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ABSTRACT

Background: Ganoderma lucidum cultured on hulled barley was investigated as a potential natural source of antioxidants and anti-
inflammatory agents.

Methods and Results: The yields from Ganoderma lucidum cultured on hulled barley water and ethanol extract were 17.69% and
25.77%, respectively. The antioxidant activity of Ganoderma lucidum cultured on hulled barley extracts was confirmed by various
methods including assayss of 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azino-bis-(3-ethylbenzo thiazoline-6-sulfonic acid)
(ABTS), nitrite radical scavenging, and Fe** to Fe?* reducing power activity. The ethanol extract of Ganoderma lucidum cultured on
hulled barley showed improved DPPH, ABTS and nitrite radical scavenging activity compared with the water extract. After treat-
ment of RAW264.7 cells with Ganoderma lucidum cultured on hulled barley ethanol extracts, the cell viability compared with the
control was 92.82%, even at a concentration of 3,000 «g/ml. The ethanol extract inhibited reactive oxygen species (ROS) generation
in RAW264.7 cells stimulated with H,O,, even at low concentrations. In addition, the ethanol extract showed an inhibitory effects on
the production of lipopolysaccharide-induced nitric oxide (NO) in RAW264.7 cells.

Conclusions: This study suggests that the extract of Ganoderma lucidum cultured on hulled barley is a potential source of natural
antioxidants and anti-inflammatory agents.
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M A hydroxyl radical, hydrogen peroxide, superoxide &3 #-&

HkgAdo] 7ret &4k (reactive oxygen species, ROS).S

T3hE AlFa Agstie] wske HRk B, 4 & AgEt}h (Bohr, 2002; Seitz and Stickel, 2006). EHJAF
& =148 T3 22 viEse] Uk = 27t A Wellx] FesAl BAEE et AslE o Qlate]
=3 A Eke] AHE AFsia] 7] el e] WS doFitt o]

Zh= = 2R el Azt 22 o] S o RA AlEes) s3]
et Falo] Z71ela Ut (Park er al, 2013). Ty, HEF 2 g 22 Aol TAEA ok (Jun e
Ahae spetedoly Fal T3 22 & - sheh aglo] al., 2013). wepA], SAR0A BIRE = ABSIEERAE 9
A W dixge] Eados et AdEE FER At 248 F e A 2] sHd 1A A-gel @
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MZE| - 21945} - 09T - Mithun Ghosh - BT - HEES] - ZITIA -
gk AT ot W FES WA ok A W dE5Hhe2 T FFAOA AAE o, GAMAL #A] (KTCT No.
M EY 5o} 78 By M EEe BA3E fEsky 26193)= S| A EA-UAIE (Korean Collection for Type

o|Z Q& &4 Akt vk AAET) o7 AstAEY X
o 9% Wge 3 Bl glew, mekd B
o] e e AT AR LS s AR A}
F¥ Tt} (Delanty and Dichter, 1998).

R3] (Hordeum vulgare L) 1960 -1970dtjol= & o}
Fo8 Ta% A= Ao, H2d o2 I &5
sk AT Wele e e 2 A o] hashs %

= = 7l wE B
A}, SUNE, Bl 53 22 7 BEjAlEe] Aol oo

A3 AUt} (Hyun et al., 2008). Bl Zolu} & 5o Adutk
=771 zEA] &= PB-glucan, arabinoxyran, hydrocynamic

acid 59 7154 Y AEES Bl FFstar dom, AW
dF FHUZEE 74 AskE T3 A dee] o, AR
=2 AAE ST BNt BT st T AU ol 234
o]t} (Kalra and Jood, 2000; Song et al, 2005). ©5©],
A= 7ol ZAw Fdo] gk uj9- datE]o] lo] A
o] & FeHA ¥v HElEA, BE A WA g B
g ougitt o] Z EelHo] AEoR FE o]fEHE
Arziohs g AFRE o 8EHe 797t BARE 5
st gl ghka A S AW FejEls FEEC] By
o i w24 Hohs AES ¥deke 93T W ujobt
el B Bl $rEe] sthke Zlo] LA Are] A
o] 74 2AEA A7t olFAAA AT (Jo er al,
2013; Tamagawa et al., 1997).

