL lunaliinaiasiyad RBL-2H3 linvdsediugie3s MTT (3UN 4.5) ¥50
A dyw ' 1 S A 1 1 [
#1837 trypan blue exclusion (30 4.6) WAMINADITFAN % mmagiaﬂmmL«vamﬁaumamu
[ A (= o = 1 o ' = @ Yy 9 . A 1=
HITENA 1130 uliJiJﬁ'1iﬁﬂ@uliJ3Jﬂ1LMﬂﬁNﬂu UIAYINUANNUYNUYU 10 M quercetin V]hlllll

wansznula 9 AeAWEYTOAVBITAT RBL-2H3



63

110 -
100 - I
o I ‘I' T T
80 4
<)
S 70
= 60
Z w0
Z w
W@
“ 30 4
20 -
10 A
0
control Q 0.5 0.25 0.125
WKM (mg/ml)

it 45 PSmaradiiiFinves RBL-2H3 radiuusmiuasadaiiudunmn (WKM) vie 10

ddda

. I a 14 4 J Y an
IJ,M quercetin Q) Wuszezna 24 Y. Lmzﬂizmmﬂaimum%aa UBINTOANIYIT MTT

ﬂﬂﬂ'JTiJL‘lliJﬂJuﬂJﬂﬂﬁTﬁﬁﬂﬂ IR quercetin lliJiJﬂW % cell viability V]LW]ﬂﬂN’OﬂIN wfl’fch wﬂul
%”Iﬂﬂ's]iJﬂ’J’UﬂiJ (p <0.05)
100 -
0{ 1 [ . 1 |
80 1
c\: 70 1
:? 60 -
‘2 S0
3
> 40 1
S 30
20 A
10 4
0
control Q 0.5 0.25 0.125
WKM (mg/ml)
Y o
‘]Jﬁ 4.6 ﬂimmmaa GI"II’EN RBL-2H3 !,Gliﬁﬁ“I/]‘]Jlli’JlIﬂUﬁ1iﬁﬂ@’31u6Uuﬁll1ﬂ (WKM) W'ﬁ’é) 10

. <3 a 4 o sAAAA Y as
l,lM quercetin (Q) Lﬂui%ﬂm’m1 24 “lfll.Llazﬂ'ﬁ$L3JLl!,‘]JBil%uﬁmﬁﬁﬂn%’)ﬂ‘i@ﬂﬂ’)ﬁnﬁ

trypan blue NNAMMTNTUVDIAITEANA 1AL quercetin 11TIA1 % cell viability NuANA1S

@ o

AN AL ﬁ]”lﬂﬂallﬂ’J'Uﬂll (p <0.05)
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< ¥
4.5 MsANMgNBHVEIMITFUATIZH NO Y93 RAW264.7 Tagasananuiuniann
4 Y
TumsAnpgnidudivesmnsanainuiuninndemsdunizyi NO  veuwad
4 ] [ I
RAW264.7 fignnszquaie LPS uaz IFN-7  1wad RAW264.7 gnuuaiawi (pretreat) 1
1] [ Y { % I [}
52O 4 B, AVATARANUTUHINNAANMANTY 0.125, 0.25 1AL 0.5 mg/mL FUYUFIV
{ [ a a 1 4 [ { ] 1 [
anuudun luneldinanbaowad (dandaalugin  4.3-4.4) WSoUnsIWAD antioxidant control
1 ) a o 4 a 1 o
A9 10 uM quercetin nEUMIFNM IHNAMIFUATIZH NO TasnsiAy LPS (1 pg/ml) 517U IFN-
[ ] g 4 @ a @
¥ (25 U/ml) Menaimstusadgaoiilodn 24 su. szauved NO  gnilsziliumedenlasnisia
L. R g . A~ v . =< A
nitrite 11 metabolite product NFADYTVDI NO Taold Griess reagent wamiﬁﬂmgmﬂﬂugﬂw 4.7
s n Yo Y = k4 [ dy 2 A .. o
RAW264.7 ixaad 1 lasumanszdu Imsas1s NO Tuszauiiugiu (basal level) H98n1 nitrite ¢
A v v L. A X
Uszana 2.5 UM 110n5equaIe 1 pg/ml LPS 4ag 25 U/ml IEN-7 U31na nitrite il szanal
] = 1A [ o = Lo & A ) Y 9
12 M HA1egh 31.06 = 0.77 UM ansa@nanusunuIniignssusalsnm No igagnihldai
2 Iy Yo v A Yy 9 = . !
YU RAW264.7 15aa 195 uasanaia g 0.125, 0.250 1az 0.500 mg/ml W50t nitrite 0
v ' Y
124.96 +0.22, 16.10 + 0.12 1Az 4.70 + 0.04 UM aua1ay (3U14.7) wamsnaaeawdainfsua
Y H v Y Y
MsfudasAumuTE AUV A NUTNTHYR AN TAN ALY MITudImsasia NO vesansana
NUTUNINNAA NI 0.125, 0.250 112 0.500 mg/ml A1 18.83 + 0.70 %, 47.66 + 0.40 % AL

'
v =2 LI

84.71 + 0.15 % AWy Fannnguaennnauauauid uag lulisvhazawedniiisd iy (p <
A o o A 1 Y o . Aq Y .
0.05) (FUN 4.7-4.8) TV RAW264.7 152aNUNa1MUUIAY 10 UM quercetin 1911 positive
J QPN y . 1A o & Y Y
control Tumsnaaesll T30 nitrite 9N 6.69 = 0.09 UM Haza3N50GUIINTATIN NO 1@
H 9 H
7826 £0.29 % (31N 4.7 uaz 4.8) A3y asanaNUIUHINAANWAYDIY 0.5 mg/ml A1W1T0AA

M3a319 NO 18AnI1 10 UM quercetin (p <0.05) (3111 4.7 uaz 4.8)
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40 -
f f
I T
30 -
[

=
=
—
o 20
I —
= d
o=
.

10 -

C
b
a
0 | I 1
NA LPS/AFN-y VH Q 0.125 0.25 0.5
wKM (mg/ml)

‘l.l‘ﬁ 4.7 Wﬁ“]]@\i')'luelluWiJWﬂﬁaﬂWﬁﬁﬁ'N NO U939 RAW 264.7 Lclfaalll@ﬁﬂﬂi G]‘L!ﬂ'JEJ LPS uag IFN-
Y 1wad RAW 264.7 1uaaanihinudiiaza1eaingu vse 10 LM quercetin W30a1350A
' o A Y o A 3 ' 9
NMUIUHNINNANIVNUY 0.125, 0.250 %159 0.500 Hg/ml L‘].Iuﬁ%fl&')a'] 4 ¥Y. NOUNITAU
Y < @ FY [
A28 1 Llg/ml LPS uaz 25 U/ml IEN-Y Huszezinal 24 sy, 3a1/5u1a NO negen lagia

VoA I ' { I @

31194904 nitrite 728 Griess reagent ALaAUuAURTY = SD (n=4) uazidudunuves
ﬂ'liﬂﬂﬁﬁ]\‘lf]fl%‘ll!@ﬂ 3 ﬂﬁ\‘i‘ﬂiﬂﬂﬁ‘ﬂﬂﬁ?ﬂﬂﬁﬂﬂu ﬂi'W‘ILW]'Qd ﬂ‘]eli@]'l\iﬂuuﬂ'ﬂullﬁﬂﬁ%iﬂu

v o w

SIANGALR mmam (p <0.05) mmmiwmmﬂ one-way ANOVA
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100 -

90’ e

80 -

70 1

60 -

50 4

40 A

30 A

JNen

20 1

% suppession of NO production

10 1

VH Q 0.125 0.25 0.5

WKM (mg/ml)

1l 4.8 wesiudmstudinmsadie No vostmdumunlursad RAW264.7 fignanihlfidans
Funs1z¥iudae | lg/ml LPS uag 25 Ulml IFN-Y  NA = naive; wadi i I§5ums
n52AU, VH = vehicle; A71aga18nI0y, Q = 10 LLM quercetin, WKM = ensanainu
Y ~ < [ ~ I Y] 1 9 g’/ ~
TurnuaauiluAuRgay + SD (n =4) taziJuAMUYBl N3NAAILENUBY 3 ATIN
Tinaiindieadasy  psnluieiifshusmetuiinnuuandesueiitedvymeada

(p <0.05) 1118 UNTILHAE one-way ANOVA

4.6 matiudausuleysl iINOS taz COX-2 luraa RAW264.7 Taaasaiaa1nNuTUHIN

4 @ o o & o ¢ s
Lﬁ@ﬁuﬁ’]ﬂﬁllﬂall@Qﬁ']ﬁ?fﬂﬂ'l']lﬁlﬂﬂll']ﬂiﬂﬂ?ﬁﬂﬂﬂﬁﬂ?ﬁﬁﬁlﬂﬁ?gﬁ NO Yodtsaaq

9
Aav Ak K

RAW264.7 ﬁgﬂﬂ‘§$€ljuiﬂﬂ LPS 359UN1 IFN-'Y NUIVBHUWANYINAVOIEAITANANUIURNIN 7D

. =2 7 a ) v ' Y = o o
iNOs  Fatluoulsimnedvedlasasalumsdunsizy NO meldaniizhonyniin Tae LPS ta

U

IFN-Y 151avee NO luannzigndmi (induced NO) Tiszauguazineddesnunszuiums

9 ' 9 v
DAY ANUU ﬁ"liﬁﬂﬂ’J”I"LHJL!‘H3J"Iﬂ‘1?l€"f"lll"l§ﬂﬂﬂﬂﬂﬂ?iﬁﬂlﬂi"l%ﬁ NO Gluamazﬁgﬂ%ﬂﬁﬁqm%ﬁ

[

£ 4 I @ £ @ o A a @ g}/
qmsﬁ'mmsaﬂmu uazgﬁmﬂumiﬁuauqmﬁ’mmi@mammmsaﬂﬂ INURAUIINDITIVIINIT

