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ABSTRACT

Hed Kha-Lam Ma (Mycoamaranthus cambodgensis (Pat.) Trappe) is a wild mushroom which
has been used as a traditional medicine from folk wisdom. The objective in this study were
to investigate chemical composition and biological activities of crude extract and bioactive
compounds from M. cambodgensis. The results from this study revealed that crude extract
from 50% ethanol extraction contained high anti-oxidant activity by using DPPH (ECso of 55.51
+ 3.62 pg/ml) and FRAP (166.64 + 11.43 pug/mg extract) methods. In addition, the extract
contained high total phenolic content (113.80 + 3.13 mg TAE/g extract) but small amount of

flavonoids (2.61 + 0.12 mg QCE/g extract). Two compounds, D-mannitol (compound 1) and

ethyl—B—D—glucopyronoside (compound 2), were isolated and elucidated their structures.
Both crude extract and compounds showed no inhibitory effect on the growth of breast
cancer cells (MCF7 and MDA-MB-231) and colon cancer cell (Caco-2). Both crude extract and
compounds showed slightly inhibitory effect on nitric oxide production from
lipopolysaccharides-induced RAW264.7 macrophages. The extract and D-mannitol exhibited
strong anti-inflammatory activity by decreasing gene expressions of COX-2 (ICso of 223.09+8.85
Me/mland 22.77+0.79 pyg/ml, respectively), ||_—1B (ICsp of 224.97+21.43 pg/ml and >20 pgg/ml,
respectively), IL-6 (ICsp of 152.61+22.03 pg/ml and 33.21+4.85 ug/ml, respectively), iNOS (ICsq
of 101.72+7.76 gg/ml and 14.95+0.61 pg/ml, respectively) and TNF-QL (ICso of 115.74+4.48
Mg/mland 13.38+0.12 le/ml, respectively). For estrogenic activity, the compounds especially
D-mannitol as well as estradiol could significantly induce the proliferation of estrogenic
starved MCF7. While the extract showed lower stimulatory effect than its compounds. For
anti-estrogenic activity, the extract and compounds especially D-mannitol in the supplement
of estradiol showed significantly inhibitory effect on proliferation of estrogenic starved MCF7.
However, the extract and D-mannitol at low concentration showed synergistic effect with
estradiol to induce the proliferation of those cells. From all results in this study indicate that
crude extract and its bioactive compounds have interesting bioactivities and efficacy for
further study and development of natural products based on Thai folk wisdom and may lead

to wild mushroom conservation.

Keywords: Mycoamaranthus cambodgensis (Pat.), bioactive compound, D-mannitol, anti-

oxidant activity, anti-inflamsmatory activity, estrogenic activity, anti-estrogenic activity
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DPPH (2, 2 - diphenyl - picryl hydrazine)

ICs 50% inhibitory concentration

GAE gallic acid equivalent

DMSO Dimethyl sulfoxide

FBS Fetal bovine serum

LPS Lipopolysaccharides

NED N-(1-naphthyl) ethylenediamine

L-NAME L-NG-Nitroarginine methyl ester

NO Nitric oxide

ER Estrogen receptor

MEM Minimum Essential Media

DMEM Dulbecco's Modified Eagle Medium

DCC Dextran-coated charcoal

E2 Estradiol

RT-PCR Reverse transcription-polymerase chain reaction
TLC Thin layer chromatography

HPLC High performance liquid chromatography
Cco2 Carbon dioxide

MeOH Methanol

EtOH Ethanol

uv Ultraviolet

IR Infrared

NMR Nuclear magnetic resonance

MS Mass spectroscopy

TLC Thin Layer Chromatography

HPLC High Performance Liquid Chromatography
EtoAC Ethyl acetate

cv Coefficient of variation

NO Nitric oxide

IL Interleukin

COX Cyclooxygenase

TNF Tumor necrosis factor

iNOS Inducible nitric oxide synthase

PCR Polymerase chain reaction

RT-PCR Reverse transcription polymerase chain reaction

FRAP Ferric reducing antioxidant power
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guasla (uRvuandUnnv 2558)

<
U5
2 & v o aa ~ o & Ao o &

wzsaluanugdu vean1sdedinveslszvinsddadudymarsnsugundifyisly
Uszimnalnauazynuszimanilan ussaduanzisnimeldausamuaunisuiaiiiindiuiuves
waaHaUnAle BaliAnainnisnatesiugly DNA lagivareladenvilviifinnisnatediug 1y Lin
N3¥UIUNTT carcinogenensis N3 bAsuansAiinnealiinnIsnaeiug (carcinogens, mutagens) 113
Angelisauisia warnislasusiduiseda Wudu wmnnisnateiugiiinlu DNA W Snaliianis
N < = 1Y | o %4 &
Waguulaswes proto-oncogenes U oncogenes Lagn1suansoonveduninaazinlmeand
nsRsainguIuTUeg19RlinUnRna1etdu malignant neoplastic cell wagiilawaauninaaidu
\waduzisweadzinn1sgudeanantf contact inhibition LAANISAIUMIUABNI4AA apoptosis
wazliunouausine cell growth arrest signals 91nUUTLAANITAT1ILEULAoALU T UNEOLR Y

(angiogenesis) waginn1syngnbuduioausnduy (metastasis)

ANAUNUS VBINTZTUIUNITNAULLSILAZDINTLATULAZNITONLEU
luanngaunadausssuvIAreLradiy wadaziinisadagadliiiionawnuadininnieg

LUdednsnsinusssuvifedsaunad uidlefinssuniuaugaduuerariliinnsuiasdninung



uazanldannsomuaulddeornnsiilugmaiaiutouds wio tumor Ssoraimunnisluiu
wadunde densfuimunisiuilumaduzdelu Uszneusie 6 dnvae fe 1) wadiinnsuiu
$1u9Y 2) wadiudumusianisang (cell death) 3) wadduanunsavaunannisdudenisiasey
(growth suppressors) 4) na1etdugadiidueuns (immortality) 5) nsgfunisaiaduidenumae
Ao (angiogenesis) Lag 6) LINN15YNIA (invasion) wazidoudoluiidu (metastasis) (Hanahan
and Weinberg, 2000)

puyadasy (free radicals %38 oxidants) tJu oxidizing agent FaUsznoURaY reactive
oxygen species (ROS), reactive nitrogen species (RNS), reactive chloride species (RCS) uag sulfur
ust ROS L oxidant Muanmgmdnlunisiin oxidative damage feansdlutananiieg ROS Liu
asTARIINNTEUILNSIILNUEAANANSY YouTad Tnsunfsianieagiinszuiunisindn AIUANOLA
Saseiiniu videdarsiuoyyadasy (antioxidant) Insendensviauveaoulesisneg tioaslids
amaémaaaﬁ'wma leun catalase, glutathione peroxidase, superoxide dismutase wazansiilily
wubwyd Wy vitamin C, vitamin E, vitamin A, flavonoids, albumin, glutathione, polyphenols W
#u (Nourazarian et al, 2014) 41915Ua15 antioxidant iuna1n#iw (phytochemical antioxidants)
W vitamin C, vitamin E, vitamin K, pigments #1149 L% carotenoids (B-carotene), xanthophylls,
lycopene, anthocyanins waza1s phenolic kaz polyphenols $1149) mmmaaﬂqwéﬁlumsﬁma%a
Sasidmaliaedestunsifalsaiiinannssnauiessld Gupta et al, 2014)

Oxidative stress \Agadasfuniainueiielay ROS FniliAanszuIunInIuLUeday
1nTy LAANTSLEENITAIVANNTITHIIUYBY mitochondria Aanstnilreuledinunndu wu
NADPH oxidase (NOX), cyclooxygenase (COX) %38 lipoxygenase (LOX) AU inNITNaes growth
factors wuuAaUALllA (Storz, 2005; Babior, 1999; Chiarugi and Fiaschi, 2007). waNaNi ROS &3
Lﬁm%’aaﬁ’uﬂﬂiﬂaUﬂmwquﬁ'uqﬂﬁﬁuéuaa cell invasion, epigenetic control Tunisimuinisveslsa
LLazﬂwéjumméfwmam chemotherapy (Feinberg et al., 2006, Fruehauf and Trapp, 2008)
wonanil ROS Faiieatiosiu tumor microevironment uag metabolic re-grogramming ¥iliwad
LAANIS metastasis Wag invasion (Fiaschi and Chiarugi, 2012, Hanahan and Weinberg, 2011) an
optd

ROS A1 ‘UQNIU AU 2%1dn Ao mitogen activated protein kinase (MAPK) Lha g redox
sensitive kinase (Waris and Ahsan, 2006) S?ja MAPK vTJ1 serine/threonine kinases ﬁﬂ%Uﬂqm gene
espression, proliferation, metabolism wag cell death ety MAPK activation %ﬁﬂﬂzjmuﬁll
AN TEAUNTLUATAS

Tusgninenszuaunissniau (inflammation) Hu n13 respiratory burst M.AAI1NN15E131
yoswadmanifuiu 1y mast cells wag leukocytes FaviliAnnsazanvos ROS wag RNS Fady
fdninsdnaulugnisneliiinueise (Hussain et al, 2003, Coussens and Werb, 2002) n13fin
activation U84 oncogenes LLazﬂawﬁuﬁM%ms inactivation 984 tumor suppressor genes L

ras wag p53 genes anunsnnlugnsiinusiselawuiu Belundnd nsdniauiiilug transcription



factor activation cascade U hypoxia-inducible factor-10L (HIF1-Q), nuclear factor kappa B (NF-
kB), signal transducer and activator of transcriptioni 3 (STATE 3) Yannl ROS gatiunuImaIALy
TunszurunssnaulaednmiliAnnisuanseandinaun@vesdiu inflammatory cykokines 1w TNF-
0L uaz IL-1B wavnsuanseoniiiudsunvadluves miRNAs detfu unuivaes ROS Sailualiiin
oxidative stress (Kaushal and Kudva,2013)(ﬂﬂwﬁ|23)

l‘l’oxirlsfMutagEns Infection Injury Horman esl.
Oxidative >
stress(ROS v W
Pro Inflammatory
prostaglandins/cytokines

I

Transcription regulation
MF-Kb, HIF-1a, c-Myc,
p53, STAT3

+ Antioxidant Defense System
* Dietary antioxidants

* Trace Elements

* Anti-inflammatory Agents

Preneoplastic cell

DNA damage
mutations

AT 2.3 WRUATNLEAIUNUIMTBIOULADATTULAZNITON@UNTFoNsTUINNTAANST (Kaushal
and Kudva, 2013)

Apoptosis

Carcimogenesis
~Cell cycle dysregulation
* Cell Proliferation

N13ONLEY
n138nL@u (Inflammation) WuufAzemevaussidudouvaailoiie sedsfinelmindunsie
(injurious agent) wagsiawwadnsoLlBLEaEsMevsansas URAsendAglunisdniau laun N3

Wasuudaswesnasmden nswndeuivesgasiindenu (leukocyte) 20NINVABALIBALYNG
o1fe wiemsasuudaslunaneszuuessnenie U,ﬁﬁ%mmzhﬁlﬁm%imwwaawLﬁa@maa
aeluiioide (microcirculation) Lﬁuﬂﬁﬁ%mﬁﬁwﬂﬂﬂauﬁm?ja wazidndefineliAndunsie
suardnidedofidemensenioaing uenaniinssneuidiunuvlunisBudunsyeunsy 49
Tuvnedausasdunsidnsunseioziiniusianme urferanelfinnadefilusunsonasnenie

16 atiunsonavIadunilounivasey wsizneislisanieridadalantUasusunsieninans



LaztJugAIBLAUTeINTTUIUNTS Y wannmMsdnautususasliansamuauls aziludgnis

AADUASILRBINNNIY LHRN1TONLEULTESI 15ASDSY warsudainLlasenla (Mantovani et al., 2008)

a158enans (mediator) Tun1sdniauiiundsfinnannaraunlaseglusUnuuresarsdasy
(precursor) wiondseanuilaowadurawila arsdenaranardazluiuiuiaty (receptor) Fadl
AMuIINEAofuULIadiigg Alunumlunisdniay Fsazgnasdulviiufasonieadesdv
nszvumssniaulsunnssfulunuiinvesansdonans uazwiavoawadiidudmine (target cel)
agUsannsnad 2.1 aﬁ?’%aﬂa’]qahuimyjﬁmqégu fiszornanseengysliuiu a1sdonanaunsie
nszAulilwadasns secondary mediator sialugnidunisvenenaufisennissniau

A13197 2.1 agunsildsundasuazeiinfidrdgyresansdonarsiiluanive naenuunasasees

Aenanafidnfny
ﬂ?iL‘U?ﬂlﬁluLLUﬁx‘i %ﬁ@%@ﬂﬁ’ﬁ%@ﬂﬁ’]ﬂ LLMﬁQﬁNW%@QﬂWi%@ﬂﬁN
N13UY18AIVOINA DA | - prostaglandin - Lﬁmﬁamm’mﬂ%ﬁm, Endothelium
&0 - NO - Macrophage, Endothelium
MIAUNTTURIUVEINTT | - Vasoactive amine - Mast cell, platelet
ARG - C3a, C5a - Plasma
- Bradykinin - Plasma
- Leukotriene C4, D4, E4 | - imidanv1innuila, Endothelium
- PAF - Wadenu1vneda, Endothelium
Chemotaxis W @ ¢ |-Cha - Plasma
leukocyte activation - Leukotriene B4 - Lﬁmaam’lmﬂ%ﬁﬂ, Endothelium
- Bacterial products - WUATILTY
- Cytokine (IL-8) - Macrophage, Endothelium
215k - IL-1, TNF, IL-6 - Macrophage, Activated lymphocyte
- Prostaglandin - Lﬁmﬁamnnﬂmﬁm, Endothelium
91131 UUM - Prostraglandin - Wiaidennanaila, Endothelium
- Bradykinin - Plasma
msﬁwmmﬁm?ja - Lysosomal enzymes - Neutrophil, Macrophage
- Oxygen metabolites - Neutrophil, Macrophage
- NO - Macrophage, Endothelium

lunseuIUNITENLEY TURDUYDINITNTLAUNITNDUANDIVBITEUUNTANY LwadueeTsuy
piiRufuazndnkavvaslelalay Fallunnunegvaeyiiawarinadenisviminnvedwadane loegis
na1nnane waauulasnia (macrophage) dunumdidglunszuiunssnau Tunneidnisoniay
A o 08 Y a A ao w a ' . .
wundnstniliAnnIsuane VeI uNd1AYRaNYtn 1UU cyclooxygenase (COX-2), inducible
nitric oxide synthetase (iINOS), interleukine 4finm199 laun IL—1B, IL-6 ez tumor necrosis factor
i TNF-0L iudu (Walsh et al., 2005; Lee et al., 2006) BuwmeasaiAu-1 (L-1) iunguuesilnlal