A2 s2FEE, vhe, dEEE, e Tl et A
A== HA Ao AR Fgaled 71E WAl B ddEe
AR ST AEEAEE 2 AR 714 AF A9
gallof] tjgt A7t F=AL ATt (Cho ef al, 1999). Kim
T 2008y FHEEEAel A, SAHA 9 FoIAl
= el W 71 iR R AR kAl g
gt B A JERTL BAsielnh g, SeRlE bl
A7 sto] FdAl SARIE g A, st 24
o] TX=E ZeZ BAHAT (Shin ef al, 2008).

webA, 2 As s g 7se 7k 2R et
GRS BEHSE (bioconversion)® = &ufo] WE 3
Absh B3 AAEE Bkt s AlolokE AlaA A

o 7Fs4S ANFIA S,

3}

M 9
1. & M=

1) FEE A=

E Aol AL-EH HRE] (Hordeum vulgare L)y= S35
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Cultures, Jeongup, Korea)ollAl TH3tth IH571E4715

olgate] 7t B AAlsiEt HEEE WX R sto] FAHAL

TS HEAZ] F 25 28T, FE 60%l4 4047 wiek

Stk 2 & @FARIE olgste] 40TolA 397 A=
[e]

T GFFEES AR A 10 SRFE AL 50TeA
A7, 338] WHE &SIt EEFEES AR A 104
o] 70% ANeES WL 797 Aol IXFES ik F
%92 Whatman ©#A] (Whatman No.l filter paper,

Whatman Co., Maidstone, EnglandyE AFE-3}e] 23] 79t o
set3 3 A 7H%EE7] (EYELA, Tokyo Rikakikai Co.,
Ltd., Tokyo, Japan)Z &3l FZZAZX (Martin christ
Geftiertrocknungsanlagen GmbH, Osterode, Germany) ¢ %, £+
A3 Ax9 A g= 20T Bpste] ALgskch

2) Al
Gallic acid, D-catechin, ascorbic acid, Folin-Ciocalteau
reagent, sodium  nitrite, metaphosphoric  acid,  2,6-

dichloroindophenol sodium salt hydrate, citiric acid, sodium
citrate, acetic acid, anhydrous sodium phosphate (mono-
basic), 2,2-azino-bis (3-ethylbenzo thiazoline-6-sulfonic acid)
(ABTS),
(DPPH), potassium persulfate, ferrous sulfate heptahydrate
(FeSO,) & EE Al9F2 Sigma-Aldrich (St. Louis, MO,

USAAA] F9date] ARS-3HITt.

diammonium  salt 1,1-diphenyl-2-picrylhydrazyl

3) Al =g

up9-2 oA RAW264.7 American Type
Culture Collection (ATCC, Rockville, MD, USA)ZHE T
U393 Dulbecco’s modified Eagle’s medium (DMEM)3}
fetal bovine serum (FBS) 2 penicillin-streptomycin (P/S)
52 Gibco BRL (Gaithersburg, MD, USAW}Ie] A|&ES A}
g3t AEE gtk 10% FBS9F 1% P/S7F X3
DMEM HIA|Z 5% CO,, 37C incubatoroll] 3d 7HAo=
Al w8t

Mx AFs $I8 A1 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyl tetrazolium bromide (MTT), dimethyl
(DMSO)= Sigma-Aldrich (St. Louis, MO, USAWIA ¢
3} AL 2°,7’-dichlorodihydrofluorescein diacetate (H,DCF-DA)
£ Thermo Fisher Scientific (Waltham, MA, USAW}OIA
Yate] Ao o]&strt.

iz %

Al EF2]

R

sulfoxide

2. & phenolic compound, flavonoid % ascorbic acid
sk =%
[=] o



5<5<|:|O|

2ed| XM FEE2

% phenolic compound 2 Folin-Ciocalteu’s WHOZ
=39t (Seo et al, 2016). A& 40 L] 1M Folin—
Ciocalteau (FC) reagent 20 /£, 20% Na,CO; 60 142 &35}
sl FAolA 3087F WHAIZI ¥ microplate reader (Soft
Max Pro 5, Molecular Devices, Sunnyvale, CA, USA)E
o]g3ll 700 nm X FFEE SAAUTE ETEAR gallic
acidg °]&ste] FF AHFHES ZdsaL F phenolic
compound S AlE 100g 7|5 mg- gallic acid equivalent
(mg - GAE)>.= JERH AT