Y
AR

9 av = < v o & =2 g ’a A . .
3N NO MUY UWANYINTUDIT1TTNANDN1TIVYN COX-2 mgﬂumu”lwmﬂaau arachidonic
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3 ? 1 % { o
acid 1) prostaglandin tl81¢ thromboxane FIUNNA1TNQU eicosanoid VO fatty acid F¥91NeIV0 N
NFLUIUNITONLEL Llaﬁﬂ'lﬁﬂﬂﬂWﬁﬁN'luﬂlﬂﬂﬁ%’UUgﬁfi}NfT‘H (Timothy et al., 2015) NSUAAIDDN
Y
(expression) UDINY INOS g COX-2 protein Qﬂﬁﬁ?ﬂﬁﬂﬂﬁﬁm% Western blot analysis Tums
4 [ 1 1 o v %
NADDY 100 RAW264.7 1ﬁ)ﬁun13uuaaawﬁ1ﬂUﬁ1i’dﬂmmﬁuuwum ﬁ%f’] antioxidant control
. 4 Yo Yy 9 ' Y < a9
quercetin 4 ¥U. ﬂﬂuulﬂﬁ’ﬂﬂ13ﬂ3$ﬁluﬂ'lﬂ LPS 534ny IFN-’Y L‘]Juﬁ%f]gl'la'l 24 WY, Llﬁﬁﬂﬁgml‘lﬂ'}ﬂ
ax . Y A g A
15 Western blot analysis minaaed lraniuldamwanuaavuieds LPS uay IFN-Y  @13150
Y a y & X s & 1o
nszAumMsuaaseonvosldsau iNos Tdmuiulu RAW264.7 1588 ¥4 lulinisuanseonlu
[ H Y 9
annzlnan lilasunsnszdu (lane VH 1flouny lane NA) (U0 4.9)  wan1snaaosddaang
v
AITANANUVUNNIN LAY antioxidant positive control quercetin HINITDYVIINITUAAIDDNUD
[ 9
iNOS protein lAipfiouiungualiaza1enIuAN  1NMTATIVEDUNITIVEL IaoBalsuaaie
v v
densitometry W12 ﬁ”lﬁﬁﬂﬂ’:ﬂu‘lluﬁﬂﬂﬂﬁﬂ’ﬂﬂlsﬁjﬂsﬂ}u 125, 250 1o 500 Mg/ml HIWTDYVYINIT
Y v
HEANDNUDN INOS protein ll@gl} 12.86% 90.26% 1a 97.54% MNAIAY AIUU NMTTUIINT
' Y
UAANDDNUDY  INOS Iﬂ5G]‘L!GU’E'Nﬁ"liﬁﬂﬂ'ﬂu"ﬁluﬂll'lﬂL‘Wll%u'@gﬂll@WNﬂUWNLﬂsljiJelsljuslli’]\?ﬁ'lﬁﬁﬂﬂ
Y H Y
Llﬁgﬁ'ﬁﬁﬂ@ﬂﬁﬁ 250 iag 500 Mg/ml AT DYUVYINITUFAIDDNUDI INOS ll@g{ll'lﬂﬂﬁ'l antioxidant
v 9
positive control 10 UM quercetin F96VGINITHAAIDONVDI INOS 14 58.96% 1nar0819kin

% g = A = (%
tubulin ¥0i1TU5AUIN house keeping gene N INAIABINY
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iNOS - — .. -

Tubulin oD o9 A0 @G e oo

= Q
= = o & & a
[ WKM (pg/ml)
LPS/TFN-y

H 1 Y 1 = 4 {
3UN 4.9 waveINUTUKIIN doMIuanIeanved1Usan iNOS Turad macrophage RAW264.7 11
v o q Yy P Yy <
Qﬂ%ﬂu'ﬂ’ﬂﬁﬂmi?%‘Viﬂlui@ﬁlﬂ'ﬁﬂi&’{{]uﬂflﬂ 1 Mg/ml LPS tiag 25 U/ml IFN-'Y Lﬂul')ﬁ'l 24
@ ] J @ o o <
Y. ﬂ'lEWifNiﬂﬂf‘ﬂi'ﬂlllf]faaﬁﬂﬂﬁﬁWﬂﬂﬁWﬁﬁﬂﬂﬂTuﬂJUWMTﬂ Ila% antioxidant control uJu
FEOLIIA1 4 ). NOUNITNTZAU NMILUAAIDONUDI INOS protein 152131 TAG Western blot
analysis U31UDY protein QN load A 10 pg/lane MstaasooNVOd T)5AU T
PSinaiameds densitometrically Tl Image J software 1azlSuM (normalize) 1o
o 1 ~ I o

Lﬁﬂﬂﬂﬂﬂ?'ml%ﬂﬂl@%mﬂ tubulin le,maz lane Gﬁ}ay’ammmgﬂumtmummm‘s‘nﬂam

? o ' 9 ¥ . S " Yo Y . v o
FINUDYWUDY 2 AT NA = naive; L“Ifﬁﬁﬂnl,llllﬂiﬂﬂﬁiﬂigﬁ]u, VH = vehicle; A9N1agae

AUAN, Q=10 LM quercetin, WKM = a13aAAUTUHIN

HAYBY Western blot 1azmMIAT 12113915110 Iag densitometry voa115AU COX-2
waaslugilii 4.10 wansmaaeduAAI Mataasoanved COX-2 Tusaunalunsdii RAW264.7
I%8a 95 UNMINTZAUIN LPS tay IFN-Y it (lane VH 1floufi lane NA) uaznisuamsesn
Y94 COX-2 ﬁgﬂﬁff”ﬂﬁﬂﬁiﬁﬂﬁummmgﬂfTuf%a"lﬁjiﬂﬂawsaﬁﬂiwuﬂi’uwmﬂ Ay  quercetin N3
o 2

fudaves COX-2 ullsAumuaNuTuTUYRIasana AANUANTU 125, 250 1 500 pg/ml a3

9 v
ANAAINTDFVEINTUEAAIBBNVDI COX-2 protein 19 3.86, 47.58, 1AL 98.21% ANa19Y Iy

9
4 v

9 y 9
antioxidant positive control 10 LM quercetin @101308U8I COX-2 18 87.38% el naasana tag
. A Y Y Aq Y = ' . 2 & =
quercetin “I/Iﬂ')'liJleUiJ"lluﬂﬁl‘]fﬁluﬂ'liﬂﬂa’E'NU]JHJWﬁG]@ﬂ'IiLLﬁ@Q’E]@ﬂ"U@Q tubulin %agﬂuiﬂmumﬂ

house keeping gene 1ADE19 1A
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COX-2 - e~ G

Tubulin 2D ow TID-GEP s iwe

500
250
125

< )
Z > o

WKM (pg/ml)
LPS/IFN-y

4.10 WAURINUTUNNIN AoMILAAILBNYed 115AN COX-2 Tuwad macrophage RAW264.7

A ) Y o o3 Yy v N
VIQﬂslfﬂu']{lﬁﬁ\uﬂﬁ']gﬁﬂJUTﬂﬂﬂTSﬂizﬂuﬂ’Jﬂ 1 ]Jg/ml LPS e 25 U/ml IFN"Y Wuran

Q

Y o (% 1

@ 1 J 1 @
24 ¥Y. NYVAINNNMTUNHEAAANUUINVAITANANUIUNNIN L1aT antioxidant control
3 ' a
wuszeza 4 . ﬂ@uﬂTﬁﬂﬁgé}u MIUAAEINUDI COX-2 Usziliulag Western blot
. ! ' A ~
analysis US1121994 protein N loadlUiAAE lane AD 10 pg M3uaAtvENVOlUsANIY
a v Y ast . | 9 [ ' .
WI5UIA075 densitometrically Taold Image J software azlSum (normalize)
o ' A < @

Tﬂmﬁsmﬂummﬁmmuau tubulin Tuupaz lane 61911'033116Wllﬁﬂﬂlﬂu@’luﬂuﬂlﬂﬁﬂ1i

?,’ [ 1 9 Z}, . c’td' " Yo 9 . o
NANDNFINUDYNWUBY 2 179 NA = naive; waaw"lu"lmumsﬂi:@u, VH = vehicle; 911

Maza1enIuay, Q =10 LM quercetin, WKM = a15aAAUAUKNN

4.7 MINATOUMIMUNTHAIANINBATNN

o m'gzgﬁ"hu,ﬁu type I (immediate-type hypersensitivity) NANMITNT zé’u mast cell 1ag

allergen M cross link IgE UUAIUDY mast cell 1HMAIAITNOYINIAI 9 DONIIN granule

g J ' [ d
(degranulation) saunaou i B-hexosaminidase 334NV histamine esnnmrfSunaues B-

.. 9: . . o Y '
hexosaminidase @13150 1435019 colorimetric spectrophotometer nszi laae nazazaInninms

[ . . [ g’} 9 .. .. I [ 1 Y <
101301V histamine 1ABATY A9UU N3 19 P-hexosaminidase activity HUATHUIFNITHAIVDY

' A I { A @ I [
a15000iul  (degranulation marker) 80NN mast cell duilunieon uaziinldhiuitaanses

2 v £ -
(screening method) tijedu lumsaumansntignsaue1nsgiiun (Fischer et al., 1995; Choi et al.,
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v 9

1996) AmIuLITeRAenld basophilic leukemia RBL-2H3 15ad (JUAINY mast cell 1143
mﬁauqm?ﬁmmﬁwﬁqmﬁﬁagﬁuﬁ’ in vitro YWOIENIARANUTUNINN wazssdiumIndamne
i1 granule #2813 B-hexosaminidase activity MEMAININTZAU RBL-2H3 1508 (A1) IgE
fisumzde DNP ndevediinn) daeueuRinn DNP-BsA Tuaansiivusudnhazaieniugy i
UVNFIWAVATANANUVUNIN 30 antioxidant positive control 10 UM quercetin HANINAADA
waasluglil 411 msadaiudumnagaanududuaunsoaamsndsmsaogiuian RBL-
2H3 L«mﬁmﬂwé’qmiﬂiz@j’uﬁ"smmuamu@Einﬁﬁﬂﬁﬁnuj (p < 0.05) dofuiudiiazats
ANUAY  UATMTAARIUDY % MTHAIIN granule VB4 P-hexosaminidase 1HulfniaTasasariu
At uvesnIasaTIuTY A13afaRA Tt 0,125, 0250 1A 0.500 mg/ml @1115909
MINAIUDA B-hexosaminidase 18 15.62, 33.70 1A% 60.25% ANA1AU Sufihduna asasad
ANMANAY 0.500 mg/ml Tanuansalumsaansnaia1sAeniuiain granule Y04 RBL2H3

ad 1HuANA1991n positive control 10 [AM quercetin
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120 -
i

2 100 -
s c
e I

80 -
§ b
= I
=
= 60 -
£
~
2 a
5 40 - a I
:': I
[«=X
X 20

0 . . . . .
VH Q 0.125 0.25 0.5
WKM  (mg/ml)

51U 4.11 wavesasanauTUnINNAENIFMI I RINANT AU B-hexosaminidase 910 granule
7 A a o { s

U4 basophilic RBL-2H3 i5aa Lﬁﬂgﬂﬂﬁzﬁ}uiﬂmmum%u DNP-BSA ﬂaﬁﬂ’]ﬂﬁ!"ﬁﬁﬁﬂﬂ
' Y o . . Y A A <3| ' N '
83341110 monoclonal antibody mouse anti-DNP IgE U14A U mMnugauduannge = a
A 3 o 1 Y g’/ ~ Y A
WYNVUNINTI T (n =3) gaztuaIunuYed NSNARBI01910Y 3 f"lﬁﬂ‘ﬂiﬁﬂﬁ‘ﬂ
9 = [ 1 d‘d [ 1 v A 1 [ 1 S o o [ Aaa
AAgNANINY ﬂﬁﬁ/‘llﬁ/]\?‘ﬂi]@ﬂ]&l3@]1\‘]ﬂ1!3Jﬂ'J']3JLW]ﬂ@?ﬂﬂuﬂﬂ’]ﬁﬂuﬂﬁ’]ﬂﬂg‘l’nﬁﬁﬂ@]

