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ABSTRACT

Fungal B-glucan can activate several cells in the body, especially cells in
the immune system. Previous studies found that mushroom [-glucan binds to a specific
receptor to induce nitric oxide production in mouse macrophages. Moreover, it was
shown that mushroom B-glucan-containing extract potentially reduces blood glucose in
mouse. However, the mechanism of how [B-glucan stimulates cellular glucose uptake
requires further investigation. In this study, we analyzed the effects of [B-glucan-
containing extract from the grey oyster mushroom [Pleurotus sajor-caju (Fr.) Sing] on
nitric oxide production in RAW264.7 cells and rat L6 myotubes. The results show that
both insoluble B-glucan-containing crude extract and purified soluble B-glucan were not
able to induce nitric oxide production in RAW264.7 cells. Additionally, B-glucan-
containing polysaccharide extract, which was isolated by hot-water extraction method
and protein removal by the Sevag reagent, might be able to induce nitric oxide
production in RAW264.7 cells. However, the results remain unclear and additional
experiments required. In addition, this polysaccharide extract stimulates the glucose
uptake by the L6 muscle cells. The stimulation might be done through PI3K/Akt and/or
p38 MAPK proteins. The mechanism and specific pathway of glucose uptake stimulated

by B-glucan awaits future studies.
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iwlszneudas wedudnanlse (polysaccharide) T5@w (protein) tandw (lectin) wasln-
afuaa (polyphenol) s'fiamm@ia:mﬁ@ﬁmﬁ'}ﬁjaﬂﬁﬁ%mLLa:ﬁwaiuﬂﬁaﬂWSLLw'nETLmﬂ@m
fwaanly (Smiderle et al, 2010) dwmsuwadudnalsdAidnasdsznavluialasanis
LA1-NQUAL (B-glucans) ulassasvasnisaasnnulaludia Sad 97718a 917
v fiaduazuuafizounssia aaudaaissed 21 tuduan AauiiouuIlnaainisuaz
NAAA UM NUARITITNING Lﬁaamﬂﬁmﬂmﬂuﬁw‘hLmz"ﬁam"mm’%m:uunﬂﬁé:m”umao
319018 m"’aﬁ?mﬁ@ﬁagﬂﬁwﬂ"ﬁﬂummmazmEi@lLﬂum (Zhang et al., 2011) @34
ﬂiziﬂmﬂuﬂwsﬁ'nwﬂqmnﬂwLLa:a'aLa%wﬂ’lsﬁa’lqﬁuma (Manzi and Pizzoferrato, 2000)

= . o & , & = A A & A
nmsAnsnewrtiniwui asndsznavlwiamdunefudnanlsdnny
uTmWIauad (fruit bodies) uazludiinn (mycelium) flassainananouuy 1w (1—>3),

A a ~ Q 1 o
(1—>6)-B-glucans Wz (1—>3)-a-glucans I N aaLLSﬁﬂvai@Tmﬂa’nﬁqmawumlumi
nazquazuunddunu drumaauziiiuaz 3wl (Mizuno et al, 1995) lasiuan-nguasn
RINNTNENA LGN NRARA18TAA LT RaRaN (Lentinus edodes) LAa luaTLnE (Grifola
~ . v a . A
frondosa) \AaLAI (Schizophyllum commune) Wudu lasianiziandunwi (lentinan) <3

a A A o < 9 % o 1 v ¢ A

Dwwan-nguansfianienldnnienaugnihanldnasevlugihouazdainanasndu

I ' A Y a ' o ° o A o v o | v ¢
uziianudn aldlauduuuaivg lddunisirdanaed dldddasuazdainases

@ ' a AA X 2 v & A & g
ananafiogfiduenidu Nuldisdenuzifefawaaans lasnanvafidunaniainns
Uiidymasszuupfiquiunasiaiumanszduanianduuu adndlifionuwadudnenladn
laaniranulisausndunvioadunildlasass udasinuniiuszounfiqunu
(Wasser, 2002) wananiialuans Pleurotus Ludnaswuiniafilsznaudrowad-
~ €n:i¢:l v 2 n‘f{’ 2 a %

wdnalidniianumunsansdiunsduiten dueyyadaszuazliia (Croan, 2004;

Kashangura et al., 2006) I@alL«a.wmum-ﬂgLmuﬁLmﬂvlm”ﬁnmﬁmmw\hwudﬂ GAFeRIY



nazgumiainaluainaanlod (nitric oxide: NO) luiraduualasnia (macrophages) Lot
(Carbonero et al., 2012; Satitmanwiwat et al., 2012)

uanmnqwﬂumsm:ﬁugﬁ@fuﬁ'u wan-nauandaiianamannluns
snwnu1nawsrnldslsaniisaTasiurasalden (Chen and Raymond, 2008)
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1996; Jenkins et al., 2002) uaﬂmﬂf‘:ﬁmsﬁﬂmi@ﬂlﬁum-ﬂguﬂumﬂi’]ﬂﬁ@ LAZLAAT
Tudasnanas ihanasaufsnnumansalumsaaszeuinana (Lo et al, 2006) uaztialsl
WA sEnswL Lum-ﬂgLmuﬁaﬁ'@wvl@‘fmmﬁ@mwﬁwmyamm"’uﬁmmlmﬁa@
maﬂﬁhbﬁgﬂﬁ’ﬂﬁﬁuw’m’nu (Kanagasabapathy et al., 2012)
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2an boa Luirasualaswiazia RAW264.7 LLazm:@'fjumsﬁwﬁ'm'm;juﬁaa‘ﬂﬁ']mf':a**nﬁ@
L6 uisnitaslaassunadudnanlsdaniiawsmhlasmsidnunanadisiifan 1
inlEnne9fszney TIuTInagauNIeengNINsFin nAddeirasidalionun
Mﬂhunﬂmaﬁwmﬁwufﬂﬁa{aLﬁuﬁﬂmmiﬁwmumaawaﬁu%nm"l‘se?mnﬁamaﬂnsia
iraauualasnnaziia RAW264.7 luminszduniiniaaluainaanlod Gonansans 'l
sanInnszgulfiaasnialuainaanladle ;ﬁ%’ﬂﬁﬂﬁlﬂﬁﬂuﬁﬂmamsﬁnuﬂ@ ANAROL
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(=3
1.21 A
= % 1 > *~ n:i £Z 6 =

wiadaagluananinawslangeanludroasdilsznaumeininnainnaiy
laun wodudnan'lse 1Usdu aadn uazlwdfuaa (Volman et al., 2010) WaztAaUNITHA

[y % [ ' ciﬂ/ (% 6 1 1 1 o
lesunmssansua Wuarwsnsudszmulauazidunlszlamidasiane luwdivasnissne
A = A = = & A A & & A
lsa diesnnfiluanafieangniniedinin lasawizesdsznepfiidunefudnan lsdn
\ \ A g A A P A & & @ \ a & A A
aglumumﬂuﬂgmua@u,azvl,wmasm FGawadudnalsdasnantazdasdisznauniaain
LaNANINWaaN 1 anaIaLNILTY mm-ngumﬁwﬂé’tmﬁwmwﬁ@ﬁﬁ'ﬂmmwmﬂﬁq@
lunisidussdediuaziFauaznszduaznunidunn (Mizuno, 1996; Wasser, 2002)

I@sJmwmum-ngLLﬂummﬁwawgnfmmlﬁﬂum%’nmiiﬂmﬁdmﬁa wid @.@. 1980

1) asddsznavvadia

Tawsasaasiialasnaldusznaudie 1iafio 3 %uuaﬂq@ﬂiznau
VLU@Twﬂnguﬁ'azmﬂﬁﬂﬁﬁﬁaﬁé’ﬂwmuﬂmﬁaﬂ (mucilage) ufigasiiuiialfian
13znaue e alkaline-soluble glucan (a-(1—>3)-glucan) LLa:fuluq@ﬂizﬂauﬁmmuﬁ

1% alkaline-insoluble glucan (B-(1—>3)-glucan) wazlafiu (chitin) I1WIUNN (Pramanik
et al., 2005) I@]ﬂwudwﬁwﬁfomaﬁmamﬁwﬁwaﬁu%nmvl‘sﬁa%i 50-90% Fearulnnjidu
LAN-NRUAY wanantwdunadudnanlsdofiodn tiu lnaletan (glycogen) lafiu
louau (xylan) uaziaglas (cellulose) (Synytsya et al., 2009) WATWLT TSIt LB
waiinguanussiiaduagnuldsfudioiaiiioaglag (hemicellulose) uaziwaglam
naneiiulassairsfgudan (Leung et al, 2006) wonand Gutiérez uazameled
rmsfnsiRaluana Pleurotus WU wosugnalsainananiians 6 7fia Usznay
ludre weluudnanlsd (monosaccharide) iuwan daidu 95% Trunsdaasinyas

D-mannose Waz D-galactose Aaldn 4.5 Uaz 0.5% aud1au lagwadudnanlsanlaann
e dlaseassnnainnany 1w (1—>3), (1—>6)-p-glucan Uas (1—>3)-a-glucans

(Wasser, 2002) lagian1zlasigsnsuuy B-(1—>3) Sansmcidusiananuazdlodns

v o

B-(1—>6) \ludunilguandalumidnuuziss (antitumor) WazdILEINTZUUDAAUNY U
winidultuan-nguaundsenanidu p-(1—>6) azlddqmanti@asnnd1aun (Mizuno,
1996)

fmiumIanawadudnai lsaira1edd 1w nsliianueaiduds nng

o a

ANAZNORAIUNTADZTAN miﬁﬁﬁqﬂﬁmm% ion-exchange chromatography L6 %



(Wasser, 2002) %ana1n Mizuno Lazame laN@wITUaawMIINANaaLGna lsaann

& o a a a v v ¥ o & A o o A A
m@l‘ﬂ&lﬂitﬁ‘ﬂﬁﬂ’]‘w Li&l@lu@’ml"ﬁm‘ﬂ’]uﬂa 80% ﬁﬂ@]ﬁ’]u%h;@l‘ua@ LANBDNIIARIUDUN

' [
A A o %

lilowadudnanlsd (winnfivinni Imaqa@"h) NN IR AN FUFE
amnNil 100°C W 3 Talad uasanalAinLdueas ammonium oxalate (C,HgN,O,)
2% 71 100°C 11281 6 Falug waz NaOH 5% 71 80°C tiutaan 6 Falug aws1au
(Mizuno et al.,1996)

(=3

2) a1

= & A = a S A a ') a a

WawIINIRIaRaLYN TuraItIiaanian N RuNas Ussinadwla o
o = A o = + & & Aa A oA v o A
saduRaanadsinuiia Fouasiia sy wsndvlalaaziminsan Uszanandow
LB LLa:LﬂuLﬁaluaqa Pleurotus ﬁ?ﬁ'@'jﬂLﬂummiﬁdua%uqmmw Wasannysum
wanaian gawlddn lusdu arilulaiasa lafiu Fa1fuuazuisng (Manzi and

Pizzoferrato, 1999; Bonatti et al., 2004)

3) A MBNLRARIHN
%amﬁ%y: grey oyster mushroom
SoAnenenaas: Pleurotus sajor-caju (Fr.) Singers
Subdivision Basidiomycotina
Class Hymenomycetes
Subclass Holobasidiomycetidae
Order Agaricales (Agarics)
Family Pleurotaceae
Genus Pleurotus

Specie sajor-caju

4) asddsznavzadian1ein

Gutiérrez uazame tavinn1TiiezinsvasdIuiiidn water-soluble uaz
dmﬁl,ﬂuw afugnan e (extracellular polysaccharides) mauﬁ@]luaqa Pleurotus W11
fnaafawani il water-soluble 498 15% vasrsnua azdsznovlueae Tusdu
LUWLLWW (mannan) MUAnInNg (galactose) LLazﬂQIﬂa (glucose) Aadw 27, 31, 12 uaz
30% AUENY uazEInALneIS Tz noUnaN wadugnan'lyd) F9l 85% WaININUA 92

UIeNaUaIY WL LLa:ﬂQIﬂa Aawdn 7 uaz 93% aus1ay (Gutiérrez et al., 1996)



122 Wwen-nguan
Z/ a ~ A v
Wuasdsznavdszianiiananaislaans (wedudnanlsd) Fewule
o A Aaa A & oA a AeWN v 1w o o ¢ & & .
llussdfionaprdansfouazadunid ldun 91718 T1au1siad tha mwie
. ¥ v - ¥
wuaiSauaziad (Gawronski et al.,1999) lasdsznauduaininatanglaadaduiiaa
luanaided uazdimaglas [B-(1—>4)-glucan] TInag@In (Goodridge et al., 2009)
. z 4 .
WA-NRUARINAUNLATINTNN Lrlue% (zymosan) Taidluasana
A s g % 6 A 6 .. A 3
Ry (crude) NRNA bAINNNIILTARYDIT R (Saccharomyces cerevisiae) TINARDULURKT
oh ﬁqn%iumsl,ﬁmuﬁﬁ:uﬁ'u daduwTariiade 9 udlinnuuitainaiwladasiuiaan
Qf Q; R QI ~a 1 1 4 U a Y
ANBAIUNIVIAMIFAALANLANIUNU I FAUNNITAUDAFAIUNIYU Aa B-(1—>3)-D-glucan
2 Aa Z/ a A A A ] Rt 6 o 1
Fafanniaanglasluanaidaaoinidustsuniunidondanulasa fuaudiuns
7 3 vasnglaaluianafl 1 dununglasainaluluaivendiunian 1 dae glycoside
. ' 1 ¥ Y o §
linkage &LUAN (B) Ao &3uVad hydroxyl (OH) TIUGIULHAILEAIIHATNA 1.1 Uas
§m3l D Aa Wy —OH BadAIuauazaaudI 5 vainglad agnsrnnde ulasaing
. | ' ) o . = A
WUY D-isomer uditin ~OH agnsdefie andulassairouny Lisomer Fslusisnma

fulnnjazilasegieuuy D-isomer (Malinow, 1996) @4 WA 1.2

(IJHZOH Cl)HZOH
H c—-20 H H c——O0O OH
S b N
NG 7l NS
H OH H OH

(n) (2)
M 1.1 myduunziiaiananglogauduniisng OH (1) duniks OH Nagd1uand

U

158071 a-D-glucose 8% () AUtk OH Miagenuun 138037 B-D-glucose



H\c 0 H\c 0
I l
H(IJ—OH HO—CIIH
HO—(IZH H(lz—OH
HC—OH HO—CH
HC—OH Ho—cH
CH,OH CH,OH

(n) (D)
mwi 1.2 Wisuifisulasiaisvesinananglasuuy D AU L isomer () lassainsuuy

D-isomer () 1A59819UUY L-isomer (Pischetsrieder, 2000)

1) Tﬂidﬁ%’ﬁawaamm-ngtm%
LﬁaamﬂL‘um-ﬂgLmuLﬁ@ﬁnﬂﬂwmanQIﬂaﬁa’lzﬂmaqamﬁamiaﬁuﬁw
wuszlnaladda (glycosidic bond) lasdlananidu B-(1—>3)-linked-B-D-glucopyranosyl
A P o \ ) \ < A a A VA .
F9019928 laTIRIN9619nw b 1T LT wRIURWHRIBEN7 HuawInIa bu Uy isomers L1l
:’ v A 1 z’ v qu dq/l&/ @ ] 1
WULLUAN (B) aza’mm"l,wsmﬂumgmﬂ (daza1etin) tdudn natduagnuudazunas
a tﬁ! =1 U dl dd‘ a 1 >
NA® Gmfﬂ:wimaaﬂwaawm-ﬂguﬂuﬂ%mﬂ%mﬂLLazmamemﬂmaﬂuaaﬂ”l,ﬁmu
A \ @ & o & & | A \ o
A3 HN 1 LT WIILTaaUaIlaa ez u1sLas i wiuu b Juuws watduwlduassainniy
WTan@anwaad (1—>3), (1—>4)-p-glucan euluiAanuazdzddnisideudanuuad
(1—>6), (1—>3)-p-glucan tJuuand uadwsulwuuaiise 1 curdlan tdunTiTauda
@ VA o A = A A
Auaad (1—>3)-B-glucan laslaiduans (Volman et al., 2008) @3ATWA 1.3 Tan13N 4
1398 ILANGAIIN WA NAF 8 WU NNIITINIWLANG1INI 1Y waziNaNUAANITNVDILLAN-
nNaUAL lairazduanusnivadaewadngnan’lsed aaueITasnswINtGanda tudn
(Ensley et al., 1994; Yan et al., 2005) A9LTUANIBIIRMTABNLIN LU@I’]-ﬂQLLﬂ%ﬁﬁ"Uu’]@
A \ a ~ o ¢ & A v a
INL&Q&I%@%iﬂLﬂuQHﬂ’Iﬂ L bl uqmmz@lméﬁammLaa@m’nlmmmammi
v a A6 P23 o ° v A A a & & A '
AodWIAUNI iwvl,ﬂmﬂsz@;umsm%m‘nﬂaunmﬂjaiiﬂmammLaamna Tusrnva 9
$ . Qg v 1 U 1
Lum-ngLLﬂuﬁﬁmm@Imaqam L% glucan phosphate ﬁqmmsmzqu‘lmwmyvm el
MINARBUALLTAAE lUUTA FIULAN-NQUAREIBEU 9 LT laminarin (soluble B-glucan

AN Laminaria digitata) 1o Uﬂ”’;vlﬂvl,;iaaﬂm% (Akramiene et al., 2007)



@17 1.1 Lum-ngl,l,ﬂmnﬂl,ﬁmﬁmm ¢ (Rop et al., 2009)

A = A
TUAVDILWA ﬁaLU@W-ﬂgLLﬂu
Pleurotus spp. Pleuran
Lentinus edodes Lentinan
Schiophyllum commune Schizophylan
Ganodema lucidum Gl-1
Trametes versicolor Krestin
Grifola fondosa Grifolan
Flammulina velutipes Flammulin
( ) OH
N OH OH H o o
OH G o OH LO & ont H
H H 0 oH' H u Yy .
. AN X0 H HO W o
0 H H OH H OH
" H OH
Cereal B-glucan
Polymer of ﬁ-( 1-4)-D-glycopyranosyl units separated by single B-(I-3)»D»glycupymnmyl units.
OH (0}
0—
Yeast B-glucun
Polymer of B-( 1-3)-D-glycopyranosyl units separated by single B-( 1-6)-D-glycopyranosyl units.
v
N I I
Baterial Fungal
Linear ﬁ-( 1-3)-glucan Short ﬁ-(l-ﬁ)-hrmwhcd. B-( 1-3)-glucan
(i.e. Curdian) (i.e. Schizophyllan)
— 1 1 71 - e s
Yeast Cereal
Long B-(l-())—brz\nchcd B-(l-})-glucan Linear B-(]-})VB-( 1-4)-glucan
(i.e. WGP B-glucan. Betafectin) (i.e. Oat, Barley, Rye)

M 1.3 1asaiauan-nauat (N) MITLAUYBILLAT-NQUAK IINTTYRT (cereal) (L)
A % v =) ) 6 1 =}
flassainauuy (1—3), (1—>4)-B-glucan tJuiduas9 luduund wazanndad (819) 4

v A 4 1 e v [l 1
1a3989UUD (1—>3), (1—>6)-B-glucan TaiBassdanuuudund (v) lassasnsadngdng
maqmm-ﬂg}Lmuﬁ"lﬁmmmﬁiwm ¢ (Volman et al., 2008)



2) @231 (receptors) ﬁﬁi"]l,mzﬁ'mum'l-ngl,mu

Lﬁaammum-ngLLﬂu"Lﬂlﬁaﬁiﬁﬁ'omm:ﬂé’luugwﬁ @”ﬁfuﬁuﬁagmm‘h
ﬁass‘i’a%’uﬁa‘inwwzﬁmum-ﬂgLmu (Brown, 2005) a8141%% Lénaa‘LLaJﬂIﬂSW’mﬁgﬂmzéju
fruwadudnenlsen laaniimin Lﬂmwmzﬁugmm‘hﬁ’;ﬂ@”’;%'uﬁﬁmmﬁhwa:ﬁ'uwaﬁ-
LLSI':iﬂvai@de’lifu (pattern recognition molecules) (Schepetkin and Quinn, 2006) Gﬁd
%uﬁaﬂw%qﬁuﬁwuiﬂ fdr1onu 4 vfla ldun (1) Complement receptor 3 (CR3;
CD11b/CD18) (2) Lactosylceramide (LacCer) (3) Selected scavenger receptor (Sc) W
(4) Dectin-1 (B-glucan receptor: BGR) (Akramiene et al., 2007) LAINNNNTHIIUNIY
Frsumanit sonaliifamsssayyimnisluisadedradudiay (signaling cascades)
Lﬁaﬁﬂﬁgjmié’omﬁzﬁlmmﬁ@] pro-inflammatory cytokines