Flavonoid %2 Kim 5 (2013)¢] Wyow =A&it)
A& 2509 TFF 125 U 2 347 3 5% NaNO, 8 14
5 7R F 584 AdRolA wESAIZE 2 - 10% AlCk
155 93 687 ¥ks- 1M NaOH 50 1<}
27 (s st E3Fs & S10 moA FEEE
Aot AFEHZ catechin® ©]-83f XF AFAS
. flavonoid 32 A& 100 g 715 mg- catechin equivalent
(mg - CE)o-= YRl

Ascorbic acid & Klein?} Perry (1982)°] WHo =z =
A3tk A& 10mgol] 10 mg/mé metaphosphoric acid 1 mé-g
HaL AF2ollA 4587 REg & stk o2l 100 4 ol
0.05 mM 2,6-dichloroindophenol 900 £ & &3}3ked 515 nm o]
A FBEE S5t ETEEE ascorbic acidE ©]-8-314

=2 2=
o T T

=43}

At

o
<
_'__6

X5 HAEAS AL ascorbic acid S AlE 100 g 7]
&= mg - ascorbic acid®.E JERAATEH
3. DPPH radical &~HEN =3

DPPH radical 227152 Lee 5 (2015)2] WS W& sle]
Z4sdch v% WE Az AF 80~ DPPH &4
(02mM in methanol) 80 £-S &§st T qalellr 3087

HFSA)A 517 nm oA S4 =2 =A5H4c)

4. ABTS radical 2H& A

ABTS radical 2AZA4L Yoon 5 (2016)2] S WHE
sl 4319t 7TmM ABTS 483} 2.45mM potassium
persulphates E§ato] QM el Aol 12-16A17F BES
Ao 24 FFA] ABTS ol &8 vt 0]
ABTS o] £95 (0.01M phosphate buffered saline
(PBS, pH 74)2 o|&3dl] 734mmollA 334% Zro]l 0.70+
0.020] =% sA5Ith T 2 A3 AlE 200 L ]l
ABTS ol &9 800 b5 &8s+ § 57k A-2ox vhg
A7l 3 734 mm oA FFEE =459

5. Nitrite 2HE A
Nitrite 24&A4L Choi
=

=

T (2008)2] WL o83l F4
T W2 A% AE [nlo] 1 mM NaNO, 1 ml,
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02 M citrate buffer (pH 3.0) 8m S Y3 &3 5 37C0|
AN B9F dRSAIFEE EE 1 ml ol 2% acetic acid
2ml3} Griess reagent 400 /S B3 EFsle] 158 & A
2o uke- A7 & 520 m ol FFEES AT

\n o-1-¥ T

Chung % (2005)¢] ¥H< =

AZ3E A& 1mlo] 02M PBS (pH 6.6)
2.5ml, 10mg/mé potassium ferricyanide 2.5mé &A1 &
50ColA 2082 wESAIZ T EFHE sméoll 100 mgml TCA
(trichloroacetic acid) £ 2.5m & 715t centrifuge 4
3,000 pme2 1027+ LA sl A5 smlel F7F
5ml, 0.1% FeCly 1 me-& #7¥ate] 700 nmollA] T4 22 =4

ssick.

Mol 5%

7. MIZ W ROS &3

AEZ ] ROS AL fluorescent 2°,7’-dichlorofluorescin
(DCFy7} 4FslE H,DCF-DA probeZ ZAZ3IAUT (Yeon et
al., 2013). RAW264.7 A3EZ 96 well platecl] 5x 10* cells/
well2 B3l 24A|7F & v =2 A2 AISE A28t
24X17F ¥Fsldtl. 10 mM H,DCF-DAE AZ]3slal 40% &
600 UM H,0,& A 2lste] 1417+ & fluorescence microplate
readers (Soft Max Pro 5, Molecular Devices, Sunnyvale,
CA, USA)S ©]&3}4] excitation 485 nm, emission 530 nm ©J| 4]
S48kt