§ a 4 v o
(p <0.05) SRRIGEREAL R one-way ANOVA. VH = vehicle; 991M1aza19n1uAy, Q=10

LM quercetin, WKM = 13ana Uy u#1I0

o d [
4.8 ms‘nm‘ra‘umﬁnmﬂ‘wui;mm’imsuwnmﬂ

A Ay a o A o 1 Y 19 1a A o A A X o ) ]

fT\‘WIEf]JﬁIﬂﬂﬂ\ﬂﬁlﬂﬂ?ﬂﬂ?”ﬂ!ﬂluﬂ?ﬂﬂ lllliﬂfWHmflllWﬁu NI0 NHNURYUNAUUYDINUY
o Y 9 o I Y] 9 [l ~ ~ [
VURUIN LWSTSﬂull‘l/lﬂllﬂllﬂTiiﬂf’JTuﬂluWNTﬂlﬂuﬂTﬂTEJ’NJJHSNTGHTH"IH Llagllll!,ﬂﬂllﬁ']ﬂ\ﬂu!,ﬂfnﬂ'u
) 5 a 1 % 1 =) % v § 5 a g v U a
'WHﬁdlEJ‘]J‘Wﬁl!ﬁnﬂﬂTi‘]JﬁIﬂﬂ??uélli‘!ﬁll"lﬂ LmE'il']_liIﬂﬂllﬂﬁﬂ'Nllﬂ\iﬁalﬁﬂﬁﬂﬂwyﬁﬂﬁﬂﬂumﬂ’ﬂ']ﬂfﬂﬁ
a 1 o 1 A I [ A [ ' Y a ]
uﬂﬂﬂ’J"lumuwmﬂmmmtﬂmzﬂznamm IﬂEJLT!W"IgﬂfJ']NﬂQ'JaLﬂEJ'JﬂUﬂT§ﬂﬂiﬁlﬂﬂiﬁﬂllgljﬂ

£4
=

2 o d [ < Y A 1 A a o SR =X Aa é‘ Y
‘ﬁ)'\nlﬂLﬂUﬂ313JﬂQ3aTl?l11J‘1J@QEﬁ%W%ﬁHHlIWSﬁ@Lu@Q JIUIVYUWNANHINH IS YT Y1UUDIAUUDINTT
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[ % £ o v 1 %
ANANUIUNNIN Iﬂﬂlaﬂﬂﬂﬁ“ﬂﬂﬁ@ﬂi}ﬂ‘ﬁﬂ@ﬂﬁ?ﬂwuﬁﬂlf’)\i’e’fﬁ’c’fﬂﬂ’nuﬂlu“i’mWﬂﬁ)’)ﬂ%% Ames test

e

< d A A 9}4' 3 1] z&l Y 1 v 1 3 c’:‘/
“lfflll]l!ﬂ']ﬁ“l/lﬂﬁ@‘ﬂ“l/ll!ﬂNi%LW@LﬂuﬂWﬁﬂﬂﬂﬁﬂﬂlﬂ@iﬂuﬂlﬂﬂﬁWﬁﬂ@ﬂﬁWﬂWH‘ELL@%ﬁWiﬂ’OﬁJ%LﬁQ MU

(%

1 <3 [ "o g 1 v d1 9 v I & A o
L‘Wﬁ']g?ﬂﬁﬂ@ﬂ%ﬁ\iﬁ'}uﬁh’iﬂJﬂJﬂLﬂuﬁWiﬂ@ﬂaWﬂWHﬁi'ﬁJﬂﬁﬂ L!.a%ﬂ']ﬁﬂaWﬂWHﬁLﬂuﬂaqﬂﬁu\‘lﬂﬁWﬂﬂl

9

galumssmildinaTsanz591u19me  (Klaassen, 2008; Griffiths et al., 2000; Tennant, 2014) Ha

1} Y 1]
mMInaasaaadlumIngd 44 FFANATANANUTURNINAANUTNAY 250, 500 Az 1000

A

ng/plate liineliiiansnaioiugueana TA 98 uaz TA100 Tumsnaaeyhitgd wie il s

mix 1199910 NUTUNLN 11ag metabolize product YDINUTUNLIANAATMYUTUNTIAT mutagenic

=

index (MI) #1712 ADAALA 0.78-1.18 F115U TAIS LAz Aaue 0.63-1.24 §1M5U TA 100 luvazh

Y] v
v [

' 4 Y . Y oA I A AN 1
ﬁﬁﬂ’r)ﬂmﬂ‘wuﬁﬂﬂﬁnﬂﬂﬁl%ﬂu positive control Gh’iﬂ'] MI qqaﬂq\iﬂﬂjjﬁ]glﬂu o Gluaﬂ']jgﬂllllll

S9 mix @15 2-NF AANudiudu 10 pg/plate 1A1 MI g0 57.09 Tu TA98, sodium azide 721
Y 10 pg/plate A1 MI 12.65 Tu TA100 oz luan1iziil SO mix @15 2-AA NANUTUIU 2.5

pg/plate %A1 MI gaia 48.22 11ag 66.66 11 TA98 1Az TA 100 ATNE1AY
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H [ Y 1 v
M9 4.4 HAVNTITANANUIURUINADNTNAWNUTVDN Salmonella typhimurium strains TA98

ez TA 100 tionaaeu Iae' Uil tay Haumay S9

M0819

Number of Revertants/plate (Mean+S.D.), (MI)

TA98

TA100

3131 $9 mix

31 S9 mix

3131 $9 mix

31 S9 mix

2-NF(10 u g/plate)PC

1,256£164,(57.09)

Sodium azide
(10 ug/plate)pC

1,830+75,(12.65)

2-AA(2.5 pg/platte)PC

1,5114+631,(48.22)

7,177+£378,(66.66)

Control

e 22+3.46 13.334+6.03 144.67+10.06 107.67+20.84
(1.4%DMSO)
WKM (250 pg/plate) 26+£3.61,(1.18) | 24.33+£7.09,(0.78) 91+12.29,(0.63) 134+42.02, (1.24)

WKM (500 pg/plate)

19+8.66, (0.86)

31£13.75, (0.99)

108.06+12, (0.75)

103.67+26.54,(0.96)

WKM (1000 pg/plate)

17.67+3.21,(0.80)

29.3345.77,(0.94)

105.33+10.69,(0.73)

98.67+13.05, (0.92)

PC = positive control, NC = negative control, WKM = #173 ﬁfTﬂ’hu‘lTuﬁiﬂﬂ, MI = Mutagenic index;

= o Y A < ' A o = o Y v
?ﬂﬂﬂﬂ!fﬂiﬂﬁ1ﬂwu‘§ﬂlﬂyﬂﬂuﬁ@ﬁlﬂuﬂ1mﬁEl"lﬂU’JUIﬂIﬁu"UENﬂWiﬂaWEJWH‘];EJ’EJUﬂﬁU (revertant

1 H ) Y] 4 [ [
colony)+ANToUUUNIATTIU (0=3). MI =s1uulnlafivesmsnarenutdounduvesansana/

Q

° 4 @ v o 1
tuauTaTativesn1snalewusdounduveiaiaza1enIuny (spontancous revertant) A1 MI Tu

3 A 2K Y a o
NAUNUA 2 2 W?J"Iflﬂﬁﬂﬂiﬁlﬂﬂﬂ"liﬂa”lﬂwu‘ﬁ

4

a




a
Unns

a J
N13IV1IY

Tudsemelne  wihdtenernuivayulnsianudimihlusedunils uanuide

A ] 1 v A Y 1 o AR Y Y3 o 1
MYINUNUAN ] IUUBIUIN IﬂﬂlﬂW1$’J'lu"’|Ju1’iiJ'lﬂ ‘vmmmJmﬂmﬂumqmuzmgmmem

v
o A v (3

= ' 3 A 1Y a 1 a A a s @
HAZHATINAUAN L‘]J‘L!‘V]ﬁ ﬁ@iuﬂq%&!ﬂiiﬂﬂ UANUIINUNANTIUNWNINMTATINYINY
v
ﬁ"lﬁWi]ﬂHLﬂﬁ LlagﬁiﬁWﬂﬂlﬂWﬁLﬂﬁﬂf’)‘i/lﬂ']ﬂ\illlllﬂﬂﬁi']ﬂ\ﬂlﬂﬂﬂﬂu IﬂiﬁﬂWﬁ?ﬂﬂﬁ%\?ﬁﬂ‘HWﬁTiWﬂﬂH
= Q’ =) zi’ Y 1 Y Y . @ 9 1 Q"l 9 a
AULRASHNTNINYINTNLUDIAUUDINUUUNNIN Tﬂfﬂfb’ in vitro model ’E)u”lﬂ!,!,ﬂ NTAIUBUYADATE
< 4 y 1 a 1 Y g A A ! o
i]‘l’l'ﬁ@%}'luﬂ'ﬁ@ﬂlﬁﬂ Lo QWﬁﬁWUﬂWﬁﬁﬁ\?ﬁ?ﬁﬂﬂﬂuﬂllﬁ}ﬂlﬂQ?Wu‘lJUWNWﬂ ﬁ'JiJ‘VI\iﬂigliJuWHg’ﬂiﬂ
L 9 Y £ g Aa v & o ' o '
Lﬂﬂﬁﬂujﬂﬂﬂlslf Ames test “INL‘IJL!ﬂ']ﬁ‘ﬂﬂﬁ'ﬂ‘ﬂ“l/lufJﬂJGl“]fLW'ﬂﬂWﬁﬂﬂﬂﬁ@QﬁWﬁﬂ@ﬂﬁWﬂwuﬁ UaEaInNe
<3 dy Y a o d’l A = @ 1 A g 1 o I 1 ]
FNEARNIN TGN IR \1']1!'35]fJ“le@ﬂﬂﬂi&ﬂﬁ'ﬁﬁﬂﬂﬁ]Wﬂﬁ’Ju%LﬂuWﬁﬂlﬂﬁﬂWHﬂlL!Tﬁﬂﬂ LWﬁW&ﬂuﬁ’Ju‘U@\i'ﬂu
o Aq Y A X o o A 2 Ay = A
allu'ﬁll']ﬂ‘ﬂ{lsb'ﬂluﬂ"lﬁﬂiiﬂﬂlla%ﬂf@ﬂl']ﬂﬂu Iﬂﬂﬂﬂlﬁﬁ]ﬂmWTZWﬁijﬂ (FUAY 1T qU) VIANHT IND

= as A Ay Y ' 2 A o A o [ 1 %
Laﬂu!t’ﬂ‘ﬂﬁﬁﬂTi‘UﬁTﬂﬂW@]@Qﬁﬂiﬁﬂﬂ@ﬂﬂﬂu WNVUIVY Wﬁf]lﬂllT]JiIﬂﬂ TN TUNAINUVUNUIN

o v g

Mhnananunaiiuwanlutoudine Tnsede daniauasseau lussrnadoungaineon o

)

A (%

I 1 { 1 < 1 - 1
DU TUNAY LWTI$Lﬂu%ﬁﬂ@ﬂ’]“ﬁﬁ}u’Nl‘!’t’)’t’)ﬂwﬁq\iﬁjﬂ uazwaqmw%}@umu ’Es]}']LaEJG]f’NL'JﬁWﬁ WA