MAgIveiunIsonauianils lnefidunesasAu-1 9enIeAuUNITas1awasinauYeIneailonaas
ﬁﬂﬁﬁmsﬁwmsmivmﬂyqﬂ%uﬂi“é’uiﬁl,ﬁmﬂﬁﬁwawLﬁal,?iat,ﬁmﬁu dﬂLﬁ%ﬂﬁLﬁﬂﬂﬁLﬂﬁauﬁmaa
wadSnauandiusiiaiiinissniau venainildinse Fun1svdeduLnesaAu-1 mm%aaauq
wonilenlululed wazuualasnia Mlvusnafiinssnauiviinamwodunesainu-1 iuty
uaﬂmﬂummmamaaaﬂumiﬂiz@umaaLﬁf]m:i,mﬂwmwaqimamLmaumuaaaq wagluning
wialalus@iua (Tsuzaki et al., 2003) Feansvsaesegnsiilumnisdrrenelminnsdesaalaves
Walanuiuwaznsean BnnsdsanunsanseAulniinismas cyclooxygenase (COX) lagnaae (Artur
et al., 2001) IL-1B Julalaladasdausnifisresuindu mediator apsnsenauludninnass wilay
a a a I3 ¥ @ 1 Y a % ¥
fivsunaes IL-1B Wendndes Aausanslifanissnauguwsale

wananMvadlelalatnas Weilinsdniauiinu Membrane Phospholipids asgnaanasie
wulwyl Phospholipase A2 UanUaeensaesAlatia oanun tneazgnideuldidu Insamunaudu

o ¢ = a gj = ‘§ 1 A (% Ve < I3
Pnmshnuveteuled COX # Insamunaufuiuiignsdevasadensuanuidniauuin uazivas
MmAvasiunseuumssniau laglunseauliinnisvetednemasnien wavlanUdeyaisoen
1NNARALFRA YIIMAANITUINLABRLBIED NTeAUMITRLUNSNdwYalalusaiua Nsvaunis
avanevaINsEAn Uardlusunugrenansasueuiued Auuiaansaanusuianisasiseuled
COX lsagdreanUsuna  Insamunaudu anmudulan waznsdnauld COX-2 avgnnszduli
Manudiedinisoniau Tnelalulnduwganilsaveswuaiiseyinlainisuan PGE, 13y lagliiunis
WanIBNTDY COX-2 Uagduunsuan Epd receptors Tuseaflovaias deazdinananisiiuusune
Yp380dRlonalantun1sinalensegn (Shoji et al., 2006) I COX-2 Wuioulwsdfivimdinfiasy
UfAse1n1ssniau gan1slvennigusdudeegiuanigsie COX-2 1asziunisdniautuaslv

[ d‘d a ¥ a 5 U ! Q" v g.J/ ! . . .
NANIIINYINALAZLNANAUINAYIAINIINFUNGULY COX 131197129 (Burian and Geisslinger,
2005) uan3ant  Otsuka et al.(2002) lavinsAnwinisiiadniaulugUig Down syndrome i
N157AUTUIU MRNA U813 COX-1 wag COX-2 wuinltugthediusuna COX-2 mRNA unnIluauUng
%q COX-2 mmaamﬁmﬁﬂﬁﬁmimémiwmmLmauﬁuﬁam (PGE,) @smuneensiinnisvinans
dedenieniu wax mimmamummwmwu (Miyauchi et al., 2004)

TNF-0L 1w pro-inflammatory cytokine aﬂ%uwuwmwmwiumimmumﬁwémlezﬂmiﬂﬁ
a 14 (% v ay o 13 a d’lj .
magvesiunszuIumMIdniay liAuiulse mnuaunaveuead wazn1siiaiilaten (Balkwill, 2009)
won Nl TNF-Q, IL-1 uae IL-6 Sunumddgniioudu endogenous pyrogens tasnsnszdunis
JanUdaey prostaglandins fignnsgAuan COX (Kagiwada et al., 2004) lunsaiAin1sdniauiin
\esanmsnevauesediuanUaeu sxlleuyadasevangviiaiiaduiefidndawlanuasusiy Wy
nitric oxide (NO) #4gnu&ana1n inducible nitric oxide synthase (INOS) #3® superoxide #1149 &
ayyadaszimanildoarauludnunnzdniliAnlsnisessiousils (Aggarwal, 2004)

LalnIaUY
walasiau LU steroid hormone NiiAudrAglunisiadey MSTALINISLAENTYINNUTDS
reproductive organs lulwAngs uazdsiunumaAglunissnen bone density, cognitive functions

wazAIUANUIIIMABIaAINBTen UilutnzlielfuledlnslaudaaIu1IanTeAuAISiuTILIUYeY
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waguSuAuNkazuzSUINUAgnae tnelealnsauaryinaurIun1sTuiy estrogen receptors
(ERs) ¥iim Ol (ERA) waz B (ERP) Fadu transcriptional factors ‘ﬁmuqu estrogenic-responsive
gene expressions ?ﬁwzﬁﬂﬂémiLﬂ'mﬁwmmamaé nstiudanisiin apoptosis hazNITHUIFIUD
wadegamuaulildlunssuiunisiinuzis (Osborne, 1998) EROL uaz ERP dinsuansaonly
wa1eq waduazijoife \lomuANNNIIIIUYIMANeTEUUBTEIE LU STUUAUNUS n3gAN Maen
Feniila uazsyuuussavaiunans lae EROL Sn1swanseandng 7 mammary gland ungn 59ly

nszgn sruvduiudinane dunasdodeluiu lunwssiud ERP fnmsuanssaniideugnyain
nszzllaanie $dld $114 Heidelutu warsruugiduiu usedslsfimusiiuia 2 edaausany
msuanseanldfivassdenilanarssuulszamaiunas nsliealnsaunsenisidsesluunaunuy
annsnduiu BR 18 2 9fin usdthldainudssesniaduuniafiniu neldans selective
estrogen receptor modulators (SERMs) 81393ga111503UAU ER lauuu agonist %39 antagonist 1
(Maximov et al., 2013) 1919d3HaR8319018 19U estrogen-like action finaamdeniiala n3zan
sruuUsEamMaIuna1s Jordan, 2001)

UMV ERs lunziss 1y uzSudiun usSmaugnuuin nisannisadivealasauly
sramedunsnvussadiuld nsduiuvetedlasiauwas EROL @unsasiunsiinsuILves
waduzSaduuld lurasfinisaud ERB axilnalifannisiiiusiuauas (Chang et al,, 2006) waznIs
16’&&13‘1‘71'%1/1? antiestrogens lagudan EROL wu31 AuUszansanlunissSnwuziSadiuula (Clarke,
2006; Early Breast Cancer Trialists’ Collaborative Group, 2005.) wiansmandasiussansamn
Prusfinatrafestuadildladinuneded ERaL agine wavmnldidunanunussnunsiuniusie

NM5SNWIULLS e antiestrogen 3naae (Normanno et al., 2005; Sahin et al., 2004)

LREALATIIY AULALAZHINT T

Lﬁamqﬁmn%uaa3ﬁwam’amiLU?{wuﬂawaqaaﬁuumﬁluiwma?fMﬂﬁﬁwanswmzwmﬁ
yhageseTorsne mmnglaihandussuuduiug nsvgn aues ndie Waieluify &l seuu
naoAldonkazIl (Thomton, 2013)

Tuduvesfionily ooguntudngTovunysednfouasinalifiamdouisas Smsanasues
ABARLIULAZAUDANEY f3150svednifinanTuuariinnledeuuianntu mswasuulases
Randailanunsavildanmatuldsensaunusesluuealasiaudwieliiiudiinn Wuaay
faneuuarAmuIreaia iiiuAeaalIuLazdITIsanI1s0sTesdn (Thomton MJ. 2002; 2005;
Stevenson and Thornton, 2007) uena1nd tealnsiaudsiinalfinnissnwiuma (wound healing)
FauAnannsuTuLudsy inflammatory response, 134n135 re-epithelialisation, ﬂizél:u granulation
tissue formation WazAIUAL proteolysis (Emmerson and Hardman, 2012)

Tudiuvesn198nay Jn1suanIeenved ERs Tu leucocytes, monocytes, macrophages Lag
magakaryocytes waniinealnsiauaunsainasonsvhuvensadiiieadosfunssnad Tnei

NSANEINUIT LOALATIAUAINITOAANITLEAIDDNTDI macropage migration inhibition factor (MIF)
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Fadu pro-inflammatory cytokines fivdaan monocytes, T-lymphocytes, endothelial cells iag
keratinocytes (Ashcroft et al., 2003) zhuﬂﬁw%mgﬂ’mé’wmimLaaimwuﬁu%nmma WU LA
AanandUIIIal neutrophils anasuaziinisauIumka (Ashcroft et al., 1999) uonant woalnsiauds
finaron1sasuwlaInsuanieens neutrophil adhesion molecules LLazanN1SLEAAIDDNYDY L-
selectin Fwilfanauaiunsaves neutrophils lunisfivgludufiusnaiiiinissniau (Ashcroft et
al., 1999) ﬂ’]iﬁLLNﬁWlﬁJsﬁ’]Lﬁ@a’]qu’msﬁuﬁ?uﬁ’MMﬁﬁLﬁﬂmﬂmiﬁ neutrophils 1fiknasNUIELazE
15579 protease (Ashcroft et al., 2000) wavanszduras fibronectin uduilofinsnindeiealns
AUNUTY AI11508A5I1UIU neutrophils asdudun1sifinsedu fioronectin Tneday wazdanuin
walnsiautisannisiicurenoule elastase uazannisaans fibronectin Mieidofiifuuna
(Ashcroft et al., 1999)

nsAnwnnsanasesnsaaaulugivingesluuiienguin Wevinmindeealnsiou
WU U3UN0ADaa1LaunduLniuTuI e ) ﬁ’uﬁu@ﬁﬁmqﬁaaﬂdﬁ (Ashcroft et al,, 1997) oalnssau
N waunaduein1sainwaznIsaaIuneaabay (Ashcroft et al,, 1999; 1997) uagann15asIg
proteinase (Ashcroft et al, 1997) wenanii §anud1LealnslaunseAunIs migration YBLAL
human dermal fibroblasts LWWngmmﬁﬁ]’m scalp (Stevenson et al., 2008a), breast (Stevenson

et al., 2008b) ke abdominal skin (Stevenson et al., 2009) R BETETEY migration L8NS

HOUAUDIND 17B—e5tradiol way EROL agonist ualinulu ERB agonist (Stevenson et al., 2009)

Phytoestrogen %38 plant estrogen 1Juans7ldgukUUNNTYINILYRLeal5I9U WU diaadzein

way genistein Ainuludunios @13 phytoestrogen fausaflazduiuiis EROL uaz ER Fsaunsa
Dulania agonist kag antagonist (Hwang et al., 2006) %ﬂgﬂﬁm‘ﬂu selective estrogen receptor

a o

modulators (SERMs) Amsssuvdlade dsenaazanunsnthumaunuealpsiaulufmdgaionels
phytoestrogen fNaRORNIMTNYDIAUAY Imaﬁmiﬁﬂmwudwmiﬂ&jmfa’mwﬂam UV-induced cell
death lwwad keratinocytes 7mnziaes Pgiiinaudanguresianils ans1spsTesdnuaziiunis
&379 type 1 collagen (Jackson et al., 2011)

ot lumsiauwanfursssunanietestumsiausealasiaudedanusndui
wADIANE estrogenic activity LLazﬁm‘é anti-estrogenic activity Guaaa’lw‘%@mamﬁmsﬁﬁfw] Wil
nswisnnudululduesnsldndndasisssumiitug foeasiinasenisdudmdensdueasunisiii

¥

nwretadussild wazandeyaasinanvosiinvdmuntlsenudn Winedmndassnaamng

Y
A a

glagarunsniunldlunsingssnwmavain lnsangluansnidldymungnudeundosuaziaiuy
neousnilinduinszduldd dredusssufedliunduund wastevilitoudeusnsiguadlatu
(ufvuandani 2558) angdideiadianignudosiuliin WadmnenniigriiieatusesTuune
Y &9t Lﬁ@“ﬂé’ﬂ‘lﬁmﬁﬂmmz‘ﬁ%ﬁﬁmﬁﬂwmwé estrogenic A% anti-estrogenic activities

naeAIuNsAnwIgNsluNIIiNuLSe gnsdueyNadasy wavsumssnaudneie
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uni 3

Aantun13Y
Fangunsal ewnsideate uazasiadl
Tannic acid (Sigma-Aldrich, China)
Gallic acid (Sigma-Aldrich, China)
Folin-ciocalteu’s phenol reagent (Carlo erba reagent, Italy)
DPPH (2,2-diphenyl-1-picrylhydrazyl) (Acros organics, Belgium)
Ascorbic acid (Alfa Aesar, Great Britain)
Tocopherol (Sigma reagent, China)
Sodium carbonate (Ajax Finechem, Australia)
Syringe filter (Sartorius, Germany)
DMSO (V.S.CHEM HOUSE, Thailand)
10. 95% ethanol (83AN15g31 NuaTINAER Useimeilne)