21) Complement receptor 3 (CR3) filassain9t0% heterodimeric
transmembrane glycoprotein ‘ﬁ'ﬁizﬂauﬁ’m o, (CD11b) waz B, (CD18) laod binding 2
wiia fa daufidudaru@u N-terminus (I domain) 81313509047 ligands lawanaaiia
LG intercellular adhesion molecules (ICAMs), extracellular matrix protein Lag iC3b
opsonized particles Lﬁa@lauauamamiﬂﬁuﬁu (phagocytosis) LLaxd’mﬁLﬂuﬂa’mﬁ’m
C-terminus (lectin domain) 189 CD11b sunsasunuailulaase de5nlddsiuen-
nauAY (Thornton et al., 1996) sasurhadinuldluivadaiafialnsfad (neutrophils)
Tuluwlad (monocytes) wae natural killer cells (NK) saulutsasuualasniafainnuias
uaﬂﬁnﬂﬁﬁ%ﬁ'ﬂgmﬁwmﬂ LAN-NRUABENINIIANTZGUNIUNTS CR3 inde laluoiu lu
MRV ININDES NK HI1wN19 iC3b tHarinasimasuziss (Vetvika and Yvin, 2004;
Diniz et al., 2004) uaﬂmﬂf':ﬁs']m’mn’mﬁnm’nmi’mum-ﬂgLmuﬁ'u CR3 assusnwulu
VIRARI INTRAF Lo sm:@:}“ulﬁﬁmia%mwﬁﬁuﬁwhumﬂuLaqa spleen tyrosine
kinase (Syk) %GLﬁIm‘ﬁa\‘lﬁ’U LacCer receptor ¢3¢ (Goodridge et al., 2009) atndlsAany
nalnazwinsuan-nauaiy CR3 AT luTaauin

2.2) Dectin-1 1uiandiuitsznaudiy 4 g ledud §auAsUAL ligand
Munen Aesndiisanin carbohydrate-recognition domain (CRD), stalk, transmembrane
region Wae intracellular cytoplasmic tail @saa5usRadiwyldlunarnnansimad Taun
wualasnia A3InsAIF dendritic cells (DC) waz T-cells wa tiwulu NK (Ross, 2000;
Willment et al., 2005) fimssununasurfiafisunsnaasuazsuivenslulaiasasia
B-(1—3)/B-(1—>6)-glucans (Ariizumi et al., 2000; Marshall et al., 2004) ‘ﬁlwuvlﬁ%ﬂ n
LUATHIEUAZ KIS L TR B IRA T ATIUI ARG 3x10° A9 2x10"° M (Goodridge et al,

A v a '

2009) M8 TUTRARFIETNNM TN UERDIVBINTFUARHIUN N INTZAUNT

q



©

a2 a . . . . v a ] £
NawA®% NNINAA reactive oxidation species (ROS) uazailalalaisfiad1e o 49n13

2 o

¥9rurIungaasuafiafonainduldnanunaln (pathway) uaszddad GlaTRaTieRa"
(signaling molecules) wanasaiiigaTas @”ﬁﬁﬂﬁ’mglm’] HINUTOURTING 1T MINIzan
Ifn1snda ROS @¢luiAsrdasrunsnanin At we1u tyrosine kinase AVS1
immunoreceptor tyrosine-based activation motif (ITAM) ¥a3J Dectin-1 uaﬂﬁ]’m‘l’i tyrosine
kinase gﬂﬂi:ﬁﬂﬁﬁﬂ’liﬁuﬂi’lzﬁ tumor necrosis factor (TNF-a), interleukin (IL)-2, IL-10
LAz IL-12 (Goodridge et al., 2009) mumsm:ﬁu‘[maqa NF-xB WU HBn19na’tn
U3 caspase recruitment domain-containing protein 9 (CARD9) L8 ¥ nuclear factor of
activated T cells (NFAT) (Goodridge et al,, 2007; Gross et al., 2006; Rogers et al.,
2005) lag¥in ﬂﬁﬁgmzﬁﬂﬂgjmwé;qvlmimvlﬂﬁiwvlﬂﬁo IL-12, IL-10, IL-6, TNF-a
(Akramiene et al., 2007) wazmsfnsiaunininudn Dectin-1 SmM vt Tolk-
like receptors (TLRs) luminszdu NF-«B wealitlalalaidng g (TNF-o, MIP2 uaz 1L-6)
gﬂﬁ%ﬂfu B9m3vhausINTHszINg Dectin-1 uaz TLR inazldiinnnsvinany 1-«B v
1% NF-xB snunsntadondlussidrnaunele (Gantner et al., 2003; Dennehy et al., 2008)
uaﬂmﬂf:ﬁmiﬁﬂﬂﬁwudﬂ TLR2 mmmnn@j’u NF-xB transcription factors 1AnRa NF-
«B asolalaladriumallsdiuidosn MyD88 8neay (Chen and Seviour, 2007)

2.3)  Lactosylceramide (LacCer) filassasnaidu glycolipid fiduly
gausnInaRa (ipid) warsniseuinduwiiana lasduarsuidanusuisaluns
IUTARIRUNTIUNLUA-NIUAKIINLAATY (1—>3-B-glucans) gnsusrsuriiadingle
luuﬁaﬁﬁﬂmﬂ’sﬁLmzLSﬁaﬁLﬁaqmﬁfmaa@Lﬁa@ (endothelial cells) (Zimmerman et al.,
1998) lagl B-(1—>3)-glucan ﬁvlﬁmmﬁfaLéﬁa§°1|aﬁwﬁ@mﬁammmm:@fmeﬁa§L§iaqNﬁa
WRAALEN KIWNMIEITLTRARIARNNIFINATIZN NF-kB H1wni9naln protein kinase C
signaling (Wang et al., 2005; Evans et al., 2005) &n3uluiialnsiag MINTTOUHIU
fsuTfiaiinetdiunisais ROS lun1sviraregdunidudandaan (Iwabuchi and
Nagaoka, 2002) udd#iunInauauaddaluan-nauadd litaiauin

2.4) Scavenger receptor (Sc) Tlaveaauuy heterogeneous group
SB'!ammsmmﬁLsﬁaﬁuﬂaﬂﬂaaﬂﬁmnmsl L% low-density lipoprotein (LDL), high-
density lipoprotein (HDL) (Assanasen et al., 2005) LLﬂ:ﬁ%ﬁﬂgﬁ%ﬁWU’i’]LU@l’l-ﬂgLLﬂu"ﬁﬁ@
LauAUBBEINSIS NG SUTaile (Rice ef al., 2002) dwiudasusiadnoldluiaas
laudaasd (myeloid) LLa:LsﬁaﬁLﬁaqwﬁfamamﬁa@ I@ymsm:@‘juchm‘i’a%ﬁﬁ@f:mmm
s oI wnsldsdunatosialaun Src kinase, PI3K, Akt Tau'11f19 p38 mitogen-
activated protein kinase (MAPK) (Mineo and Shaul, 2003) @v\m’lwﬁ 1.4
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B-glucan B-glucan B-glucan B-glucan B-glucan

. () 0 -

XRS YacCer mc mectin-l YLR

iC3 syk NF-xB / PI3K syk MyD88
Kinase C /
ROS Akt Kinase / card9 /
MAPK bcl10 / malt

TNF
IL-2

ROS /IL-2/ 1

IL-10 / NF-xB

MW 1.4 é’a%'uﬁaﬁ’%ww:ﬁ'm,um-ngt,l,ﬂu 'l&uri Dectin-1, Sc, CR3 uaz LacCer @iinaln
myvnuaslurasiandisniaanhy ﬁua%iﬁ'umﬁuﬁ'm:ijmm-ngLmun”mﬁ%'u
L Lﬁawm-ﬂguﬂumﬁm%ﬂﬂ""u LacCer aztnBgavinldioasunalasnianaa
macrophage inflammatory protein 2 (MIP2) LLﬂztﬁ:é}%ﬂ’]‘iLﬁﬁJ“ﬁuﬂlad NF-«B | &
(Akramiene et al., 2007)

3) nalnN1siKLBIUM-NALARADIZUUNAANN
mMIneauandIReszuLNIAuNUNLLerLila (effects on the innate immune
system) 1w saauanaInuy la$1LNIL1a129 AInnIITINITaNaNsLTalinns af s

v o A & 2 cAA o o A
wdandaanlaviud lasanizisasuualasniadadwaasninisyinniinnainnane
loun nsastaseudsndantyaey nMsnada Al NdnadatTad ounsodNadaRy
= A A o A a = o A & & o
wdandaeay nldAsmsnduiunuaznisvinane Ssimsdnslasldwadudnanlsdnle
P 2 ! ' o v A . .

NNNTTRARAINUIN TnadanisvinninNuessaaunalasnia (Schepetkin and Quinn,
2006) @91 1.5 ldud nazdumandalolalatuazansedng 9 13w IL, interferon (IFN),

(% a

TNF-a, NO NUAIM AN WIBLTAS miﬁiwugﬁﬁuﬂw‘nu@ﬁ%gﬂﬂizﬁuﬁamum-ﬂg

)
TG G a:ﬁaaﬁmﬁuﬁmadLum-ﬂgLmuﬁwﬁ%'mhwaz%ﬁommmﬁﬂmﬁ@mi
aauanad TN lUdsnInaslolalas Ala'lalk (chemokines), transcriptional factors LLae

. = A o :
growth factors (Akramiene et al, 2007) Gﬁ\‘iﬂ']iﬁﬂ‘hﬂl,ﬂﬂﬁﬂﬂ L‘l.l(?'l"l-ﬂQLLﬂu@]ait‘Ll‘Ll

a a

Qﬁﬁuﬂu%uﬂﬁﬁﬁﬁuwﬁwudﬂ 1o luwnuuas microparticulate form of p-(1—>3)-glucans
9N S. cerevisiae (MG) fianumuninluminszguiaasuualasiialindalolalad B9
mwﬁ@mmm"l,ﬂﬂswfumiﬁwmmaaszuugﬁ@jm”uﬁﬁmm&é’o (adaptive immunity)
W IL-2 L&z IFN-o Lﬁiamzéjulﬁ T ua B cells Naaasuviasfsudantsaunsaiiia

LA lNTLANUTEANTA WA YA LTalsa (Chen and Seviour, 2007; Ladanyi
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et al., 1993; Kurashige et al., 1997) @3n1w7 1.5 uazmsansfirwuiwudn laluau
sunnnszduldinindalalalaiofia IL-2, 1L-10 uaz IL-12 (Du et al., 2006; Brown,
2005) #aNaN¥ SCG (LAN-NQUAUANN Sparassis cripa) FANTOLANNINE® IL-12, TNF
uaz IFN-o (Chen and Seviour, 2007) ﬁ]’mﬂ’]iﬁﬂ‘hﬂﬁlﬂd’]’aNW&LL&@GIﬁLﬁ%’J"]L‘U(?’l’]-ﬂ’gjLLﬂu

= v a Y Qs U Q dl
mmwmmsﬂumsmz@;mzuun‘lamsmmjaoiaa@ﬂ@ AININN 1.6

q

Cytokine/Chemokine Production
TNF-QU/IL-6 / IL-10 / IL-12 / lFN-ﬁ / TFN-Y

D

-

ROS Production
NO

Cell Proliferation

a o & P v o A & & A a
WA 1.5 Mmahnuzessasusalasialagnnizgudiowadudnatled 1lanad-
winenlsddunuaaiuneguuaasuualasnng dnaliifanudalalalaidns 9 sl
fAamnad bolaladafiannaliianseniay (TNF-o, IL-1) Nfixavinatsfsudandaay

a o 6 A a A o A é/ .
wazmM RN wIRVaILTAsLNAlaTHNA N LT ANTA WA IV AN ND Y (Schepetkin
and Quinn, 2006)
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Fungal B-glucans

Conplement

Eosinophil Neutrophil

system

Cytokines
TNF-0OL/1IL-2, 10, 12

Phagocytosis of dead
\ 4

cells and pathogen

Attack parasites and v Y
antigen-antibody complex | | Pyogenic bacteria ‘ I Coat microbes “ Cell-immunity “ Humoral immunity |
| | |
Innate immunity Adaptive immunity

WA 1.6 ﬂavl,ﬂmsﬁﬂmumaamm-ﬂgl,mmiai:uugﬁﬁuﬁ’u Aalenanisaeuauasfdun
wasfiauarmsUuaaianouauas uaﬂmﬂf:l,um-ﬂgl,l,ﬂuﬂiﬁmmﬁumiﬁ’]mEJLsnaﬁ
marnusuumInaninsaziiamvasvedlolaladagradusiau (Chen and Seviour,
2007)

4) WAN-NPUARNUNIIAATEAVUIATA
= :.i. 1 d' v v 23 A =) L%
NNMIANARIUNIWLT Lwan-nguanildandialde Fidlaseaing

il B-(1—>3), B-(1—>4)-D-glucan mansaaaszautinaaluiden’le (Tappy et al., 1996)
LLa@a’LﬁLﬁuﬁamiaam]“n%:uaaLum-ngLmuuaﬂmﬁamﬂmzﬁmwunﬂﬁ@juﬁ‘u wazifaly
WG M IAuWLI Lum-ﬂQLmummﬁmﬁﬁﬁmwmmsnlumiamzd’uﬁwmalu
\Aoavasdainanasldisunn (Lo ef al, 2006) Bnvisdspaunuin dufiszarsinle
VBILLAN-NQUARTTHEA grifolan mmsmﬁumswamﬁwgﬁuvlﬁﬁa 25% uaaalAiiuiinguan
susnanlEsnsn lsawnanule (Adachi et al., 1994: Manohar et al., 2002) 99013
‘ﬁ'mm-ﬂgLmummﬁmnﬁﬂ’n11mmsnlumsamzﬁuﬁﬂmalul,ﬁa@"l,ﬁifu WRINT
sudszmuenm s lodulylen mmia;Ji‘luﬂs:m']:Lﬂunm%ﬁaﬁﬂﬁﬁwma‘lumms
Aoy 9 Qﬂg@ﬂ'ﬁwmnfu (Lo et al., 2006)
miﬁﬂmﬁmumsfl'a"l,;iﬁmsﬁﬂﬁmm-ﬂg}Lmuﬁmmﬁqﬂﬁfﬁaifulums
nagaULAazasssodu R suassanans1uwingn Ssnuindanusunsalunisin
ﬁwmam‘ﬁzﬁmaﬂﬁ B §1IFRAREILINN Phellinus baummi §1150R 861 %A12ZH1A1 8
Tuiiaadn (hypoglycemia) ‘lu%hl,‘ﬁll,ﬂmmmm (Kiho et al., 2000) wafisatn4lsAauns

) ' o , v &
NANDIVDI Kim LLAsATWESANLIN V\']ﬂ‘ﬂ']ﬂ']iilaﬂ@]'lﬂuauvlﬁﬁ&l endo beta-(1-6)-g|ucanase



13

97N Bacillus megaterium awlaldulaudnanlsa (disaccharides) uazlasudnanlsa
. . 1 ¥ v n' é’ .
(trisaccharides) 3zdanuaN1salunsdadiwiuiwulatAuauIndy (Kim et al., 2005)

wsaslfAwhluanaidniianumunmannnhluansswalng

123 ngadanglasizrgnszusidan
a A o Caa AN Y @ v o . .
mnmwa‘vgwmjaa‘numuw"tmaummmmmﬂu (hydrophobic interior)
o =3 1 1 1 U v uq: = v 1
rliluianazuiaian viu ﬂgﬂﬂa ldsusarwn e muumsg@sﬁuﬂﬁiﬂmmg

v

Leﬁaﬁamﬁ'ﬂmiﬁmwaﬂﬂsﬁuﬁmmma:mﬂ@ﬂuvl"uu”uﬁmmmLﬂﬁamhmﬁaﬁ‘u
waste laamsdnmludainassinudr mahnglamdngioadidinu 2 na'ln Aa
anduloifon (Na) udrreiiw g gioad (sodium-glucose cotransporter) WAZN13
LLWiN’]%@f’J”ﬂ%d\‘iﬁ’WﬂaL?T’lijlfﬁaﬁ (facilitative glucose transporter) (Mizock, 1995) @4A1W
1.7 LﬁaﬁwmagﬂﬂamuﬂmﬂLﬂufi’]mﬂuLaqaLauaﬁuﬁaﬂQIﬂa sfia;ﬁ'amagi‘ludmmao
811 (intestinal lumen) la slmwudaﬂgiﬂavﬁ'];jmaﬁmfuﬁmiwﬂmﬁwLiﬁiﬂlumuﬁ
Iuniasn'ld (epithelial cell) Tagrnwlysanpngafidunmsvndsnuofaniodoanuuas
Lﬁ@ﬁ%W%ﬂM"’% (symport transport protein) ﬁ]'mifu%ﬁdgﬂdwian]”ﬂgjmzumﬁa@ NIWNIINNT
Jmaﬂﬂsﬁumudmgiﬂa (glucose uniporter protein) wazLAanIsuanUABuITnINg

+ a &/ U Qs
lofouuazlnunadon (K ) iiadwldwsay 9 nu

Intestine lumen Epithelial cell Blood

2K+
o® J.
¥——— | Na+ K+
ﬁ/‘ ATPase ﬁ
@
®®
&

Na+ glucose|

ﬁ symporter
4\ Glucose

<:> GLUT2
@ —Zm— @

2 Na+
3Na+

ANN 1.7 m:mumsg@%wﬁﬁmaLiﬂgjl,snaﬁl,m:mmal,ﬁa@ ‘[mn@%ngﬂmudammiﬂ
§ o o U [ % il + nq:

lurdss ldwdaunuladeon 2 luiana H1wn19 Na' glucose symporter 3nsunglagas

gﬂmuddl,ﬁwajﬂ‘ml,mﬁaﬂmumm”’mua'm’]ma*’ﬂﬁ@ GLUT2 wiaunutiani1swantUasu

sennaladon wazlnunandoylUwsounuals (Wright, 1993)
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124  n3keadngiaad (glucose uptake)
a v di =) ?; v 1 A A' o e

T,@]mJnmLLmLuawmmamgmmmaa@ Aelaytaniznadiulszniu

o ?,' N & ' Y { % v
AIMITLETY ITAUBIAA LWNIZUFLRDALLNNNINT 1 ‘s'mmm]zaiwﬂa"lmﬁaﬂsz@;ulﬁ
:’ A ) [ q/d' s = ‘&’ d' d.i a U
mmasluﬂszl,l,maa@gﬂmmLﬂuvl,'m@m’m"lﬂmmamaau 9 1NaLdwnIzuInNITRING
Inalatau (glycogenesis) inlirzauinanalufaaaaasagluszaulnd dwniuiiiaiie
NRNLIHDT Swgujﬁu MIDANTNAINEY LASANITVIADDNTLI a:Lﬂué’am:@julﬁﬁmig@

. &
s'ﬁwﬂgiﬂamuma GLUT4 31nU% (Ojuka et al., 2002)

1) miﬁ'n{'lmaLﬁﬂétﬁaﬁttuuaﬁﬁsaugﬁu (insulin dependent

glucose uptake)

Lﬁunﬁﬂ’]ﬁwmalﬁﬁgjmaﬁVl@TLm' imadnanuLile waziwad luain Hiuaasy
inenaziia GLUT4 ﬁLﬁ@mﬂmimz@fumuSuégau I@mﬁasmvuﬁ’]maslmﬁa@gd aUTAW
ﬁlzgﬂmfdaanmLﬁaﬁmﬁwﬁ'?ﬂmauqa I@mﬁaﬁu?ﬁuﬁ'uﬁ'um”a%’uaiuww: (insulin
receptors) ﬁa%iuuﬁﬁma&ﬁ@ﬂﬁim Sty insulin receptor substrate-1 (IRS-1)
sy wlity PI3K vhminAnszdu Akt awdey Tiinsiaumgemualwiu
GSK vl GSK nyamsvinu ﬁfuﬁavl,ajmmmLﬁW@J’Wﬂ&LW@Iﬁﬂ”ﬁJ glycogen systhase
GS) Ief sanalsdinsssaszilnalatanwunnds 5n1s PKB/AKt S3ta8lsiAan1nasy
(fusion) W8y GLUT4 vesicle dawalﬁﬁu%nmﬁaﬁmma? {5 uIna09 GLUTA 1Rud%
LﬁaL‘iﬂﬁﬁmwuddﬂﬁiﬂagma§LLamlumwﬁ 1.8 (Fang et al., 2000; McManus et al.,
2005) uaﬂmﬂﬁnsxmumsﬁqmswzﬂna%Lﬁ]%l%@”ﬂﬁl,ﬁmnﬂﬂ']iﬂszéjuﬁ'maaﬂwu
Susgﬁmfu Lﬁ@%ﬂ@ﬂﬁﬂg‘[ﬂmﬁw@jmaa(muma GLUT2 Ainutamzluiaasauuaziuan
LTARLUALE DY LLa:ijaﬂQIﬂanﬂﬁﬂmﬂu glucose 6-phosphate  lasiiaw o
glucokinase ﬁ]zL‘ﬁ’]ﬁj’iﬁ‘Uad glycolysis Waz glycogenesis @8 LLLTwn