8. MZZHEZ 54

HNEABZEL RAW264.7 AIEZS 96 well platecl] 5x 10
cellswell2 EF3te] 24A17F $ 55 MR A|x3 A5}
lipopolysaccharide (LPS)E *]2]38led 24A17F wl &3} Th
MTT &9 @mgml) 502 FH7}ske] 5% CO, 37C
incubatorol| A 2A]| 7+ WES-SLHTE o] & wiX|E A AFFAL
DMSO 150 (45 F7¥ete] A2ellA 15%7F ¥ % 540 nm

M FFEE S8

9. NO & Hot

g4 HAAZF9) nitric oxide NO)Q| A S
(1982)°] Wo g =73t RAW264.7 AlEE 96 well
platedl] 5x 10%cells/well2 £5310] 24A7F & % HEZ A
Z3 A58 LPSE A st 2447F wieFsiaith. 45
80 10 9} Griess reagent 80 (45 &EF3lo] AF2olA 158 Wb
& ¥ 540 mm oM FHEE STt

10. SH=2M

[e)
z9ge

i

X



(means + SD)Z JEM2T, 7 A 7ke] EA5H4 Ao

Prism 5 GraphPad software (GraphPad Software, Inc., San
Diego, CA, USA)E ©]& sISlth. 7t ++ 74e] 4] Hlale
Two-way ANOVAE- F3l| bonferroni posttestsZ 2182 p
<0.05% 53

ol
=

o 3 oF

1. 22e] XA

al
=

F&29°| & phenolic compound,
flavonoid % ascorbic acid &tk

A EAU ] HEsgtE 22 tgiEolH st e 5
thst S veRdth 53] 3kt @42 wlsd 3§
HEo] 2ok AloR Hialwo] A EA7E 7= HEEE
o s s lsksS ddehe 71840 AEE
o] &3k 4= At} (Sato er al, 1996). FAsHAZ LA U=
ascorbic acide= QAo F83%F B4Z A& F FU=EA A
olo] 3FFol Q3 ascorbic acid®] Y HFA= 70mg ol
oL 60 mge]th. SEAIRE ascorbic acide AAUIFolA 2H
TERA] FaL QoA HFHE sfofwt dt= Adelth
(Huang et al., 2007).
B AF A3 AR (Hordeum vulgare L) BAHA &
°] % phenolic compound, flavonoid ¥ ascorbic acid &
FS 5435 3= Table 13 Ut} dEE] JAWA IF

% phenolic compound - ZHzf

29.84 mg - GAE/100 g2} 53.43 mg - GAE/100 g°] 2 flavonoid
s 77t 10.32mg - CE/100 g2k 13.31 mg - CE/100 g©|™,
ascorbic acid ¥ ZZ} 7.96 mg/100 g3t 19.33 mg/100 g
2 Ueigth Blad 2
g FEE] A¥zoR
flavonoid ¥ ascorbic acid 2 YESITE

Jo 5 (2013 ®.27}
phenol o] 7Agitial Hsiglon, B

1

ol

hl
o g
2
)
09:4"
it
i
Jfu
fr
AC)
lo

Table 1. Total phenolic compound, flavonoid, ascorbic acid
content and vyield of Ganoderma lucidum cultured on
hulled barley (CLHB) extracts.

T%tjrln%;eunr?dhc Flavonoid Ascorbic acid Yield
Extract D (mg+CE?/100g (mg/100g
(mg - GAE'/100 g of dry mass)  of dry mass) (%)
of dry mass) y Y
GLHB-W 29.84 +1.40 10.32 £ 0.51 07.96 £ 0.88 17.69
GLHB-E  53.43 £1.30 13.31+0.74 1933 +1.29 25.77

The values are the means+SD from triplicate independent
experiments. GLHB-W; Water extract of Ganoderma lucidum
cultured on hulled barley, GLHB-E; Ethanol extract of Ganoderma
lucidum cultured on hulled barley. "GAE; Gallic acid equivalent. ?CE;
Catechin equivalent.
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% phenolic compound S 5.67 mg/100 g2 B I3
olof Hlal ARzl AN HARE ol&ste] BEHSst
AR AN FE252 =2 783 F phenolic compound,
flavonoid & ascorbic acid ¥ UeRlo] AEHS o= <13k
fradw S= dAdEh