Y
Aauv A

=~ Y Ao IA v A [ Ya @ 9
wldsunates msizldaiounanu  msanaluaueulsisnmsvin laely 95% emuea
= d ) A o A Y a v 3 )
mu,ﬂummazmfmmmmﬁﬂ@’mimﬂwclfmgu'lwﬂwmﬂwmwuﬂ 95% tamueadailu “@2h

9 H 9
aza1yaInNa (universal solvent)” MILANITDAZABANI anaInNaIeyiia NagInI0 (polar)
1 g’; 1 d‘d o g = =
uaz luTiva (non-polar) TnemmiznquansNinaauiinaza1eyin1aa I polar g9 (very polar) polar
A £ <3| 1 a . ¥ .

thunan (neutral) mi‘wuqmmﬂuﬂm Tuae nsaedl 1y nucleotides H1aa tag polysaccharides
J g).z dy d' 9 ~ g’; ] ]

AN 9 N1H09910 1ATIA519U09 ethanol UNINY polar AE non-polar ¥y polar hydroxyl Tu

'
] =

@ A I 1 P~
Tmaqa@um ethanol eNINTRE3 199 UTE hydrogen (hydrogen bond) Glummz‘ﬂumg’ alkyl aailudaiun
< 1 = Ao < o ' A A
U non-polar ¥wlumstsmsnianyazilurenting (grease) Hazngua1sdUNIY non-polar
aaﬂmﬂﬁ%ayu'lm"lﬁ' (http://www.researchgate.net/profile/ying_1i58; 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) NN ANANABULI

1 % a 4 %‘ % 4
6Ui’J\‘I’J"ITLl“]J‘Ll‘l/ill"l'ﬂg])?]ﬂ 95% ethanol llﬁlﬂ‘%NTﬂ!Q'VI‘ﬁﬁ"liﬁﬂﬂﬁEJ"IU 12.65% maﬂu1ﬁuﬂﬁ1iﬁﬂﬂllﬁd


http://www.easychem.com.au/production.of.materials/renewable.ethanol/ethanol.as
http://www.easychem.com.au/production.of.materials/renewable.ethanol/ethanol.as
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1w ] a o J 1 Y
HavnInmMsasaled ldimsgiinivuulssana o madevesHa  UTUINn
2 : o 44 A e A
Aanurulszanm 12% uaznguansinumniigane Tdsau Almlszum 71% sesasll As ngu
carbohydrate (nitrogen free extract) NUszuna 11% dau'lviu wulszana 1% @uninvey vie
dule wulufSinmedga fo e 0.1 %
NNMIATINAOVATNNBAL IUETANA ethanol MANANUTUKNIN WU AITANAIY
Y 1
Gllu’riﬂJmfI‘VNﬂQMﬁﬁ phenolics, flavonoids t481¢ proathocyanidins Honsavialag Folin-Ciocalteu,
aluminium trichloride {tQ¢ vanillin assay ANAIAY uazﬂ?mmmmmjumi phenolics, flavonoids
1ag proanthocyanidins Y0IENTANANUIURIINLAMGINNATVIATT UMDV IGeuney  #aan
MINATOU WUNATANANUIUHNINUUTUI phenolics 31 56.75+0.37 mg GAE/g dry extract
Wenu N suSeuioulSuasauvesngy phenolics TuasanaNUTUMMINATAITNIATFIU
4 ¥ 1 U Q = 1
quercetin U3 ENT WIMUNURIVOIETANANUTUWIN 1 nFUTUSU! phenolics 590 FguT 0.057
@ a o =Y U v 1 @
NSNYDY gallic acid WAMIAATIEHMILUTUAL flavonoid WUNENTANANUTURIINNLUTU BT
U094 flavonoid 5.03£0.03 mg CE/g dry extract UEANI A1TANALKINUTUWIAN 1 pSuliUSinusu
r'd
V09 flavonoid MBUINT catechin UIgNDs 0.005 NN aausuw proanthocyanidins UBIFITANA
NUTUHLINAD 7.02+ 0.12 mg CE/g dry extract HN18AINI proanthocyanidins VOIEITANAIIU
o 9°I o Y v A ~ 1 = h a £ @ [l =]
Funann luhvdnuds 1 nSuiidSunaniieumsuaves catechin UGN 0.007 n5u g1 lsna
A v 1 o A Ao zﬁyd =\ @ M 9 o 1
Ween1n asananuiIuvnnaane luInsemsiveibiluiissasanaveiy luldvimsuenaiu
I 1 1 Y Aa £ =K A 1 A A .
Aunguensan q usgns  JeiluGedlumiieanumeanuenSinusavues  phenolics,
1 1 % 4 ?)I % %
flavonoids (¢ proanthocyanidin %z"luﬁﬂwqauﬂ Tﬂﬂmwmﬁmﬁﬂmmumuﬂﬂumsﬁﬁuwga
a = & a Q‘f A 9 9 1 YN v @ [} =\
dasznaIgIu FuumsuSans nnmsaudugudoyanie 9 Favedsinusenungnumiily
U Y { @ 1 Y o A
HANUTUMNN YoyaNedn g NEATueINUIUINNMIZEWUENANYY A0 Aglaonema
simplex (Blume) Blume NWUNIiga510901UMsAns WA ynuouuuaudu q Tuwaiugneu
1 a [ [ A R A = 1 o 9 ya axy (% .
uiend Inslen Jamdamaauld Fudendnyummizaiudiduldau Taedtanada (maceration)
9 ° o ' A g o . . =
ommuea  uazihasanaverutenmmeaiuiuluiy  (ipophilic  extract) Mazaislu
a 4 a aan a
chloroform ¥13ATIZHAIBNANA Thin layer chromatography LmzGlﬁ]gﬁ%ﬂﬁﬁ‘i’mﬁﬁ)uﬂg‘]ﬂ’i&ﬂm’imﬂ
H ' o o ' . . .
AR ULDLRIIZIIZ WY ﬁﬁﬁﬁﬁmﬂﬂuﬂfjn terpenoids, phenolic compounds, coumarin
10y alkaloids 18231091UHA IWUTQUAN (qualitative) 11 WU W30 liny nguens  laolufims

F1BNUAVBINGUAT TUIFIUT U8 (quantitative) (MITIA WINTH 1AL ANZ, 2556 ) FIUANAIIIIN

e

]
A A =

a 1 1 % { g v g‘;
NTUHIYU ﬂﬁﬂ‘kﬂwqﬂ‘bll,ﬂllGlu’d’JuNﬁ"ll’é]xi’ﬂualjuﬂiﬂﬂﬁlﬂuﬁﬁﬁﬂﬂﬂ&ﬂ’ﬂ‘ﬂﬂﬂhﬂﬂWﬂ 95% ethanol
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= 1 . a o dy 9 1 d‘ d' 9 v Q{
Iﬂﬂuluuﬂ'lﬁllﬂﬂﬁ’lu (fractionate) Llagiﬂﬁﬂﬂ'ﬁ’mﬂu HUMRWIENQUEITNUNYIVDINUNITOONEND
Y a 1 Aa ] 3 Yy 1 o a A
mu’amgaaﬁﬁﬂﬂﬂiwqmﬂﬂumﬂ?mm fJfJ'Nllﬁﬂﬂ L!JJGUfJﬂJuaﬂﬁLmﬂﬂ']\‘lﬂuﬁlu‘ﬁ353J515'1S3IGU’6\1\111WI

] 1 J o (K I U o a3 J . I
Anmn uanedaillan Tuduvann lidegdluaiuma wie §du Niinguans phenolic 11w

J 2 Ao o
o3ndsenounriand N

g

9 a

I ~ = 1 Ao o Ao £ A A
L‘]JuWVIiTUﬂl!ﬂ’]ﬂu‘U'iif’ﬂﬂi}3JWE]ﬂ‘]slLﬂ11?(1?1ﬂJ‘VIJJQﬂﬁﬁiuﬂuy‘aﬂﬁigiuW%ﬁuuﬂ,W'ﬁ o

o

H 9y H v
Q4 phenolic compound 17]’5’311ﬂﬂﬂquﬁiﬁﬁﬁ%%ﬂ&mﬂqu flavonoids (l81¢ proanthocyanidin #1714

1 v
q AsanaNUTUMNINATa15152n01 phenolic 1INV flavonoid 14ag proanthocyanidin - 39A15 T

Y
[

£ Y a a £ 9 a @ a 9
gnsMueyyaddsy NUIIBUANANIGNTAIUYYaddIZYea1TanA 3 35 Ao 19 DPPH assay,
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1. Folin-Ciocalteau micro method
Gallic acid stock solution
Gallic acid
Ethanol
Fevnnmuduaudeimsdierh (fiui 40 0
Sodium carbonate solution
Anhydrous sodium carbonate
DI water
v Taléhs e 13aume?en IAUNENVBA sodium carbonate
adlildnides Al 3Thunan 24 w1, 1 lilnseauazidy DI water
TSI 1 L (Lﬁu“lijﬁqmwgﬁﬁ'm)
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

0.500

10

200

800

100

10

100

100

g

mL

mL

ml

ml

ml
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4% HCl-methanol
HCI
Methanol
4. DPPH assay

Stock DPPH solution (1 mM)
DPPH
Methanol
(n309 tazny 131 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
@y DI water MlaunsenatifSnasqamedu 1 L
(fu'13i 40 0)

HCI: 40 mM

Conc. HCI (1' M)
i@w DI water llounsziaiiffinasgamodiu 1 L

ST

< Y
(Lﬂ‘]J"l’JVIQmTimJW’EN)

QU

TPTZ (10 mM)

TPTZ
HCI (40 mM)

2, o
(ITIUNNATINOUNINITNAADI)

96

0.0985

250

10

40

3.1

16

1.46

0.062

20

ml

ml

g

mL

mL

mL

mL

mL

mL
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Ferric chloride (20 mM)
FeCl,.6H,0
DI water
(m’%ﬂunﬂﬂg’qﬁ@uﬁwmﬁmam)
Working FRAP reagent

Acetate buffer (300 mM, pH 3.6)
TPTZ (10 mM)

Ferric chloride (20 mM)

DI water

v
(LGI‘%EJJJVE]ﬂﬂﬁﬁﬂ@uﬁWﬂﬁV]ﬂafJ\‘l)
6. Nitrite assay

Griess reagent
Phosphoric acid

Sulfanilamide

N-(1-napthyl)-ethylenediamine (NED)

i@u DI water lilaunsyaisiifsinasaameodiu 1 mL

p A
(394 taznu1dn 4° ©)

7. Western blot
RIPA buffer
PBS 1X
NP-40
SDS
af'137 40 0)
Lysis buffer

RIPA buffer
PMSF (200 mM)

Leupeptin (2 mM)

0.108
20

200
20
20

24

3.5

0.1

100

0.1

10

g
mL

mL
mL
mL

mL

mL

mL

mL

mL
pL

pL
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E-64 (1 mM)
(INT8UNNATINOUNINITNAADI)
6X Sample Buffer