#1150 PIBK/AKt Wud1 Sanuddydemsiinnisvininfivas GLUT4
laglannzedddsznavtasaiia p110a ﬁm:éjumﬂyﬂﬁwmaa GLUT4 Lﬁmﬁumig@%u
i{wmmﬁw;jvmﬁ (Chen and Raymond, 2008) agnslsfianulusiuaasnanuiiie UREGEL !
inenanLTasHIwNMg GLUT4 la smsmz@jumaaﬁwgﬁmfu nalnmInszdunsim
299 GLUT4 onatfinduaintaspdn 11w uaaifon (Ca~), ROS, NO uaz AMPK (Merry
and McConell, 2009)
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Insulin receptor

&0 (w0 P =
@ ()

: GLUT4 vesicle

GLUT4 vesicles

@
Glucose
O

L O

2NN 1.8 ﬂavl,ﬂmsﬁwmmaaﬁwgﬁu \Jadug R IUAY insulin receptor #wNaLwan

& o & a X . o &
\TaR (extracellular alpha) azluUnszduluiananisluiwadsiia tyrosine kinase WaIa 1N
. . . Y o @ P . o .
insulin receptor substrate family (IRS1-4) fﬁdgﬂﬂi:qumum@u P4 IRS-proteins AINAID

Y A o Y Aa 1 s 1 A

lunszguitinisauaesnaln PIBK/AKt THiAamsdsdyImas 9 noluioad 44
i lUgnIzuaunns apoptosis, cell growth T 'ldfisarugunsrinauaes GLUT4 1#ifa
milendedunisanaguinaiisadiiarhnihnlunsgaduihaadgioad (Torres-
Leal et al., 2009)

2) ﬂ’liﬁ’l%i”l(ﬂ’lﬂLfﬁét%ﬁﬁttﬂﬂ1ﬁﬂ’lﬁﬂ§%‘g§% (insulin independent
glucose uptake)
Lﬂumiﬁ,’]ﬁwmamT’];jLéﬁaa‘mm‘i‘ﬁuuméﬁaﬁT@slmﬁ'ﬂmmwimaamm
L?Tw‘*ﬁu"uaaﬂgiﬂaﬁ]ﬁnﬂawuLﬁuﬁugavlﬂ@‘%w (facilitated transport) HAU@ISUTRA GLUT1 4
ﬁaﬁ'ﬂmumnaguﬁwuﬁamaﬁ é’aifuﬁa"l&iﬁaamumimxéjmaaé‘wgau UGLAAAINNNT
ﬂszé;fumadvlsnim"l,ﬂﬁﬁﬁé;omﬁnmﬁﬁaﬁ Baldun TNF-a w30 IL-1 gwsunalnnnsvinerswdn
qannd 1.9 azinlasn lolaladesiudrdussunsianlwiy GLUT1 wdnans
Yauued GLUT4 Lm:éim%'umsgWdﬁu‘fiﬁmalué'ﬂHmzﬁLﬁ@%ﬂ@ﬂumﬂﬁﬁnmuﬁmi
dadudugiu 11w lsndau (obisity) N138NL&Y (inflammation) LLa:m’s:ﬁnmalmﬁa@qu

(hyperglycemia) (Ebeling et al., 1998)
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Blood Muscle cell

+
Cytokines — — — —PB4 GLUT1 [—» G-6-P —® F-6-P

I l
Glycogen G-1-P Hexosamines
e v~y _ Glycolysis

Insulin — — — —%| GLUT4 —» G-6-P —» F-6-P/

+

AW 1.9 N3 ﬁwmaﬂgiﬂm%gwm ANTUNIIAIVUEITAA GLUT1 (insulin-
independent) a8z GLUT4 (insulin-dependent) Lﬁaﬂﬁiﬂagﬂgwﬁummﬁ’mw GLUT1 3¢
LNANIIRAILIIN glucose-6-phosphate (G-6-P) | Ju fructose-6-phosphate (F-6-P)
ﬁlum:wi‘ivlﬁl,ﬁu hexosamines ‘ﬁﬁ’]&l"liﬂﬂ(ﬂﬂ’]iﬁ’]d’]%‘ﬂﬂd GLUT4 ddwaiﬁ'ﬂﬁsﬁﬂﬁﬁma

LﬂTﬁg’lh,ﬁljaa"’mumim:ﬁmaaﬁwgﬁua@mmwﬁuﬁ'u (Ebeling et al., 1998)

Lwﬂumtﬁﬁ'ﬁmig@%unghmhumq GLUT4 laglarunminszduaas
Susgﬁmfu ﬁﬁm’m'j’]Lﬁmﬁaoﬂ”umsmzéju AMPK @28L3%N% Na1IA8 Lﬂuﬁ'm’mag
W& ﬂgiﬂmﬂmmmmﬁwé’amu@iaiwmal Seinnunpuiomasdune Wennsln
LTRRTWSINUAART (BATEIUIZAINI ATPAMP 808d) LTASII6 89N IWSIwAL oy
USunmAnduves AMP a:vlﬂﬂszéju AMPK 'l¢ 5 AMPK saudlusafisnaunsninszau
WRINWLULTAS Lﬁawmﬁmw{uﬂﬁﬁawé’amuﬁ'am‘ﬁm LaTENINAILANLULAYS
@19 9 MAEITasRINBNIZAUNEI91% (Holmes and Dohm, 2004) lagannnnsdnenii
NIBUINLIT AMPK ﬁ]:"l,ﬂm:@:fu transcription factors 4@ myocyte enhancer factor 2
(MEF2) waz GLUT4 enhancer factor (GEF) TR IRIATZA GLUT4 Lﬁluﬁu LREaN
MINA889289 Liv uazams nnaseu APS Guduwadudnanlsdfianaain Astragalus
membranaceus faLTasnAWLHaTia L6 Lﬁiaﬁﬂmna"l,ﬂmsg@sﬁwﬂgiﬂamﬁgjmaé? LEAY
lAAutInMInIzduaad APS Hauns AMPK uazinlugnisnszduluiana Akt (AS160)
w3analnuas AMP-AMPK-AS160 (Liu et al., 2012)
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ﬁ]’mﬁﬂd’]’)&l’]ﬂ%%&l@ﬁ’]Nﬁiﬂﬁ?‘ﬂv[,(ﬁ’i’] M7 Akt Qﬂmz@jmummdamwa
1% GLUT4 mmsﬂLﬂﬁiau{ﬁﬂmuuﬁaleiaﬁl,ﬁiaLﬁ'uﬂs:?mﬁmwm‘sg@%wﬂgiﬂavlﬁffu L@
mnm*msz@i?ui@ﬂﬁwgﬁumuﬁ'ﬁu IRS WAZNINTZAUAIUNIT AMPK Fangaslunnna
1.10

O O O Insulin o

\ | - ——

ATP

Tyrosine phosphorylation

Exercise

5'-AMP-activated l
kinase Translocation
to cell Protein

> k i | IR
\ ane - kinase B p110 p85 S

(Akt)

Phosphoinositide-3

: kinase

Cytoplasm

NN 1.10 ﬂaVLﬂmsﬁ']ﬁ']maL%;jmaﬁ Lﬁal,ﬁ@msmzéjumuma insulin receptor LAy
. . 4 o & a Ao 4 o . A 1a
AMP-activated kinase mmsmmumaawu@ﬁmsJﬁqm:m"lﬂgmsmwﬂsmmmaa

GLUT4 (Epstein et al., 1999)

INNIINARIVEI Ho UazAthe WUdN p38y MAPK “ﬁ’JEIL‘ﬁINﬂ’ﬁ@WﬁEJ
inenavasTasnaNLiaTiia L6 udaamsvnwes 2,4-dinitrophenol (DNP) 1ueadi
ﬁwmumuﬂa"l,ﬂﬁvlajLﬁ'mﬁadﬁ'uﬁwgﬁu (Ho et al., 2004) Tag DNP 1iluans1sznaufivia
1AN1589L0512% ATP aaad (Terada, 1990) lu&IU28IN15ANENVEY Huang LAZADAL
wudn ugiwidudinszduldiinindunesnaliny Akt efinadan1 AR wiveg
GLUT4 'l afmas Seronuatdunnsrinewinums IRS-1 uasluamed IRS-2 1uea
ses Mty ERK, A2 w8z p38 MAPK (Huang et al., 2005) fins1iunfiuanaliiin
dﬁmigwﬁmgiﬂmaaLmaﬁnﬁmlﬁa‘*ﬁﬁ@ L6 Lﬁmﬁaaﬁ'uﬁwgau

ﬁm%’una"l,nmiﬁﬁmumumsm:@ju PI3K/Akt @9NE1IWLIN RINNT
¥uuas PIBK/AKt anad axvihliAalsaiunmnuldunds udadnglafanuiuan-nauas

lauaasliiudsnnusmunsnlumaRum v wues PISK/AKt Hwn19a25uTHadN9 9
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(Chen and Seviour, 2007) Gsanminasaswudn lslusnuazassnaamnifasiansn
mz@juna"l,ﬂ PI3K/Akt H1uN17N926% Syk kinase FousasliiFAuin Suriudinng
A13UTHa Dectin-1 uaﬂmﬂftmm-ﬂgl,mmﬁ@LauﬁLLuuﬁNmmu@ﬁ%’u%ﬁ@ scavenger
receptor LLa‘;vLﬂﬂi‘;(iTuﬂavLﬂ PI3K/Akt H1%N14 Src tyrosine kinase (Rice et al., 2002) “éd
uanandasurasua-nguaniulng inulwsadsialululod uwalaswie falnsfad
8ladluia (eosinophils) Laz NK L&2 ﬂ'awulumaﬁﬁiuﬁ"l,ﬂméﬁaéﬂm:uugzﬁﬁj’uﬁ'u léun
Lsnaéfl,ﬁm_qmﬁfamamﬁa@ \wasynIandan (alveolar epithelial cells) wazlwluuaiad
(fibroblasts) (Brown and Gordon, 2003) Lwiasmvliﬁmumiﬁwmwuaamm-nguﬂu@ia
\madnauitaniia L6 sl,umiﬂiz@:]“umsﬁﬂﬁ’]mal,iﬁgjwnaﬁﬂ'ﬂ&immmu anlainduns

o ' @ o a a e o =2 '
Y]WG’]%N’]%@]’J?U?I%@]I@U%N’] LDRNDIA aaﬂn‘mma"l,ﬂ

1.2.5 @12W&EINIA1a (glucose transporter facilitators 138 GLUT

family)

v

A = o A @ f -
luﬂumawymwag FUNU 14 Tua LLNiU\‘]LLﬂJGai’JﬂLﬂu 3 subfamilies

o [ A

ANNANAL (sequence) NABILARING AININN 1.11 WazRIU1TIUunnaantdn isoform

=

ANNAILITHILTARNWU AT AN 1.2

GLUT1
65%
GLUT4
GLUT3 Class |

95%
55% GLUT14

GLUT2
35-42% GLUT5
—{59%
GLUT? Class I
ass
429—————GLUT9
29% GLUT11

GLUT6
GLUTS

35% GLUT10 Class lli
GLUT12

HMIT

AMWA 1.11 wwAwan lduaadanurldauuas GLUT family 31nnns3asials clustal

program (Scheepers et al., 2004)
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ANINN 1.2 MIPNUBNTHAVI GLUT @UFIUAINND aauladann Scheepers Lazahe

(Scheepers et al., 2004)

isoform main expression

GLUT1 erythocytes, brain (blood-brian barrier)
GLUT2 liver, islet cells, kidney, small intestine
GLUT3 brain (neuronal), testis
GLUT4 adipocytes, muscle

GLUT5 testis, intestine, muscle
GLUT6 brain, spleen, peripheral leukocytes
GLUT7 intestine, testis, prostate
GLUTS testis, brain (neuronal), adipocytes
GLUT9 liver, kidney

GLUT10 liver, pancreas

GLUT11 pancreas, kidney, placenta, muscle

GLUT12 heart, prostate, breast cancer
HMIT brain

GLUT14 testis

mﬂmsﬁﬂmwudﬂﬁagjﬁwﬁu 5 isoforms ﬁl,ﬁmﬂifaaﬁ'm'ﬁ@@%uﬂgiﬂa
A A \ & A \ & PR ' i

uazwulwaa et laoudaziitattolasiaazloasaad leu1nnIn 1 isoform Was
A ) A i o o Aa o @ A o @ =2 Y]
in13wuan 3 3 isoforms mﬂﬂuﬂwuwm‘nmmymmmaaﬂumi@@muﬂgiﬂa laun
GLUT1, GLUT2 ez GLUT4 (Mizock, 1995)

GLUT1 Lﬁuﬁaﬁ@auauaa@iaﬂgiﬂﬂmﬂﬂﬂﬁ uazwulaluvaaiitatda lag
WUANN TR ANLNLINUNITVWBEILAAA LT FNDILAZIN WAANANNIUNBIALNITUE
ﬂgﬂﬂﬁi%ﬂitﬁﬁﬁ@ﬂ’nzﬁ’]@l’lﬂluLﬁﬂ@lﬁ’l

GLUT2 wu'ldlwitatdanianizu1nnin GLUTT lagwuindnmsuaadaan
Turarwadsaz laun au ta s11880 LAZIUAILTAa lWaLaaW tWaIUVIAY GLUT2 ¥in
wihfdudainans (mediator) lumigaduuaznainglagsunmasasau (hepatocytes) lu
AUBaW WUIN GLUT2 Lﬁm"ﬁaaﬁ'umimuqummé’ﬁwgﬁu

GLUT4 wu'ldianzlwiiailandnisgadunglaasiiudugdu (insulin-

mediated glucose uptake: IMGU) 'léun tradnautite toad byl wazna1Niianala
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muldn1azUnd GLUT4 danwmzidugiagnioluisad (intracellular vesicles) wazat)

v

a A o - > a \ H ' A
UiL’]mLﬂaﬂ'NLsﬁaﬂLaﬂuaﬂ Iummz‘ﬂ GLUT1 anmINIzgad1dfuILRUDT=HINNLEaRA

q

& @ 6
L‘ﬁﬂﬂﬂﬂﬂqdﬂ? Ul%L‘ﬁﬂa

1.2.6 dnyan
& A A o & o a & A
Wl Indgaslunaianiie Qnmwﬂ@wﬁaamamuaaummLummjaaw
A TaINUNIZUIRMILNINATY (metabolism) aavanslulatasauaz luainluirene las
o a ' ' % o ¥ o A q o [ o
fnanuimadofiadng 9 i au ndudte wazoad laiu JufeitasnunInIuguIzal
¥ Y [ q 2 o a Aa o !
MO8 LWNIZLFLREA 1ATIFTIIAININD 1.12 Taulsznaudis duginiiuin 6 Imaqaﬁ
VIBNABLUNNIUNRALE ZiNC ion LNUAILNTINAN LAZAILRIIVAY histidine LNUAILNI
o & oA . @ . i £ Y @ A ' A 1o o o
Mudafandany zinc ion 1 13d280% L:uaaglugﬂﬂummm:ﬁmﬂmﬂu 6 Tmaqa
(hexamer) lumngﬂﬁw%/auﬁﬂmu%agjLﬁﬂmaqmam (monomer) (Chang et al., 1997)
f,%m%'umim:@jumsﬁwmmaoﬁwgﬁuﬁfuﬁﬁymu’jw Lﬁaﬁ,’]magnaiaﬂ
o A A A ' Ao & a A a
auVL@LﬂuﬂQIﬂa ALLAROWNANNNTLLRLIROAKNIUNINA Va0 TITuUSIIMmNNEaaaslU%

Aa a

AUTABAINEND LLa:gﬂQWf&lﬁi’m GLUT2 ﬁaguuﬁauﬁaﬁmadﬁudau il Aan1I89

U
04

syanwnelusadanllioganuindugin Wegnnizdunidinaniazafeuninnuiim

ﬁa‘uaamaﬁ ﬁmﬂiz‘ﬁdﬂa@ﬂdaﬂﬁugﬁuﬁagjmﬂluaaﬂm Lﬁaiﬂﬂizﬁ%ﬂﬁiﬁﬁﬂqumad
& a A ' a a a ' a & a ~ &

Lﬁﬁaa"ﬁu@]au@]a‘lﬂ T,@]yau?auﬂgnﬂaaﬂaanuﬂuﬂimmmnuu VENWLIRNLNEIRW G

Whasanidwaasluwnid half life 8 LLaz%zgﬂﬁwﬁ'@@iavl,ﬂ

Zinc ion

Histidine

MWA 1.12 Imaaﬁ”ﬂomwﬁammﬁugﬁu (Chang et al., 1997)
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>

¢
mqﬂszmﬂm 2IN1INAadYI

= QE‘ @« . .

1. ANWINITBNNTVYBIRITIRN® alkaline insoluble B-glucan-
containing crude extract Wae purified soluble B-glucan MMAAWNNT ABLTARULUALAT-
whatiia RAW264.7 lunanszgduminialuaInaanlad

=3 n‘ a ~ s’ni [ v 3 &

2. ﬂm:ﬂﬂ'liaaﬂf]“mi“llE]G‘WE]RLL‘ITﬂﬂ’]VLi@]‘Ylaﬂ@]vl,@]’i]’mm@%’]GW’] (B-

glucan-containing polysaccharide extract: BPEG) dolTasuyalaIWiauiia RAW264.7

[P & a
LRSLTRANAINLUATUA L6



2.1 Tanailnind

nAa4ganIIAn
I duran

A > = ° \
LATDNTIRSLDEA 2 QLA
LAIDITINZLALA 4 GIUHRIH
LAIDINFNRNT (vortex)
1A38970 pH (pH meter)
Lﬂ%fﬂmyumﬁmmﬂau
ﬁﬂauqmﬂnzﬁ’m{mﬁmmaﬁ (incubator)
&ifﬂaa@n%a (laminar airflow)
@au (hot air oven)

v & , X o ¥
niaflaainTanuanlann (autoclave)
#aaa centrifuge
naaa eppendorf

6 o o X &
aqﬂmmmmumﬂwmamLsﬁaa (cells culture)
hot plate stirrer
microautopipett 211@ 0.2-10, 2-20, 10-100, 100-1,000 'lulasdas
microplate reader spectrophotometer
rotary evaporator
sonicator
spectrophotometer

thermometer
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2.2 19n15815LAN

absolute ethanol
a-MEM(a-minimum essential medium)
bovine serum albumin (BSA)
compound C

cycloheximide

dimethyl sulfoxide (DMSO)
Dulbecco’s Modified Eagle Medium
(DMEM)

fetal bovine serum (FBS)
Folin-Ciocalteau

glucose (GO) assay kit

Griess assay kit

guanidine hydrochloride

horse serum (HS)

L6 myoblast cells

metformin
3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT)
PD98059 (MEK1 inhibitor)
penicillin/streptomycin

phenol reagent

RAW264.7 murine macrophage
SB203580

sodium bicarbonate

sulfuric acid

tryphan blue

wortmannin

rapamycin
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Labscan

GibCo, Invitrogen
NEB

Merck

Sigma

Sigma

Gibco

Invitrogen

Sigma

Sigma

Sigma

Seromed, Biochrm
Sigma

ATCC

GibCo

GibCo

Cell signaling technology
Seromed, Biochrm KG
AMRESCO

ATTC® TIB-71"

Sigma

Sigma

J.T. Baker

Sigma

Sigma

Sigma

§138N@ alkaline-insoluble -glucan-containing crude extract LLae purified

soluble B-glucan mmﬁ@maﬂﬂ@i’%’umma‘@msw:ﬁmn AIRATINTE AT IANTTO

3ﬁ@1qaﬁmqa AMAATITAT AANYIAIRAT VRIINYIRUFIVATBATINT INYILY A

wialnal
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2.3 A5n1InAand

231  maessanaaudnailsaaninueiln (BPEG)
Inaani 1

TuaouMILATuNaaLlaIun1INITN8s Yap uaz NG (Yap and NG,
2001) iawiswnan 400 N3 andedainazana aniwinanaalwiduduidn 9 uas
ﬁ']"l,ﬂauﬁam%nﬁ 60°C (unanasnition 3 SHANNTTRIR28819URI nswiinunule
SRR LLmﬁmm"LaJmmﬂunm 3 Falug ‘nam%nuﬂiwmm 80-90°C sal@at19
HnasdehananaznantinuAna181an1waa 95% mmﬁnu #°C waa s lou
Watnaznauil ldanvudsuuuutiBanuds (freeze dry) taznauiildundude 8 i 1w9
‘namvmu 80-90°C saaummamamaLymauﬂﬁwmmummﬁnw 4°C NI
dwnisatoanaznouds iaulsananaznauirudusaiamuas 95% wazinliiu