2. d9e| AX|HA
nitrite {2

DPPH 1z 271%-S DPPHYF BlawE ¢eFg3l 2k gt
A= ksl B3 M-gEPE AkslA 2k Bitize] Ao
HYE Fel= HFE = YElE o83l st §Ee) 3
ksl &8 Hrishr] 918 de AFETE (Hu and Kitts,
2000). 2¥2] JAHA & Fe= oeke F2E<] DPPH gt
Z AASS a2HZE JEid ZeE, & 2mg/ml oA
14.07% (GLHB-W), 30.15% (GLHB-E)2 UEehdt}. tizs
o2 A8l ascorbic acideE 2 mg/ml oA 101.5% A2AHSS
YERATH (Fig. 1A).

ABTS #©tHjZ &A5 A2 ABTS7F AFst f=AQ1
potassium persulfate®} RFS-3le] &2 ABTS 4ol 3
dstarl atsl BHe] dArlgelse® Qe Eamke-S Fa
FrkalsS A Whloltt (Adedapo et al, 2008). HK
BAMA FEES] ABTS &z &A% 222 e}
2mg/ml ol A 45.65% (GLHB-W), 71.24%
(GLHB-E)Z YElgth thzo 2 ARE-3l ascorbic acidE

ZZ=29| DPPH radical, ABTS radical,

A _ B Ascorbic acid B 3 M Ascorbic acid
IS p g
s 3 GLHB-W < & GLHB-W
£'1207 @@ GLHBE £ 1201 @ GLHB-E
2 2
| =)
g s
§ g
3 E
b1 k-]
£ £
- 14
& =
a <
a 025 0.5 1 2 : 025 0.5 1 2 4
Concentration (mg/mL) Concentration (mg/mL)
C B Ascorbic acid D @ Ascorbic acid
[ GLHB-W & GLHB-W
1207 @@ GLHB-E 157 8 GLHBE

Nitrite radical scavenging activity (%)
Reducing power (Absorbance 700nm)

025 0.5 1 2
Concentration (mg/mL)

025 0. 1 2
Concentration (mg/mL)

Fig. 1. Anti-oxidative activities of the extract of Ganoderma
lucidum cultured on hulled barley (GLHB). A; DPPH
radical scavenging activity, B; ABTS radical scavenging
activity, C; nitrite scavenging activity, D; reducing
power. The values are the means + SD from triplicate
independent experiments (*p < 0.05, **p < 0.01,
#+%n < 0.001). GLHB-W; Water extract of Canoderma
lucidum cultured on hulled barley, GLHB-E; Ethanol
extract of Ganoderma lucidum cultured on hulled
barley.
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2 mg/ml oA 101.5% 2752 Bt (Fig. 1B).

Nitrite 2]3-2] | o33l 28 2 2 UxE
Al A7HAZ AFEES JAA T amineFE S A 2
F5 A Al A M YERSE whgo g la) k=
¢l nitrosamine®] AAE 7FsAd0] wlg- Eom 53] A

oA A WA} (Kim et al, 2013). 3+ nitrite= WY

oA AlA7)5el - Hosle] G5HES = o
t} (Hong ef al, 2003). ARZFAHA FZE2] nitrite 2

R

Aeg Y=z Yehd Aoz % 2mgml oA 10.92%
(GLHB-W), 18.74% (GLHB-E)Z UElyth ti2o 2 AR
3} ascorbic acide 2mg/ml o)A 5827% AAFS BYth
(Fig. 1C).