Tris-base
DI water
SDS
2ME
Glycerol
Bromophenol blue
afu'137 40 )
10% SDS-polyacrylamide gel

SDS
DI water

< Yl a g
(mu"l’mqmmmwm)

U

10% AP solution

Ammonium persulfate
DI water

(m’?sﬂnnﬂﬂ%ﬁﬁauﬁmﬁmam)
30% acrylamide

Acrylamide

bis- acrylamide

DI water

(n509 wazifu'137 4° ©)
1.5 M Tris Cl, pH 8.8

Tris-base
DI water

' 9
U5udensa HCL 11 pH 8.8 miminl5uiSunasgaie

1 pL
0.59 g
8.5 mL
1.5 g
0.6 mL
7.5 mL
7.5 mg
10 g
100 mL
0.1 g
1 mL
30 g
0.8 g
100 mL
18.165 g
80 mL
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&16 DI water 11J%1 100 mL (n509 uazifv 139 40 ©)

5 M TrisCl, pH 6.8
Tris-base 6 g
DI water 80 mL

U5udaonsa HCL 11 pH 6.8 antiulsuiSuasgaie

&8 DI water 1131 100 mL (504 azifu'13n 4° C)

Running buffer (10 X)
Tris-base 30 g
Glycine 14.4 g
SDS 10 g

Ysu15nasgamodie DI water 11091 1 L

< =~
(504 uaznu'13n 40 ©)

Running buffer (1X)
Running buffer (10 X) 100 mL
DI water 900 mL

nse4 Au'13% 4° C)

Blotting buffer (1X)
Tris-base 3.03 g
Glycine 14.4 g
Methanol 200 mL

UsuiSmasgaiiodss DI water 17l 1L (n309 wazifin 157 4° ©)

TPBS 0.1% Tween 20
PBS 1X 1,000 mL
Tween 20 1 mL
n309 (A'150 4° ©)

5% skim milk

Skim milk 0.75 g
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TPBS 0.1% Tween 20
Y
(mdiflllﬂﬂﬂiﬂﬂﬂuﬂﬁ%ﬂaﬂﬂ)
Coomassie stain solution

Coomassie blue
Methanol
Glacial acetic acid
Y5uiSmasgatedis DI water 117 100 mL
< P Ay
(Lﬂﬂul?ﬂf;ﬂlﬁguﬁﬂﬁ)
Destaining solution
Methanol

Glacial acetic acid

Y5uiSinasgamedas DI water 1 100 mL
(Lﬁﬂ"l’i’ﬁqmwgﬁﬁ'm)
10% Resolving gel (12.05 mL @131 2 gel)
30% acrylamide
1.5 M Tris/SDS pH 8.8
DI water
10% AP
TEMED
(mdsﬂunﬂﬂg’afi@uﬂ”lsmam)

Stacking gel (4.99 mL & M5U 2 gel)

30% acrylamide

0.5 M Tris/SDS pH 6.8
DI water

10% AP

TEMED

15 mL

0.05 g
80 mL
14 mL
5 mL
7 mL
3984 mL
2.988 mL
498 mL
84 pL
15 ne
0.65 mL
1.25 mL
3.05 mL
34 pL
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9
(Lﬁ%ﬂunﬂﬂiﬂﬂ@uﬂﬁﬂﬂaﬂﬂ)

Lowry reagent
Reagent A (2% Na,CO, in 0.1 N NaOH)
Na,CO, 5
NaOH (0.1 N) 250
o'l 40 )

Reagent B (0.5% CuSO,5H,0 in 1% sodium citrate)

CuSO,5H,0 0.05
Sodium citrate 0.1
DI water 10

Reagent C (1 N Folin phenol reagent)

2 N Folin phenol reagent 139919928 DI water (1:1, v/v)
(m%mnﬂﬂ%y’qﬁaumﬂmam)
Reagent D
Reagent A : Reagent B (50 : 1)
(m‘%ﬂunﬂﬂg’qﬁ@umﬁmam)

Primary antibodies iNOS 150 COX-2 (1:500)

Primary antibodies (iNOS or COX-2) (200ug/ mL) 20
Skim milk 0.1
TPBS 10

Y
(m%wﬂﬂﬂﬂaumimam)

Secondary antibody HRP-conjugated rabbit-anti-mouse-IgG (1:10,000)

Secondary antibody HRP (200 pg/ 0.5 mL) 1
Skim milk 0.1
TPBS 10

9
(msaunﬂmaﬂaumsmam)
Tubulin antibody (1:1,000)

Tubulin antibody (200 ug/ mL) 10

mL

mL

pL

mL

pL

mL

pL
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Skim milk
TPBS
(m’%aunﬂﬂ%ﬂﬁ@umﬁmam)
8. B-hexosaminidase assay
PIPES buffer 1X 100 ml
NaCl (119 mM)
KCl (5mM)
Glucose (5.6 mM)
MgCL.6H,0 (0.4 mM)
PIPES (25 mM)
NaOH (40 mM)
CaCl, (anhydrous) (1 mM)
BSA (0.1% W/V)
Ysudhainiu
Anti-DNP IgE (50 ng/ml) 50 ml
Anti-DNP IgE
MEM complete media
(INTINAANDUNIINAADI)
DNP-BSA 100 ml
DNP-BSA
PBS
0.1 M citrate buffer pH 4.5, 50 ml
Citric acid (monohydrate)
Sodium citrate (dihydrate)
Adjusted pH to 4.5 and final volume to 50 ml
1mM p-NAG (substrate) 50 ml
p-NAG

citrate buffer

0.1
10

6.954
0.373
1.008
0.081
7.560
0.160
0.011
0.100

100

2.5

50

0.010

100

1.05

1.47

0.0173

50

mL

g O O @8 O 0o 0o 09

=3

pl

ml

ml

ml
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0.1 M Na,CO,/NaHCO, (stop solution) pH 10.0, 100 ml
Na,CO, (119 mM) 1.06 g
NaHCO, 0.84

(0]

U5 pH 1P 10
9. Ames test

Vogel-Bonner medium E stock salt solution (VB salt)

MgSO0,.7H,0 10 g
CH,,0, 100 g
K,HPO, 500 g
NaNH,HPO,.4H,0 175 g

Ysulsinasgamediu 1000 ml §20 DI water tag autoclave 20 1A 121 °C.
40% glucose

C.H,,0, 0 g

Ysuimasgameilu 100 ml @28 DI water 1182 autoclave 20 W1 121 °C.

Minimal glucose agar plate

Bacto agar 5.25 g
VB salt 7 ml
40% glucose 17.5 ml

111 Bacto agar 5.25 g 1A% 350 ml 428 DI water 118¢ autoclave 20 mﬁﬁqmwgﬁ 121
°C 1187 a4 autoclave 1A% 7 ml sterile VB salts 1182 17.5 ml sterile 40% a13a2a18 glucose Wery 14
Y m agar medium ‘ﬁmdi guldla 100 mm petri dishes
Oxiod nutrient broth no.2
Nutrient broth no.2 2.5 ml
Usufsinasgaioiiu 100 ml #o DI water wisaisazarsldnasaas 12 ml
fo1 autovlave 20 W17 figaingd 121 °C.
0.1 M L-histidine HCI stock
L-histidine HCI 209 ¢

a

U5u151a5iAlu 100 ml @28 DI water 1ag autovelave 20 min Hgauvgil 121 °C

U


http://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C6H10O8
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1 mM L-histidine HCI

0.1 M L-histidine HCI 1 ml

a

‘JJ‘}I‘]JTENWISL‘TJH 100 ml @%}’JEJ DI water e autovclave 20 min ﬁqmwﬂu 121 °C

G

1 mM biotin stock

0.1 M L-histidine HCI 0.024 g

a

U5u151a5iAu 100 ml #28 DI water 1ag autovelave 20 min Hgavgil 121 °C

U

0.5 mM L-histidine HCI-0.5 mM biotin

1 mM L-histidine HCI 100 ml

1 mM biotin stock 100 ml
Top agar

Agar 0.6 g

NaCl 0.5 g

[ = I ! a
Y5u151a5ilu 100 ml #20 DI water 1a autovelave 20 WIANQaINQN 121 °C

9
HAIVINUUAY 0.5 mM L-histidine HCI-0.5 mM biotin LLﬁZLGUEJ'H]uL‘i’J}WﬂM

0.2 M NaH,PO,
NaH,PO,.2H,0 14.2 g
Y5u5mnasidlu 500 ml @38 DI water

0.2 M Na,HPO,

Na,HPO,.2H,0 13.8 g
Y5u151a5151u 500 ml @8 DI water

0.2 M NaPO,, pH 7.4 (Use: for S9 mutagenic assay)

0.2 M NaH,PO, 60 ml
0.2 M Na,HPO, 440 ml

9 9
nauasazanensaesldiu Usy pH Hlu 7.4 §e 0.1 M NaH,PO, Wdanniu

I A A a
autoclave gsazanglunal 20 HINNYUNHY 121°C

1M KCl
KCl 7.5 g

[ [ { a
U5u15ua515u 100 ml @20 DI water 1ag autovelave 20 WIANgUUAHN 121 °C
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NaPO,-KCl buffer
0.5 M NaPO,, pH 7.4 100 ml
I MKCl1 16.5 ml
‘JJ‘}I‘]JTENWISL‘TJH 330 ml 228 DI water L% autoclave 20 mﬁ'ﬁqquﬁ 121°C
MgCl,-KCl salts (Use: for S9 mutagenic assay)
MgCl,.6H,0 61.5 g
KCl1 40.7 g
Usu1S1asiiu 500 ml §38 DI water 1102 autoclave 20 WTiigungd 121°C
1 M glucose-6-phosphate (Use: for S9 mutagenic assay)
Glucose-6-phosphate 2.82 g
Distilled water 10 ml

0.1 Nicotinamide adenine dinucleotide phosphate (NADP) (Use: for S9 mutagenic

assay)
NADP 0383 ¢
Distilled water 5 ml

Co-factors for standard S-9 mix, total volume 50 ml (Use: to provide the NADH

regenerating system)

S9 (4%) 2 ml
MgCl,-KCl salts 1 ml
1 M glucose-6-phosphate 0.25 ml
0.1 NADP 2 ml
0.2 M NaPO,, pH 7.4 25 ml
Distilled water 19.75 ml

Y <3 { o
(m’%&umsaza18ﬁﬂnﬂﬂﬂﬂﬂuﬂ”ﬁ‘nﬂa@masm‘uﬁ 4°C).
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1. sseidmSumsasusad

FBS/FCS (inactivated, Hyclone)
azae FBS fusudalu 200 dremarilus 1y breaker Nidlain lnamiu

'Y
a

119979 serum 1 11 water bath NAdUNNT 13 37°C

Q U

o v g 3y A A o
dunaliazarodluvearialreuilwilo@edny

a

Heat inactivate Ngaivgil 56°C 1iuran 20 w1
1 I S ~
e 9 Tasmsnyudluaenanluiimn 5-10 win
. . 2y v
Aliquot 114 50 mL conical tube (!,ﬂ‘iJuh‘VI -20°C)
RPMI 1640 1X
RPMI-1640 1X 428 L-glutamine (t8¢ phenol red 1 ERN
NaHCO, 2 g
Y5u1/511a5038 MQ water 11/ 1000 mL