A A A S o A o

11. Tryptic soy agar (HiMedia Laboratories, India)

12. DMEM (Gibco, USA)

13. FBS (Gibco, USA)

14. Penicillin-streptomycin (Gibco, USA)

15. Trypsin EDTA (Gibco, USA)

16. Molecular Biology Agarose (Bio-Rad, Spain)

17. 1kb DNA ladder (Promega, U.S.A))

18. Blue/Orange 6X loading dye (Promega, U.S.A.)
19. Primer B-actin (Eurofins MWG Operon, Germany)
20. Primer IL-1 (Eurofins MWG Operon, Germany)
21. Primer COX-2 (Eurofins MWG Operon, Germany)
22. Primer TNF-Ol(Eurofins MWG Operon, Germany)
23. Primer IL-6 (Eurofins MWG Operon, Germany)
24. Primer iNOS (Eurofins MWG Operon, Germany)
25. Primer tyrosinase (Eurofins MWG Operon, Germany)
26. Primer TRP-1 (Eurofins MWG Operon, Germany)
27. Primer TRP-2 (Eurofins MWG Operon, Germany)
28. Tris base (Ajax, Australia)

29. Glacial acetic acid (Ajax, Australia)

30. EDTA (Ajax, Australia)

31. Omiscript RT Kit (QIAGEN, Germany)

32. TopTaqg MasterMix kit (QIAGEN, Germany)

33. Novel Juice (GeneDirex)

34. RNA extraction kit (GE Healthcare, UK)
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N A A S o A o

— e
N — O

3-[4, 5- dimethylthiazol-2-yl]-2,5-dyphenyl tetra-zolium bromide (Invitrogen, USA)

. DMEM (Invitrogen, UK), FBS (Invitrogen, UK)

. Escherichia coli LPS (Sigma, USA)

. RNase free DNase Set (QIAGEN)

. Estradiol (Sigma, USA)

. MEM no phenol red (Thermo Fisher Scientific, USA)

. Charcoal Stripped Fetal Bovine Serum (DCC FBS) (Gibco, USA)
. Resazurin (Sigma, USA)

. Sterile cell culture plasticwares

. Quercetin (Sigma-Aldrich, China)

Sonicator (Ultrasonic Cleaner set, Model WUC-D22H, Daihan Scientific, Korea)
Rotary evaporator (R-210, Buchi, Switzerland)

Microplate reader (Dragon-tube, China)

pH meter (Mettlor Toledo MP 220, Germany)

Centrifuge (Kobota §u 5922, Japan)

Incubator (Memmert Schutzart DIN 40050-IP 20, Germany)

Autoclave (STURDY 3:14 SA-300VL, TAIWAN)

Shaking water bath (Julabo Ju SW22, Germany)

Laminar air flow (ESCO j‘u AC2-4Al, USA)

. CO, incubator (SHEL LAB 'i;u 3517-2, USA)

. Inverted microscope (Nikon ESLIPSE TS100 u C-SHG, JAPAN)
. Microplate reader (BECKMAN COULTER DTX 880, Austria)

13.

Microplate shaker (Heidolph TITRAMAX 1000, Germany)

Ageayulng

winvamin gniiuluiiunUnfss meluwauninendeysm Ineueaszuis s1nomu

uAs Jrinaseum luseniradeuiueiey 89 Wounaal w.a. 2558 way 2559 (AW 3.1)
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WALAIENARIEfYINazay 50% LONIUBR 2 ﬂiﬂ“] ay 7 Tu L?,JE'JSUL‘VIEJL@ijﬂﬂauaﬁﬂaaﬂlﬂﬂ’JUﬁﬂﬂ
wmmmmmﬂu 15.1% ‘EJEN‘LJ’]‘I/I‘uﬂL%@LL‘VN

14



=1 [ <@ o a dy A a d’lj a a [} a
%ﬂW‘VI 3.1 aﬂwmzmmJm‘vmWwwuiuwumﬂﬁmuﬁiimwﬂuwmwummawEna'ayjiww INYLYR
A58

A T L
0

10 11 12 13 16 17 18 19 20 21 22 23 24 :
2 6, @ e '
MARARARNG! uhmm H!.!!!u ‘u) ] 'J L ’ NARAEY ||hIlhhnlu|||l;l|I|||HI|||l||1|ll|_|,lhl||!

AN 3.2 SnwauziaNt U gl uN1SANEN

15



n'mwnmiu%qwémnLﬁﬂ‘ué”mmLLa:nﬂsﬁQ%u‘Tﬂiaa%'NLﬂﬁ%aami

Yrdruainne1uazatefu n-hexane wag MeOH mud1diu Yrdrufiazarsfu MeOH w7
sumeLndaTharatseen axld@uaiaveny MeOH (9.73 n$a) antuthuuendieianoduidlag
1 TnnsflLuusaaga (Quick Column Chromatography; QCC) wazwsse CH,CL wdaLfindadae
MeOH snuadu azld 10 fractions Ao S1 614 S10

Fraction S3 (351.2 n3u) Uauenasie column chromatography wazwzaay 40% EtOAC-
hexane 16 7 subfractions (S3a-S3g) 9101y 11 subfraction S3d (182.0 mg) UL NADATE
column chromatography tngld silica gel \JudgaAdy wazvza1e 15% MeOH- CH,CL Laans
compound 2 (23.2 {iadnsu)

Fraction S8 (612.1 n5u) Wananwansme 100 % MeOH lavaaudadu1ivesas compound
1 (252.3 adn3)

N insiiaatlassasiansaeiomeauninsalnUsneg Ultraviolet (UV), Infrared (IR),

Nuclear magnetic resonance (NMR) ez mass spectroscopy (MS)

ASANEID9AUTZNBUMNLATIA2873 Thin Layer Chromatography (TLC) wag High Performance
Liquid Chromatography (HPLC)
A5 AATIZIR2emATlA Thin Layer Chromatography (TLC)
sEUURY
Stationary phase @@ wiu TLC 1119 10 X 10 wufiwns yiadnsagy
Mobile phase Ao EtoAC : Hexane : Acetic acid = 60 :3.93: 0.07
/N3
AnwiTeuiisudnuazsuuuy TLC Tuegansada Tagluusazsegiets 20 Sadniu
A¥aNERIBILIMIUDa UE Sonicate WU 20 W17l ntiunsasfinsEAEnses No.1 udrhasiedns
Fwzeanl spot asuuuNY TLC dndagudsunaansdiegneas 10 pl
&0l Mobile phase indaufiniu stationary phase isuenansiiussduszneuly
fidregandniuey TLC uasiadeunelduaidansilalaanfinnuenindu 254 uaz 366 Wiy
LIRS LLa8@53%&@Uﬂ’18%5ﬂﬁ’1ﬂ§ﬁ%8’1Lﬂﬁi@ﬂﬁjﬂmmﬂié 3 4l 1) Anisaldehyde- H,SO4 2) 30%
H,SOq in Ethanol, 3) DPPH anntiusiegy
A5 AAs1zUR2emaila High Performance Liquid Chromatography (HPLC)
\3asdle
- Agilent-1200 HPLC
- (18, Agilent hypersil ODS column (5 um, 4.6X250 mm)
- pH Mettler Toledo 320 pH meter
N15M384 Mobile phase
- Solution A: Acetonitrile:H,0O:phosphoric acid = 79.7:20:0.3 1ag LA 85%
phosphoric acid Usaunas 3.529 ml aslulu acetonitrile 797 ml WEaUSuseth
ndulileU3unns 1000 mt
- Solution B: 0.3% phosphoric acid (pH=1.70)
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Tne A 85% phosphoric acid USunas 3.529 ml wdusudsunnsietnduly
U 1000 ml
NTLATBUAITAIDEN
Fransfegavioarsumigiu 1 Sadndu udrazarefoiumiueal3ins 1 ml
mﬂﬁ?uﬁﬂﬂ sonicate WU 30 W17 mnﬁ?uﬂsaqmsasmmhu 0.45 um nylon filter membrane
STUUNISAATIZH HPLC
ssuumsiaseidu Gradient elution (115737 3.1) AuEIAGY 280 Nnm
A15197 3.1 SEUUNTIATIE9 HPLC Wiy Gradient elution

Time Flow (mU/min) Solution A (%) Solution B (%)
0 1 5 95
5 1 10 90
10 1 20 80
25 1 30 70
35 1 40 60
45 1 50 50

nsAnwgnsdueyyadasy Uiinafluednsiauuazuiunamaniiuesd
ﬁnmqwéﬁﬁua%aﬁaizﬁ%ﬁ% DPPH Radical Scavenging Assay (Oh et al., 2008)
W3BNEITaza1y DPPH (2, 2 — diphenyl — picryl hydrazine) A3 udY 1 mM walAnasly
asazaneansafnayulng vuuiu 30 undl fAinisgandunasiinaiug1iadu 515 nm seaded
spectrophotometer ntufuIAT %inhibition LLazﬂ'ﬁmmL%’msﬁumaamiaﬁmﬁmmaaé’ma%a
daszlel 50% (ICs) WIBUIBURUAT ICs) VOIETUINTF AN TUTMEITNAdoULREIU
Anwnqidiueyyadaszdae33 FRAP (Lado et al,, 2004)
14 FeSO, 1luansazaneuinsgiu 1netdea19iae 40 mM HCL Tildmanududusings udavi
nswstLansazaeiedsinuavaneasatagae 50% EtOH wandeadlile 3 mnududy iy ¥
Waeg1e 6 pl neufutndu 18 pl udwiiudie FRAP reagent (50 ml acetate buffer pH 3.6, 5 ml

TPTZ solution, 5 ml FeCls solution) 180 pl wa1#s#14ld 4 w19 LLé”Ji’@ﬂﬁ@ﬂﬂﬁuLLmﬁ 600 nm

AwndSpuifisuiunsvinasgiulilaiduen relative antioxidation activity (FRAP value)

Anew1U3uuAuadnsaun1835 Folin-Ciocalteu method (Singleton et al., 1999;
Sripanidkulchai and Fangkrathok, 2014)

19 qallic acid Wussunsgiu Tiansvageunauiuiu Folin reagent waaidiu 20 % sodium
carbonate Uauu 40 i udnirluindinisgandunasd 725 nm antuaiiensiiinsgiu eallic
acid udahANIANaukaasayUlngisuiunsNINSEIY wanAT total phenolics tWu gallic
acid equivalent (GAE) Wumiae mg/s vesansaria v 3 4 dmSunnANUTUTY

AnwuUsanamailiuees Ade3s

1591 standard curve TngLiguansazaneuInTgIU quercetin fen154 0.02 - 0.1 mg ane
AIBLONIUOAUIUING 0.5 ml LaAN 2% aluminium chloride 0.5 ml wanlviidniy waauuld 1 .
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figaunniivies 1luinmnsganduiasit 420 nm udmasnnsmseninauitudufiuainisgandu
We 1A % Coefficient of variation (CV)

NTILATIZYAIDENNAADU Lasazaufing19n18LaMIUea a1 sonicate 30 U WAINTDS
duitlilazanseantd nthndonsfedefinududusiieg 3 mnududy Ineldasazareset
US1nAsAaus 50-200 l udiudae 99% EtOH TiUSuassan 0.5 ml W& LAy 2% aluminium

chloride 0.5 ml waulidndu waiuuly 1 v, Ngaumgiivies drluinAinispandunasi 420 nm
9INUU ANUINRIALREY O.D./ml 911U YI1N19AIUIMIAT total flavonoid TaetUTauLiisuu
standard curve uds1e9uluRLIY QAE mg/s VasaNTaRn ¥iNT 3 ASY

msﬁnmqm%"lumﬁé'ug'\in'ﬁa%’w nitric oxide (NO) (AnuUasan Fangkrathok et al., 2013)

1. Yiaduuelasiria RAW264.7 cell adluaimns phenol red free MEM + 10% FBS +1%
antibiotic+antimycotic adlu 96 well plate Tswasauln 10,000-20,000 cells/well LLéJ’J‘U'iJHﬁ
37°C, 5% CO, Wuan 24 Falus

2. Feansatausavansatnuudiazately dimethyl sulfoxide (DMSO) Tilé 100 me/ml wé7
Fosansadn vioasuinsgiu L-NAME Tildanuidudiusineg luenwnsii 10 ug/ml LPS ué Jin
100 ul asluwadlude 1 warunlif 37°C, 5% CO, Wuran 24 H2lus Y91 3 Ade

3. ﬂLUmﬁﬁL??mLszjaémmmz 50 pl adlu 96 well plate DNOU UaLAN 50 pl vosaTazany
Griess reagent (solution A: 1% Sulfanilamide in 5% phosphoric acid, solution B: 0.1% NED in
water Ha A wag B dndau 1:1) adlutidsawadustasvan wanlidniuudaniluiansganduuasd
540 nm W&IAUIAL % NO production WaIAIUIUIT ICso PINFNNITEUATS

% NO production = (A5404sagaii Lps / A540control 7 Lps) X 100

4. iwadimdeniinswi cell viability iiogarandufivuosansatn 1agld35 resazurin
reduction assay (AnLUa331n Borra et al., 2009) ka3TAn1siSouasgoasisalgud (fluorescent
intensity) i Ex=530 nm, Em=590 nm w&1v1n1581ua4 % viability iieduduiinisanasves NO
lulaRaainnismeveagas

% viability = (Fluorescent intensityasata / Fluorescent intensitycontrol) X 100

msmaaqu‘é cytotoxicity

1. ¥hmswnedsaeadugiSaiig (MCF7 uay MDA-MB-231) uasigaduzisadild (Caco-2)
Tngldormsieaiead DMEM i3 10% fetal bovine serum wag 1% penicillin-streptomycin kaIUs
71 37°C, 5% CO, Wuran 24

2. WipuasAfaLay/MTeasUTavBidesse v nAsasadfianududusingg wdufuas
Tuwadiiaedlilude 1 Usms 100 pl Wssuifisusuennnsgiu tamoxifen duiearsdsemsides
AUty waunii 37°C, 5% CO, Wunan 24-48 Falug ¥mn 3 ads