=2 &3 % phenolic compound, flavonoid % ascorbic

acid T Y ARz AN AeEFEES 95
FEE] ¥jdl =& DPPH ¥ ABTS gtz &AZHS
YEMIATE Ku 5 (20093 Park 5 (2016)°] X1

[e]
=

=

o

=
o

2
=
=

-0
o=

phenolic compound o] H&4= =2 DPPH vz

< AFATE Aoke S RIS B ollekE FEE
L itrite 275 T3 AEToA] BRAE o A4S HY
ascorbic acid &3] E=2FEF EL2 nitrite 2452 Btk

7 olH, flavonoid 433 ABTS |z Alolel=
[

=8l °]+ ascorbic acid= nitrosamine?] FAS A5}
A-rAet AR5kt (Lee and Ahn, 1997).

p
o

3. 28] FXA FE=9 2™

39ES HIN= ferric-ferricyanide (Fe*' )y&gEo] 45
Fosie] A B ZS FSAA ferrous (Fe?HZ ¥k
Y FHE poE Jeid Aoz, o] Fe¥'o 7hae I
= SRIEERE 4 dake] 2o =a dojdtt (Gilgma
et al, 2003). FHE] JAHA FE=°] g ST 43}
FE 0.25 mg/mlol|A] ascorbic acid TH-O.2 AR PAHA
qeEEFEEC] & dgS e (Fig. 1D). Ascorbic
acid 72 reductone®] F4Fs} W2 hydrogen atomS AlF
sto] A 2tz AE wgkete] dojupr, gk Fksle]
A AFELAH REgete] Hikste] A4S etk

A= Algste] A Sz Aduke-g RS By
T} (Wettasinghe and Shahidi, 1999). wbA AR 9]
WAL ERE FE=olA] BlwA =2 flavonoid 2 ascorbic
acid TS Yehfo] Hwd =2 kg o] o= 3
Ial=0

ol
AT

4. 22| XA FE=29 H,0,2 75 ME
e oK 2t
Are] AR E

W ROS

al =
=

33

A, G FE2EL 50 pg/mlbollA 86.55%2] AlE A&
HPowH, 100 zg/ml & ool T=rt molgle|
e} gEEo] woldS RIS v dghE: FEE2
E52l 3,000 pg/mlo| A% 92.82%2] AAEES HY O ZH
He] AN oekeFEEo| Aol vRe JEo] 2
© 2 YET) (data not shown).

Al oA kst 2E# 2o o) WAet= ROSO| o
o ZARE AR FEFE JAGHS gotrr] 93l
RAW264.79 H,0,2 A8} 2EHAZ §53 5 DCFH-DA
probeZ o]-&3l] ROSO| ol wWE Py Jw=2 =4 3}

(ROS) AR} o2

=z == 11
== O;]—y_

2
A

ATk H,DCF-DA:= ME U SA4ka
AFE-ER= fluorescein®] 3FeHE o2 SHlH FHe|2A] M| EeS
Ei}sle] gatsk o= Qlt), A xS £33 DCFH-DAE Al
ZAM AE WY esteraseol] 2J8] H|FFEZ2] DCFHZ 7}
FEsEth. ROS &4 Aol DCFHE AHglElo} 3wyl =
< DCFZ AZEc) wehr] AlE W ROSe| 4] Be=E
A= FFue] AXNER, FEE ol kst Edo] &
Ask= 739 ROS AJdo] AAl=]e] DCF JF=rt ase
AL o]gste] =43t} (Choi e al, 2006; Kim and Park,
2011).

A

Oconx WH,0, [JGLEB-W
200

KAK  kkk KKK

.
P <0.001 AAK

1

kk Kok

n
S

(% of control)
S

Fluorescence Intensity

n
S

04 . R -
H,0,(600pM) - + + + + + + + + + +
Extract (ng/mL) - 50 100 250 500 1000 1500 2000 2500 3000

OcoN HWH,0, @GLHBE

P <0.001

(% of control)

50

Fluorescence Intensity

ol
H0,(600pM) - + + + 4+ 4+ 4+ o+ o+ o+ o+
Extract (ng/mL) - 50 100 250 500 1000 1500 2000 2500 3000