@ A ] {
U5u pH 117 7.4 audremsnses uazinu 139 4°c

RPMI 1640 1X (complete media)

FBS (inactivated, Hyclone) 20 mL
HEPES buffer 1 M 375 mL
Penicillin+Streptomycin (100 X) 2 mL
RPMI-1640 1X U5u1f5unasgamoiiu 200 mL

afu13n 40 )
PBS 10X

KH,PO, 0288 g
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NaCl 18 g
Na,HPO,.7H,0 1.5 g
MQ.water 200 mL

(Autoclave 121°C, 15 ‘Lﬂﬁ, waziny 13 4°C)

PBS 1X
PBS 10X 20 mL
MQ.water 180 mL

afu'13n 4°0)

Hepes buffer (1M)
Hepes 2383 g
MQ.water 100 mL

afu'13n 4°0)

Penicillin/Streptomycin (100X)

Penicillin 0.6 g
Streptomycin 1.34 g
PBS 1X 100 mL

(Aliquot uaziiu 131 -20°0)

Trysin/EDTA
Trysin 0.25 g
EDTA 0.04 g
PBS 1X 100 mL

(Aliquot tazifiu 139 -20°0)
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a d
1. nstmgmmm gallic acid TumsnszHim total phenolic content

1.40

1.20

1.00
y = 2.6274x

0.80 R*=0.9969

OD_,, (nm)

0.60
0.40
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Abstract

Aglaonema simplex BI. (also called wan khan mak (WKM) in Thai), a plant in the family
Araceae, has long been claimed in Thai traditional medicine to possess several ethno-
pharmacologic properties. Nevertheless, research into its claimed biological activities has
never been explored. The present study aimed to investigate the proximate composition,
the phytochemicals, and the chemical and intracellular antioxidant activities of 95%
ethanol crude extract of the dried fruits of WKM. The results showed that the yield of
WKM crude extract was 12.65% of the dry weight, and the contents of total phenolics and
flavonoids in the extract contributed to the antioxidant capacities as demonstrated by
DPPH and FRAP assays. The WKM extract could also effectively attenuate intracellular
reactive oxygen species (ROS) generation in tBuOOH-induced oxidative stress in
macrophage RAW264.7 cells, as monitored by using a DCFH-DA fluorescent probe.
Overall, the present data suggest that WKM could be a potential source of natural
antioxidants and merits further investigation for its possible roles in prevention and/or
alleviation of ROS-mediated diseases.

Keywords: Aglaonema simplex Bl., phytochemicals composition, DPPH assay, FRAP
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Introduction

Despite a bloom in research of Thai herbs in
recent years, there is little research into Wan,
the general name for sedges or orchids,
compared with other herbs. Traditional Thai
medicine textbooks have mentioned that most,
if not all, of Wan are herbs which possess many
medicinal and superstitious effects, including
relief from the poisonous stings of insects and
a disease cure, drug detoxification, general
healing, warding off snakes, protecting against
enemies, scaring away the devil, and for use in
amulets for good luck in commerce (Sanyasee,
2018). Wan has been categorized into 34 families,
512 genera, and over 1,700 species. There are
many interesting species of Wan and 1 of those
is Aglaonema simplex or wan khan mak (WKM)
(Figure 1). Thai-traditional medicine has cited
WKM as a miracle plant that possesses many
ethno- medical properties such as anti-aging,
firming the skin, strengthening teeth, grey hair
prevention, and as an energy booster
(Sanyasee, 2018).

Figure 1. Fruits of Wan Khan Mak

At present, most people have not well
realized the pharmacological values of WKM.
It has been planted only for decoration or as
plant for amulets to dispel bad luck, or attract
good luck and fortune. So far, the study of
WKM’ s pharmacological properties is still
very limited. Panyaphu et al. (2011) surveyed
168 species of medicinal plants and reported
that a poultice prepared from WKM leaves and

stems, among other preparations of medicinal
plants, has anti- pain and anti- inflammation
values in primary healthcare of postpartum
women. Chee et al. (2005) found 5 pheophorbide-
related compounds from the leaves and stems
of WKM. All of them showed moderate to
strong phytotoxicity towards several human
cancer cell lines (HL 60, HSC-2, and HSC-3).
To the best of our knowledge, the therapeutic
properties and toxicity of the WKM fruits have
never been reported. Although there is still no
scientific information to support the biological
activities of WKM fruit, people have recently
become increasingly aware of its therapeutic
values. Those who have consumed WKM fruit
have claimed that it promoted good health,
refreshed feelings, relieved an aching body,
energized the body and produced a juvenile
skin complexion. Nowadays, WKM fruits are
being sold expensively on several websites
ranging from 800- 1,000 baht per kilogram.
Part of the reason for the price might be that
the plant is rarely found, and it might not bear
fruit every year if grown under inappropriate
weather or conditions (Sangneam, 2018).

At present, WKM is a plant that has
been selected as an affiliate in the Plant
Conservation Project under the Royal Initiation of
Her Royal Highness Princess Maha Chari
Sirindhon (RSPG) (Soontornyatara et al., 2017).
The objective of the project is to collect the
genetic analysis and information on the
pharmacological - “activities and bioactive
compounds of traditional medicinal plants in
Thailand. Although WKM has gained a reputation
for its therapeutic values and is 1 of the
selected plants under the RSPG project, there
is still no research or any scientific evidence to
support the claims for WKM’s ethno- medical
properties.

This research aimed to explore the
chemical and phytochemical constituents of
the ethanolic fruit extract of WKM and to
investigate the antioxidant activities of the
extract by using 3 different methods, namely
the DPPH, FRAP, and DCFH-DA assays. This
study only focuses on the WKM fruit as it is
the part used in Thai traditional medicine and
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is claimed to possess the most biological
activity in the whole plant.

Materials and Methods

Chemicals and Reagents

The 2,2-Diphenyl-1-picryl-hydrazyl (DPPH),
2’,7’-dichlorofluorescin-diacetate (DCFH-DA),
and tert-butyl hydroperoxide (t-BuOOH) used
in our research were from Sigma- Aldrich (St.
Louis, MO, USA). Fetal bovine serum (FBS),
RPMI medium 1640, MEM medium, and
Hank’s balanced salt solution (HBSS) were
from Gibco Invitrogen (Grand Island, NY,
USA).

Cell Lines

The mouse macrophage cell line
(RAW264.7) gamma NO(-) (ATCC, CRL-2278)
was used for the cellular antioxidant activity
assay. RAW264.7 cells were cultured at 37°C,
5% CO; in humidified air and maintained in
RPMI 1640 supplemented with 10% heat-
inactivated FBS, 10 mM HEPES, 100 U/mL
penicillin, and 100 pg/mL streptomycin.
Exponentially growing cells were used for the
experiments when they reached approximately
80% confluence.

Plant Materials

The whole ripe fruits of WKM were
harvested during December to January, the peak
season of ripening, from Amphur Pakthongchai,
Nakhon Ratchasima province, Thailand. The
plant was identified and authenticated by the
Forest Herbarium, Royal Forest Department,
Bangkok, Thailand. A wvoucher specimen
(BKF 186333) was deposited at the Forest
Herbarium, Royal Forest Department, Bangkok,
Thailand.

Plant Extract Preparation

The fruits of WKM were dried at 40°C in
a hot-air oven (Memmert GmbH & Co. KG,
Schwabach, Germany), ground into powder,
and then extracted by maceration in 95%
ethanol for 48 h at room temperature, the
condition providing the maximum yield from
the preliminary study. After centrifugation,

the extract was concentrated by a rotary
evaporator (Buchi Labortechnik AG, Flawil,
Switzerland) and dried by lyophilization (Freeze-
Zone 12 plus, Labconco Corporation, Kansas
City, MO, USA). Finally, the dried fruit extract
was kept at -80°C.

Determination of Chemical Constituents

The chemical constituents of the dried
fruits of WKM, including moisture, crude
proteins, fats, ash, and fibers were determined
according to the standard methods of the
AOAC (1997). The moisture and ash were
determined using the weight difference
method and the fiber content was estimated
from the loss in weight of the crucible and its
contents on ignition. The Kjeldahl method and
Soxhlet extraction method were used for
determination of the crude proteins and crude
fat, respectively.

Determination of Phytochemical Compounds

Phytochemical screening was performed
by determination of the total contents of the
phenolics, flavonoids, and proanthrocyanidin
as they are the 3 most common groups of
constituents providing natural antioxidant
sources in plants (Lee et al., 2004). Polyphenols,
especially flavonoids, are highly effective
scavengers of singlet oxygen and various free
radicals and are reported to have several
beneficial effects on human health (Baba and
Malik, 2015, Montoro et al., 2005). Proantho-
cyanidinins, a broad class of polyphenolic
compounds polymerized by flavan-3-ol or
flavan- 3,4- diol (Jing et al., 2015), are well
recognized as the most effective antioxidants
against free radicals (Lin and Zhang, 2002;
Spranger et al., 20080 and also have various
strong biological effects (Jing et al., 2015;
Cadiz-Gurrea et al., 2017).

Total Phenolic Content

The total phenolic content in the extracts
was determined in triplicate using Folin-
Ciocalteu reagent (Singleton and Rossi, 1965).
Briefly, the extract or gallic acid (100 pL) and
2% sodium carbonate (2 mL) were added in
a test tube. After 2 min, the Folin-Ciocalteu
reagent (100 pL) was added, vortexed immediately,
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and then allowed to stand at room temperature
for 30 min. The absorbance of the extracts was
measured spectrophotometrically at 750 nm.
Gallic acid was used to prepare the standard
curve. The concentration of the phenolic
compounds of the extracts was expressed as
milligrams of gallic acid equivalent (GAE) per
gram of dry extract.

Total Flavonoids Content

The total flavonoid content in the crude
extracts was measured in triplicate using the
aluminum chloride colorimetric method (Liu
et al., 2002). The extract or catechin (250 pL),
DI water (1.25 mL), and 5% sodium nitrite (75
ML) were mixed together in a glass test tube.
After 6 min, 10% aluminum chloride (150 pL)
was added and the mixture was allowed to
stand at room temperature for 5 min. Finally
1M sodium hydroxide (500 pL) was mixed with
the solution. The absorbance of the extracts
was measured spectrophotometrically at 510
nm. The flavonoid content of the extracts was
expressed as milligrams of catechin equivalent
(CE) per gram of dry extract.

Proanthocyanidins Content

A modified vanillin assay (Sun et al.,
1998) was adopted for quantification of the
total proanthocyanidins content of the ethanolic
plant extract in triplicate. An aliquot of 125 uL
of extract or catechin was added to a solution
of 4% vanillin-methanol (750 pL) and 4%
HCIl-methanol (375 L) in a glass test tube.
The red coloration was read spectrophoto-
metrically at 500 nm and catechin was used as
the reference standard.