@ﬂmﬂamﬁaﬁﬂﬂﬁﬂﬁuﬁaLm:amﬁavlﬁvl,aﬁwaaﬂﬁqmﬁnﬁ 70°C 1du3a1 1 %

& 4

ARADWN 2

fr1ialUsduninaeludied19d1e Sevag reagent (8AI1&HI 1
chloroform:butanol fia 1:4) lasldaanaIuszninemiat1eny Sevag 1:1 wanlwidnu
Tagnsign mnﬁfuﬁﬁvlﬂmgumﬁ'mﬁqmﬁgﬁ'v%”aa A8tz Naan I wIaIsIw AaLa"

1 U 1 1 1 Qs ] 91“9// = a i/ U o
wzanlasuunaslalunaaalnd lagseslilvourasldsfufatwinals ¥innns
o ¥ oo < 4 < . o ' 4 . . g

’NATI628 Sevag anATIRH NNUIINIYNIMSULEnE1sHIBLE e (dialysis) N4 molecular
weight cut off agfl 12 kD lasilfouiiazanannin awnzrslIanasvesanangla
RIGEVISIER q@ﬁwm‘in@T’sasmﬁvl,mwlﬂﬁﬂﬁuﬁoLLa:ﬁw"Lﬂauﬁqm%n“ﬁ 70°C AWNITNI

A208NIULRILAZL AL 8L M7 aannd -20°C AUNTENI LTI

232 myensiElingweaIalaginlsinaka FT-IR

@TaasmmamulugﬂmLLﬁamnmiﬁwLLﬁameL"ﬁLﬁamLio FINTI
a & & A ¢ A A A & a o a ¢ a
'aLm’]mmaaﬂﬂsznauwﬂummawa'mmmam YRIINLIRYRITRIWBAIBNT INLLUS

walng lanldin3as FT-IR spectrophotometer Tiamzwlutisndn 4000-400 cm’'
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2.3.3  nasauilsumldstin

nagaulUsAwa1NITN15V89 Lowry Lazame (Lowry et al.,, 1951) lassin
BPEG wilsanazanglvbaanuiduduiidn 1 I88nT0/Ja8807 NauNUR1IaZAe alkaline
copper (ﬂi‘;ﬂauﬁ’m 2% sodium carbonate in 0.1N NaOH i8¢ 0.5% copper sulphate in
1% potassium tartrate) U3u1a3 3 Aadfas vuliNgmnndvasdszuno 10 wafl aaniu
a . . a £ $ a v A
\duanIazany Folin-Ciocalteau 300 lulaiday uaznalifigungfivas 30 wrf alusdu
A o ' Aa € a ad a ° o A A
wagiumamwzgmmmﬂ@Lﬂumiﬂszﬂauaumu mvl,ﬂ’mmﬂ’]igﬂﬂaml,mw 500 WA

650 wilutwas seaInanINia lawdursisununWanesgIusas BSA

234 vnasaudsamaslulansa

Usinmanslulaasaninualudiagraaavlalasls phenol sulfuric
method (Dubois et al., 1956) lagLa3uNa28819NANNLTHTY 0.25 Sadnsu/iafaas
U501a5 500 lulasias @ua13azans 5% phenol U5u1as 500 lulasdas was sulfuric
acid 2 UaR8AT mn‘tfumulﬁmﬁn”uﬁmm%‘aawawmmamw‘lﬁﬁuﬁqmﬂnﬂﬁﬁao W aT0
linsaszmanasing §Asen anmfuﬁﬂ"l,ﬁi'@mms@@ﬂﬁuumﬁ'mnummﬁu 470 w1 lu

was uazihnldnduwisuiisuiunmvainasgiusenglas

2.3.5 ﬁnmm‘saanqn%{ma%amwmaam‘saﬁ'ﬂ BPEG ®alnaa
unalasniazia RAW264.7

1) MILATLNDIIN TR LILTAE (complete DMEM)

%;aaﬂmim Dulbecco’s Modified Eagle’s Medium (DMEM) (ﬂs:namﬁ”’m
glucose 4.5 NTW/AAT sodium pyruvate Waz phenol red) 31 12.89 NIY Waz NaHCO; 3.7
n5u adludnines 1@ milliQ water 800 fafaas Anlwazarawt1ny Usu pH lﬁa%iﬁ' pH 7
\@u heat-inactivated FBS 100 daaaas 1w lwidnnwad19T1 9 1@ 100xL-glutamine 10
Jadaay i@uasnzave1lfTrus penicillin/streptomycin 1 da8aas Lin miliQ water 1
ASULSN@T 1 897 1 lUnT098 % 0.2 pm membrane filter wLidlgvIAVUIA 250 TARAAT
WWHITIAA2 8 parafilm 5ﬂ°ﬁ3u%ﬁd Lﬁuﬁqmﬁqﬁ goc aldidu complete media ‘fﬁd
ﬂ‘s:nauﬁjUmmzmﬂmﬂﬁ;ﬁ?u: penicillin/streptomycin 1% L8z FBS 10% ﬁﬁ%ﬁ?’mgm

L8R (Tuaaunasnliu pH vhluddasaite)
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2) mstmnztasanasuaalasrnaziin RAW264.7

9A81%13 cDMEM U3ana7 9 dadfas ‘ﬁ'ﬁﬁmﬂulﬁq’uvﬁﬁaumwﬁﬂdm
Tuwaan conical tube V@ 15 Tadans nnswiTasuualaswiaziia RAW264.7 ﬁ'agj
quaa@LﬁuLsﬁaﬁéﬁaLﬁua%iluﬁ'd"LuI@sLﬁ]uLm’;mﬁﬂﬁazmUﬁ 37°C (AIuLAaUNRNA)
mﬂﬁ?ug@Lsﬁaﬁw%ﬁmmlzﬂumaaﬁﬁmmsm%suvl'j”ﬁwvlﬁﬁvumﬂ@1:ﬂaumaﬁﬁ 2,000 rpm
1waen 2 wn mmfu@@mmmmaaﬂ uazrmaazaneliignnuedetn g aaee1nis
Ina 1 fafaas aﬂﬂfu@@ﬂgmmsldaﬂumuLWﬁw%?a (petri dish) 2u1@ 10 cm AifawAs
ot 9 JaddAaT ldU5nasvisnua 10 §83505) wirawwziBalantosiialdioad
AT LLﬁuﬁaﬁwvlﬂﬂulugTﬂmmaﬁﬁqmwgﬁ 37°C uazdiUSunm CO, 5% LduLaan 2
S wioannriamadidulalduszano 80-90% vasmrwmmzidaudserinmsueniiaia

UWIULTAS (sub culture)

a o e

3) NITLANDIWIVLLAA
Wanuaneanundasdiondasganssa Lﬁ'agmim%zylﬁuimaa

6 A & A a 2{ =< o 1
wras ialrastalidulalizunos 80-90% VasawNIzLTe hnIgaeImisiineanIw
Wua LGy 1xPBS 10 48863 Lﬁaﬁﬂmsﬁwmﬂauwmﬁﬁ%q@aaﬂ mﬂﬁfui’iqg@ 1xPBS
9 uazLinerIad bl 2 Fadaas V‘hms‘*y]@lfmﬁ?@hﬂ scraper I@ﬂyj@mnmaummmu%a
v 2 & Afll Aa a A Aaa é/ v 6
WM AINANIIUATLTOLNINWNZLTD LENa e BN 8 Taddns Didaduasliioas
nEAETi 9 annuiigann 2 daddaslaadluaruinizigalnanldannislings 8
a Aaa ] dq( di v 6 ) v XK o [ Y s’ni a
fafaay wearnwwzdaieldisasnizaiena g LmemVLﬂuulugmumaa'ﬂqm%nﬂu
37°C uazdid3anm CO, 5%

% o 6
4) MSHUIWIRLTAR
! o A o [V ° =& { o o
AWM I AUTIWIBLTAR ML NS 1B IBARILN A1 IR WY
wraandnue lasdiaimasundszaims 10 lulasdas laasls microcentifuge tube NENNT
. A e ¥
\AuATBY (0.4% tryphan blue) a4l 30 lulasias (@asarnioas:a As 1:3) TiUadual
Iigaduazfdonnsznoandnu antugann 10 Tulasdas 1aaslu hemacytometer
A o o o [ A aa % 6 = €d'd [ A 1
warhmstuiwmaad SiTmaiimadaziulawizimadndansuznavuazlanaglu
1 ] 1 A A 6 1 Aa A [ 1
Toalwg (quadrant) HANBLAY 1, 2, 3 uaz 4 udlunItiNioaseguTIMYaURIOLFULLIY
ST UL ST FILTART a%iuaﬂmﬁau%nmm”aﬂtcinvl,&iﬁaaﬁfu RRIDINT U

mmmmmmmam’mmmmumaﬁ Gﬁll@]
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MIFWI AT WIULTRANIANUA

° & ° 4
mmuvﬁaﬁm%m = mmumaﬂu 4 quadrants x 10 cells/ml

ANN 2.1 FUAUINMIRULTRAUY hemacytometer

a 1 3 . .
5) AsnadauANIduNBAatBadva9 alkaline insoluble B-

=3
glucan-containing crude extract MNBARIT

seed cell M15031917891u 96-well plate 19l 1w L as 23,000
cellsiwell uar3si luluialuduiy ﬁ'qmﬁgﬁ 37°C Ysunm CO, 5% va'ly 24 saluaiiialw
Lﬁljaﬁm’]zmmwnl,%’a Lfl'aﬂ‘s‘l_l 24 ﬁ;a‘[m L@384 alkaline insoluble -glucan-containing
crude extract MinNLTNTU 10, 25, 50, 100, 250, 500 waz 1,000 lulasnsu/dadans
ﬁ]'mfl?ufln alkaline insoluble B-glucan-containing crude extract waazANULTNTWlER
96-well plate USanasnquaz 100 lulasia lasgaamiameantan udviinauldualy
24 F1lug lonsu 24 Talus Senasauanudniwluisasarsss MTT assay virlagiin
Léﬁaﬁﬁmaaumgﬂmmimmaﬂlﬁ%ummnﬁm MTT AR0Lgugs 1:20 (MTT:01%13
cDMEM) wauaz 100 lulasfas du'liiduiian 2 F2lug 7 37°C 1lonsy 2 Falug F9iin
sonuuazdilaginvadinaring azdudunan formazan ﬁ&i’ma%iﬁﬁumu Tnanitas
witldlnanngadaannudide uazidu DMSO \{WaazanuNAN formazan 1ntiuE 9Nl
f@]@hmi@@ﬂﬁuumﬁw microplate reader ﬁﬂ’J’]&Jm’msu 570 w1 luiuas laad blank
i1 DMSO udunduwimwinissaadiavasioad lauliga control nia ﬁ@ﬁ"l,mﬁw
alkaline insoluble B-glucan-containing crude extract L¥NAUNNTIBATI0 100% lasfiain
‘Imﬂ@‘i’miﬁ 80% f18731 alkaline insoluble B-glucan-containing crude extract LN 6l 8
LIRS

MIfwIDTasNs0nT3a
% cell viability = OD test cell / OD control x 100
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6) msﬂmaanaﬂ%wamsﬂszéjumsa%ﬁavlum‘%ﬂaanlsﬁeﬂmsﬁa5

unalasWiaz%ha RAW264.7 laa alkaline insoluble B-glucan-containing crude
(3

extract INLHANIIH

A & Aa a & =2 o

Worrasiasuidulatszano 80% Va9 1uiwIziTa 39717 seed avln

' 5 [ < o ' @ X ¥

24-well plate 1luudaz well fiwad 3.5%x10° cellsiwell nasniuin lusluguniioasa
ngunnd 37°C muldamadundinnm co, 5% duiian 24 $alus idatiuaTy 24
o = a A v & & A [y
lug JaeIsuiuar-nguaniidasnminasauluoimisidsausad lasidannsldldanu
U v 1 dl v dq’ 6 v o Q 1 Y d‘y dq,
intue 9 Ndasmsluaimindsaaad udrinavldusluduuasagaidunn 24
o R = A X 1y a & o
Tlus asuaduivienamfiidsaaad ldnasaunisaiisluaineeanladdaoga

Na®ay Griess assay kit (Invitrogen)

[73 (% ] Aa
7) MSAUAIENATNAFAUNIIES lwaSnaanlae

@
=1

\anty 24 aluedesin 24-well plate aaﬂmmﬁﬂuLaﬂal,%auazl,ﬁumu
supernatant Judaz well 84114 microcentrifuge tube ¥11@ 1.5 Faddns MIWIYINIUNT
sialuaineanlad vlasmigaain supematant Mfuun 120 lulasaas aslw 96-well
plate L&IYNMTLAN miliQ water 1,040 lulasAaT waz Griess reagent 40 lulasdas (lag
L@ 38N Griess reagent 910 0.05% N-(1-naphthyl) ethylenediamine dihydrochloride
Usunas 200 lulasdas uaz 0.5% sulfanilic acid Usu1a3s 200 lulasaas) asnlid
qm%gﬁﬁauﬁalﬁﬁwﬂﬁﬁ%m 30 W mﬂﬁ?uﬁ']"lﬂfi'@mms@@ﬂﬁuumﬁasl microplate

reader NAMNYIIAAY 548 W IULNAT 1o blank 1111 milliQ water L&IHIVIATWI AR

Ysunmmssssluasnean loanunswanasgiuues ulasy

2.3.6 ﬁnmmsaanqwéww%amwwaoaﬁsaﬁ’ﬂ@iamaﬁné"]mﬁa
206 L6

1) Msa3ENMNSIAITAE (10% cAMEM)

LNB1%1INI Alpha Minimum Essential Medium (AMEM) (ﬂi:ﬂauﬁ’m
phenol red Uaz L-glutamine) 1 a4 uaz NaHCO; 2.2 n5¥ adluiinines 1du miliQ water
800 addas awlraranuldnnu 1@y heat-inactivated FBS 100 4affas tudnldid1ni
28197 9 LANEINza8u1UTIue penicillin/streptomycin 1 88803 LAx miliQ water
IwasuUSunas 1 8as i1 lUnse96i1t 0.2 um membrane filter WLIl&AABA tube YA 50

A A

faffay inuNgmnnil 4°C azldidu complete media T413znaudlIBaIIazaA L8



29

Uf%Hus penicillin/streptomycin 1% Waz FBS 10% SATULRILTAS (T aunaIa 1Nl su

Usmashlugiaeaiio)

2) NMILATIND TR HILTAE (2% cAMEM)

TUAOUMILASIUTRLTULE 8T 10% cAMEM luda 1) watdasuannms
L@ heat-inactivated FBS 100 da8aa3 ¥1tdu HS 20 daddas 3¢leidu complete media
ﬂﬁaﬂizﬂam”f’gym‘m:mﬂmﬂﬁ%‘am penicillin/streptomycin 1% W&z HS 2% IR

6
LTan

3) MTINLLRLILBAA NI N LA L6
Mawdpnumunziaoisasuualasniaziio RAW264.7 laogaisad

NINUA LERI BN ULNZLTBIUIA 10 cm ﬁﬁmmiag 7 988805 (ldUSunasnInue 8

aa . A = o A [y & o v R o , @ & a
aaa@li) L°llEﬂ"ﬂ']ulaqul,"ﬁal,ﬂﬂuaﬂLwalﬂLsﬁaaﬂiiﬂqﬂmﬁ LLQQQGRWVLUUNIR%]UNLGITQQVI

)}

P o))

annil 37°C uaziitIanmk CO, 5% 1luaan 2

a o 6
4) MIANIWIBLTAR
\Waasuatiieanundesdiundadgansial iNagniaiatyidulaves
¢ & a_ a - I .
\ad ilaiasiadyidulalszanm 70-80% vasnwninda rnsgae nisiinaanau
WUA LAN 1xPBS 10 JaAAAT Lﬁaﬁﬂmsé”mmﬂamsﬁaﬁﬁm@aaﬂ mﬂﬁfufiag@ 1xPBS
fauazida trypsin adld 1 daddas naldviainlddsluduuaadfgmunnd 37°C uadl
USum CO, 5% 1iluam 5 wifl tanaananiudiin 9 iheldizadngaanawnizide
a a A Aana A o . ,&’ v 6
WWnewIasludn 1 HaRfar (Nangan1Ii9uaa9 trypsin wazdidaduasliioad
n3zaen 9 nuudagann 1 Jaddas laasluaumnngelnailaomisliug 7
A Aaa 1 2{ A v [ o ¥ XK o 1 CZ] & A a
fadfas wihnumnzganalfiaadnizaieda 9 udrdash ldduluduuaadngunnd
37°C wazdd3unm CO, 5%

5) mnagavanuiniivdeisasnaaitaniia L6

loimamasaifivlanszun o 70-80% 1899 1Nz Ta $91n13 seed &9
1u 48-well plate laslawguaz 200 lulasdas s aldiaasnIzaneia
LLﬁﬁaﬁﬂﬂﬂu‘luﬁﬂuLsﬁaﬁﬁqmﬂgﬁ 37°C uazfUSum CO, 5% LAHIIUNTLHILTRE

WGule 70-80% Va9 WINIZLTD LA2FIVINITIUREWE IR TLT W 2% AMEM tNaTniin 1w

iadliamIasugdienniendiniunimasay (differentiate cells) lanvinnsilfou
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019151805 2% AMEM Suliuindszanm 3 ase s9aunvaadarasisle lasiasow
dadua-nauaudaziialua1nis 2% AMEM feaTuTn 31.25, 62.5, 125, 250,
500, 1,000 waz 2,000 lulasnsw/dadans ﬁ]’mﬁ?uﬁ’]é'aaahamm-ngmmwﬁazmw
intuldadlu 48-well plate langamisiiieandaw udviinaulddaly 24 s2lu4 1ie
a7 24 Talud Senasouanuduiwluioaseis5s MTT uaIu1F %I MINITT0A T3 A
YDILTAR I@mivﬂ”@@ control #38 @@ﬁ"l,mﬁuﬁaafj’mLum-ﬂguﬂu LYINNUNII0ATAN

100% lagdainwindinin 80% é’haamLum-ﬂgl,mw,ﬁuﬁmiama&

a a o g‘ 1 6
6) m‘s‘nﬂaauaWﬁwamsns:éiumswm']maLﬁ'ﬂgmaa
nansitaznive L6 laaalatnaiua-nguan
%ﬁ'\iﬁnﬂ‘*ﬁ'ﬂﬁﬂﬁwna5Lﬁ@mﬂﬂ§sugﬂ5’wﬁw§auE%m%'umsmaau Tas¥in
MItUasnamsidu 2% AMEM Tuiiuindseanns 3 39 lasiRudirasli 48-well plate
F9n9e2a8191e I@m@’%‘umﬁasmLum-ﬂgmewia:mﬁ@‘lumms 2% AMEM f1a71%
v @ g I v o o ' o X & o
Waduad 9 luamsRaasas LmeﬂauVLﬂw’LugmwLammmﬁunm 48 Tl319 aTU
nm"iuﬁumem‘sﬁLﬁmLGnaﬂﬁmaamzﬁuﬁﬂma‘[mlﬁg@maau glucose (GO)

assay kit (Sigma)

7) nsAuGIagIuaTNAFaUIEALRNME

Hansy 48 Talusierin 48-well plate aaﬂmﬂﬁﬂuLgml,%auazl,ﬁumu
supernatant luudaz well USu1as 50 lulasaas aslu 96-well plate MInasayszay
ﬁwmaﬁmﬁaa%ﬂumms vlauaa supernatant Afoun 10 Tulasaas aelu 96-wel
plate sulwaiuazyinmaiiansdatinnan 40 lulasdas f]Lﬂmifuaﬂm%ﬂ”mmifu@@ld
96-well plate aulniyUSu1as 25 lulasans wazld glucose kit 50 lulasdas (laoiaSou
glucose kit reagent ﬁnﬂmm:mmmﬂﬁga glucose oxidase/peroxidase @28 sterile water
39 UARAAT INBNUA LAzAzAaNY o-Dianisidine reagent fwtinan 1 Sadsas mmfu@@
8178218 o-Dianisidine reagent l&N&uAL glucose oxidase/peroxidase widlavulaLlan
Lﬁuﬁ'qmﬁgﬁ -20°C) ﬁﬂ"lﬂﬂuﬁqmﬂn“ﬁ 37°C uiia 30 w7l asulawgalfiselas
MataunIaTalInudn 12 N (12N H,S0,) mﬂﬁ?um"lﬂf@mm‘sg@ﬂﬁmmoﬁaﬁ
microplate reader ‘ﬁlmmmjﬂﬁu 540 W lwuas lasdl blank 1Ju sterile water L&23147

dwmwmnyTinashaanunnuanaszueenglos
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UNN 3