3. Ainseviiinaimadiiaialeglids resazurin reduction assay udrinmsSosuasigees
LSAGUAT Ex=530 nm, Em=590 nm L&A1 % inhibition %38 % cytotoxicity WAZLAAING
JuAn 50% inhibitory concentration (ICso)
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ANSANEIONT estrogenic activity
1. ¥nsiwzidsswaaladydawadugisadiunsdaiil ER receptor MCF-7 aslu 96 well
plate Tu culture plate Tue111s FBS free MEM + 1% antibiotic+antimycotic M1l phenol red 7

Ty FBS ieliiAnnnziiusaainealasau waiuulis 37°C, 5% co, Wunan 3 Ju

2. yinmsénawganudeslu 96-well plate viguazUszanns 10,000 cells/well Usuns 100 pl
PEOIMSLRBLEAaYNn FBS free MEM +1% antibiotic+antimycotic 71ls# phenol red + 5% DCC-
FBS

{ o

3. \Feanasatavieansuiansidesnismaassiianutuduiieg uuv 2x wdthunaslu
wadnasdslusde 2 Usunms 100 pl wdudldi 37°C, 5% CO, WWunan 4 Yu e 3 ads

4. 30979 estradiol (E2) Widnmududu 2 - 200 pM wuu 2X udwnadluwadiibedily
o 2 V31,5 100 ul wiunllss 37°C, 5% CO, WWuan 4 Ju vien 3 ade

5. MFAATIEiiwadIETInde33 resazurin reduction assay udrinnsiesuasigossisa
WUAT Ex=530 nm, Em=590 nm wdwihnisiuiasiusiuinwaduaziuiouiieuiunaves £2

m’sﬁﬂwmm‘ﬁ{ anti-estrogenic activity

1. \Forsasaaviearsugnsiidesnismaassiinnuidudusiieg wuu ax uddaadly
wadasdilude 1 (MsAnwIgY5 estrogenic activity) U3uas 50 pl uagifisl 50 pl ¥84 400 pM E2
wiUl3T 37°C, 5% CO, Wuan 4 Ju vhen 3 ads

2. T giivadiTind1e38 resazurin reduction assay udrinnsiesuasigoasisa
WUAT Ex=530 nm, Em=590 nm wdwihnisiuiasiusiuinwaduaziuiouiieuiunaves £2

m’sﬁﬂwmm‘ﬁ{ anti-inflammatory activity
1. MsLAeaad
\Aoaad murine macrophage (RAW264.7 cells) [¥emsiasuadiiusznaudneg DMEM,
10% FBS waw 1% penicillin-streptomycin aesneldianmizdiil Co, 5%, 37°C
2. MsnadeuANiluiuraadvesansann tagld3s resazurin reduction assay
nageuLiiemaududuiinsauvesansatailiiJufiviowad Tneiasaead 10,000
cells/well Tu 96 well plate wa incubate Tu CO, incubator, 5% CO, Wuan 24 %Lﬂm mﬂﬁ?wﬁll
ansafineuudusing W incubate Tu CO, incubator, 5% CO,, 37°C Wulian 24 Halus Tias1es
USinanwadiiasaylagldis resazurin reduction assay wdrinnisisesuasgeasisaisusidl Ex=530
nm, EM=590 nm Wa3AuIuA % inhibition Y191 3 Ass
3. AINAFDUNAYDIANSANARDN1TLENIeDNY88U B-actin, IL-1[3, COX-2, TNF-QL, IL-6,
iINOS 9831988 macrophage ﬁgﬂﬂizﬁuﬁw E.coli LPS
3.1 Split cell Adudu 106 cells/ml Usans 1 mlaslu 12 well plate a1ntu
incubated tHuran 24 Fluq
3.2 Huansnadou Anududuiidiviun incubated Wuan 22 $9lug
3.3 nagduse £.coli LPS W1 incubated sladn 2 Falud
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3.4 1AU wazanm RNA 1aald RNA extraction kit (GE Healthcare, UK) wazld35nns
afanuiissyunlugaade Swseneudetunounsiilisadunn uasaudenisiiliudiunes
wadfuantuiivuinanas uazilold Column fianunsnduiu RNA 14 total RNA azfuaguiiin
Column # andudresetilmedsne wazsdn DNA uidioudae DNase enzyme AAvingana RNA
lgeanain Column Tngldtiiilaid RNase Snu3anas total RNA fildde UV spectrophotometer i
260 uaz 280 nm udIMUIIMUTINA total RNA 71l¢ Taeldans

Concentration of RNA sample = 40 pg/ml X A260 X dilution factor

14 Omiscript RT Kit (QIAGEN, Germany) WAy RNA LU cONATasieuleyl reverse
transcriptase F9lUSU0) RNA Budu 40 ng wdansaavuiunames B-actin, IL-1B, COX-2, TNF-
Q, IL-6, iINOS #7833 RT-PCR 3414 cDNA Budiu 3 ul Tngld primer dwsu B-actin, IL-1B, COX-2,
TNF-QL, IL-6, INOS fauanslun1s199i 3.2 1finuSunas cDNA da81a3as thermal cycler PCR (AB
Applied Biosysterns GeneAmp PCR system 2400) witazduld 27 seulunisifivd3unad@aseuuiild
Fap15197i 3.3

A15197 3.2 Oligonucleotide primers Fldlunsguunng RT-PCR

Gene Primer Sequence : (5’-3) Product size (bp)
B-actin” | Forward TCATGAAGTGTGACGTTGACATCCGT 285
Reverse CCTAGAAGCATTTGCGGTGCACGATG
IL-13%? Forward CAGGATGAGGACATGAGCACC 447
Reverse CTCTGCAGACTCAAACTCCAC
cox-2¥ Forward GGAGAGACTATCAAGATAGT 861
Reverse ATGGTCAGTAGACTTTTACA
TNE-o' Forward ATGAGCACAGAAAGCATGATC 276
Reverse TACAGGCTTGTCACTCGAATT
IL-6 Forward CATCCAGTTGCCTTCTTGGGA 463
Reverse GCATTGGAAATTGGGGTAGGAAG
iNnOS® Forward AATGGCAACATCAGGTCGGCCATCACT 454
Reverse GCTGTGTGTCACAGAAGTCTCGAACTC

W = Won et al,, 2006; ? = Sugawara et al., 2003
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AN5199 3.3 SEUUNELUNSHLUSUN DNA

Denaturation For Cycles
Final
Genes / RT . Hold
o Denaturation | Annealing Extension Extension
Inactivation
B- 95 °C,2min | 94 °C, 1 min
60 °C, 1 min | 72 °C, 1 min
actin
IL-1B | 94°C,2min | 94 °C, 45 60 °C, 45 ,
72 °C, 1 min
Sec Sec
COX-2 | 95°C,2min | 94 °C, 1 min | 60 °C, 1 min | 72 °C, 1 min
TNF-oL | 94 °C, 2 min 94 °C, 15 .
60 °C, 1 min | 72°C, 1 min | 72°C 10 .
Sec ) 4°C
min
IL-6 94 °C, 2 min 94 °C, 15
60 °C, 1 min | 72 °C, 1 min
Sec
iINOS 95°C,2min | 95°C, 1 min 72 °C, 1.5
60 °C, 1 min )
min

m599d8u RT-PCR products 7illae3idiannslnGda (electrophoresis) Ui 1.5% 1asznn
Tsa 19 TAE buffer 1X Judvhazany Tamuiduvesuay products agandenisyinujisenves
Novel Juice (GeneDirex) fiu DNA LLazmmmlﬁ%aqLm“l,éﬂﬁammaaué’wl,ﬂ%'m Gel Documentation
InGenius L (Gel Documentation and Analysis system) \ouansdesziunsuanoanves IL—1B,
COX-2, TNF-Q., IL-6, iINOS ntuFndudnduiiduiusfusesunsuanieonvesiy B-actin R
HuBuauay viinsfinedn 3 ads

NNIATIZHNIEDR
Wiguisuauwanetesendtangulunisneasuldadf one way ANOVA wagldns
WIsusUwes Post HOC Multiple Comparisons \Uu LSD (Least Significant Difference)
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uni 4
NAN1599Y

nsfinwasdusznaumaaiivasasuigniuasmafigaflaseadronmand

Mnmsvimsataasandinvdminudniuenansuignsuasiigailasamaad wui as
U3avaiiuenldd 2 oiin SeilswasiBeavedassarmand fel

Compound 1: ¥8audadv13; mp 166-168 °C; [0p? +28.8 (c 0.25, DMSO); IR (neat) Umax
3385 (O-H), 2938 (C-H) cm™; "H NMR (DMSO-ds, 400 MHz) wag °C NMR (DMSO-dj, 100 MHz),
NeN5199 4.1 WBuansiirefisnenuanuds fie D-mannitol (1) (1wl 4.1)

Compound 2: ¥8audadu1; mp 152-154 °C; [0 —33.2° (¢ 0.54, DMSO); IR (neat) Uynax
3430 (O-H), 2937 (C-H) cm™; "H NMR (DMSO-ds, 400 MHz) wag °C NMR (DMSO-dj, 100 MHz),

nenseft 4.2 WHuansieefisnsnuanuds de ethyl-B-D-glucopyronoside (2) (m‘wﬁ 4.1)

mannitol (1) ethyl-B-D-glucopyronoside (2)

Al 4.1 asusznaumaeiifiuenldanidinudmvn

@13 compound 1; mannitol

Durewdedun gastuana CeHiOs, mp. 166-168 °C Tayadunssnuanuauganduyes
vyjlonsenda (3385 cm™) aandaya °C NMR way DEPT (151391 4.1) Usingdayaaives 2 4
&uny10u103 oxymethylene Ansuaudl O 64.3 ua danvet oxymethines A15uaufl O 70.1 uay
71.8 uagdoya 'H NMR Usingdeyay1uued AB system TUsnoudt & 3.37 (2H, M, Ha-1/ Hx-6) by
3.61 (2H, m, Hg-1/ Hp-6), dyu1auva3 oxymethine TUsmoud O 3.46 (2H, m, H-2/H-5) way 3.54
(2H, t, J = 7.2 Hz, H-3/H-4) wazdygrauved hydroxyl 1usnau 3 qué’zy,zmmﬁ 0414 (2H,d,J =
7.2 Hz, OH-3/0OH-4), 4.33 (2H, t, J = 5.2 Hz, OH-1/0OH-6) wag 4.41 (2H, d, J = 5.2 Hz, OH-2/0OH-
5). uBnaNi Taya HMBC (A 4.2) arnsadudulassadnslasedl dygrmves oxymethine
TWsnau H-2 wae H-5 7 O 3.46 uanspuduiusiuasuaud & 64.3 (C-1/C-6) wag 70.1 (C-3/C-4)
way 71.8 duanniued oxymetine WUsnau H-3 uay H-4 71 & 3.54 wanspuduiusiuaisveudl O
6.3 (C-1/C-6) uay 71.8 (C-2/C-5) wonaniauda oxymethylene Tsnau 2H-1 uay 2H-6 7 O 3.37

o

uay 3.61 wansnnuduiudiua1ueudl 8 70.1 (C-3/C-8) uay 71.8 (C-2/C-5) Fevaumiisuoamy

v Y

OH #i C-1/C-6, C-2/C-5 wag C-3/C-a Lﬁ@iﬁw%‘&mLﬁEJUﬁJU‘i’IJE]QaVlNaLUﬂIVIEE{Iﬂ?J UUDYavDIAT
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compund 1 AU mannitol (Sripanidkulchai et al., 2009, Potekhina et al., 2003, Kim et al., 2008
waz Munkhgerel et al.,, 2011) Wu11@15 compound 1 U1 mannitol

AN 4.2 uanstaya HMBC Unediuves compound 1

1519 4.1, wansdeya H, °C, DEPT, uaz HVBC NMR (400 uaz 100 MHz, DMSO-dg) 983875
compound 1 (& in ppm, multiplicities, J in Hz)

e O H 0 c DEPT HMBC

1 337 m, 3.61 m 64.3 CH, 2,3

2 3.46 m 71.8 CH 1,3

3 3.54 t(7.2) 70.1 CH 1,2

4 3.54 t(7.2) 70.1 CH 5,6

5 3.46 m 71.8 CH 4.6

6 337 m, 3.61 m 64.3 CH, 4,5

1,6-0H  4.33t(5.2) - - 1,2 (5,6)
25-O0H  4.41d(5.2) - - 1,2,3 (4,5,6)
34-0H 4.14d(7.2) - - 2,3 (4,5)

@13 compound 2; ethyl—B—D—gtucopyronoside

Juveudsden gnsluana CoHicOs Toyadunsiisnuansuauganiuvemylansanda
(3430 cm™) Foya 'H uaz °C NMR (1157971 4.2) Usingdayaaves OFt 1 ny 71 Oy 113 (t, 7.2,
2H-2°), 3.50 (m, H-1") uaz 3.81 (m, H-1")

uaﬂmnﬁé’wmﬂgé’wmzLawwimqa%’wwm slucopyranoside dayayaudl Oy 2.92 (td, J =
8.0, 4.8 Hz, H-2), 3.03 (td, J = 8.0, 4.4 Hz, H-3), 3.05 (td, J = 8.0, 4.0 Hz, H-4), 3.14 (m, H-5), 3.43
(m, H-6), 3.65 (m, H-6) wag 4.10 (d, J = 8.0 Hz, H-1) LLazé“zyﬁymﬁ Oc 61.6 (C-6), 70.5 (C-4), 73.9
(C-2), 77.2 (C-5), 77.3 (C-3) uag 103.1 (C-1) 3nvayaves COSY spectrum wandliifiunisideuss
YOINUTLTLNIN H-1 AU H-2 U990RUSZIENIN H-2 AU H-1 way H-3 U99Wusesening H-3 AU H-2
WAy H-4, YoINUSEILUING H-4 AU H-3 wag H-5, Lag Va9NusE5eunINg H-5 AU H-4 uway H-6 910