Determination of Antioxidant Properties

DPPH Assay

The antioxidant activity of the extracts
was measured with respect to the hydrogen
donating capability or radical scavenging activity
towards the stable radical 2,2-diphenyl-
1-picrylhydrazyl  (DPPH). The various
concentrations of the extracts (0.2 mL) in
ethanol were pipetted into a glass test tube and
an ethanol solution of DPPH (3 mL) was added
to each tube. The tube was shaken gently and
left to stand in the dark at room temperature for

30 min. The absorption was measured at 517
nm by a spectrophotometer (Katsube et al.,
2004). The lower absorbance of the reaction
mixture indicated higher free-radical scavenging
activity. Inhibition of the free-radical DPPH in
percentage was calculated as the following
equation:

(A blank = A sample)

blank

Percent Inhibition = x 100 (1)

where A pank is the absorbance of the control
reaction (containing all reagents except the test
compound) and A sample iS the absorbance of the
reaction with the test compound. Trolox was
used as a standard reference. The ICso value,
the concentration of the sample required for
50% scavenging of the DPPH free radical, was
determined from the curve of percent scavenging
plotted against the concentration. Each
determination was carried out in quadruplicate.

FRAP Assay

The total antioxidant potential of the
extract was determined using a ferric reducing
ability of plasma (FRAP) assay (Benzie and
Strain, 1996). The freshly prepared FRAP
reagent contained 10 mM 2,4,6-tris( 2-pyridyl) -
1,3,5-triazine (TPTZ) in 40 mM HCI plus 20
mM ferric chloride (FeCls*6H,0) and 0.3 M
acetate buffer; pH 3.6 at the ratio of 1:1:10,
respectively. Then various concentrations of
the extracts (0.1 mL) were mixed with the
FRAP reagent (3 mL). The absorbance was
measured at 593 nm after standing for 30 min.
The standard curve was prepared using
different concentrations of the ascorbic acid
standard solution. All determinations were
performed in triplicate.

Dose Range-Finding Studies

The in vitro cytotoxicity of WKM on
RAW?264.7 was conducted in order to find the
optimum dose-range for subsequent studies.
Cells were incubated in the absence or presence
of various concentrations of the WKM extract
for 24 h. Cell viability was determined by
the MTT (3-(4, 5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) and trypan blue
exclusion methods.



127

Suranaree J. Sci. Technol. Vol. 26 No. 1; January - March 2019 105
One hundred pL of RAW264.7 cells were
seeded in a 96-well plate at the concentration o viable cells = L@l viable cells perml 4 5 (3)

of 1x10° cells/well and were incubated at 37°C,
5% CO; overnight. The WKM extract was
dissolved in DMSO to make a stock solution
and diluted to various concentrations in media
from 0.125 to 0.5 mg/mL (the final concentration
of DMSO was 0.1%). After overnight incubation,
the media were removed from the culture and
were replaced with the extract or the vehicle
control and further incubated for 24 h. Cell
viability was determined with the MTT assay
and trypan blue exclusion method.

MTT Method

After incubation with the WKM extract
(0.125-0.5 mg/mL) for 24 h, the supernatant
was removed. One hundred L of 0.5 mg/mL
MTT in PBS was added to each well, and cells
were further incubated for another 4 h. The
media were removed and formazan product
was dissolved with 100 uL DMSO. The
inhibition of cell growth induced by the WKM
extract was determined using the optical
density (OD) at 540 nm by a microplate reader.

The percentage of cell viability was
calculated according to the following equation:

Average OD of test group «

100
2)

Percentage of the viable cell =
Average OD of control group

Trypan Blue Exclusion Method

After incubation of the WKM extract for
24 h, the supernatant was removed, the cells in
each well were trypsinized by adding 20 pL of
0.25% trypsin-EDTA in PBS and then incubated
at 37°C for 10 min. Then, the trypsin activity
was neutralized by adding 100 pL media plus
10% FBS. The plate was placed on ice, 50 pL
of cell suspension was pipetted into a micro
centrifuge tube, and an equal volume of 0.4%
(w/v) trypan blue was added and mixed
thoroughly. A small amount of this mixer was
loaded into a chamber of the haemocytometer.
Then the viable (bright light) cells and dead
(stained blue) cells were counted immediately
under a light microscope at low magnification.

The percent viable cells were calculated
according to the following equation:

Total cells per ml

Cellular Antioxidant Activity Assay

Intracellular antioxidant activity was
evaluated using the DCFH-DA assay as
described by Dufour et al. (2007). Briefly,
RAW?264.7 cells were plated in 96-well black
clear- bottom plates at 1x10® cells/mL and
incubated for 24 h at 37°C and 5% CO,. Cells
were incubated either with  various
concentrations of the WKM extract (0.125,
0.25 and 0.5 mg/mL), or 10 uM quercetin.
After 24 h, the cells were washed with Hank’s
balance salt solution (HBSS) and incubated for
30 min with HBSS containing 20 pM DCFH-
DA. Cells were then washed again with HBSS
3 times and treated with 500 puM tert-
butylhydroperoxide (t-BuOOH) in HBSS.
Fluorescence was measured every 30 min and
was followed for 3 h on the automated Gemini
EM fluorescence microplate reader (Molecular
Devices, San Jose, CA, USA) using an excitation
wavelength of 485 nm and an emission
wavelength of 530 nm.

Statistical Analysis

Homogeneous data were evaluated by
using a 1-way analysis of variance (ANOVA),
and differences between treatment groups and
the vehicle control group were compared by
using Tukey’s HSD test. Non-homogenous
data was evaluated by using a non-parametric
analysis of variance. Significant differences
were compared between the experimental
groups and the vehicle control group. P<0.05
was considered as statistically significant.

Results and Discussion

Proximate Composition of WKM

Proximate analysis of the dried ground
fruits of the WKM demonstrated that crude
protein was the main constituent (71.44+2.25%)
of the plant, followed by moisture (11.96+1.39%)),
available carbohydrate (10.88+1.17%), crude
ash (4.72+0.12%), crude fiber (0.11+0.002%),
and finally, crude fat (0.9+0.08%) (Table 1).
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The vyield of the WKM crude extract was
12.65% of the dry weight.

Phytochemicals Composition of WKM

The total phenolic content of the WKM
was analyzed by fitting the calibration curve of
gallic acid (R? = 0.997) and expressed as mg
gallic acid equivalent per gram of dry extract
(mg GAE/g dry extract). The contents of the
total flavonoids and proanthocyanidins were
analyzed by fitting the calibration curve of
catechin (R? = 0.985 and 0.951, respectively)
and were expressed as mg catechin equivalent
per gram of dry extract (mg CE/g dry extract).
The results in Table 2 showed that the total
phenolic content of the extract was 56.75+0.37
mg GAE/g dry extract, while the total flavonoid
and proanthocyanidin contents were 5.03+0.03
CE/g dry extract and 7.02+0.12 mg CE/g dry
extract, respectively. The phenolic content of
the ethanolic extract of the WKM fruit is high
in comparison with other fruits. The total phenolic
content of goji berries (aqueous extract) was
14.13+0.40 mg GAE/g dry extract (Benchennouf
et al., 20170, the ethanolic extracts of turkey
berries (fruits of Solanum torvum) was 16.15+
0.23 mg GAE/g dry extract (Abdulkadir et al.,
2016), and of Carissa carandas was 17.10+
0.27 mg GAE/g dry extract (Mishra et al.,

2017). Concordantly, the total flavonoid content
of the tested WKM was also higher than
C. carandas. The flavonoid content of C.
carandas was 2.69+0.09 mg CE/g dry fruits
which was almost 2 times less than the WKM.
The proanthocyanidin content of the WKM
was also higher than red and black rice grains
which were found in the range of 0.58+0.04
mg CE/g to 2.55+0.14 mg CE/qg.

Antioxidant Properties of Extract from
WKM

Several methods have been developed
and used to measure the total antioxidant activity
of natural medicinal plants in vitro. Due to the
complex composition of phytochemicals and
oxidative process, the antioxidant capacity
of medicinal plant extracts should not be
investigated by using only 1 method (Bohm
etal., 1998). The use of at least 2 methods should
be employed in order to evaluate the total
antioxidant activity. Therefore, the present
study investigates the antioxidant activities of
the WKM extract by using both the DPPH and
FRAP assays. Though the DPPH and FRAP
assays are based on a single electron transfer
reaction (Bunea et al., 2011), their characteristics,
sensitivities, mechanisms of the reaction, and
endpoints are totally different. The DPPH

Table 1. Proximate composition of dried ground fruits of Wan Khan Mak

Proximate composition

WKM extract (%)

Moisture
Crude protein
Crude fat
Ash
Crude fiber
NFE

11.96+1.390

71.44+2.250
0.9£0.080
4.72+0.120
0.11+0.002

10.88+£1.170

NFE = available carbohydrate. Data were mean #SD., n = 3.

Table 2. Total phenolics, total flavonoids and proanthocyanidins contents of Wan Khan Mak fruit

extract

Phytochemical component

WKM extract

Total phenolics (mg GAE/g dry extract)
Total flavonoids (mg CE/g dry extract)
Proanthocyanidins (mg CE/g dry extract)

56.75+0.37
5.03+£0.03
7.02£0.12

Data were mean #SD., n = 3.
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assay, 1 of the most frequently used methods
to evaluate antioxidant activity, was employed
to determine the ability of the samples to
scavenge DPPH radicals, whereas the FRAP
assay evaluates the antioxidant power of a
sample by measuring its ferric reducing
capability. The FRAP assays also evaluate the
chain-breaking antioxidant potential (Ghiselli
et al., 1995; Benzie and Strain, 1996). The
secondary metabolites in plants, vitamin C,
Trolox, catechin, and quercetin were used as
positive antioxidant controls in the present
study as they are the most frequently used
antioxidant standards for food samples.

The 1Cso values of the WKM extract in
comparison with other commonly used
antioxidants in the DPPH assay are shown in
Table 3. The ICso of the WKM extract was
399.77+15.33 pg/mL, whereas the 1Cso of the
antioxidant controls, quercetin, catechin, and
Trolox were 2.002+0.022, 2.144+0.010, and
4.462+0.015 pg/mL, respectively. The result
clearly showed that although the WKM
possessed the capability to scavenge DPPH
radicals, the extract was about 100-200 fold
less efficient than quercetin, catechin, and
Trolox. Notably, the scavenging ability of
quercetin and catechin were comparable and
were higher than Trolox.

In the FRAP assay, the antioxidant
potential of the WKM extract was estimated
from its ability to reduce TPTZ-Fe (llI)
complex to TPTZ-Fe (Il) complex at low pH
causing the formation of a colored ferrous-
tripyridyltriazine complex (Gordon, 1990). The
reducing properties are related to the ability of
the compounds present in the extract to donate
a hydrogen atom resulting in breaking the free

radical chain (Rice-Evans et al., 1997; Irshad
et al., 2012). The reducing antioxidant power
of the WKM extract in the FRAP assay was
expressed as pg of ascorbic acid equivalent
antioxidant capacity (AEAC) per gram dry
weight of the extract and is shown in Table 2.
The ferric reducing ability power or the FRAP
value of the WKM extract was 44.07+0.51 pg
AEAC /g dry wt.