AaNIINaaag

U a a 6 a
31 wamsnszgwnsnanluasnaanloalwzaaunalasnianie

RAW264.7 lag alkaline insoluble B-glucan-containing crude extract

MsenEfiiisutewniiuaasliiinaaugIu1snu0s akaline
insoluble B-glucan @iaizuugﬁﬁuﬁu @208719LT% NIANEIVEY Volman LazAme WUTN
fNIRNAINLAG Agaricus bisporus HUTUMBBILAN-NAUAKEE NN uaziianuaaInly
miﬂiwjmsm5LL&JﬂIﬂW\|’1%°ﬁﬁ@ bone marrow-dirived macrophages (BMM) 1t &a lu-

asnaantaale annatdarinnIdteszrasadsznaunisiadniduualuwudnaislsaaas

10309 HPLC wWui fiUSunmnglaagaiis 93.3% lasiFaudanuuuy p-(1—>4) (Volman
et al.,, 2010) %aNNUMIANBIVAI Byeon LATAMTWLIT LUA1-NUAUTILEN LAINIAG
Tricholoma mastsutake §13NIDMABLIEININEA IaSNaan toaIn U8 TNF-a Tuitarag

wualaswa uazdaiia cD43 lurad lulwladandas (Byeon et al, 2009) wananit

Ljungman kazame W31 alkaline insoluble B-glucan nilassadsviia B-(1—>3)-D-
glucan a1 u1satrieniimsansluesneanlad lasiwas uualaswiasia RAW264.7
(Ljungman et al., 1998) LTHN® ITNNANFIHAINE1ITILaAIFUNFFIWI alkaline
insoluble B-glucan MNNLAAWIINIUNILEN W TALATEININTFIN G b aTNaaN L@ LblTas
uualasnnashia RAW264.7 lalguni asnudasududronmsnaseuanautdunuuas
alkaline insoluble B-glucan-containing crude extract lap3s MTT assay NaN1INagay
AMULTNT VDY alkaline insoluble B-glucan-containing crude extract gaLe 10, 25, 50,
100, 250, 500 uaz 1,000 lulasnsw/fladaas wuindasifudnssendinveioas i
LL@]ﬂ@i’NﬂUULGIImTq&] ﬂ’mﬂuﬁvlaiﬁﬂ’lﬂaw alkaline insoluble B-glucan-containing crude
a & & & Aa ‘o ' A v & ' . .
extract Aaiduitlasidudnreadialidinin 80% GeuaaslwiAinin akaline insoluble B-
glucan-containing crude extract bl uNudalTaaLNAlATNIITHA RAW264.7 99A1WT
oA (% A A ! = it ' A
3.1 WwdEINUMIMAaaINHIUL Tasui wen-nguananrauwan lifianadu
AudatoaauNalasniasfia RAW264.7 (Carbonero ef al., 2012; Satitmanwiwat et al.,
2012)
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Lﬁadﬁ]’mwamiﬂﬂ f§aUWL7N alkaline insoluble B-glucan-containing crude
extract liiIuAnsairasuualasniania RAW264.7 a9t alkaline insoluble B-glucan
Jsenafiddninmluminsduldisasimmmialuaineanlod SUIINMINATILLTAS
uwalaswnaziin RAW264.7 dapanudutuiinduaas alkaline insoluble B-glucan-
containing crude extract (@%&Lwi 62.5-2,000 tulasnIu/Aadans) Wuin alkaline insoluble
B-glucan-containing crude extract ﬁnﬂmmL“}T&J?Tuvlﬁmmmm:éjulﬁlfﬁaﬁwﬁﬂum%ﬂ-
aaﬂvlsmﬂl,@ﬁﬁaLﬁﬂﬂﬂ“’uq@lmuquﬁ"[aﬂd@?’amz@ju (untreated: UT) WA& W3U Escherichia
coli wu:hmmmﬂiwjﬂﬁmaéi‘wﬁmvlum?ﬂaaﬂim@ﬂﬁaﬂﬂaﬁﬁfﬂﬁ’m@Lf‘jaLﬁﬂuﬁum
auqu Aaudu 14 lulasluand FINWA 3.2 TINANINARBLVEI alkaline insoluble f-
glucan-containing crude extract @anINA®lWASNaanboa laslTasuualasniasia
RAW264.7 fanuiduldléd1 alkaline insoluble B-glucan-containing crude extract ‘ﬁl‘ﬁ'
maauﬂ'ﬂmﬁiﬂiﬁu%mmﬁaag %amﬁmnnwmﬁﬁ'un”maaLum-ﬂgl,muﬁm”ﬁu Foin
;ﬁiﬁ'ﬂﬁdﬁﬂ alkaline insoluble B-glucan-containing crude extract 1819628 0.1 M NaOH
lasnsdudisntasaanuanidudiuiu 2 sau Lﬁiaﬁﬂfﬁ'ﬂﬂsauﬁmﬁaagjil,l,a:ﬁﬂm
NAFOUTLLTASENASI WU nﬂmﬁmﬁuﬁu@%u@i 0.1, 0.5, 1, 5 uaz 10 AadnIu/AafaaT
284 alkaline insoluble B-glucan-containing crude extract ﬂ‘dmvl,&immsnﬂsz@fulﬁmaﬁ
NAG LWA3NaaN bua ba LﬁaLﬁﬂuﬁ'u*’q@mquﬁ"l;ild@”’mszéju uad v lolusuuazdad
munsanszduliiosdnanluadnoanlodldoiuiisidydaisuiuganivey Aadu
34 uaz 10 lulaslum§ eusauasusaslunini 3.3

Lﬁ 8331 n LPS way alkaline insoluble B-glucan 874130 N3¢ (9’?%
inflammatory response LWLTARLNALATNID LW N1TETILUaSneanlod wazann
NNIANENVDY Green LATATME WUI1 LPS ﬂi:@ju respiratory burst LLazﬂizéun tyrosine
kinase enzyme ldiAanszuiunng tyrosine phosphorylation lutsasunalasniasfia
BMM (Green et al., 1992) @”ﬁfmﬁf’?ﬁ'ﬁiwﬁawagmh LPS 11928 &IL830N1 N6 %
insoluble B-glucan Mniiaurs IR mInasluaIneanlodld sundziudanaiais
ﬁn"l,ﬂtjwami‘n@aaa‘ﬁﬂsxéjuLmaéﬁmﬂimmwﬁ@ RAW264.7 618 LPS Wiaaunu
alkaline insoluble B-glucan-containing crude extract INNNINARAIWLI AN ANNLTNT U B
alkaline insoluble B-glucan-containing crude extract ﬁLﬁmﬁthjaﬁmmLﬁuszﬁu n13
witgrinisasluasneanlodars LPS Id 6901wl 3.4 udn1snasau alkaline
insoluble B-glucan-containing crude extract Wiauny tarlus 1 unauwuIn YSu1tae9ans
srafRudunsUaaszaumM s nmsahsluasneanlodiifnanmanisaiiaes

laluaw MInaasvadlwasnaantaassbiidwniinlanazdassanisasragavdatyd a1n
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NaMINaadadnanlanasinly'lédn alkkaline insoluble B-glucan-containing crude extract
Afnsalusénuda $18198 polysaccharide n3atinaasaan 9 ﬁﬁ@ﬂguvl,ﬂﬁl,um-ﬂguﬂu
SuRUTTLURALTas L GsnInasessingidasdimmsainaiadaau 9 niemsr
u?q‘n?(purify) LRLG

120
100
80 -
60
40 -

% Cell viability

20 L] L] L] L] L] 1

0 200 400 600 800 1000 1200

alkaline insoluble B-glucan-containing crude extract (ug/ml)

AN 3.1 nagaunNLduiNEUas alkaline insoluble -glucan-containing crude extract

AaLTaaLNAlaINIA TR RAW264.7 WU ldianuiduiueatnas thasanidasidud
Aa A 0 ci L% 2 [ 1 6 a N

mMvaadiailfgindt 80% Nnnanududu nasnUuradnualaiiaduiia 24

7109 LRENARAUAIL MTT assay

200 -
150 + =

100 +

5.0 +

Nitric oxide concentration (uM)

0.0 of—nim M e wm S8 s EN

UT E.coli 625 125 250 500 1000 2000 ug/ml
alkaline insoluble g-glucan-containing

crude extract
n’lwﬁl 3.2 Nav8Y alkaline insoluble B-glucan-containing crude extract madLﬁ@u’Nﬂﬁda
LraaulAlasWaria RAW264.7 Wuin ﬁnﬂmmLﬂT&l"iTuVL&immsnm:@julfﬁaaﬂummﬁm
luasneanlod Wailsouiiuuny E. coli wasannuuiduiaan 24 521w ldieasas 150,000
cells/well AINNUANAIIRWNIIRD GALATIeRLaslD Two-tailed Student's T-test (* Ao

P<0.05, ** fia P<0.001) lasiInuifluunugaaiugy untreated (UT)
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70 -

60 o

40
30 o
20 o

Nitric oxide concentration (uM)

0 -—ﬁ T T ¥ - i . ey
uT 0.1 10 0.1 0.5 1 5 10 mg/ml

zymosan Yyeast alkaline insoluble g-glucan-containing

crude extract
mwﬁ 3.3 Wava4 alkaline insoluble B-glucan-containing crude extract mauﬁ@mavﬁﬁ‘ﬁ'
HIUWMIA968 1 M NaOH datmaduualasnnaziia RAW264.7 wudn ldaansanszedu
wasinaaluasnoenlodla Worsouisunnloluan uazdad wasanuuiduia
24 $1lyg 1Tima8 350,000 cellsiwell ANLANAIRBNIFAAIATIEHIA8LE Two-tailed

Student's T-test (* Aa P<0.05) lasi3ouifisuriuganiugy UT
100, & ) *
80 - r’

60 = ’_‘
40 -+

20 -

Nitric oxide concentration (uM)

alkaline insoluble [i-glucoan:

containing crude extract (mg/ml) - 01 05 1 5 10 = 01 05 1 5 10
Zymosan 0.05 mg/ml - + + + + + + - - - - - -
LPS 5 ng/pl = = - - - - - + + + + + +

ﬂ’lwﬁl 3.4 Naway alkaline insoluble B-glucan-containing crude extract ?JadLﬁ@u’lwq\j’l‘ﬁi
K%M 38968 1 M NaOH datasawny LPS uazlolumunuin lifinadanmnszdu
mindaluainaanloduas LPS uddumwilivaaszdumanszduuaslalusuluioadune-
Tasnhandia RAW 264.7 nasanntuiduiian 24 521w 1iaad 350,000 cells/well A1

WANANIAUNIIRDAAATzAlasld Two-tailed Students T-test (* fia P<0.05, ** @a
P<0.001)
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U a a 6 a
32 wansnszawnkaalwasnaanlos waaauaalasniazie

RAW264.7 lag purified soluble B-glucan

L HAIAIENIINARAUNIINES LaSNaan bae la BN1INIZd U0 alkaline
insoluble B-glucan-containing crude extract vlaimmﬁ?nﬂi:ﬁ%lﬁL%ﬂﬁLLNﬂIﬂiW’lﬁl%ﬁﬂ
RAW264.7 waaluasnaanlad e ﬁaﬁwmgjmmmaauh algaa1 purified soluble B-
glucan N&NA bAITNLAAWIINLTUA Im”l,@ﬁ'ummakumw:ﬁmn . 3. INNIT
aaAa A Qs 1 Y 1 1 = 2/ %

ANAFITIUNA FITUA081INHIBANTE LT WA 7 % LLazﬁmwuﬂTmaqa 1.0-8.7 kD
LLa:ﬁ]’mﬂ’lii’lU\‘l’]umiﬁﬂu’]ﬁﬁi’mmmaa Carbonero WazAthe WU soluble B-glucan

& & = n"l U a a 6 6 a U
nnrawshiigninszduninialuainaanlodusslolalaturssiiale (Carbonero
etal., 2012)

&%31 purified soluble B-glucan MaNltnasaudaiuniduaznandsla
azawﬁna;}ﬁw @TaﬁfuﬁmﬂLum-ﬂngm‘i’dﬂmfs"lﬂﬂmwﬂmﬂamﬁaﬁwLawwzﬁ’suﬁ
azan (supernatant) lasviniduwanuLdud 0.1, 0.5 uaz 1 TadnsN/AadaaT VINagay

] dl £ U 1A £3 v 6 A a 6 1 o Rt
WU ‘nnﬂmmmeuvlwmim:@;ul%Lmaawamvl,umnaaﬂvl,sm LARINIU LPS AW
a1 lulasnsw/dafae s uazlolumuanuiiutw 0.1 IaanTN/Jafaay dnInazdu

'
o o A

m‘swﬁvaum%ﬂaaﬂvlsmTaamﬁﬁfﬂmmyL;Jmﬁwﬁ'uq@muquﬁvl,aﬂa'@”'mizéju Aaldu 76
wae 82 lulasluany ewdau e9nnd 3.5

uaﬂaﬁﬂigﬁﬁ‘fﬁiﬁﬂ@aau purified soluble B-glucan 74N lUrIwMINTE
wansnoduwiiduaznanaan lasvinduanuidutu 62.5, 125, 250, 500, 1,000 uaz
2,000 lulanfu/iadans wudinnanandudu snciuanuidudu 125 lulasni/
Jafans ﬁmsm:éju’[ﬁmaﬁwﬁﬂu@%ﬂaanvlsﬁ@‘lus:@”uﬁ@iﬂLﬁaLﬁﬂuﬁu LPS final
wutw 1 lalasnsw/dasans wielaluoud 0.1 Ssansu/dadans aon1nd 3.6 uas
ﬁaLm”dﬂNamsm:@uazag’lmzﬁuﬁg\iﬂdm@muquﬁ"l,aﬂsiﬁamz@ju Lwimimz@:]“umﬁlvl,aj
Vlﬁmafmwamaamﬁmaamm-ﬂguﬂun"’m‘"ﬁ'ﬂ@ﬂ@m LAEHENAN NI B BT HAR AN
fin1314 soluble B-glucan Mlda1n3" (Candida spp.) Uu3INAY LPS WU41 81130LRa
mithnuses LPS lumsnszdunandaluainaanleod (Tokunaka et al, 2000) SRR
N1 INasay purified soluble B-glucan ﬁbi’mmiﬂiadﬂ’s’lmﬂ’wﬁu 1, 5, 10, 20 way 50
laulasnsw/dafaas lapuusiuny LPS anuduau 1 lulasnsu/dadaas wusn purified
soluble B-glucan ‘qﬂmmL“iTmTuVL&immmm:@juuﬁaﬁ‘lﬁﬁm:ﬁumswﬁmvl,um%ﬂaaﬂvl,ﬁljﬁ

v d o @ Aa A a . a o a
vL@]LNaLV]ﬂUﬂU?Z@]ﬂ’JUQNﬂNLWﬂG LPS N8N8 NLa 8 LRAIAININN 3.7
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__ 100 -
= *
= *
c 80 L
9
|
-E 60 -
[}]
2
o 40 4
o
2 *
% 20 =
: , | N
0
§ 0 | | | | | | 1 | |
uT 0.001 0.1 0.1 0.5 1 mg/ml
LPS zym purified soluble B-glucan

AN 3.5 nazasswiin supernatant a4 purified soluble B-glucan Aldannsn
uwnaznausandaisasuualaIniazia RAW264.7 wuinlddmanszguldizaduialu-
asnoenlodidoiouny LPs wasloluoiw wasanvuduinan 24 salus 1Fiwas
350,000 cells/well ANNLANAIARNIIRDATLATIER LAl Two-tailed Student's T-test

(* fia P<0.05) lan/Suuifinunugaaiugu UT

__ 100 - Lo

=

=

c 80 -

°

£ 60 -

<

[}

O

& 40 -

o

3

% 20 < .

o - & * *

(%)

£ o M N OB . sk L s N
ur 1 100 625 125 250 500 1000 2000 ug/ml

LPS zymosan purified soluble B-glucan

WA 3.6 WaVad purified soluble B-glucan AMLEAUINATIHIUNTITNIBIABLTAS LN A-
lasvhaziia RAW264.7 wudinnanadudulddnminszduldiosdnialuainaanlad
Warieuny LPS uaslolumiu wasanvaduiian 24 12lus 1diaas 350,000 cellsiwell
ANNLANAINUNIRDAILaTeRlasld Two-tailed Student's T-test (* @8 P<0.05, ** fia

P<0.001) lagiSauifinunuganiugu UT
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100.0 -

80.0

60.0
40.0
20.0
0.0 T T T T T T T T T T T
= = 1 1 5 5 10 10 20 20 50 50

purified soluble B-glucan (ug/ml)

Nitric oxide concentration (uM)

LPS (1pg/ml) - + = + " + -+ < + -+

= e = ¥ oA, ' &
AWA 3.7 Wawad purified soluble B-glucan MMAAUIININHIUANITATOIGADLTARLNA-
TasW1979ia RAW264.7 tiatiusiuny LPS wuqn "l&iﬁmimz@julﬁvnaﬁwﬁmvl,u@l%ﬂaEm-
laduazidatiusiuny LPS Vl,&iﬁwa@iamim:ﬁumaa LPS luminde luaSnaanlodiguwnis

wasnnuanng 24 talus Maad 350,000 cells/well

a & -3
3.3 Wan1stesganadugnailsaantianiesin (BPEG) wazua

nMteneinlsnswasaladnisnaia FT-IR

o iaursnunanadeiidew uazinsallsduoands Sevag
reagent mgmlauq@rﬁ’]ﬂiﬁ@zﬂauﬁé‘ﬂwmzﬁﬁ’]madau $1%I% 0.37 N3 TINILASLUWa-
sugnenlsdeoisnisit ﬁﬂﬁmuﬁﬂmum-ﬂgl,mugﬂaﬁ'@aanma%ﬂumsa:mg WAz
Wavhmstealdséiuds Sevag reagent vliusmnmluseinlunadudnalsdanauas
Usnaeslulaiasaiaduiin 93.5% 630157199 3.1 Gougasldifuinwedudnanlsad

a QF t&’
ﬂ’J’]N‘]JTsf{‘Y]ﬁ&J’]ﬂ?J%

13197 3.1 USunawldsduuazanslulaiasanlaanniuwaannisana

29nlsenay WRININANILHITOU (%) | KAIINNENAGIE Sevag (%)

Tuv6n 7 2

aslulaiasa 56 93.5
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6 '

a ¥ e o 1 v a a [
Naﬂ’li’)Lﬂi’]t%ﬁyﬁ/\l\‘]ﬂ‘ﬂuﬂladﬁ’)ﬂEl"l\‘i(ﬂ’)ULﬂﬂ%ﬂ FT-IR I@] HNIIILAINCW

' e A ¢ A . A= A Y )
%HWGWH%&IQ@]UR&G@LWE}U&%DGLU@W-ﬂQLLﬂ%Y]QQI%ﬁ’]S&ﬂ@ NANIIAIIIRDUNUITNRIT

Q 1 > o ] 1 4 o 1 '1
mama@@ﬂﬁmaﬁlu%mﬂmLmua V% NAWRAKS 1078 cm wRAID9nN1A B-(1—>3)-

glucans (Satitmanwiwat et al, 2012) Uasfie UMy 1153 cm ' WU nEILnsVa

iananinlng (Gutiérrez et al., 1996) BnNISINL B-(1—>4)-glucans NH1URIS 1025
-1 v & !
cm (Satitmanwiwat et al., 2012; Galichet et al., 2001) w&alAAUDIN15T09AUsTNOUN
' o ¥ o ' ! -1
LﬂuLmagIaaaglumsaﬂ@ BANINNHUINLINWINGLAUIN 1150-1160 cm  +0% C-O-C
stretching V84N INALATAN BNNINUMIFUELLAOULLY stretching PBINYBAAN (C-H)
& 2/ , A i o o
mma’mimaﬂqamaammangﬂﬂa LLa:%yﬂamanm (O-H) NuaAININITILNUBIRNEY
a ~ § o 1 _1 o Qs
WORLTNAN LIANFILAUS 2920 WAz 3394 cm @NNEAU (Synytsya et al., 2009) L&z
FIHINUNTANBINNIBIIND I msgmnﬁu%’aﬁmaaLum-ﬂgl,muﬁﬂwuﬁ@‘hLmu',au,a:
a v Qs o 1 '1
mmmlﬂmﬁmnumwm 1376, 1317, 1162, 1100, 1080, 1040 .8 990 cm LR
FLRUITDINDRLTNA I TAWUNA WA 1458-1464, 1363-1371, 1258-1267, 1118-1131,
_1 X = 1 H > v [} q; 1
1074-1084 W&z 1040-1048 cm uaﬂmﬂﬁmamaﬁaﬂ@%wmnﬁmiauauﬁawawg
~ o { a . { o ' 14 '
WarnTunuaadndlUsausia amind | NGILALI 1590 LaT 1643 cm  TIGILAUIVD
A A = o o o o f b4 o o A ° ' -1 o ~
TUsAuANLI NI awNUGEILREIT a9 I NANULSI LAY 1640 cm - @IATWT 3.8
6 1 dl & U a & 5._-.1 > @ s =1 6 a d.i
NaIRUTENOUATS § NWLILAR A1 wadudnen lsanana bavnsdasnlsznausiadn