1%

Joyasina1iszylainduimanie glucopyranoside 97uau 1 vy ¥ anomeric WWsnoud Oy 4.10
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(d, J = 8.0 Hz, H-1) Saugns HMBC correlation fum$uaudi 8 77.2 (C-5), 77.3 (C-3) uas 64.3 (C-
1) dayatisryiumismadousiovasmy] OFt #u glucopyranoside 7 C-1 uag C-1’ (0l 4.3) idlo
lawSeuitsududoyanisauninsalnUiudeyavesars compund 2 fu ethyl-3-D-
slucopyronoside (Achenbach Wag Benirschke., 1997 Wwag Bose-Basu et al., 2007) WuI1a5

compound 2 W ethyt—B—D—gtucopyronoside

AW 4.3 uanstaya HMBC U19diuesas compound 2

15197 4.2 wansdoya 'H, °C NMR, DEPT way HMBC (400 uag 100 MHz, DMSO-de) 983
&3 compound 2 (& in ppm, multiplicities, J in Hz)

fuvde  §, Oc DEPT  HMBC
1 4.78 d (8.0) 1031 CH 2,3,5,1’
2 2.92 td (8.0, 4.8) 73.9 CH 1,34
3 3.03 td (8.0, 4.4) 77.3 CH 1,5
4 3.05 td (8.0, 4.0) 70.5 CH 2,5,6
5 3.12m 77.2 CH 1,3,6
6 3.43m 61.6 CH, 45
3.65m
1 3.50 m 64.3 CH, 1,2
3.81m
2’ 1.13t(7.2) 15.6 CHy 1
2-OH 4.98 d (4.8) - OH 12,3
3-OH 4.89 d (4.4) - OH 2,3,4
4-OH 4.93 d (4.0) - OH 3,4,5
6-OH 4.49 t (6.0) - OH 5,6
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AsAneaIAUsZNaUNINALlLABAS TLC waz HPLC

MM IAnwesAlTzneumaiiogaielagldis TLC wui WeaiFeuifisunisusngues
LLﬂUﬁWimmgmﬁg\‘i 7 U89 Ap Epigallocatechin, Vanillic acid, Gallic acid, Catechin, Quecetin,
Caffeic acid waz Tannic acid wuin Lifuaulalusnegrsansainaindinvdmund assiuwauvosans
wnsg ey Fadululid arsataiersldfiansmaniiduesdusznevndesatitiossnnaulsl
anunsaiulgainnisAnwindsl uredslsiniy 91nnisasdaae DPPH wanddiifiudn ansiidu
osfdsznavluansadailfiqdlumsdueyyadasyldfinusutuasassiusasdansiifomisndn
athetlen 3 viin (il 4.9)

AWA 4.4 TLC fingerprint vesansafaanuiinudvuiUTouiisuiuarsuimsgiu Tag A flo msdes
1@ UV 254 nm, B Aia n15a9ald UV 366 nm, C Ao awlsdnig Anisaldehyde-Sulfuric acid, D Ao
n13aLUsEAI8 30% Sulfuric acid wag E An n15alUsdae DPPH uazlau 1 Ao Epigallocatechin
(FGQ), wau 2 s Vanillic acid, vau 3 A8 Gallic acid, vau 4 Ad @5afAAYEMUN, Lau 5 A
Catechin, 1au 6 A® Quecetin, @y 7 Av Caffeic acid wagsay 8 Av Tannic acid
WuiuiunsAnwmeds HPLC wWisumeuiulasunlaunsuvesansuinsgiulussuudangn
wuin Wi peak Toluansadmfavdmaniingefu peak maamammgmmﬂfﬂumwmauﬂ%za‘ff R
Tawn gallic acid, catechin, chlorogenic acid, vanilic acid, cafeic acid, vanillin, coumaric acid,

ferulic acid, EGC, catechin gallate wag quercetin (n1wil 4.5) fatiu Fadululéin ansadnannidia
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vamuivaaeulifiansiduesduszneudngty dalu a1sndguslunisdueyyadaszvioanseen
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Al 4.5 TasunlaunsuvesansaninanminvamuUseuiisuiuasuinsgumeds HPLC lay
AUUUABLATUTALNSUYBIETUINTEIY AUANADlATINLALNSUTBIENTE AR NLAR YL

mswmaaquééﬁua%aﬁasz, total phenolic content wag total flavonoid
ﬁﬂmiaﬁ’mLﬁmﬁmmuﬁmeﬁqw‘éiunﬁéhua%a@aizﬁa8‘3% DPPH Radical Scavenging
Assay (DPPH assay) ka5 Ferric reducing antioxidant power (FRAP) 3tA51%% total phenolic
content #2875 Folin-Ciocalteu method wazitAs1z%UIuTal total flavonoid #2878 Aluminum
chloride colorimetric method wuin ansafafinuavaninvdeyyadaszaoutagaieiouiio

a 1

fuansunsgIu ae Ascorbic acid w3e3nnfiud fguslunissueyyadassunnnitaisaiaiinvdd
Wuiies 14.5 i1 @2 Tocopherol v3e3nniud fignslunisiueyyadaszuinnitaisaiainud
NUAEe 7.2 Wi wagdidIuiuaisngy phenolic Aaudnaun A 113.80 + 3.13 mg TAE/g extract

weidlansngu flavonoids Aaut1aties Ao 2.61 + 0.12 mg QCE/g extract Fap50a7i 4.3
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M191991 4.3 wARIGVSAIUEUYADASY, total phenolic content waz total flavonoid vesasarinLiin
VAN

avane/ Antioxidant activity Total phenolic | Total flavonoid
content content
msmmgm DPPH FRAP
(mg TAE/ (mg QCE/
(ECso, pg/ml) (ug/mg s s s s
extract) extract)
extract)
asanainvdvun 5551 + 3.62 166.64 + 11.43 113.80 + 3.13 261 +0.12
Ascorbic acid 3.84 + 0.09 - - -
Tocopherol 7.75 + 0.03 - - -

s
ANSNAFBUONTAIUNITES9 nitric oxide
31NN13AN®INTTATI nitric oxide Youwad RAW264.7 macrophages 19n¥n16aae LPS
WU 8191195574 L-NAME @nu135a8ugianisadns nitric oxide 1o (i1 4.6A) Taedian 1Csp iy

23.83 + 9.53 ug/ml @rwasainanniinad1van wuin arsanainaududulaiiiy 200 pe/ml laidl

guslunisdnunisadna nitric oxide waznuiransatafidasanududusingy annsodnmilviead
RAW264.7 ldlunsnageuiinisasaiiiuduulalnedl cell viability wiatuds 140 % (nmil 4.68
wag 4.60)

mamsﬁnwﬂumsu‘%awé compound 1 way 2 wu31 compound 1 Turreaauidntulinu
40 pg/ml fluudldudiazdnirlddnfistureanisadne nitric oxide 1 urogrslsiiniy efansan

cell viability Wu31 compound 1 @ansadniiliianisiinsivivvesvadfinaaeuldds 150 %
Tugasmnududuiana fodu Gululinn YSunansadas nitric oxide Miintuifunaunainnis
Lﬁ'mﬁ’wmumaaL%aa‘ﬁmmﬁumﬂm'igﬂéi’fﬂﬁﬂﬂa compound 1 (0wl 4.7A wa 4.7C) @ compound
2 W31 @19 compound 2 @11150aANTITASA nitric oxide adUTEANM 25 % ulilafiansan cell
viability wu31 compound 2 an cell viability asuUszanas 25-30 % wuffu faty Seoradulules
NTANAIUDINITASY nitric oxide ﬁlﬁflumaiﬂamqmﬂﬂﬁam cell viability a4 (m‘wﬁ 4.7B wag 4.70)
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A 4.6 nsasslussneanlunuas cell viability vowaa RAW264.7 inagaunie L-NAME uag

Y ° Aa o o w A v - . ¢l =
ansafaavamuluangniinsdniislg LPS Iag A Ae N15a37 nitric oxide NWARNNNTN
Mg L-NAME, B Aia N334 nitric oxide a1nwaafignyinmvansana waz C Ao cell viability ¥e4
WAANYINMILENTAN
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A 4.7 msasslunsneenlanuay cell viability vosiwad RAW264.7 inadeusig compound 1

way 2 luanngninistniinlg LPS lay A fig n15a319 nitric oxide ANwaGIgNVINGIY
= v o . ¢l N v &

compound 1, B A N15&374 nitric oxide 31N@aangnnveg compound 2 kay C Ad cell

viability UealwaanvIneie compound 1 ay 2
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mﬁmaaqu‘é cytotoxicity
PNNSENYIRATBIANsataLazasdfyIniavdmaifidenisiaiyreseaduziSamnudn
ansddi 2 wiafitiseududutiosndn 40 pe/ml lﬂiﬁi}%éiuﬂﬁigUgﬂﬂﬁﬁL%%fy,%aﬁL%aénﬂ%ﬁﬂﬁ
NAEOU @IUASANRINTA WU ﬁqwéﬁuﬁamm’%mmmaé MCF-7 8813999u°) lagila ICs AU
888.78 + 252.06 pg/ml LLﬁilajﬁqwéiuﬂwsé’Uégqmim%mmLszjaé MDA-MB-231 tiag Caco-2 faLans

Tunng 4.8, 4.9, 4.10 wagn13199 4.4 Wisuieuiveunsgiu Tamoxifen (A1l 4.11)

100 ~ A
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% cytotoxicity

0 T T T 1
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-20

100 B

% cytotoxicity
(]
o o
N

=20 30 40

Compound 1 concentration (ug/ml)

100 C

% Cytotoxicity

Compound 2 concentration (ug/ml)

a1

AN 4.8 NavesansanakarasUIaVandsenIsIasyvengad MCF-7 Iag A Ais @15ano, B Ao

compound 1 Wag C A compound 2
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AN 4.9 NavasaNTAnAkaYaTUTAVETINARNISIATYUeNTad MDA-MB-231 Tag A A @1safin, B

A9 compound 1 kag C A compound 2
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AT 4.11 naves Tamoxifen ﬁﬁ@iamm%mmtﬁdaa‘ MCF-7 wag MDA-MB-231 1ng A Ain MCF-7
way B A9 MDA-MB-231

M19199 4.4 narnuduiivresasaiauazasuians 1 uay 2 Nilsensasyvesvaduasiinagey

miaﬁ@/miﬁqw‘é % cytotoxicity (ICsp; pg/ml)

MCF-7 MDA-MB-231 Caco-2
ansanainvEvIn 888.78 + 252.06 >800 >800
Compound 1 >40 >40 >40
Compound 2 >40 >40 >40
Tamoxifen 4.18+0.14 8.42+0.05 ND

ND @@ not determine

MsANEIgNS estrogenic activity

compound 1 uay 2 fevdiedlasiau ansadniliiead MCF-7 iWusnautuliadresu
nM3euresealnslau (50-200 pM) (1wl 4.12) Tngianiz compound 1 fiansnsadniliead
s uauldiinnga 200 % firudidu 20 pg/ml dauansatnanuiinanmsanszqunsiiindiuiy

Y a < v
Iogsantio
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WA 4.12 wa estrogenic activity YosasafnuAzaTUITAVENLABN1S yvadas MCF-7 (p-value
< 0.05)

ANSANEIONT anti-estrogenic activity

N1INAFBUANTAULEAIATIAU NUT1 MIESANALAZAITUSANTNANUTNTUANILETUVITVDS
walnsiau luvaeliiuanududugiuaunsoang nsveualasiaundnii lviiansiiuduiuees

o w a

wadlaeg9ltsd 1Ay 1eEna lngnnzasanniauIsnannISiiuINUILYDLYaa A LA UKS ©
Hesnnannzlifiealasiautnui uwdinfianududuansalsanaias compound 1 @wnsadnii

[
=

Thgadiiuduntu wSugvdiealasiauld (nnd 4.13)
350
300 -
250
200 -
150 +

100 4

% cell proliferation

50 -

-50 -

-100 -

'
aa 1

AMW# 4.13 ua anti-estrogenic activity YasansanakavaIsuTansnLsan1sdyvasead MCF-7 (p-

value < 0.05)
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MsAnegs anti-inflammatory activity
NAYNANTANAADNITUANIDDNVDIBY COX-2
NEWINNTERUEAE RAW 264.7 § E.coli LPS Wui iwadiiinisuanieanvesd

COX-2 avtunineadundiililfsunisnsedu uavansadanenu (Crude) Ainudud 50-200 pg/ml
wazcompound 1 (Cpd 1) aruidudy 520 pe/ml flaawauisalunisduansuanseenvesty
COX-2 IaluanuaziUsiunsaiuauludi (dose dependent manner) waguane1segaiitod1Agy
neadAfungy control (ns¥du RAW 264.7 fe Ecoli LPS)  Insansafavenukazaisuiavives
Wavdnun faruaiunsalunisdudedu COX-2 §ruen ICs AU 223.09+8.85 pg/ml uaz
22.77+0.79 Pg/ml sudsu (m‘wﬁ 4.14 uaznnil 4.19)
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o 200 * ® *®
5 * * *
|
Al —————======
1 2 3 4 5 6 7 8 9 10 11