Fig. 2. H,Oz-induced generation of intracellular ROS
levels on the extract of Ganoderma lucidum
cultured on hulled barley (GLHB). A; GLHB-W,
B; GLHB-E. The values are the means + SD from
triplicate independent experiments. Two-way
analysis of variance followed by Dunnett’s t-test
(*p < 0.05, **p < 0.01, ***p < 0.001). GLHB-
W; Water extract of Ganoderma lucidum cultured
on hulled barley, GLHB-E; Ethanol extract of
Ganoderma lucidum cultured on hulled barley.
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o

ok

thz7ol vl 600 pM H,0.5 1A]7F %23+ negative
control®] intercellular ROS A3 °F 1.2- 1.5 F7ksl e
o, Axg] WA FZ2EE 50-3,000 pgml o] FEZ
A3 A 5 FEEL 100 wg/mle] FEHE ROS A4
o] F7kh= AP BT ol AEAEES] AR <l
ikl RS AAT F e sEHol AAEHAY vE
Zrglole] 71Eold 5o AR AAG Egrtie TUkE
At Ax= AdHT. ks FFES negative control
(125.85%) Y] HEEZ 07 9226%7H4] ROS AAdo] A
& HEe AL FEdnt (Fig. 2). oo da= AR o
WA o ehEFEE2] polyphenol AJE-2] FAtsl EAdo]
H,0,8 %3+ A WY ROS 2753 AAFASE 21 &
Zo 2 Als ¥t

= =11 O

5. d2e| WA FESO
NO 48 Mz}

LPS2 REE MEAMEED}

A|EE2gol| e AEAPE S 53] A5 Asky wHs &
A 2l el A5k olgf st AfEttiZel ot A
A We] 2F &g skl 2 9] el s 2t
(Jin et al, 2010). xS Qo7 AA L halAx
(macrophage)’t €15-2] #Al=olut 29)st HAAo] vkese] o
a1l TNF-0, IL-1B 2 1L-69} 72 cytokineS:
slal I3 INOS9 COX-25 #4d3le] NO 2 PGEE
3t} (Nguyen et al, 2013). LPSE WS4 & s
A 3ZS RAW264.791 i8]l TNF-q, IL-6, IL-1p2t 7+ pro-
inflammatory cytokine2 57FA7]13L, NO, PGE, 52 {5l
NEAS Eu)dtt (Kim and Son, 2014). ©]#3+ LPSE %
3] RAW264.7° H5S F=3t &, FEE9 7} sl g

AZAEE 2 NO AR gt AR axE 7t
A5 AHE AP E FEE A AEAEES

slo] E 2 ek FEEC] FEE t2A A
MTTE o|83te] Are] I E5FZFE°] LPS (1 pg/ml)
2 A AEAEE mXe 9T Y 2 Ao,
LPS 2] oA oF 65%2 A|ET7t Aaslis 94558
2 Tt 2SS MEAEE] Y daske A4S B
Aok whE ek 225 3,000 pgml 9] FEOIA M EAYES
o] foHog st (Fig. 3).

NO A& ofditolu} ofbdato] 9] AE 9 Ao AR
%)+ Griess A 9FS o]83le] =31 izl vlsl] LPS
A2 Al NOE oF sl Z7I8I9aL, Zue] 9] 55552
Tt ool = Eslal NO AAele Zel7t gliet. wk
A S FEEL oo 7hisle S HIoH
3,000 g/ml &) FEoNA F 63%7HA] A=At (Fig. 4).

Park 5 (2013)2 # FAWA #AHA FF5 100 1/
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Fig. 3. Cell viability of the extract of Ganoderma Ilucidum
cultured on hulled barley (GLHB). A; GLHB-W, B;
GLHB-E. The values are the means + SD from triplicate
independent experiments. Two-way analysis of variance
followed by Dunnett’s t-test (*p < 0.05, **p < 0.01,
**#¥p < 0.001). GLHB-W; Water extract of Ganoderma
lucidum cultured on hulled barley, GLHB-E; Ethanol
extract of Ganoderma lucidum cultured on hulled barley.
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Fig. 4. LPS-induced NO production of the extract of Ganoderma
lucidum cultured on hulled barley (GLHB). A; GLHB-W,
B; GLHB-E. The values are the means £ SD from triplicate
independent experiments. Two-way analysis of variance
followed by Dunnett’s ttest (*p <0.05, **p < 0.01,
**#¥p < 0.001). GLHB-W; Water extract of Ganoderma
lucidum cultured on hulled barley, GLHB-E; Ethanol
extract of Ganoderma lucidum cultured on hulled barley.
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