ﬂuagj@i”'m (Synytsya et al., 2009; Satitmanwiwat et al., 2012)
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Transmittance [%)]

1078.97 —
1025.54 —

3394.86
1590.85

T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

NN 3.8 HaMTIATEHA8naflia FT-IR 289028819 BPEG WU B-(1—>3)-glucans 71

G 1078 cm’

L% a a 6 a
34 Nam‘m‘sz@;%mwamlumsnaanvlmﬂumaa Ll.&lﬂ‘[ﬂi‘hl']ﬁ)?i%ﬂ

RAW264.7 lagl BPEG

Lﬁaq@i"sﬂwamsmaaumiwﬁmvlu@%ﬂaaﬂvlsmﬁﬂslmsm:éjumaa purified
soluble B-glucan limanInnszgulfiaduualamaziia RAW264.7 liudaluaInaan-
ladld f3anisvihmnasevlasls BPEG 1umsﬂiz<§jumsmﬁmﬁﬁmsm‘ﬁﬂu@%ﬂaaﬂ-
o6 M InaasIwu ﬁmﬂmﬁwﬁugaifummﬂ”@@T\mdnﬁmmmmmlumsm:@ju
missluasneanlodluszduduniusidasitoidnfon (nmwd 3.9)

Tasvialluda soluble B-glucan Tisansanfisasinldifa inflammatory
responses WLTARLNALATAN LG AaBENILT Lum-ﬂguﬂuﬁﬁ@Lauﬁuuuﬁaﬁ'@ﬂ@ 035
sonication w30 LNT lisnansamfigainliifamssisluasnaonlodluimasuualasnig
556 RAW264.7 nHIsunInusan1Iais iNOS uaz TNF-a lsimaguualaswiandie
RAW264.7 fignnszdulag LPS (Xu X ef al, 2012; Xu X et al, 2011) wananiLuan-
ﬂgLmuﬁvlﬁu'mﬂ"ﬁ’nmﬁaﬁmmmamzﬁmaamsa‘%”’]o”l,ml%ﬂaaﬂvl,sm‘“lulfﬁaz\ﬁmﬂim-
W138na28 (Yang JL, 2008) ﬂ”aifu;ﬁﬁ'mﬁdaulﬁ]ﬁ'azﬁ’lm‘smzé}uLénaéi‘LLaJﬂIﬂsW’]amﬁﬂ

RAW264.7 370NU LPS ’i]']ﬂNﬁﬂ’ﬁV]@]ﬂﬂx‘il%ﬂ’]W‘ﬁl 3.10 WU BPEG ‘ﬁ'mwmﬁwiu 1,000



40

lalasnsu/dafaas mmsaLﬁm:ﬁumsm:éjumﬁaﬁywvlum%ﬂaaﬂvlsmﬁﬂwnaﬁumim-
W1aaiia RAW264.7 ﬁgﬂmﬁmﬁﬂm LPS IéAeaidndasivinis Tuamefianuidudy
100 lulasnsw/daddas lisawnsanszduioadiouny LPS ld HaMTNaaadHae luL T
Talawi1 BPEG sansnnszqunisaingiuaineanladaidny LPS d
Lfllaﬁmsmﬁ:@”maavlu@%ﬂaaﬂvlénﬁﬁgﬂm:@j”uﬁqzJ LPs 1 lulasnsa/
faddas wud Sedufichann 9 aisuiummasssdiuan wwluniwi 3.6 RREEN
VL@T@faauuﬁgmd'} LPS anafimsiFeutszansnin Faldvannuaniainzd LPS aname
WnFwenaa s yninuasasraiueiund msnaawalna e lfiSoudsums
NARDI TIINMINARDINDIN LPS wg\mawﬁ@ﬁmim:@julﬁwamvl,m%naaﬂvl,sﬁ@ﬂm:é'u
Adrunnndoutuduaaslunnd 3.11 daiu LPs elivihandutymlumananss
ezt fasaNNMINaasdnInga mwﬁ@ﬂﬂﬁ"l,ajvlﬁa%iﬁ LPS %ﬁaﬂﬁmgimi
NAFOULTAR NI TR TaATTA cDMEM uazafia RPMI tiasanndnnsldeonwns RPMI
Tumaasaaasuualasniosia RAW264.7 1uunaT1897% (Sosroseno et al., 2002; Seo
et al., 2001) @”aifu;ﬁﬁ'zﬁaﬁﬁmm@aaﬂ@ o19 LPS fennadudn 3.9, 7.8, 15.6, 31.25,
62.5, 125 uaz 250 WlasnIn/ladany wudﬁ:@”ummﬁmvlu@%ﬂaaﬂvlﬁﬁﬁaglmzﬁuﬁ@‘%ﬂ
WA UITITwas LPS Aay Ssminesasiuaasliifuinioasuualaswia
5%he RAW264.7 liinavanasdonnuidutuues LPS Mdndwluarwisnssasoiia (ldle
LRAINR) wazfswnazduasasnuiafuly (original cells) MnamaulrainuI1 Han1s
nanasiladinaniandn infe rasunalaswianiio RAW264.7 linausuasda LPS

é U o ot [l v
falfiduramuguimiumimesas (lldusaing)
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BPEG (ug/ml)

WA 3.9 WaTad BPEG dolwasuualasniasia RAW264.7 wuiinmanduldiaad
waaluasnoanlodluszauduindoisuny UT nasansudus 24 $alus 15ioas
350,000 cells/well ANNLANAIABNIIREATLATIERLaslT Two-tailed Student's T-test
(* fia P<0.05) las/Suuiisunugaaiugu UT

80 - * I

—

60 -

20 <

Nitric oxide concentration (uM)

0

BPEG (ug/ml) - - 100 100 1000 1000

LPS 1 pg/ml 5 + - +

ANNWN  3.10 Wawad BPEG t481UNINNU LPS WU3N BPEG 71AusuT% 1,000
Tulasnsu/dadaay ﬁmimzéjﬂﬁmaﬁwﬁmvlu@%ﬂaaﬂvlenﬁ WWalfiguny LPS %#adanyy
iuiaan 24 Falug 15iaas 350,000 cells/well AAMNLANGIINWNIIRAAALATIZA Loy LT

Two-tailed Student’s T-test (* R P<0.05)
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60.00 -
50.00 < b

40.00

30.00

20.00

10.00

Nitric oxide concentration (uM)

0.00

uT LPS Tnai LPS 11

1 pg/mi
WA 3.11 nagoulszAnninaas LPS wuiwisasunasliuandnsnn sude seaums
nmizguminialuaineanlodluiaduualasnnaziia RAW264.7 Indldsaiu nasna
winan 24 Talus anuuanasnuwnisanaseeilasls Two-tailed Student's T-test

(** fla P<0.001) lani/Souifinunugaaiugu UT

HAMINATALNIRUANLI a1 TALFLRDILTAS yulufsauuigiudi
LPs tiendszanFaiwluidueds v liasyldin daywiAeandisadunalasviasiia
RAW 264.7 %aﬂnﬁsz@”ﬂum%naaﬂvl,eﬁﬁ‘ﬁ'gﬂm:@juﬁa51 LPS ﬁ]:agj‘ﬁi 80 lulasluans 9
il laimaninszylduitadn BPEG ﬁi%ﬁwmmaauﬁmsﬂ‘szﬁulﬁnaﬂﬁﬂ%am WA
33889 Carbonero UAzAME AFRAAWINIGIBINTaRLazi L TwNDI1 TUSHN

=2 @ a Y P L ‘A A 9 A,
ﬂQIﬂafﬂ\jﬂ\‘]ﬂﬁzwqm 80% LLﬂzU\‘]ﬂﬁﬂJu’]@]qaﬁu@auﬂuag@’lﬁu@]uﬂiu’]muaﬂ LLRSLUBNN

mannzinulasaizia p-(1—>3)-D-glucan uazidanaseunuisasuualasniasia
RAW264.7 WU mmmmziméﬁaﬂﬁﬁumiﬁame:vﬂu@ﬁﬂaaﬂvlsﬁﬁLLazvleﬁI@"Lﬂﬁ
9@ TNF-o a2 IL-1B 'lé (Carbonero et al., 2012) LTl 8InwAL Satitmanwiwat L&z
ﬂmzﬁwudﬂLum-ngLmuﬁl,mnvl,ﬁmnw;muaé"uauﬁmmwﬁwmmmm:éjumaa’umim-
Wrasfia J774A1 1dnaaluasnoonlod e (Satitmanwiwat ef al, 2012) wananni
Volman LazAmenyIN 81INaRLGNaAN 138 NAa INafan1SHNAA buaSnaan Lo lbLTas
wualaswiasiia BMM LL@iifua;u;ﬂqumm‘?NmaawaﬁLLsfﬂmvl,mr nanafewasugnenlsan
aﬁ'@mnﬂgmuaé (cap, stem Wwas mycelium) W83 Agaricus bisorus wazduatasves G.
lucidum Was Coprinus comatus Winminaa luasnaanladle uadnsuwasudnelse

NN 10U A9 Agaricus blazei Murill, Phellinus linteus W8 G. lucidum ldsuisn
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wikemsnaa luasnaanlodlurasuualasniazsia BMM 16 (Volman et al., 2010)
nnmanasasludinvoaasiualaswianio RAW264.7 T9asgu@ginlain winimasd
UsanSnW a9 BPEG ﬁ]zmmmm:ﬁummﬁmhm?ﬂaaﬂvl,eﬁ@]w[@?lfﬁun”u agndlsnana

va e v { a & v °’ ?’;
E?%Ui@Lﬂaﬂ%ﬂﬂﬂﬂdﬂﬁiﬂ@aﬂd snmmaaumsmm;umaa BPEG I%ﬂ’ﬁa@]it@ﬂ%’]@]’]ﬂi%

[P A a
LIRRNRINLBATUA L6 LNt

35  A1TNAFOUANMNILWNNADLTAE NaNLHhaThe L6 209 BPEG

fnsnumsansnouwninildwesusnenlsdnanaanissianitowuin
ﬁﬂﬁiﬂix@jﬂﬁ%&?ﬂﬁﬂﬂLf‘:aﬁﬁ@ L6 mmsn@@%uﬂgiﬂaﬂ@?mnﬁu (Liu et al., 2012) uas
Lﬁamaaumsmwjuﬁ'onénﬁavlﬁﬁwwaﬁu%nm%ﬁﬁan”@"l,ﬁmnLﬁ@ W SNFNINeFaL
anuLduie namsnasauanuiduines BPEG uazaladaiuan-nauaulaazsiie
lap3% MTT assay lasnageuanaiduduvasiuai-nguan G9ud 31.25, 62.5, 125, 250,
500, 1,000 waz 2,000 lulasnsu/dadaans wudn wasidudn13teadianvedias ba
LL@m@iNﬁ'uLsnaa("g@muquﬁvl,ajﬁmilﬁuLum-ﬂgl,mu uaztdasifuanissendialadinia

80% WRAILALAKIT LaN-Nauak L uNHdalTagana1NLhaTha L6 aInIWn 3.12
U

150.00 -
—— —
2 100.00
S —
o)
>
© 50.00 -+
(&]
X
o'oo ] ] ] ] ] ] ] 1
0 250 500 750 1000 1250 1500 1750 2000 Mg/ml
—e— BPEE —e— BPEG
—a—Laminarin —-—mm-nguﬂmnmﬁmmaﬁ'l gas 7 %

< ' o
== tUA-NALARITNIIAK DN o8 14 W%

MWN 3.12 wanmInagauanulduiudalsaanaiuibhasiia L6 vasansanaudazsiia

WU sIRNaULdazTRa ludanuduNedasas wada nuNedniia) 24 T2y Hauny

AafelumInasaund 3 A9 (mean + SD)
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¥ o & ¥ 1 6 ' 49/ a
3.6 HAaN1INITABNIININIAG ngwjaa NANLUDBUA L6 Iﬂ el
BPEG

Nam‘smaaum’]mﬂuﬁmadLum-ﬂg}LLﬂuLL@iazmﬁ@@iamaﬁwud’l Taudn
Audoimadniuioriia L6 @Taifuﬁamﬁ]ﬁﬂi:%?m%mwiumsmze}”ﬂﬁﬁmi'ﬁn1,{’1mmlfﬂ”ﬁ;j
sl dmsummegeuLssdusasnaduFnanlsdAlaanifawaninia BPEG 57
VlﬂﬁaLum-ﬂgmummmda@m § WU BPEG W&y laminarin ﬁqw%‘lumsm:ﬁuiﬁﬁmi
@@%uﬁwmamﬁgmaﬂﬁiﬂmawwzﬂ’nm‘*ﬁ’uiu 2,000 tulasnIW/AafanT 289 laminarin
M INTedugeam & BPEG Wuln ﬂ’]iﬂsz@juvbj@mﬁ'umnﬁfﬂﬁmwmiuimﬁ‘iLL@i 500 —
2,000 lulasnsu/daaans aan1wil 3.13 uaziileiinansnagey BPEG wadudnalse
NNIAaRAY (BPEE) Uaz laminarin fanututu 2,000 lulasnsu/dsaaas sndowdn
MWLYWL BPEG WAz laminarin ﬁqnﬁiumim:@jumsﬁwﬁﬁmaLﬁngmaﬂﬁamaﬁ
ﬁfﬂﬁm”tyijaLﬁﬂﬂﬂ"’uq@muquﬁ"laj"l,@“l,dﬁamz@ju donilu 26% adausaslunIni 3.14 91n
Namsfﬂ@aadﬁaﬂﬁiwﬁaﬁﬂmgﬂ’mmaau BPEG finnuLduduasud 62.5, 125, 250, 500,
1,000, 2,000 waz 4,000 lulasnsu/iadaas [ isuny positive control ‘ﬁ'l,ﬂuﬁuﬁgﬁu (Ins)
waztunWasiu (Met) Wusn 1hafiaanadutu 62.5, 250, 500, 1,000, 2,000 uaz 4,000
lulasnsu/iafans mzéjulﬁmaﬁmﬁwmaLﬁwg’maﬂﬁamaﬁﬁfﬂém@Lﬁal,ﬁwﬁ'uq@
ﬂ’JUQ?JﬁVL&J'VLGﬂﬁﬁ"Jﬂizqu Aaidlu 6, 7, 15, 16, 17 U8z 34% ANEIAU GININA 3.15 Ma
AINARBININANILEAILALAURIN BPEG ﬁwa@iamsmzéjwﬁnaﬁﬂﬁmLf'rmjﬁ@ L6 N1
lus@udng g ﬁag’mmlmsﬁaﬁ Faonvandu IRS-1 Aivinsifisgad w1 mlwiy PISK/AKt
atnadudray vnlwdmaAndusas GLUTA ARnTad ﬁiawaiﬁﬁmsg@%wﬁﬁmm%g
LTRRNNNT H3081L AN TN UEIWNTG AMPK AsunInasaypmliny Akt e
L GaiwiadasmIfnedssdwAgatunalnn e wanslwrad nduiitasiia
L6 59ldnasay BPEG fuGEUEY (inhibitor) THadn 9 WU fa5usITfa CHX, SB
uae WM ﬁwaﬁﬂﬁmiﬁﬂﬁnmaLﬁﬂqtmaﬁa@aaamaﬁﬁfﬂﬁmvtyLﬁ'mﬁwﬂyu BPEG 4,000
lulasniw/iiaddas lavninszduas CHX, Rapa, PD, com.C, SB, WM @aiilu 25, 26,
51, 24, 14, 12% AUEIAU GINTWA 3.16 satmasanavanldifeadosduAsanunaln
MYhusesTasnaNLitaiia L6 ﬁgﬂﬂi:é;fuﬁw BPEG é%suluau1natidasdnm

d' % o a K 1
LALINUNA LN IV ILTa R bbb BIanea b
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%stimulation
—
o
1

1

1000

1500

-20
sample concentration (ug/ml)
-30
[ 1 o (3 1 o
—o—mm-nguﬂmﬂnmmmmﬂ g8 7% —E—LlUAN-NQUAKIININAKBN 208 14 W0
—&— Laminarin —>—BPEG
—e—BPEE

AW 3.13 Nam‘smaaumiﬁ,’lﬁnmamT’lgjLGnaﬁﬂS?mLﬁamﬁ@ L6 WUINNANN LT NT
2,000 tulasnsu/dadaas vad BPEG waz laminarin ﬁLLmMMmzéjuwnaﬁ"[ﬁ%é’oﬁnﬂﬁaJ

\Iuaan 48 Talu (mean + SD)

40 =
< 30 -
©
.
=2
9 20 - p
o
(8]
=
© 10 A
X

0 T

uT BPEE BPEG Laminarin
2000 pg/ml

ATWT 3.14 WaUad BPEG BPEE a2 laminarin 6ol uaanalyiihasia L6 Wui1 Na1na
Wuaw 2,000 tulasniu/dadfay vad BPEG mmmm:@jumiﬁﬂﬁﬂmm"ﬁﬂ;jl,sﬁaﬁ
NANLHATHA L6 16 %adannuutidniigl 48 Talud auLanea1nwnIIaaaataIzilay

14 Two-tailed Student's T-test (* fia P<0.05) lasilSouifivunuganiugy UT
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100 =
Q
4
©
a
=35
S 50 -
[e]
Q
=)
(O)
2
o ﬁ .3 i - . i
UT 200nM 2mM 625 12 1000 2000 4000
Ins  Met BPEG (ug/ml)

AWA  3.15 Nav89 BPEG datmadnd wiitesiia L6 wudn fiaanuidudu 4,000
laulasnsu/fagaas mmsnﬂiz@jmmﬁﬁﬁmﬂu 34% ijaLﬁﬂuﬁuq@mquﬁdmﬂﬂu
winan 48 $alas anuuanasnunisanaieeilasld Two-tailed Student's T-test
(* fia P<0.05, ** fla P<0.001) lasiSouifinunuganiugu UT
80 -
70 -
60 -

50 -

% Glucose uptake

40 -
30
20

o h”iu

10

BPEG CHX Rapa PD Com.C SB
4000 + BPEG 4000 ug/ml

Mg/ml
AN 3.16 WANIINAREL BPEG 31UNUA8UEITRAG § WU @28u895Hha CHX,

SB waz WM fnavhlimssihieadhgisadaaasatnalitdidny nasanuy BPEG nu
inhibitor uaazsfiaiduiian 24 T3las ANNUANE1INUNIRARIATZA LA LT Two-tailed
Student's T-test (* fia P<0.05) lasiuSouifivunuganiuau (BPEG 4,000 lulasniu/

ERGIE)
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NTNANIINARDY

a @ @
4.1 ﬂ']‘il(ﬂ%ﬂ&lwaaLlﬁﬂﬂqliﬁ{ﬁlqﬂlﬁﬂ%"lﬂwq (BPEG)