ANl 4.14 USunaunisuanseanvesdu cox-2lnsdnludndiudu Bactinlnslaul =
Unstimulated Cells, tau 2 = Cells+crude (200 plg/mU), tau 3 = Cells+Cpd 1 (20 Heg/mU), Lau 4 =
Cells+E.coli LPS, tay 5 = Cells+crude (200 Kg/mU+E.coli LPS, tau 6 = Cells+crude (100
Me/mU+E.coli LPS, tau 7 = Cells+crude (50 Kg/mU+E.coli LPS, tau 8 = Cells+Cpd 1 (20
Me/mU+E.coli LPS, tau 9 = Cells+Cpd 1 (10 Lg/mU+E.coli LPS, tau 10 = Cells+Cpd 1 (5
Me/mU+E.coli LPS, tau 11 = Cells+Indometacin (50 [lg/mU+E.coli LPS hag * LandlkaneIgaIn
&y RAW 264.7 cells+ E.coli LPS agnailifudnfynieadia (P<0.05)

o/ 1 I
HavadansafndanIsuanIanvestu IL-1B
IINKANIINARDY NAIIINNTEAULYAT RAW 264.7 678 E.coli LPS wudnwaailinns

wansoanvesdu IL-13 @Jaﬁﬁuﬂ'j’]L%aéﬂﬂaﬁlﬁlﬁ%’urmmzéju wazasanane1y (Crude) vouiinuan
wnfiaudiudy 50-200 pe/ml waz compound 1 (Cpd 1) Avududu 5-20 pe/ml faruanunse
Tunsdfufinisuansosnvesdu IL-1B Ieludnvaruusiunseiunanududy (dose dependent
manner) kaghansneg1aiiydrfymneainiungy control (nTedu RAW 264.7 ag E.coli LPS) @13
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afaneIuLazaIsUIgNdvAinva I amnsadudinIsuanseanyedu IL-1 Areen ICs Wiy
224.97+21.43 pg/ml wag >20 pg/ml AIUaIAU Uona1nt a1sanane udellauaIuIsaduganig
wansoanuosdy IL-1B alndifssiuenunsgiu Indometacin 8néne (Al 4.15 waznnwil 4.19)
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Al 4.15 USnauniswanseenvesdiu IL-1P tneAndudnauiu B-actin neiaul = Unstimulated
Cells, 1au 2 = Cells+crude (200 Mg/ml), tau 3 = Cells+Cpd 1 (20 Hg/ml), tau 4 = Cells+E.coli
LPS, tau 5 = Cells+crude (200 plg/mU+E.coli LPS, tau 6 = Cells+crude (100 he/mU+E.coli LPS,
WU 7 = Cells+crude (50 [lg/mU+E.coli LPS, tau 8 = Cells+Cpd 1 (20 le/mU+E.coli LPS, 1au 9
= Cells+Cpd 1 (10 Mg/mU+E.coli LPS, 1oy 10 = Cells+Cpd 1 (5 Mg/mU+E.coli LPS, tau 11 =
Cells+Indometacin (50 Ug/mU+E.coli LPS Uag * uanuanf19a1nnga RAW 264.7 cells+ E.coli LPS
pg9lludAn19ads (P<0.05)

(%

NAYDIETANARDNITHENIDDNVDIBU IL-6

NFIINNTEHULLAS RAW 264.7 fiag £.coli LPS wudn waatiiinsuaniesanvesdiu IL-6
asluniwadunfTllisunsnassu uaransafaveny (Crude) voudinudwanfianududu 50-200
be/ml uaz compound 1 (Cpd 1) Aadudiu 5-20 pe/ml Sauanansalumsiudinisuansosn
V098U 1L-6 TAludnwuzkUIRURTITUAIUTUTY (dose dependent manner) wazkAN198E 193]
tfoddymaadnfungy control (N3edu RAW 264.7 fhe E.coli LPS) lngansafavenuuazaisuians
yaadinud v anansaduinisuanteanuesBu IL-6 §aefn ICs WU 152.61+22.03 pg/ml wae
33.21+4.85 pg/ml AIUa1AU uenanilansataneuieiinnuaiunsadudinisuansesnvosdu IL-6
I¢lndABafug1anAsgIu Indometacin Bnene (nwdl 4.16 wagnwdl 4.19)
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AW 4.16 YSunainsuanteantesdy IL-6 tneAndudndiuiu B-actin Tasiaul = Unstimulated
Cells, 1au 2 = Cells+crude (200 Mg/ml), tau 3 = Cells+Cpd 1 (20 pg/ml), tau 4 = Cells+E.coli
LPS, tau 5 = Cells+crude (200 plg/mU+E.coli LPS, tau 6 = Cells+crude (100 he/mU+E.coli LPS,
WU 7 = Cells+crude (50 [lg/mU+E.coli LPS, 1au 8 = Cells+Cpd 1 (20 Je/mU+E.coli LPS, 1au 9
= Cells+Cpd 1 (10 Hg/mU+E.coli LPS, tau 10 = Cells+Cpd 1 (5 Mg/mU+E.coli LPS, tau 11 =
Cells+indometacin (50 Ug/mU+E.coli LPS Uag * uanuanf19a1nng RAW 264.7 cells+ E.coli LPS
pgelludAn19ads (P<0.05)

[ 1 = .

NAYBIANTANARDNITUARNIDDNVDIBUY INOS

MRIIINNTEAULAT RAW 264.7 638 E.coli LPS wudneaailiinisuanseanvesgu iNOS g7y

1 I3 ad v Yo 2 (% < o .«.:4' v ¥

mﬂL%aaﬂﬂmwlmlmumimzau Laza15danAne1u (Crude) VBILURAVAINUINAINUIUVY 50-200
Mg/ml wag compound 1 (Cpd 1) AMILUNTU 5-20 Pg/ml dauaiunsalunisdudinisuansoen
998U INOS laluanwazllsiunssnuaududu (dose dependent manner) WaglANA1I0E193
WedAgynsadifiungu control (NS RAW 264.7 938 E.coli LPS) lngansainvenuuazasusans
YOUAAVENLN @1115adUTINTUERIENBIEU INOS f8A1 ICso WU 101.7247.76 pg/ml Lay
14.95+0.61 pg/ml AUaIAU UanANLaTanane1UdilaNaINITadusIn1TuansoonUeedu INOS
IolndAgariuansuinggIu Aminoguanidine 8ndae (A 4.17 uagn1ni 4.19)
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AW 4.17 YSunauinnsuandeanvesBy iINOS tneAndudnauiu B-actin Tnstaul = Unstimulated
Cells, 1au 2 = Cells+crude (200 Mg/ml), tau 3 = Cells+Cpd 1 (20 pg/ml), tau 4 = Cells+E.coli
LPS, tau 5 = Cells+crude (200 plg/mU+E.coli LPS, tau 6 = Cells+crude (100 he/mU+E.coli LPS,
WU 7 = Cells+crude (50 [lg/mU+E.coli LPS, 1au 8 = Cells+Cpd 1 (20 Je/mU+E.coli LPS, 1au 9
= Cells+Cpd 1 (10 Hg/mU+E.coli LPS, tau 10 = Cells+Cpd 1 (5 Mg/mU+E.coli LPS, tau 11 =
Cells+ Aminoguanidine (50 g/ml) (50 Plg/mU+E.coli LPS gy * UanILANAISINNaN RAW 264.7
cells+ £.coli LPS penstitludfgynsaia (P<0.05)

NAYDIAITANARDNITHENIDINVDIEY TNF-OL

n&991NN LGRS RAW 264.7 fae E.coli LPS wudnwadidnisuansoonvasdu TNF-
astuniwadunTllisunsnassdu uaransafaveny (Crude) voudinudwandianududu 50-200
be/ml uaz compound 1 (Cpd 1) aududu 5-20 pe/ml flauannsalunistudenisuantosn
9981 TNF-OL IaludnwagiUsnunssiuauidntu (dose dependent manner) Waguansi1eg19d
tfoddymaaiffungu control (NSedu RAW 264.7 #1e E.coli LPS) lngansafanenuiazansuians
yeufavdmn aansadudinisuansesnvostu TNF-OL faeen ICs Wity 115.74+4.48 pe/ml uay
13.38+0.12 pg/ml suaauy wenaniansataveuddiauannsadudisuansesnvesiiu TNF-

a lalnalAgaiuansuinggiu Indometacin nede (AN 4.18 uazA i 4.20)
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A 4.18 YSnaimsuanseantesdu TNF-a IneAnidudnausu B-actin Instaul = Unstimulated
Cells, 1au 2 = Cells+crude (200 Mg/ml), tau 3 = Cells+Cpd 1 (20 pg/ml), tau 4 = Cells+E.coli
LPS, tau 5 = Cells+crude (200 plg/mU+E.coli LPS, tau 6 = Cells+crude (100 he/mU+E.coli LPS,
WU 7 = Cells+crude (50 [lg/mU+E.coli LPS, 1au 8 = Cells+Cpd 1 (20 Je/mU+E.coli LPS, 1au 9
= Cells+Cpd 1 (10 Hg/mU+E.coli LPS, tau 10 = Cells+Cpd 1 (5 Mg/mU+E.coli LPS, tau 11 =
Cells+indometacin (50 Ug/mU+E.coli LPS Uag * uanuanf19a1nng RAW 264.7 cells+ E.coli LPS
a9 ltudAYn19eda (P<0.05)
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— H Crude
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COX-2 IL-1B IL-6 iNOS TNF-a

AW 4.19 quissudanisuanseanvesdu COX-2, IL-1B, IL-6, INOS uay TNF-O Tulwad RAW 264.7
YesansaianeU (Crude) wag compound 1 (Pure) Yainvamun
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aAUTIEKaTITAINANISIY

WnduuvdsansonsuazenussunA Tasddyiiuasesngvdunuedigndunuluiie
L% polysaccharides, phenolics, polyphenolics, flavonoids, terpenoids, ergosterols, peptides
Wuduy GﬁamiﬁﬁcyLwdﬂﬁgﬂiwaﬂwquéwﬂﬂmé’ﬁwmwmﬂwma WU anti-tumor, anti-inflasmmation,
anti-virus 4ag immunomodulation (Wasser, 2002; Elsayed et al., 2014) iinluunaswesaisanday
fislqnidunssniau 1wy winnduie (Ganoderma lucidum) Faduifindifue isinfufuaziinig
Banldlunisdnuegiseniuiu lnefavaudeliarsdrdgmatsvin udansiifigndsunissniaud
d1dqlaun ganoderic acid (Akihisa et al, 2007) timueu (Lentinus edodes) H&ns
fucomannogalactan (Carbonero et al., 2008) Win Inonotus obliquus 3815 ergosterol (Ma et al.,
2013) waziind e (Cordlyceps sinensis) 1&15 cordymin (Qian et al., 2012) TupsAnwinsedl
aunsauen D-mannitol Wannwneiinidifundausn Saaefinssresumsny D-mannitol l§ania
nauv¥la L¥U L. edodes (Tan and Moore, 1994), Agaricus bisporus (Hammond and Nichols,
1976; Tan and Moore, 1994), Clitocybe nebularis (Kim et al., 2008), Pleurotus cornucopiae
(Hagiwara et al., 2005) wag Agaricus silvaticus (Munkhgerel et al., 2011) Jugdu

TunsAnwiadadnudt arsadafaedimunfignidiueyyadaszgeudldnudiansiidu
asfdsznoumaedinsstuasnasgudedigniduouyadassilflumslinseiluedsd uwioehalsh
AU mmsmwﬂmiu‘%qw‘éﬁL‘flumwé’ﬂ (major compound) 16 2 ¥l A D-mannitol Lay ethyl-

[-D-slucopyronoside @aluduvea D-mannitol iuasianmsanulaluiivduanit 100 alTduas
ganuluamsne winsuazlawau (Lewis and Smith, 1967) Iag D-mannitol Hunuvlunisiusyya
5aizﬁLﬁmmﬂmmm'%'amﬁl,ﬁmmﬂmqﬁuaaaiuaﬂL,Lazmﬂmml,l,ﬁméja Img mannitol ity
reactive oxygen species quencher Faflausuniese hydroxyl radicals (Patel and Williamson
2016) uaﬂf\]’mu D-mannitol mmmmﬂmmi“uu NADPH regeneration system Tuidia LLa“mi‘U‘W‘U
Iluszesiduduloma (mycelium stage) Tuarududusiudrasifinainduuinluszes iy
sporophores Tut3u8in158519@U0s (sporulation) (Hammond and Nichols, 1976) FLiiafia5a

) & ° v & A & o & x A €
PMNanNwULIBInaninamuLal WeodenuluneniinagiaullilualesnmuauaziioaUasin
2 < v & = & o E & 4 o - = .
Wunneninazuaneon sl Jndululanluledsveunnniunldlun1sAnwidsd D-mannitol Tu
Usurauan usnaintlun19d9LAs1g9% D-mannitol LAA217N1S catalyze 99 D-mannitol
dehydrogenase Tagld fructose uazil NADPH 1w cofactor Tunszuiunis metabolism flangana

. . o ¢ X o o o a w 1Y)

(Edmundowicz and Wriston, 1963) n5&3tAT 1 RN azduiusAUNISIUAULAZNITHRILINITVDIADN
Win (fruiting bodies) (Hammond, 1981) @eiiis D-mannitol FsiianudrAalunisimuinisuesnen
Wiatiues detiu Judululadn gnslunisdiueuyadaseinainnisiias D-mannitol 1w major
compound svililinunisasatuiuansiinsgrunldlunisfinwiasell dsmitaulafa D-mannitol
Juddniudnyenilsfie cordycepic acid (Sprecher and Sprinson, 1963) #aiduansfinuluiindy
11 (Cordyceps sinensis) (Liu et al., 2015; Xuanwei Zhou et al. 2009) NéAgyarsnilsluinaasi
Tnendu active medicinal component nanvesinwlial \Wuansifigndlunistivannisiia liver
fibrosis lagaAN1SONLEULAZ AR TGFBl—induced fibrogenic response (Guo and Friedman, 2007;
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Ouyang et al., 2013) 5eluning cordycepic acid 11 C. sinensis ﬁaﬁqmélumasﬁ’uﬂamw Wi
plasma osmotic pressure LLazﬁﬂuagy’aaais (Nomani et al., 2014; Sahmeddini et al., 2014) ¢
Tuduvesgrdveadindautndsdl D-mannitol Fadudednduas cordycepic acid 1udrunilives
arsdfniinnue Wy qrsiuusss gniuiugiiduiu griuniostu ln lauavedeasdus du
msniausazarsanausiuladings (Xuanwel Zhou et al. 2009) uenanil Wndudngsdiguinszsu
fntln (Devkota, 2006) l9dnee