It is well established that the major
components of plant extracts that act as
antioxidants are phytochemicals such as
phenolic  compounds, flavonoids, and
proanthocyanidin. Saeed et al. (2012) found
a correlation between the total phenolic and
flavonoid contents in Torilis leptophylla with
free radical scavenging capability. de Oliveira
et al. (2012) reported a strong correlation
between the total phenolic content and
antioxidant activity of the crude extracts of
Sidastrum  micranthum and  Wissadula
periplocifolia. Irshad et al. (2012) also
demonstrated that the antioxidant activity
of Cassia fistula extracts was directly
proportional to the contents of the phenolics
and flavonoids. Jing et al. (2015) showed that
the antioxidant activity and the scavenging
capacity of hydroxyl radicals and DPPH® were
increased in a concentration-dependent manner
of proanthocyanidin in the extract of Kunlun
Chrysanthemum flowers. The present study
showed that phenolics, flavonoids, and
proanthocyanidin were present in the WKM
extracts when assessed with the Folin-
Ciocalteu, aluminum trichloride, and vanillin
methods, respectively. The WKM extracts also
exhibited antioxidant activities when evaluated
with the DPPH and FRAP assays. Notably, the

Table 3. DPPH free radical scavenging activity and ferric reducing ability power (FRAP) values of

WKM extracts

Antioxidant Capacity

Sample 1Cso (DPPH) FRAP value
(ng/mL) (ug AEAC /g dry wt.)
WKM extract 399.77 + 15.33 44,07 +0.51
Quercetin 2.002 +0.022 -
Catechin 2.144 £ 0.010 -
Trolox 4.462 +£0.015 -

Data were mean #SD., n = 3.
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higher contents of phenolics and flavonoids in
the WKM extracts also exhibited a higher
antioxidant capacity in comparison with ethanolic
mangosteen (Garcinia mangostana L.) hull
extracts (Manasathien, 2017).

Therefore, the presence of phenolics,
flavonoids, and proanthocyanidin in the WKM
extracts could be associated to the scavenging
activity of the DPPH radical and the ferric
reducing power displayed in the FRAP assay.
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Figure 2. Cytotoxic effect of WKM extract and
quercetin on cell viability of RAW264.7
cells as determined by MTT (A) and

trypan blue exclusion (B)

Dose Range-Finding Studies

Prior to performing the cellular
antioxidant study, a range finding test was
performed to find the optimum concentration
range of the WKM extract that was not
cytotoxic towards RAWZ263.7. After the
RAW264.7 cells were incubated with the VH
control, various concentrations of the WKM
extract (0.5, 0.25, and 0.125 mg/mL), or 10 uM
quercetin for 24 h, the cell viability was
determined by the MTT assay and trypan blue
exclusion method. The result in Figure 2
suggested that the WKM extract at 0.125-0.5
mg/mL had no cytotoxicity towards the

RAW?264. 7 cells, either determined by the
MTT assay (Figure 2(a)) or trypan blue exclusion
method (Figure 2(b)). No significant difference
in cell viability was observed in the WKM
exposed cultures when compared to the vehicle
control group. The antioxidant positive control,
10 uM quercetin, was also not cytotoxic. The
cell viability of all groups was comparable and
was more than 90%.

Although cell death is 1 of the most
common consequences of the toxicity, some
chemicals can exhibit a toxic effect by
alteration of cellular metabolic activity without
necessarily causing cell death. This aspect is
called “cell vitality” (the physiological capabilities
of cells) which represents a different aspect of
cell functions from cell viability (the percentage
of live cells in a whole population) (Kwolek-
Mirek and Zadrag-Tecza, 2014). The MTT
assay is based on the evaluation of the cell
mitochondrial enzyme succinate hydrogenase
activity in metabolizing MTT and hence the
measurement of cell vitality rather than cell
viability. Nevertheless, MTT is widely used for
indirect determination of cell viability (Wang
et al., 2010). However, Maioli et al. (2009)
reported that certain drugs and/or compounds
could cause alterations in mitochondrial
activity in the MTT assay. Acutally, in the
MTT assay, the cellular metabolic activity
could be changed and variation of the results
could be obtained by different conditions or
chemical treatments including pH, green tea
polyphenol (Plumb et al., 1989; Hsu et al.,
2003), and color interference from media or
samples. In the present study, the color
interference from the sample and/or media in
the MTT assay was minimized by subtracting
the sample with a blank sample (extract plus
media without cells). In addition, the MTT was
prepared in colorless PBS, and the color
interference from the extract was minimized
by washing the WKM-incubated cells before
the MTT addition.

Trypan blue exclusion is a conventional
method for determination of cell viability. The
method is based on the assumption that cell
damage normally leads to cell death. At
physiological pH, trypan blue dye is ionic and
is excluded by the intact membrane of live
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cells. Only dead or damage cells with an
alteration in cell membrane integrity and
permeability will allow the dye to go through
and stain the nucleus and/ or cytoplasm.
Therefore, only dead or damaged cells are
stained blue (Strober, 2015).

In the present study, the determination of
WKM toxicity towards RAW?264.7 using both
the cell viability and cell vitality approaches
clearly indicated that the WKM extract at
0.125-0.5 mg/mL was not toxic to the RAW264.7
cells.
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Figure 3. The percentage inhibition of DCF-
fluorescence by WKM extract and
quercetin in the DCFH-DA assay at
3 h. Q = 10uM quercetin, WKM
Wan Khan Mak extract 0.125, 0.25
and 0.5 mg/mL. Means values with
different letters are significantly
different (p<0.05, one-way analysis of
variance)

Cellular Antioxidant Activity

Though both DPPH and FRAP are
frequently used assays for ~antioxidant
evaluation, they have some drawbacks for the
measurement. In the DPPH assay, there is
always a problem of color interference from
other constituents in the crude extract, at the
same wavelength of 515 nm. In addition, the
DPPH radical is absent in living organisms.
The drawbacks of the FRAP method are that
the compounds with low redox potential
(lower than 0.77) still can reduce the Fe?
although they do not behave as antioxidants
in vivo, some interfering compounds may
absorb at the same wavelength, and the assay
is also performed at a non-physiological pH
(Pérez-Jiménez et al., 2008). Therefore, the

antioxidant activity of the WKM extract was
also evaluated by the cell-based assay, using
DCF-DA as the intracellular fluorescent probe.

Cellular antioxidant activity assay is
based on the ability of compounds to suppress
the formation of DCF following t- BUOOH-
mediated overoxidation of DCFH in the
RAW264.7 cells. The increment of DCF
fluorescence emission following reactive
oxygen species (ROS)-mediated oxidation of
DCFH was gradually increased after 30 min
and reached a maximum level at about 3 h.
Hence, the percentage of DCF scavenging by
the WKM extract shown in Figure 3 was
determined at 3 h. Preliminary study showed
that after the 3 h period of t-BuOOH
stimulation, the DCF fluorescent intensity
gradually decreased (data not shown). The
result clearly suggested that the WKM extract
could significantly scavenge intracellular ROS
induction in a dose-dependent manner. When
compared to the vehicle control, the WKM
extract at the concentrations of 0.125, 0.25,
and 0.5 mg/mL inhibited ROS production in
t-BuOOH-induced RAW264.7 cells by 21.24+
0.88%, 40.64+0.86%, and 64.31+1.59%,
respectively, whereas the inhibition of 10 uM
quercetin, the antioxidant positive control, was
47.84+0.50%. Notably, the decrease of DCF
formation was more pronounced in the highest
concentration of the WKM (0.5 mg/mL) than
the antioxidant positive control quercetin (10
uM).

Therefore, in addition to its extracellular
antioxidant capacity, WKM also possessed
a strong intracellular antioxidant activity in
scavenging ROS and decreasing the oxidation
of DCFH. Similarly, the crude water and
ethanol extracts of various plants’ leaves and
fruits containing phenolic compounds had
been shown previously to act as antioxidants in
the cell-based assay using a DCFH-DA probe
(Aiyegoro and Okoh, 2009; Shi et al., 2011;
Shukla et al., 2012; Serra et al., 2011). In
addition, polyphenols are known to support
bioactive activities in medicinal plants (Bunea
et al., 2011; Manasathien, 2017). Therefore, the
antioxidant activity of WKM might be attributed
to the presence of phenolics and flavonoids in
the ethanol crude extract. Interestingly, although
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WKM displayed lower DPPH radical scavenging
activity than the antioxidant positive controls,
quercetin, catechin, and Trolox (Table 2), the
extract at 0.5 mg/mL could exhibit a higher
potential to reduce ROS-induced oxidative stress
in RAW264.7 cells than 10 uM quercetin
(Figure 3). This could be explained by
differences in the modes of antioxidant action
in both assays. The DPPH method is based on
the scavenging activity of stable DPPH nitrogen
radicals in the presence of antioxidants (Huang
etal., 2005). Ina DCFH-DA assay, DCFH-DA
readily diffuses through the cell membrane and
is enzymatically hydrolyzed by intracellular
esterases to form non-fluorescent DCFH, which
is then rapidly oxidized to form highly
fluorescent dichlorofluoroscein (DCF) in the
presence of ROS. The DCF fluorescence
intensity is proportional to the amount of ROS
formed intracellularly (Yen et al., 2003).
Therefore, the observed antioxidant potential
of the WKM extract in the DPPH and DCFH-
DA assays could be mediated by a different
mechanism and/or different antioxidant
constituents in the extract. In fact, many
important classes of antioxidants including
flavonoids, 1 of the main chemical constituents
in the WKM extract, contain a huge number of
natural antioxidant compounds with a diversity
of their modes of action (Kumar and Pandey,
2013). 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 of features can influence their
redox properties and hence their antioxidant
potentials. The structure of antioxidant activity
relationships of flavonoids have been studied;
for example, multiple hydroxyl groups of the
flavan nucleus of the flavonoid favor
antioxidant and chelating activity, the methoxy
group has unfavorable steric effects and an
increase of lipophilicity, a double bond and
carbonyl group in the herterocycle of the
nuclear structure offer a more stable radical
and hence increase the activity (Heim et al.,
2002). Phenolics may have hydroxyl or
methoxyl groups; while flavones possess
hydroxyl, keto, and free carboxylic groups and
flavonoids have a flavan nucleus with different

types of substitutions. Typically, all of these
compounds can provide different reducing
properties. From the foregoing discussions, it
is clear that not a single method can give a
comprehensive prediction of antioxidant
efficacy. Therefore, more than 1 method is
recommended and there should be greater
caution in extrapolating the extracellular data
to intracellular-based assay (Aruoma, 2003).

Conclusions

Overall, the present results reveal that the
WKM extract has no cytotoxicity towards
RAW?264.7 at the concentration range of 0.125-
0.500 mg/ml and has potential antioxidant
activities. However, further investigation in
a long term toxicity study and more biological
activities of the WKM extract are still required.
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