MIANNAOURINBLEAI AL AT UA DUV AINITLATHURITRNA WA R LT NAN
Y A a% X ° . A Aa [
"Li@ﬂﬁmqmmﬂmui@ 8N19%0 gel-permeation chromatography LWSILANHAIINNNITUEN
' { A ' . | = o & ' b4
36 ULHBTINUIN fraction NMiALlaaIunHIdn soluble glucan wazBndIwwUNa
lutanaidesfiadud s (Pramanik et al., 2005; Roy et al., 2008) ugadlwinuit lusu
A & A a ) a A A A a Y A A o
maawamwﬁﬂm"l,swaﬂ@%mﬂwmmaﬂju@auﬂuag FI%aNINNITTRIANRTRAD WA
£™ =1 6 d.i Y 1 a . . d' o
faeadasAsznavanagaan 11u TU56n lagn1Inaaadvad Satitmanwiwat LAz NYIN
mIanaedrdsznaunidu a-glucan-protein complex MNALAAWIININDEN TUTu1ua0INe
augnan’lse 82% wazluséin 13% (Satitmanwiwat et al., 2011) %#an3anit Satitmanwiwat
LLazﬂmva@Tﬁﬁmsaﬂ”@Lum-ﬂguﬂummﬁ@mamﬁ’;U’i%m‘sﬁﬂéﬁ HARIN NE1IAD LN
Soulumsana (120°C) nnvutinaulau1msalusduals Sevag reagent tapanuitiu
RIIRNANDRLTNAN LIATHAREILWLAN Lﬁaﬁﬁmmﬁ'@Lﬁmﬁmuvlﬁamﬁﬂumm-ngLmu
u’%ﬁg‘ﬂﬁ@ oltian'leoyd xylanase waz cellulose ﬂ’%mm*’uauum-ﬂguﬂulu crude
_ R o ¥ -
polysaccharide LW N U %a1n 44.9% LT% 54.6% wiatANIUINNLANLABY 10%
4 .. o ¥ o A . o
(Satitmanwiwat et al, 2012) Fa.duldlddn asddszneufidushanasiindugniia
& A o o < A A o Y
aanli ﬁﬂmLﬁaamﬂwmmaﬁmau%ﬁimoaﬁmmwumﬂguﬂumwumzwagm.l
lihs@unmoidulassaiandudon laslassairsndudouilazdvagnuaaglasnaoidu
6 n:i |¢§’ d! % 1 dq’d (2 U 6 1
adAdsznaunlngdn mmsaumﬂﬂguﬂuaaﬂﬁnﬂimaaﬁommmmaﬂmau%u Wl
4 ¥ o o A W v oo o o a A WM v
LA NT DI INANIINTNEINTLAZLIAN muuﬁovlu"l@mmmn@lﬁﬁmwwmqwmm:vl,uvlﬂ
nasaulTmvasuan-nauaslussaiawaiudnanlsd adnelsfiana Kanagasabapathy
vV o > a & 6 = ¥ (% ada n:i % = o ] =\
uazam lavinmMssnanadngna lsa a1 nia w1 N85I NASI DARINULIT WU T
ﬂ?mmma\*]Lum-ﬂal,l,ﬂuaglilumiaﬂ”@ﬁ@Lﬂu 80% (Kanagasabapathy et al.,, 2012) W8
#ANMARLTNBNUIINY B-(1—>3) Uaz B-(1—>6)-D-glucan luwadudnen lsnvasihasiia
P. ostreatus Waz P. eryngii (Synytsya et al, 2009) aduulumInasauals FT-IR 34
mmmuaﬂvl,@i”dﬁwuLumﬁ-ngLLﬂuagiuaﬂsaﬁ'@waﬁu%nmvl,s@? agndlsnenulnauinad

o [ . & a P~ X
anuaulalun1arlid crude polysaccharide :niAaw1sWianauIgniuiniu laons
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ﬁﬂﬁ@ﬁwmwaIuLaqaLﬁyamﬁ@5mmvl,ﬂﬁamm@aauﬂ%mmmm-ﬂguﬂuﬁmmmaﬁ'@v[ﬁ
L8ZANMIANETEY Mizuno uazatz W41 Msuanwadudnalsdnlaannisanaaae
nyaletIFn5¥in ion-exchange chromatography 11 DEAE-cellulose "i]’mifuﬁaﬁ’]
filtration W&z affinity chromatography {Waugn B-glucan (dauﬁ"l,aia%iiu fraction) aanan
a-glucan (a’auﬁia%ﬂu fraction) (Mizuno et al.,1999)

uamrm‘f: Manzi WLae Pizzoferrato Wu21 Lﬁ@llu@lizqa Pleurotus U381
ﬁ'uﬁjﬁmm-ﬂgmum:mﬂ@”’;ﬂQI%ﬁ%’a%ﬁMﬂ:ﬂﬁﬂi{’]mﬂﬂ'j'}d'suﬁaxmmﬁﬂvl,@i” (Manzi and
Pizzoferrato, 2000) @3A131971 4.1 Lmﬂ@hammﬁ@muﬁwumm-ﬂgl,muayﬂudmﬁ'
aranglauinnin Ssmeandesnunisnasssfidiuen iudesiuiiazaioinlaasd
UszAnFnwaniameunia Gﬁﬁ%l%ﬁ]%’]ﬂ@lﬂ’]ﬂﬂ%ﬂuLﬁﬂuﬂ%w’]mw@]’]-ﬂQLLﬂ%V]g\‘laa\‘]

FIUVDIRAUIINIANGDIANMINARAULN LAY

@1919N 4.1 U3nmiuan-nguan (%) agjiludauazmsjﬂmazdauﬁ"l,ajammﬁw

v o

mayja@mﬂaaﬁnﬂ Manzi wae Pizzoferrato (Manzi and Pizzoferrato, 2000)

L Wa-nauABlBEIRaZaEEY | Lua-nauawluaini laiazas
TUALAA v v
(water-soluble B-glucan) (water-insoluble B-glucan)
Pleurotus ostreatus 37.8% 62.2%
Pleurotus eryngii 16.8% 83.2%
Pleurotus pulmonarius 8.7% 81.3%
Lentinus edodes 46.% 53.9%

4.2 ﬂ’]in‘szél:%ilad alkaline insoluble B-glucan-containing crude
. . . (=3 1 s
extract 1L ¢ B-glucan-containing polysaccharide extract NnAanIsHIAaLTaa

unalasnanha RAW264.7

INMIANHARNIBAN Chang wazamelavinmssnanadudnanlsdann
WAawila Phellinus baumii (PBP) WasnagaUnuLTasuaalasWiasiia RAW264.7 wuin
mmatnam:@”umma@"l,um%ﬂaan"lsﬁﬁﬁl,ﬁ@mnmimz@jumao LPS (Chang et al., 2007)
WONANT Tomassen UWazAMEYNMTARALAHA LY [B-(1—>3)-D-glucan] NNLARANRBNA2L

AFNITLALINUWLIN FIIRNAAINENIRINIINOULINITHAG @S Naan lantAaaINN15
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wilterives LPS luisasuualasniasiia RAW264.7 lalauifiaini (Tomassen et al.,

2011) MINARBIVDI Ji WazamuenldwadudnanlsdanniAandnia (G. lucidum) NULTAR
a 1 a Q ] Qf v v a

wualaswiaziia RAW264.7 wudn wadudnanlsdasnadoninszduliioaduialu-

asnaanladnulufinszdunmindaleolalatd1s 9 (Jietal, 2007) Carbonero uazAmE

wudn lassaisafia (1—>3), (1—>6)-linked-B-glucan Anuluiiaursnidudiufiaan
animefiniwdeszuupduiulunnszgunisaiisluaineanlodvaisasuualas-
W1awfln RAW264.7 (Carbonero et al., 2012) T1uddnadugnan lsan ldanikasiadwnd
nalwnauheinnsasluasneanlad luiaasuualasniatunu (Kim et al., 2004;
Yeon et al., 2008) asnudadunldlaiwadudnanlsdasnaniilasegsren b sutennsa
A & A A oA & o 2 [ A & €A = RS
01afiasduaznauduimieagifinadnies Simiananadudnarlsdnagluialanlsiin
JauuazimIanaznaudislamuaadnonuin munsnnszduniiaiisluainean’ad
16 (Volman et al., 2010) assumidnmluduaauiigisoldyaduniinszgunsainglu-
=) g A a a =) {
asnaan lodluimasuualaswiadundan dsanmatiensidinnaluaineanlodign
ﬂiz@:’uﬁ’m alkaline insoluble B-glucan-containing crude extract MnRan1InInuI a
mananszgulfiaaduualamasiio RAW264.7 naa luainaanlodld Taudluidnalu
o A 0o & a a €d‘ a 2 & dw
mIaaszauniadusinmInda luaineanlodniinainnInizguses LPS nafianaidu

@ o A VoA @ =2 a a_ <&
LWi’]xIﬂidﬁi’N“ﬂa\‘im‘iﬁﬂ@ﬂvl,@lwlilL‘Iﬁ&l@uﬂun’]iﬂﬂﬂ’]‘ﬂm’]u&l’] 2NNy aﬁﬁ]LﬁuI&lLaqa"ﬂuW@

Ingsanasanalwmaidndunuses (1—>3)p-glucan AUGITUYNILNIU

T8I UUa9 BPEG HhUHNANIINARDILILUTALAY §1IRNAAINETI28199 4

D

anusansalumsnszdumanaaluasneenlodlumsduualas lasanifiadgmd
dumasuualasvhaziia RAW264.7 vhlwidlarih BPEG smasauruiaasssliugasnqns
lunanszquimasunalasnnaziia RAW264.7 i]’]ﬂﬂwfy%’]@i‘iﬂﬁi’]’sLLﬂtﬂ’J’]ﬂJ%’]‘fauﬂJ 8991%
feRunlUuaa (Satitmanwiwat et al., 2012; Carbonero et al., 2012) i iduaaaule
LA HUIITNI8IM TSN AN HA IS ENAGINEIA o LT NN TRA L6 unw
wenanitwedugnen lsdfianaledifonmasaunuin fsfasdusznoudu
Uuag faualazwy p-(1—>3)-glucan Aaa I@mawwﬂﬂiﬁuﬁwudm‘”ﬂﬁbagliﬁ'u‘waﬁLL%ﬂ-
a'lsa (Synytsya et al., 2009; Leung et al., 2006) %ama‘ﬁ’mwuadLum-ﬂQLLﬂuﬁ?uﬁua%i
n”uqmauﬂ'ﬁmﬂmm%ﬁa 1w anwpvasmslndiwed lassamuda waziiwin
luiana (Graham et al., 2006) (7w LauﬁLLuuﬁﬁﬁmﬁTﬂImaqmﬁﬁ 9 azfianuaianTalu

MIuNiSIldge (Zhang et al., 2005) ituLdanuniniuan-nauauidusianidlsdng

1 v v &’ d 4
B-(1—>6) azdinnuaunalumdadiuuziselaunds wanannirmndnadfeuulas

a & Y . v o { A & o )
“(]’IGLﬂﬁI@]ElLﬂ@]ﬁ]']ﬂ"ll%(ﬂE]%ﬂ’]ﬁﬂﬂ(ﬂﬁﬁﬂ’]%1%ﬂ’1‘§ﬂ5$@;%ﬂ']iﬂ’]d’l%ﬁl,wEJ?J%@’Jil LDU NI
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anawafudnarladann P. ostreatus 1l B-(1—>3)-linked-glucan tdagnvinlwidu

carboxymethylated U §iu1n13unuing —-OH uunaglagdioniaisuandinia

U u
v [

- e i L a AI o v 4 a ‘&/
(-CH,COO0) QZLL&@GQM&&IU@LﬁU’JﬂUQNQN %I@] BLANIZLNU N TN RUNNINA BN BIIND W

=

(Paulik et al.,1996) Tsuaasliinuiamaadnirunldlumssnatusinadanisvinauaes

wasngna lyd ler

43  N1IN3ZGUDI purified soluble B-glucan datraauaalasnig

%0 RAW264.7

armmﬁmm:ﬁﬂ%mmvlu@%ﬂaaﬂvlsﬁﬁﬁgnm:@jmi”’sEJ purified soluble -
glucan falrasuualasiaTia RAW264.7 I@ULﬁaL‘ﬁﬂuﬁ'umsmaaaﬁ"l&i"l,@”l,dé'am:@ju
WU purified soluble B-glucan snanIanzduMIai1gluainaanlodld wailaiiouniy
positive control ﬁadwmz@juvlﬁl,ﬁmn,ﬁﬂﬁamefuﬂ%al,mmzvlsjmxéju b dalfieuny
alkaline insoluble P-glucan-containing crude extract ﬁLLuﬂﬁudﬂﬁl:m:({]'ummﬁmvlu-
asneanlodlaunnnin lesann purified soluble B-glucan 7ilsluduaauiidaudsfaina
u?qﬂﬁiLazﬁmuWQIuLaqaLﬁﬂ (fuwrakasnin 10 kD) uazifansragousInundiuan-
ngl,muﬂzwﬁ@ B-(1—>3)-glucan uaz B-(1—>6)-glucan FI623ULUITARAA Dectin-1 4
ANTIUNIZIANZINY B-(1—>3) WaL/MIa B-(1—>6)-glucans LLazﬁ%é'ngmﬁm%h
Dectin-1 A28 81tW12A Y B-(1—>3)-glucan ﬁ@iaagﬁ'mﬁuiaﬁiﬂu%ﬂm%@?
(oligosaccharide) 8¢191¥08 10 #2911 (Chen and Seviour, 2007) 3avil¥nissuriuaas
@T’a%'uﬁ'mum-ﬂgl,mmﬁm‘?uvlﬁ UL BINUNIANENARIBUN T893 Fandiiln
soluble B-glucan ﬁm']u'mmiﬂlumsm:@juqﬁﬁ:mﬁ'uvlﬁmﬂﬂd']muﬁl,ﬂu insoluble B-
glucan 1189911 insoluble B-glucan magﬂsiaﬂlﬁﬁmmﬂimaqaLﬁnaméﬁﬁnﬂgﬂﬁﬁL°1T1"|,11
Tusrome wananitinisénmaiuiidu soluble p-glucan wuindmswiigainlwins
WA IFNy luny (Xiao et al., 2004) %a%lﬁﬁui%ﬁ@mﬂwaminhﬁ?'un”umaamm-ﬂgu,ﬂu

AuGIsLINNNINNduMInAnAuaTas (Di Luzio et al., 1979)
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44  MINITAWVI BPEG AOLTARNAINLHDAA L6

L138991NN1INAREY BPEG nuttasuualaIn1atia RAW264.7 Lha
Uy Snnsiinsnuidendnsineanuiuan-nguasiniiadaisaduualasisdandi
10 @”@ﬁfu;ﬁﬁ'ﬂﬁq"lﬁmﬁﬂmm BPEG INNA&AUNULTAANAULHaTHA L6 Unis Liada1n
@ \ a = Ao . a &a \ A & & = Y A o
89 LR8I NIIANENFU NI AARANNIA NI LINUNLIY WaduFnat lsaanniraw1awG95
ﬂ’%mmwacjL‘um-ﬂgLmua%i@iammwmmminﬂaaﬁ'umsl,ﬁ@ﬁﬁmalul,ﬁa@ggﬂu%z}ﬁgﬂ
\Ap9da801m1 9N T ludugs (Kanagasabapathy et al, 2012) 4anan{iLaA-NQUAKIIN
RANANAGI LI TAUNLIN ﬁ'm']ummmlumiﬁmmazﬁﬂmalmﬁamgamuvlﬂﬁom's:ﬁ
flaasaavoagalunuduluiniu (Kim et al, 2005) asnunsdnmaiaiisldnasay
ms@@%&mgiﬂﬂmmﬁnﬁ’mLﬁwﬁm L6 WU?N BPEG Nanaanntiau1dnIal8%15a%
(3 v [ U d? a = v A i‘: dq’ va v Y o
mmmm:@;ulmmaaﬂmuLuaﬂju@ L6 @Wﬁwﬂaiﬂﬁﬂ,(ﬂ anmlumsmaamgnﬂ@m
AINARDU laminarin kaz BPEE S74@8WU31 laminarin wae BPEG mmmmz@j’umaﬁ
v g a v U 1 1 Q€ U o g/ v 1
naiesiia L6 ldgadunglaale ud BPEE lddgninszdumuinihanadrgiaad
> Qq: U 4 ] 4 Qs o v § Qr
muuﬁuﬂuiﬂmwmsﬁaglu BPEG ﬁLﬂumm%mﬁaaﬂQﬂﬁﬁaLum-ﬂgLmu
WIULA 8N Kanagasabapathy WazAmALANUAMNRINITOLIUANTAATEALEANE I kLAaa
maw}}wmaawaawm-ngmuﬁa%i‘l,ummﬁ'@waﬁu%nm%ﬁmmﬁwmaﬂw
(Kanagasabapathy et al., 2012) w@ag19l3AauNa tnNIIFNInLeINadugna1lsaan
3 ¥ 1 6 £ ffl’ a C> 1 d' > ] ' % n:i L% a
RARINIdaLTRaNaINLhaTie L6 69l duNuiTe uan1Inaaadinanniinliwaa-
< 6 A a é 1 £ v 6 £ Aj( a = 2
uFnan lyaa NN T RAREINLIN mmsmm:@;uhLsnaaﬂmmuaﬂjm L6 g@éﬁwﬂgiﬂa"l,@
' . A o § 2 %
HAUN1INA b AMPK/AkKt (Liu et al., 2012) §9n13¥1191%289 AMPK 1A81284nun1y
muguizauinaaudnIsisy g snslwaaddslinuuida fsadelsfauiing
1 > = > 1 = Qs 1 :’ v =) A
WU Akt luwasURy Y meaan AMPK ldgsarndainanattiisassia GLUT 4 49
n'l dgl’ d'l (3 Ajl/ s v di ai 1 a 6 di v =
'wamLuawanmwmaua:maﬁ"lwulﬁLﬂaauwvl,ﬂameLsﬁamwalﬂmmm@@sﬁuﬂgiﬂa
v J . ¥ 4 v o a a
1éundu (Liu et al., 2012) wananit Akt LﬁmmaaﬂumimuqmﬁmﬁyL@uimmaamaﬁ
M3ATIAVRILTRR LLazmsmuqmzﬁuﬂﬁma (Hajduch et al., 2001; Lawlor and Alessi,
2001)
e & a a eV v o A = & o
AIBWANIRNUTH LA ANHINA LNNIIVINII WU AINaRULENA 136 bisl T ad6 1
laald mTOR inhibitor (Rapa), MEK1/2 inhibitor (PD), AMPK inhibitor (com.C), protein
synthesis inhibitor (CHX), p38 MAPK inhibitor (SB), PI3K (WM) w131 BPEG nanTLAN
CHX, SB uay WM sm"um‘sg@%mg‘[ﬂaa@auﬁmﬁwﬁ'u BPEG tN8I081LAH7 Ad%h
AN3YN9UVed BPEG 39%19:ABa789nU PI3K Waznatnwad p38 MAPK (Chen and

Raymond, 2008; Chen and Seviour, 2007) Liiasann@asdudazsiia WM 8uds PI3K
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TRATUAZAAIT B U UIINLANNTNRUTIZR TN Akt LRBTRINUNITLRAI88NYDY
B4 GLUT4 uazwuin p38 Lﬁuéﬁmé’tynunmﬁ'ﬁmulumimzﬁumsﬁﬁmwnad GLUT4
iude e mIsugim v uves p3s wuin nmIgadunglasaasd (Niu et al., 2003;
Konrad et al., 2001) Lﬁmﬁ]’m p38 Lﬁuéﬁmuqumia‘%’wa GLUT4 (Montessuit et al.,
2004) ean 1w 4.1 usasliifunalnues p3s MAPK waz PI3K lunisdsiuifisadasnu
GLUT4 (Konrad et al,, 2001) 4823 1NT189MANITANEAHI NI WL m”a%“waoﬁwgauﬁi
daagnuluananelulmadsfia IRS-1 uaz PI3K iudrdraylunsdsdadyyimns
aauauasdadugiulunmaviild GLUT4 Lﬁﬂmﬂyﬂﬁwmﬁtﬁaﬁmsﬁaﬁ (Cong et al.,
1997) 300U JFUWUTIZWINY IRS waz PI3K ?5’1Lﬂu@iamim:@uﬁ'mmzamﬁalﬁ
Lau"l,eﬁﬁvﬁaimaqamﬂluLmaﬁﬁuﬁa Akt tadouldminany (GLUT4 vesicles) laagng
Andad (Pessin and Saltiel, 2000)

p38 MAPK

GLUT4

activation

Stimulation of glucose
uptake

WA 4.1 mInszqunIgadunglasuad lipoic acid lanutisaanidu 2 du fa PI3K uaz

p38 MAPK laslisfiunisesziiafidnarinuiianulunisnszdunmivinusas GLUT4
vesicle lWiadaunlddvaduaadivaiianmigadunglasidgioad (Konrad et al.,
2001)
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TawIAaSIa a9 inIsAN B ASINURISUNTNNTABUAHITDILTAE
néwiilawiia L6 daluAN-NguAL BINMIANE AR UIINL LAN-NIULAKEINNTAIL
Aueasuldvwaoaiia (Chen and Seviour, 2007) LazWoNINNASIAIT 898 N1 A N1
A nU5aN19nIraIwes BPEG lumInzdunmisgadunglaalasianiznsdnm
\Asanunalnues p38 MAPK uaz PI3K Bnvisnmsanmimuduiis iy AMPK lums
@1mJauaa@iami@@%u{i’]maﬁﬂuﬁﬂwauimﬁuﬁ‘u Laza NI e9uisenruan 1 5
aminoimidazole-4-carboxamide-1-B-D-ribofuranoside (AICAR) W1 31 &1 &l’]inﬂ‘iwju
AMPK IﬁLﬁuﬂ’]sgmsﬁuﬁwma”L@“LuLsﬁaﬁﬂﬁmﬁraﬁ'ﬂaLLa:LSﬁaﬁﬂﬁ’]mm{a (Hayashi et al.,
1998; Russell et al, 1999) lag AMPK a1afianutigatasny p38 MAPK &9fiknuan
myenmanusuREsniellsiunssassiiafiftesunn uafnuiranaisiuisates
i #oNINH Li LazAtEI1891%37 AMPK 813130 89L&30M IV ues p38 MAPK &
lag'ldsinunalnaas PI3K (Li et al., 2005) @Taifumwnaaaud’mﬁm:@ufﬁﬁmiaaﬁu
AMPK #30'l3819@8985n35%n immunoblotting 570 'lJ&snsasraseulys@uasiiaanens

v wa = Qs g 1 Qs
G]a\‘]sl“li’lﬁﬂ’]ﬂ@] mnuulum‘sm FAULDTUNY
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aqﬂwaﬂﬂiﬂﬂaaa

Af
MIANMINTLATEY BPEG LLazwami“n@aaum‘saanqnn‘%’m%"mﬁwlu
L‘ﬁﬂﬁLLﬂJﬂIﬂiW’]ﬁ]’ﬁﬁ@ RAW264.7 LLﬂtL‘ﬁaﬁﬂg’mLﬁﬂ%ﬁﬂ L6 mmma;ﬂwami‘ﬂ@aaa y\‘iﬁ
1. ﬂ’]iﬂ@]ﬁﬂﬂﬂ’]’]&uﬂ%ﬁﬂ@im‘ﬁﬂﬁLL&JﬂIﬂiW’]ﬁ]”ﬁﬁ@ RAW264.7 LLae
& @ dql’ a J ' A 1 6 & a
LIRRNAINLWATUA L6 WUI1 BPEG vL@JLﬁ%WH@E]LTﬂ NIRDITUA
2. Alkaline insoluble B-glucan-containing crude extract Lag purified
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Abstract

Mushroom f3-glucan has the ability to affect many cellular functions, including cellular glucose
uptake. Although cumulative evidence in literature suggests a connection between f-glucan
and reduction of blood glucose concentration, a mechanism of how -glucan affects cellular
glucose uptake has not been demonstrated. In this study, we analyzed the effect of -glucan
containing polysaccharide extract from mushrooms on glucose uptake by the L6 myotubes. We
extracted crude polysaccharide from fruiting bodies of the grey oyster mushroom (Pleurotus
sajor-caju), using hot water and protein removed by the Sevag reagent. The presence of
B-glucan in the extract was confirmed by FT-IR analysis. We found that the partially purified
polysaccharide extract from the grey oyster mushroom stimulated glucose uptake by the rat L6
muscle cells. In addition, laminarin, a small soluble -glucan, enhanced the cellular glucose
uptake. Results from this study suggest that 3-glucan in the extract might promote the effect to
the cells. The effect of purified mushroom B-glucan on the L6 cells requires additional analyses,
and mechanistically how the mushroom B-glucan affects blood glucose concentration becomes

our future goal.