a1358Am @15 D-mannitol Lazans ethyl—B-D-glucopyronoside niinvanun lafianadu
fiurolwad RAW264.7 luniamsafudin feasadnuwas D-mannitol @1u150¥nulfead
macrophages finadeuiinisiiiusuiuiy fsmsiuturesvadiotaiinalinsinsziusinans
a¥slussnesnlefiuoonulidnay Inenuin arsatnwaransadalianunsoannisadiclussneen
ldgndminliasaduunld widefinnsananmafiudiure weaduds erafululdinansi
‘1/1maaua’]maaamﬂﬁa%’wlum‘%ﬂaaﬂlﬂjmﬂlﬁwﬁmuLezjaé‘ﬁLﬁ'wﬁummﬂﬁﬂﬁ@mﬁaﬂﬁﬁmﬂumsam
nsaddlunineanled esan D-mannitol fqudlumsiueyyadarléisadululfunilanstasd
waliAnnsadslunineenlesanaslédae uenani snnisAnuglunisiumssniaulugadi
nageurdaieiu nudn eansatauas D-mannitol @1unsadudinisadng pro-inflammatory
mediator gene expression i Tnsianizagnsds COX-2, INOS uar TNF-O 1§ waa1nnnsanuigns
FIUNITONLAUVDILTANVEI N Im@szé’umsLLamaaﬂsuaaguﬁLﬁaﬁaaﬁumsé’mﬁﬂé’m COX-2, IL-
1 B, IL-6, INOS wag TNF-OL #2835 Semi-quantitative-reverse transcription-polymerase chain
reaction luwad macrophages wuin ansafaneuvesdinvdmuiseduaududy 50-200 pe/ml
ansadufinmsuanteenvestuiiedestunissnauliivedied Tnefldmuaansalunsduds
ASLERNIDBNEY COX-2, |L-1[3, IL-6, iINOS wag TNF-QL LﬁaLﬁwﬁmajumuaumﬂ (Cells+E.coli LPS)
wE AN suanseenesduanain3anils (ICs) Winfu 223.09+8.85, 224.97+21.43,
152.61+22.03, 101.72+7.76 wag 115.74=4.48 Pe/ml muddu Jsagidiuldinansadanetvreadin
admnannsdudinsuanioanesdiu INOS uaz TNF-OL Fnindudug dmsuaranuanansoly
nsdudsnsuanseanuesdu COX-2, IL-1B, IL-6, INOS uag TNF-OL vasansudgndiiannldainidia
81911 (mannitol) A1 1Cso LWINAY 22.77+0.79, 122.55+22.89, 33.21+4.85, 14.95+0.61 uag
13.38+0.12 g/ml suadiu newuiansuiavsitldandinudimnannsndudinisuantesnuesdy
INOS uay TNF-a l¢finindudus adreadsiuansatavenuiinudiman Tumsaialusdnoonlediign
Fnihde LPS axdunaannsuansesntesdu iNOS uarlunsiemevidneismauanaiifesiing
UsuUBnamesansiugnssulifiamnududuifudewinsinsgiuiunmmssansoon fadu n1s
dinduiureeadisifinansenumiioufunsiaviununisudilunineenledesnuuenwadsie
38M15 Griess reaction sty 3udulUldn ansafnazansadyannsaannsadrclusinoonlesle
HIUNTaANITEILATIER INOS mRNA 161

qméiumaéhumaé’mLawaqmiaﬁ’ﬂLﬁméué’mmﬁmammﬂmi D-mannitol (158 cordycepic
acid) fduesduszneu FainsAnuiludindatfifians D-mannitol wudh ansafnaniindadifigns
Tunisannsdnauldd (Park et al, 2015: Jo et al, 2010: Yoon et al, 2015) Wena NG fin13AnE
ludninaaes wul1 D-mannitol @11130aa inflammatory edema Yosgavinnyusnlauazdianns
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5ﬂLaU1uWﬁLﬂu adjuvant-induced arthritis (Lewis et al., 2008; Cavone et al., 2012) 8na3e Sty
Fadululéin D-mannitol ervandunilduasdfaiiludiavainuni
Tuduresmydlumsiueaduzds nut arsatawazansuianie 2 vialdfgndlumsduds
nsSyrenTaduzsTinadey lumemseiudi wumselgyfitanntuesadiinadeuld dsenaay
Hunalunistniliwadifiusuauldiesvesaisivaaeuiguiudunalunistnildiead
macrophages Liug1uantu wenanil nsAnwigrdiealasiou wui asatadiaedmaniigrsluns
Fmilhwad MCF7 finngouiiius uiududntos luvasitansddayis 2 via aansadmildead
insuauiulgunn Tneewizans D-mannitol (Aadu 10-20 pe/ml) Flanunsadnirlisadifia

GD’]U’JUSUU‘L@Gm’Mﬂ’]iGUﬂUW]’JEJ estradiol (50-200 pM) LLﬁ@ﬂI‘VIL‘Vi‘lJ’J’]ﬁ’ﬁUiﬁVIﬁVN 2 il ’e)’]‘-ﬂiJi]‘Vlﬁ
walasiaufianunsadmitlieadfinaaeu fie MCF7 &ad estrogen receptor (ER) positive VN ER-OL

uaz ER-P (Al-Badar et al,, 2011) iinsruauld Goradululdinluanigiiwadlidfioalasiau e
1#5uansafndonafiansuiaiafiilassadanaaiifiaunsaduiu ER- biding site 1§ vinliiAn
nsguauNTsnIgfUlilinsLlaadinty dlassadiaves D-mannitol p199zamsaLilUTufy
receptor il# FafunaliAnnniudunureusadiu uiileegluanmeifiealnsinuindendy
WU ManIndieansatauay D-mannitol finuidudusinasaSugniiealasiaulddenainainnis
usafufuify ER-oL wiidlomnuidudugetu asiinaaeudsdviinasnnenaluduiu Er-B viliAans
Fufsmsiasuveuradadld udeehslsfin msdosinsfigatifeiBnisdus lefizBudiuinansade
waz D-mannitol Tuduiy ER nieliuaz ER aflalasely 91nAnsAnunans 6-methylheptane-
1,2,3,4,5-pentaol fusnleanmdulowinnseane (Lentinus polychrous) Feillaseadendne D-
mannitol wuin ansdendalifigniiealnsiaudewaduziiaiuueda 1470 uwiluannefifioalng
uSIFEndUNUI asfananausaanmnaiyvessaduzieiigndniiliifindwauasidusldly
Unauditorun uidlevhnisdnwdanalnlunisdutiu ER wud ansdanansldannsaduiuia ER-a
war ER-B 18 Faenanszdunisifinduiueadiionalnduniodunisnszduuuuliionds ER
(Fangkrathok et al., 2013)

113U compound 2 9NNITNUIILATIANTIYH WU Selililsenuietunsdunuanseiai
Tuiandoides Judululih arseiafonafinemusssumavieainasinannainufise,
$¥1319 D-mannitol fulen1usadsorainduluszninanisviin udegaslsfinim fidedausfigin
n32UIUNNTA319ET ethyl-B-D-glucopyronoside Fall

N19LANA1S compound 2 %39 ethyl—B—D—glucopyronoside) 11921AAL191n compound 1
viomannitol Tagludunouusn mannitol 1hazfnufiisen oxidation Tuasueumumisd 1 Fady
¥nna glucose nTuAnn3Inag (cyclization) mm@hﬂﬂg‘jﬁ%mmnmuﬁldmwuﬁawgLaﬁa
(ethylation) fimsuaumiunys anomeric iy ethyt-B-D-glucopyronoside @19 compound 2
Fanwdt 5.1
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ATWfl 5.1 L@nInI19vIuIEn19LARE1S compound 2 138 ethyl-B-D-glucopyronoside) 210
compound 1 %39 mannitol

InUGATEIINaTRwIiliEs compound 2 Sigvislunismaaausigg adeiu D-mannitol

wu19n13AnEIans ethyl-B-D-glucopyronoside fgwdiidesnia D-mannitol

43



unil 6
dyluaziauaue

mﬁﬂ‘mﬂ%ﬂi%ﬂﬁﬁﬂmaqﬁﬂizﬂaumLﬂﬁﬂuaqmiaﬁmLLazmiﬁwﬁ’mauﬁmémm
aonIuAngYENsTn e destuasimauiinisdrsddumsiudasdmananldlunsusam
NI9INYIDINTITANY mugﬁﬂmmwaawaﬁuﬁﬁuﬁgﬂﬁmﬂﬁﬂiwma Ungauauaznualingedu an
'17?&é’qﬁiaaﬁﬂﬁﬁauﬁawﬁwuaﬂé’ uanaNi iw‘f'ri']mLsumimwmé’ﬁmﬂﬁﬁmémuﬂumiaau
andladlél MnuansAnuASstinud msaﬂm’mﬂmmm‘wmmqwﬁmuaumaaiumﬂu,aummimﬂam
Lﬂuamﬂsuﬂawaﬂﬂa D-mannitol mmqmmuaumaaaiu LLamaaﬁaﬂmLLaumimﬂmquﬁlumi
Frunsdniauiin daedaruduiussugrdlumsinlifeudonsfeguuazmenounuiladfsonans
finmssniauientedie useegnelsn ﬁ’jﬂmiaﬁ’@LLasmsf‘hﬁ’iylajﬁqm%‘iumiﬁmmaw%mmq
waduzSiinnaouaraduzs uiuiazuznddld lunsdnugritiietestuiealasiau wui
ansafauazansddyfiqnd estrogenic-like effect TnsanunsadmifliAnniasyfinduiuves
waduziiadun MCF7 Idnflougvsveaoalasiou Gaqifinanenafedestuasmmanlunisiig
ungnuaziusiivgeusilinssduld dauguslunsduealasiau wuin ssadawazansddade
ynsnaaeuiuaduzisinandentuealasauiinaliangrslunstnilfeadifiusmonves
walnsiaulalpganiz D-mannitol %qmaLﬁ'snsﬁmﬁuaswmmlumsﬁﬂﬁﬁamﬁam Seguadle u
asmlsﬂm:u nsfnuadsiliunsinudeyatiugrudesiu nsfnwfiinntudemaiauagisdug
fasdndasziuluiananasnaunisdnuilusy muammaawalﬂiuauﬂﬂmumst*wmmmauauqms
fanannaonunaliluniseengnsld daerahlugnstnlugniseyinyg mawzideaiionisaanen
mﬂﬁiimwﬁLLazLﬁ“flumia'qLa'%umﬂ%’gﬁ{]agaunlwalﬁLﬁuﬁaam%’Uiussﬁumﬂamﬂsﬁuﬁialﬂiuamﬂm

Jorauauu

1. asiinsAnviiiedudugninisiinmdae3isug Wity saensunisdneilusedu
dnivnaes

2. maﬁﬂmmiﬁwﬁ'@lﬂumﬂsﬁu%amaﬁﬂﬁwumiaaﬂqwé%ﬁmﬁuf] danBunavtelvesune
nalnlgunndu

3. prsfnuIsnsnzdsainrdsludnvasduleuavaeniiia eldlunsAnwgn?
wazsitemsthuldlusweanlnglifosselidnintuesmusssumizainiiedas 1 ads

4. waanmsfnwiadedl annsailduszgndldifensianndadudifieguainuag/mie
AMaule

44



NANAR

NAIURANUN

Niramai Fangkrathok, Orapun Yodsaoue, lJintana Junlatat, Bungorn Sripanidkulchai, Sunan
Jaisamut.  2017. Inhibitory effect of D-mannitol isolated from mushroom
Mycoamaranthus cambodgensis on LPS-induced inflammation of RAW264.7 cells.
Journal of Science and Technology Ubon Ratchathani University. Special issue
September 2017; 1-6.

Jintana Junlatat, Orapun Yodsaoue, Bungorn Sripanidkulchai, Niramai Fangkrathok. 2018.
Inhibitory effect of mushroom Mycoamaranthus cambodgensis extract on COX-2 and
IL—1B mMRNA expression in RAW 264.7 macrophage cells. 1% International Conference of
Innovation of Functional Foods in Asia (IFFA) 2018. 22-24 Jan 2018. Phayao, Thailand.
p120.

45






Joumnal of Science and Technology Ubon Ratchathani University : Special Issue September 2017

Content

List

Inhibitory Effect of D-Mannitol Isolated from Mushroom Mycoamaranthus cambodgensis on
LPS-Induced Inflammation of RAW264.7 Cells
Dr. Niramai Fangkrathok

DPPH Scavenging Activities and Phytochemical Studies of Extracts and Embelin Isolated

from Ardisia elliptica Fruits
Mr. Thatchaphon Meemin

Antioxidant and Anticancer Activities of Buchanania siamensis Mig. Stem and Leaf Extracts

Dr. Orapun Yodzaoue

Antiproliferative Effect of Eurycoma longifolia Root Extract and Eurycomanone

on Human Hepatocellular Carcinoma and Human Dermal Fibroblast Cell Lines
Mr. Yuttakan Wattana

Antifungal Activity of Alginate Microparticles of Blended Essential OQils

Asst. Prof. Pattravadee - Buranatrakul

Comparison of Total Phenolic Gontent and Antioxidant Activity between the Ethanolic Leaf
Extracts from Two Local Sapodilla Varieties

Miss Pawika Mahasawat

Comparison of Total Phenolic Content, Antioxidant and Antibacterial Activity in Young and OId

Leaf Extract of Azadirachta excelsa (Jack) Jacobs.

Mr. Sittichai Pholarree

Microscopic Characterization of Erythrina Species Distributed in Thailand

Mr. Kitipan Khaonim

Pharmacognostic Specification and CGhrysin Content of Oroxylum indicum Seeds in Thailand

Miss Kirana Praserdmek

Antibacterial Activity of Essential Qil from Zanthoxylum Rhetsa (Roxb.) Dc. Fruit
Miss Thanawan Sungrai
Interaction of Tiliacora triandra (Colebr.) Diels with Conventional Digoxin in Everted Rat

Intestine

Mr. Watchara Dulyasittiporn

Effects of Auricular Acupressure and Moxibustion on Pain Relief in Primary Dysmenorrhea

Dr. Sulukkana Noiprasert

Screening of Antibacterial Activities of 53 Thai Herbal Extracts against Acne-Involved Bacteria
Miss Nicharee Pinit

Development of Plastic Hollow Microneedles

Mr. Surat Wangwarunyoo

Isoliquiritigenin from Butea monosperma Suppresses Inflammatory Mediators in

Lipopolysaccharide-induced RAW 2647 cells
Mr. Rana Dhar

Novel Dissolving Microneedles Made of Maltose Solution for Transdermal Drug delivery

Mr. Apiwat Jaroonpol

47

Page

13

18

26

32

52

60

69

76

81

85

93

a7

105



Jonrnal of Science and Technology Ubon Batchathani University : Special Issoe September 2017
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Abstract

Mycoamaranifs cambodgensis is an edible wild mushroom found in Thailland. The objective of this study was
to isolate and elucidate the chemical structure of the bioactive compound from the mushroom, in addiion, the anti-
inflammatory effect of the compound on LPS-induced RAW264. 7 cells was also studied by using RT-PCR technique.
A white solid compound was isclated frorn methanclic extract of M. cambodgensis with a yield of 0.9%from crude exiract.
The results from NMR analysis showed that the compound was mannitol. The mannitol showed no cytotoxic effect on the
test cells at concentration ranges of 1.25 to 20 pg/mil. The mannitol had no effect on inflammatory mediator gene expression
of RAW264. T cells, whersas the compound showed significant suppression on the expression of COX-2, IL-6, iINOS and
THF-O genes of LPS-induced RAW264.7 cells in a dose-dependent manner. In concluzion, the izolated mannitol from this
muzhroom may play an important role in health beneficial effecst of M. cambodgensis mushroom.

Keywords: Mycoamaranthus cambedgensis, Mannitol, Anti-Inflammeatory Effect

Introduction

Inflarnmation i an immune mechanism in
response fo infections. Several pro- inflammatory
biomarkers activated from pro-inflammatory cells play an
important role in this inflammatory response including
inducible nitric oxide synthass (iINOS), inducible type
cyclooxygenase-2 (C0X-2), interleukins (IL) -1’5, IL-&,
IL-8, prostaglkandin E2 (PGEZ2) and tumor necrosis factor-
a (TNF-@). The imbalance or excessive response of
inflammation may lead to different kinds of damage,
and
autoimmune  diseases.  Thersfore, decreasing the

chronic  inflammatory  diseases,  cancers,
inflammatory response iz one of the main treatment
targets of those diseaszes.

Mycoamaranthus cambodgensis | Pat. )
Trappe, 5. Lumyong, P. Lumyong, Sanmee & Zhu L
Yang. is an edible mushroom found in Australia and
southeastermn Asia [1]. This brlliant yvellow sequesirate
fungus is in the family Hymenogasteraceas {Figure 14)
[2]. Itz white gleba changes to dark brown gleba when it
tums to maturity {Figure 1B) [1]. This mushroom was
used as a tradiional medicine for maintenance of a
regular menstruzl cycle and freatment of tumor. M.
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cambodgensis was reportad to have high nutriional
value and contain phenolics and flavonoids [3]. However,
there was no scientific report of its bioactive compounds
and pharmaceutical effects. Therefore, the objectives of
thizs study were fo elucidate the chemical structure of the
isolated bicactive compound and study its anti-
inflamnmatory activity by using RAW2E4 7 cells.

Methodology
Extract preparation

Fresh fruiing bodies of M. cambodgensis
mushroom were collected from community  forest in
Waftana Makom district, Sa Kaeo province, Thailand.
The muzhroom was sliced and dried by using hot air
oven at 50°C. The dried mushroom was macerated by
u=ing 50% ethanol for 7 days at room temperature. The
extract was filtered and concentrated by using rotary
evaporator. Yield of crude extract from fruiting body dry
weight was 15.1%.
Chemical isolation and structure elucidation

The crude extract {28.0 g) was dissolved in
methanol and then partitioned by using n-hexane. The
methanol fraction was concentrated by using rotary
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evaporator. The crude methanol extract (9.73 g) was
further purified by CQuick Column Chromatography using
CH.CL as eluent and increasing polarity with methanol
to give 10 fractions (51-510). Fraction 58 (612 mg) was
recry=talized from methanol to give a white solid

Study of cytotoxicity

The compound was dissolved in distilled water
and filtered by using 0.4 pm syringe filter. RAW264.7
cells were cultured in 96-well plate (10,000 cellsfwell) by
uzing RPMI culturz medium supplementad with 10%
FBS and 1% Penicillin- Streptomycin and incubated
ovemight at 37°C in the humidified atmosphers with 5%
CO,. The cells were treated with various concentrations
of compound and then incubated for 24 h. Cell viability
was measured by using Alamar blue assay [4]. The
cytoloxicity was expressed as % cell viability.
Determination of inflammatory-related gene
expression

The RAW2G4.7 cellz were cultured overnight
in 12-well plates {1 % 10° cells/well) and treated with
various concentrations of compound and Indomethacin
as a positive confrol. After incubation at 37°C in the
humidified atmosphere with 5% CO, for 22 h, the
Escherichia coli lipopolysacchande (LPS) was added
then further incubated for 2 h. Total RMA was extractad
from the freated cells by using a GE Healthcare
exfraction kit The first-strand cDNA was synthesized
from fotal RMNA | 40 ng) with Omniscript reverse
franscriptase kit. The primers were usad for amplifying
the respective fragments. Polymerase chain reaction
(PCR} was performed by incubation of each cDNA
zample with the primers, Tag polymerass, and
decxynucleofide mix. Amplification was completed for 30
cycles and the conditions for PCR amplification followed
pravious reportz [5-6]. The PCR products were then
analyzed on 1.5% agarcss gel, visualized by Novelloics
=taining and RT-PCR product denzities measurad by Gel
Documentation and Systern Analysis machine. The

(B
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compound (2523 myg) with the yield of 0.9% from the
crude extract. The compound was structurally elucidated
by using 400 MHz Bruker FTNMR Ulra ShieldTM
spectrometers in DMSO-d6 solution.

).

Figure 1. The outside (&) and inside (B} appearances of M. cambodgensis fresh fruifing body

inflammatory- related gene expressions were calculated
for the relative mRMA expression level compared with
ﬁ-acljn and exprassed as 50% inhibitory concentration
(1Ce)-

Statistical analysis

The results are reported as mean + 5.0, One-Way
ANOVA and multiple comparison (LSD) were analyzed
by using SPSS version 16.0.

Results

The white =olid compound was structurally
elucidated and the following data were described. The
compound melting point was 166- 168°C. The IR
spectrum showed absorption bands of hydroxyl group
(3385 e}, and C-H stretching {2938 cm'). The C
MNMR and DEPT spectral data exhibited 2 carbons of an
oxymethylens (5 84.3) and two oxymethines (3 70,1
and 71.8) (Table 1). The 'H NMR spectral data displayed
the presence of a AB system at 8 3.37 (2H, m, Ha-1/
Ha-6) and 3.61 (2H, m, Hs- 1/ Hs-6), two oxymething
protons at & 3.46 (2H, m, H-2/H-5) and 3.54 (2H, ¢, J =
7.2 Hz, H-3'H-4) and three hydroxyl groups at 0414
(2H, d, J = 7.2 Hz, OH-3/0H-4), 433 (2H. 1, J =52 Hz,
OH-1/0H-6) and 4.41 (2H, d. J = 5.2 Hz, OH-Z/OH-5).
The structure was confimned by HMBC comelations. The
oxymething proton at O 3. 46 (H- 2/ H-5) showed
comelation with carbons at & 64.3 (C-1/C-6), 70.1 (C-
3/C-4) and 718 (C-2/C-5) and an oxymetine proton at &
3.54 (H-3/H-4) showed comelation with carbons at O
643 (C-1/C-B) and 71.8 (C-2/C-5). The comelation of
cxymethylens protons at O 3.37 and 3.61 [2H-1/2H-8)
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with carbons at & 701 (C-3C-4) and 71.8 (C-2/C-5)
suggested the posifion of OH at C-1/C-8, C-2/C-5 and
C-3/C-4. From the spectral data and comparison with
those of mannitol [7-9). the compound was assigned as
mannitol (Figure 2).

The mannitcl was analyzed for its cytofoxicity
against RAW264. 7 cells prior fo determination of anti-

inflammatony activity. Without LPS addition, mannitol had
no cytotoxicity to the tested cells and cell profiferation
was slightly increased when treated with 125 to 20 pg/mil
of mannitol. Mannitol slightly decreased cell viability in
the LPS supplemented medium {Figure 3). Therefore,
mannitol at concentration of 1.25 to 20 pg'ml was safe
for RAWZ264.7 cells in this study.

Table 1. "H, "*C, DEPT, COSY and HMBC MMR (400 and 100 MHz, DMSO-d6) spectroscopic data of mannitol in

DMSO-dB {5 in ppm, multipliciies, .J in Hz)

positions 3'H 5 DEPT COSY HMEG

1 337 m 38 m 64.3 CH, 2, 1-0H 23

2 345 m 718 CH 1,3.2-0H 13

3 354t (72) 70.1 CH 2, 3-0H 12

4 354t (72) 70.1 CH 5, 4-0H 5.8

5 345 m 718 CH 4,8.5-0H 48

8 337 m 38 m 64.3 CH, 5.8-0H 45

1,6-0H 433t (5.2) - 18 1.2 (5.8)
250H 441d(52) - 25 12,3 [4,5.5)
34-0H 414d (72) - 34 23 (4.5)

Figure 2. Chemical structure of mannitol isolated from M. cambodgensis.
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Figure 3. Cytotoxicity of mannitol against RAW264.7 with and without LPS induction
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LPS co-stimulated cell= and lane 7: 50 pgiml Indomethacin and LPS co-stimulated cells
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In Figure 4, mannitol did not induce the
expression of all studied pro- inflammatory mediator
genes comparad to the control, whereas LPS induced
gene expression of all pro-inflammatory mediators. After
co-treatment with mannitol and LPS, the expression of
those genes, except IL-1[, was significantly suppressed
in a dose-dependent manner.  Interestingly, 10 to 20
pgml mannitol could decrease the expression of COX-2
(IC60 = 22 77+0.79 Pgfml), iINOS (IC;, = 14.95+0.61
Haiml) and THF-QL {ICs; = 13.38+0.12 plg/ml) genes to
levels similar to 50 pg'ml of Indomethacin. These results
indicate that mannitol isolated from M. cambodgensis
shows strong anti-inflammatory activity and may play an
important role in the ani- inflammatory activity of the
M. cambodgensis mushroom.

Discussion and Conclusion

Mushrooms are a good source of nuiritional
and medicinal nateral produectz. A number of bioactive
substances have been discovered from mushrooms such
as polysaccharides, phenolics, polyphenclics, flavonoids,
terpencids, ergosterols, and peplides. These substances
werz reported to have several pharmaceutical effects
such as anti-tumor, anti- inflammaftion, anti- vines and
imrnunomodulation [10-11]. Varous compounds from
mushroom were reported to show significant anti-
inflammatory activity such as gamoderic acid from
Ganoderma  fucidum  [12], fucomannogalactan  from
Lenfinus edodes [13], ergostarol from nomofus obiiguus
[14], and cordymin from Cordyceps sinensis [15]. In this
study, M. cambodgensis isoclated mannitol showsad no
cylotowic effect against macrophages. This is the first
report that mannitol can be found in M cambodgensis
fruiting bodies.  Mannitol
muzhrooms such as L Edodes [16], Agarcus bisporus
[17]. Clfocybe nebularis [18], Flewrofus comucopiae [19]
and Agaricus sivaticus [20]. Mannitol iz important for
MADPH reganeratiion in mushroom. Mannitol i found in
the mycelium stage at low concenfraion and then
dramatically during  differentiaion o
sporophores [17]. Mannitol dehydrogenase catalyzes
mannitel  synthesi= from fructose and NADPH is a
cofactor in this metabolism [21]. Increasing mannitol
synthesis is related to the initiation and development of
muzhroom fruiting bodies [22].  Thersfore, mannitol
metabolism plays an important role in the development
of mushroom fruiing bodies. Moreower, the isclated
mannitol in this study showed sfrong anfi- inflammatory

was found in several

increases
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activity by suppression of pro- inflammatony mediator
gene expression, especially COX-2, iINOS and TMF-OL
genes. There have been few reports on the anti-
inflammatony activity of mannitol. Mannitol was reported
to reduce inflammatory edema in a rat model of arthritis
and ako to reduce inflammation i adjuvant- induced
arthritis in the rat [23-24].

In conclusion. M. combodgensis contains
mannitol as a bicactive compound which shows a strong
suppressive effect on inflammatory mediators in wiro.
The anfi-inflammatory activity of M. combodgensis crude
extract and other compounds will be further studied.
These results can support the use of M. combodgensis
as a tradiional medicine and as a good candidate for
inflammatory treatrment from natural products.
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Inhibitory effect of mushroom Mycoomaoranthus cambodgensis extract o
on COX-2 and IL-1¢ mBNA expression in RAW 264.7 macrophage cells =2
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Introduction and Objectives
Mycoomamanthus cambodgensks, Family Hymenogasteraceas, is an edible wild
mushroom and found in Thailmrd This mushroom was used as & traditional
medidine for mainkerance a regular menstrual cycle and treatment of tumor [1]
M combBodgensic was reported to heve high nutritionsl vale and contmin
phenclics and flsvonaids [2) This brillfant yellow sequestrate furgus i in the
family Hymencgasteracene [Fig. 1A). Its white glzba is changed to dark brown gleba
wihen it tumns to maturity Fig.18). The cbjective of this study was to investigate the
antiinflammatary effect of M. combodgensis extract (MCE] vis the alterstion of
cycionuysenase-2 [(COX-2) and interieukin-1p (IL-1f) expressioms. COX-2 is am
indudle isoform of prostagiandin synthass found in activated phagocytes that
are responsiole for inflammation. In addition to IL-1p play roles a5 epdogenous
pyrogens by stimulating the release of prostagiandins catalyzed from COX [3].

Results and conclusion

The MCE showed less cytotoxic effect on the test cells st concentration higher
then 200 pEmd (Fig 2. In sddition, MLE signiticant inhibited mRMA expression of
COX-2 and L-1P g=nes in & dose-dependent manner (Fig.3). The MCE exhioited
the inhibition with ICy, walue at 223091283 and 22497221 43 pefml om COX-2
and IL-1p geme expression, respectively (Fig.4). This mushroom extract may play
an important roke in heafth benefidal effect and the results confirm its potential
o be 8 functional food.
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