© All Rights Reserved

Introduction

B-glucans are polysaccharides found in the cell
wall of fungi, plants and some bacteria (Gawronski
et al., 1999). They consist of glucose molecules
that link through B(1—3), p(1—4) and B(1—06)
glycosidic bonds. As part of the pathogen associated
molecular patterns (PAMPs), B-glucan affects several
pathways in the immune and non-immune systems.
For example, it can induce cytokines and nitric oxide
production in macrophages and promote monocyte
adhesion (Byeon et al., 2009; Carbonero et al., 2012;
Satitmanwiwat et al., 2012) and activate neutrophils
and natural killer cells combat against cancer cells
(Yoon et al., 2008). Furthermore, B-glucan was
shown to reduce total and LDL cholesterol level of
hypercholesterolemic in adult individuals (Braaten
et al., 1994; Kerckhoffs et al., 2003) and blood
glucose in both animals and humans (Lo et al,
2006). In addition, it also has the ability to prevent
occurrence of glucose intolerance in mice high-fat
diet (Kanagasabapathy et al., 2012). Thus, B-glucan
possesses several activities, which depend on
structure, size, solubility, and the degree of branching
(Graham et al., 2006). For example, highly branched
B-glucan was shown to be a better immune stimulator
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than one with less frequent branches (Kubala et al.,
2003).

One of the best sources for B(1—3) with
B(1—6) glucan is mushroom. B-glucan isolated
from mushrooms has been subjects for many intense
research investigations. One of the mushrooms:
the grey oyster mushroom [Pleurotus sajor-caju
(Fr.) Sing.], which is easily found in Thailand, has
been used for B-glucan isolation. It was found that
B-glucan from this mushroom was highly branched -
it contained a single B(1—6) glucose side chains on
every second and third glucose residues (Carbonero
et al., 2012). This B-glucan was shown to stimulate
nitric oxide production in macrophages (Carbonero
et al., 2012; Satitmanwiwat et al., 2012). In addition
to the immunomodulatory activity, B-glucan from
this mushroom was shown to reduce blood glucose
concentration in mice fed with high-fat diets
(Kanagasabapathy et al., 2012).

Glucose, the major metabolic fuel in animals,
enters cells through glucose transporter proteins
especially, through the isoform 4 (GLUT-4), which is
expressed in skeletal muscles, heart muscles, and fat
tissue (Shi and Kandror, 2008). The L6 myotube cell
line is the best-characterized cellular model of skeletal
muscle origin for studying glucose uptake (Klip
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2009). Recently, it was shown that the polysaccharide
extract from Astragalus membranaceus Bunge
stimulated glucose uptake in the L6 muscle cells
(Liu et al., 2013). However, this study failed to
show the presence of B-glucan in the polysaccharide
extract. In addition, the effect of [-glucan on
glucose uptake by the L6 muscle cells has yet to be
illustrated. Although the recent study showed the
ability of B-glucan-rich polysaccharide extract from
the grey oyster mushroom to reduce blood glucose
(Kanagasabapathy et al., 2012), the direct effect of
the polysaccharide on the L6 myotube has not been
shown. Therefore, we carried out experiments to
test the effect of carbohydrate extract from the grey
oyster mushroom on the L6 cells. We found that the
B-glucan-containing polysaccharide extract from
this mushroom stimulated glucose uptake in the
L6 myotube in time- and dose-dependent fashions.
Likewise, laminarin, a small soluble B-glucan from
plant, showed the same effect.

Materials and Methods

Extraction of polysaccharide from mushroom

The polysaccharide was extracted using the
method from Yap and NG with some modifications
(Yap and Ng, 2001). First, 400 g of fresh fruiting
bodies of grey oster mushroom (P. sajor-caju) were
washed and diced into small pieces. Then, they
were baked in a hot air oven at 60°C for 3 days or
until completely dry, and subsequently grinded into
powder. The dried, powdered mushroom weighted
approximately 35 g. They were boiled for 3 hours
on a heating plate stirrer at 80-90°C. After cooling
down at room temperature, the polysaccharide was
precipitated by adding one volume of 95% ethanol
and incubated for 14-18 h at 4°C. The whole mixture
was centrifuged at 3,024 x g for 20 minutes at 4°C,
and the supernatant was discarded. The pellets were
combined and flash frozen with liquid nitrogen prior
to lyophilization. The sample was dissolved in one
volume of water and boiled for 8 hours on a heating
plate stirrer at 80-90°C. After cooling down at room
temperature, the sample was incubated at 4°C for
14-18 hours to allow precipitation of impurities.
The precipitates were removed by centrifugation at
the same speed, and the soluble material was mixed
with one volume of 95% ethanol to precipitate the
polysaccharides. After 14-18 hours of incubation at
4°C, the precipitated polysaccharides were collected
by centrifugation at respectively 3,024 x g and 5,927
x g for 20 minutes each at 4°C. They were then
flashed frozen and lyophilized. The trace moisture in
the lyophilized sample was completely removed by

baking at 70°C hot air oven for 1 day.

To remove proteins from crude polysaccharide,
the Sevag reagent (chloroform:butanol ratio of 4:1)
was employed. Briefly, the crude polysaccharide
was dissolved with water to 10 mg/ml. The Sevag
reagent was added to the sample with a ratio of 1:1,
and subsequently mixed and votexed. The mixture
was centrifuged at 12,096 x g for 10 minutes at room
temperature. After centrifugation, the sample was
separated into two layers. The top layer is the aqueous
solution, which contains the polysaccharides and the
bottom layer is the Sevag reagent. The top layer was
carefully pipetted without picking up the interface,
which contains some proteins, and transferred to a
clean tube. The solution was pooled and the extraction
was repeated twice. Then, the aqueous layer was
dialysed against 2L distilled water. Water used for
dialysis was changed everyday until the volume of
sample did not change. Finally, the dialysed sample
was frozen at -80°C, lyophilized and subsequently
dried at 70°C. The weight of the sample was recorded,
and the sample was kept at -20°C until needed. The
components of the extract were analyzed with fourier
transformed infared spectroscopy (FT-IR).

Determination of protein

Proteins were determined by the Lowry assay
(Lowry et al., 1951). Briefly, 100 pl 1 mg/ml sample
was mixed with 3 ml alkaline copper solution (2%
Na,CO, in 0.1 M NaOH, 1% sodium potassium
tartrate, 1% CuSO,.7H,0). After incubation at
room temperature for 10 minutes, 300 pl of Folin
and Ciocalteu’s phenol reagent was added, and the
incubation was continued for another 30 minutes.
The optical density (OD) at 500 and 650 nm of the
sample was measured, and the amount of protein was
calculated by comparing with a standard curve from
bovine serum albumin (BSA).

Determination of carbohydrate

Total carbohydrate in the sample was determined
using the phenol-sulfuric acid method (DuBois et al.,
1956). Briefly, 500 ul 0.25 mg/ml sample was mixed
with 500 pl 5% phenol. Then, 2 ml sulfuric acid was
added to the mixture and incubated for 20 minutes at
room temperature. The OD at 470 nm was measured,
and the total sugar was calculated by comparing with
a standard curve from glucose.

Effect of crude polysaccharide on glucose-uptake
Glucose uptake was determined using a glucose
(GO) assay kit. Briefly, L6 rat skeletal muscle cells
were grown in a-MEM (low glucose) supplemented
with 10% fetal bovine serum (FBS) at 37°C under 5%
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CO,. L6 cells were differentiated to L6 myotubes by
2% horse serum (HS)-containing medium in 48 well
culture plates. The various concentrations of crude
extracts were added to the cells and incubated for
24 and 48 hours. Insulin (500 nM) and metformin (2
mM) were used as positive controls. After incubation,
medium was collected and used to determine the
glucose level. The assay reagent (Glucose Oxidase/
Peroxidase Reagent and o-Dianisdine Reagent) was
added to the sample and incubated for 30 minutes at
37 °C. The reaction was stopped by adding 50 pul 12
N H,SO,. The remaining glucose in the sample was
measured using the A, absorbance. This reagent
specifically reacts with glucose, which is ultimately
converted them into a colored substance.

Results and Discussion

Purification of the crude polysaccharide extract from
P. sajor-caju

In this study, the crude polysaccharide was
extracted using hot water. Proteins in the extract
were removed using the Sevag reagent. The total
polysaccharide was estimated by the phenol-sulfuric
modified method (DuBois et al., 1956). We found
that the polysaccharide content before and after the
Sevag extraction was increased from 56% to 93.5%,
respectively. A previous study also used the Sevag
reagent to remove proteins from the polysaccharide
purify B-glucan (Satitmanwiwat ez al., 2012). In this
work, we did not further purify the polysaccharide
after the Sevag extraction and did not determine the
amount of B-glucan in the partially purified extract.
However, a study done by Kanagasabapathy and
colleagues also extracted the polysaccharides from
the grey oyster mushroom using hot-water extraction
method and found approximately 80% [-glucan in
their crude extract (Kanagasabapathy et al., 2012).
Additional studies reported that the branched B(1—3)
and B(1—6)-D-glucan is predominated in the hot
water polysaccharide extract from Pleurotus ostreatus
and Pleurotus eryngii (Synytsya et al., 2009).
Collectively, these studies suggest that B-glucan
is the major component in our partially purified
polysaccharide from the grey oyster mushroom.

FT-IR analysis

To further confirm the presence of P(1—3)-
glucan in our partially purified extract from the
dried mushroom, the FT-IR spectroscopy technique
was employed. Previous FT-IR analysis of the yeast
polysaccharide cell wall and purified B-glucan
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Figure 1. FT-IR spectra of the partially purified
polysaccharide extracted from the dried grey oyster
mushroom

was used as references (Galichet et al., 2001,
Satitmanwiwat et al., 2012). For example, the peaks
in the range 0f 950 - 1,200 cm™ indicate the presence
of polysaccharides. The peaks at 1,150 - 1,160 cm’!
define the stretching of glycosidic bonds. Other
peaks and shoulders for B-glucan can be found at
1,376, 1,317, 1,162, 1,100, 1,080, 1,040 and 990
cm’ (Synytsya et al., 2009). As shown in Figure
1, we found a peak at 1,078 cm’!, which represents
the B(1—3)-glucans. Additional peaks at 1,153 and
1,025 cm! correspond to the pyranose ring and
B(1—4) glucans, respectively (Galichet et al., 2001;
Satitmanwiwat et al., 2012), suggesting cellulose
contamination in our sample. No evidence of other
sugars was found in the FT-IR analysis. In addition to
the sugar, the two peaks at 1,590 cm™ and 1,643 cm’!
represent vibration of proteins (Figure 1). Proteins
are overlapped with water near 1,640 cm™ (Synytsya
et al., 2009). Other peaks at 2,920, 3,394 cm™! are
C-H stretching vibration and hydroxyl stretching
vibration, respectively (Synytsya et al, 2009;
Satitmanwiwat et al., 2012).

Our FT-IR result shows that the sample still
contains some proteins, which might not completely
be removed by the Sevag reagent (Synytsya et al.,
2009). We also found a significant loss in the total
carbohydrate after the Sevag extraction (data not
shown). Therefore, this extraction method might not
be the best technique for eliminating proteins from the
polysaccharide. Consistently, it has been suggested
that this extraction technique might not be able to
remove polysaccharide-binding proteins (Synytsya
et al., 2009). Previous studies used specific enzymes
to eliminate some unwanted carbohydrates (e.g.
cellulose and hemicellulose) in B-glucans (Ookushi et
al.,2008; Satitmanwiwat et al.,2012). Thus, a similar
technique using an enzyme to remove proteins could
also be utilized. This enzymatic digestion might be
a better technique than the Sevag extraction method
because it might confer a better yield and purity to
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the polysaccharide.

Effect of the partially purified polysaccharide extract
on glucose uptake

The relationship between polysaccharide and
reduction of blood glucose has been demonstrated.
For example, a previous study found that the effect of
polysaccharide extracted from the fruiting bodies of
Tremella aurantia reduced blood glucose in diabetic
rats (Kiho et al., 1995). In addition, polysaccharide
from Pleurotus tuber-regium has many properties
such as, antihyperglycemia, antihyperlipidemic,
and antioxidant in diabetic rat model (Huang et al.,
2012). Moreover, extracellular polysaccharide from
Phellinus linteus prevented high blood glucose in
diabetes patients (Kim et al., 2001). Together, these
data led us to investigate the effect of our partially
purified B-glucan from the grey oyster mushroom
and the ear mushroom (Auricularia auricula) on
glucose uptake by the L6 cells. We also included
laminarin, a small soluble B-glucan from Laminaria
digitata in the experiment. Results in figure 2 show
that polysaccharide extracted from the grey oyster
mushroom and laminarin stimulated glucose uptake
in the L6 cells, suggesting that B-glucan in the extract
probably caused the effect. Unlike those samples,
polysaccharide extracted from the ear mushroom
showed no effect on the cells (Figure 2). These
polysaccharides did not affect viability of the cells
(data not shown). From these data, we continued to
investigate the effect of the polysaccharide extract
from the grey oyster mushroom on glucose uptake
in this cell type. We found that the level of glucose
uptake increased as the concentration of the extract
increased, and the stimulation of the uptake was
clearly evident in 48-hour incubation (Figure 3).

The role of polysaccharide in regulation of
glucose uptake has been illustrated. A recent study
showed that Astragalus polysaccharide (APS)
extracted from Astragalus membranaceus stimulated
glucose uptake in the L6 myotubes through the AMP-
activated protein kinase (AMPK) pathway (Liu et al.,
2013). It was found that the APS-dependent AMPK
pathway stimulation subsequently promoted the
phosphorylation of Akt substrate of 160 kDa (AS160),
which led to the excotytosis of the glucose transporter
4 (GLUT-4) to promote glucose uptake by this cell
type (Liu et al., 2013). GLUT-4 has been shown to
be a major glucose transporter in the skeletal muscle
cells (Sakamoto and Holman 2008). The involvement
of the Akt pathway and AS160 in glucose uptake by
skeletal muscles has been demonstrated (Treebak
et al., 2006; Choi et al., 2012). This Akt/AMPK
pathway might be responsible for B-glucan-induced
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Figure 2. Differential effects of polysaccharides on glucose
uptake. L6 myotubes were incubated with different
treatments [2 mg/ml crude polysaccharide from the ear
mushroom (EM), 2 mg/ml crude polysaccharide from the
grey oyster mushroom (GOM), and 2 mg/ml Laminarin]
for 48 hours. The histogram shows the average percentages
of glucose remaining in the media, calculated from 3
repeats. The error bars represent standard deviations of the
data. Statistical differences compare with the control set
(untreated) were calculated by two-tailed Student’s T-test

(" for P<0.05 and ™ for P < 0.001).

e

b il D24h ®W48h
-

% Glucose uptake
&

i
*

Ll ium

ol L1

20 ut Ins Met 625 125 250 500 1000 2000 4000

Curde extract concentration (ug/mi)
Figure 3. Polysaccharide from fruiting bodies of P
sajor-caju stimulated glucose uptake in time- and dose-
dependent manners. (A) L6 cells were incubated with the
various concentrations of the polysaccharide (62.5-4000
pg/ml). Ins (Insulin) at 500 nM and Met (Metformin) at
2 mM were used as positive controls. UT is abbreviated
for untreated. Each represented data point was calculated
from 6 repeats, and the glucose uptake experiment was
repeated for 3 times. The error bars represent standard
deviations of the data. Statistical differences compare with
the control set (untreated) were calculated by two-tailed
Student’s T-test (* for P < 0.05 and ™ for P < 0.001).

glucose uptake by the L6 cells, although the direct
connection between B-glucan and glucose uptake
has not been confirmed. Another study also showed
that B-glucan-rich polysaccharide extract from the
grey oyster mushroom decreased the overall blood
glucose concentration in mice fed with high-fat diet
(Kanagasabapathy et al., 2012). This group showed
that their B-glucan-rich extract upregulated GLUT-4
gene expression and downregulated the expression
of many proinflammatory cytokines, including
interleukine-6 (IL-6) and TNF-o (Kanagasabapathy
et al, 2012). However, the experiment was
performed in mice, but not in the context of the cell
line. Therefore, we hypothesize that B-glucan might
activate the expression or exocytosis of GLUT-4 on
the L6 cells through the activation of Akt/AMPK
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pathway.

The ability of the L6 cell to respond to B-glucan
suggests the existent of B-glucan receptor on the cell
surface. It has been shown that -glucan can signal
through several receptors on the cell surface. These
receptors include dectin-1, complement receptor
3 (CR3), lactosylceramide (LacCer), scavenger
receptors (SR) and toll like receptors (TLRs), and
the expression of these receptors is cell type specific
(Chen and Seviour, 2007). Each of these receptors
can signal through different signaling pathway,
including PI3K/Akt, Extracellular signal-regulated
kinase (Erk), p38 mitogen-activated protein kinase
(p38-MAPK) pathways (Chen and Seviour, 2007;
Chen and Raymond, 2008). To our knowledge,
the specific f-glucan receptor on the L6 myotubes
has not been suggested. Thus, identification of the
specific B-glucan receptor and characterization of the
signaling pathway for the glucose uptake by the L6
myotube await the future investigation.

Conclusion

Partially purified polysaccharide isolated from
Pleurotus sajor-caju increased glucose uptake in
the L6 muscle cells, possibly due to the presence of
B-glucan in the extract. This finding suggests that
B-glucan from this mushroom might be used with
diabetes patients to help reducing blood glucose
concentration. However, additional experiments are
required to confirm that this activity is due to f-glucan
in the extract. Furthermore, the specific B-glucan
receptor and the signaling pathway that lead to the
stimulation of glucose uptake by this cell remain our
priority tasks in future experimentation.
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