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Effects of GuBoEum Inhibiting NO, TNF-a, IL-6
and IL-12 Production by Blocking MAP Kinase Activation
in LPS-induced Murine Macrophages

Byung Soon Lee', Jo Young Shin', Si Hyeong Lee"?™

1. Department of Internal Medicine, College of Oriental Medicine, Wonkwang University,
2. Department of Professional Oriental Medicine Graduate School of Wonkwang University,
3. Research Center of Traditional Korean Medicine

The purpose of this study was to investigate the anti-inflammatory effects of extract from GuBoEum(GBE) on the
peritoneal macrophage. To evaluate anti-inflammatory effects of GBE, | measured cytokines (interleukin-6; 1L-6,
interleukin-12; 1L-12, tumor necrosis factor-«; TNF-a) and nitric oxide (NO) production in lipopolysacchride
(LPS)-induced macrophages. Furthermore, | examined molecular mechanism using western blot and also LPS-induced
endotoxin shock. Extract from GBE does not have any cytotoxic effect in the peritoneal macrophages. Extract from
GBE reduced LPS-induced IL-6, TNF-a, IL-12 and NO production in peritoneal macrophages. GBE inhibited the
activation of extracelluar signal-regulated kinase (ERK), C-Jun NH-terminal kinase (JNK) but not of p38, degradation
of IkB-a in the LPS-stimulated peritoneal macrophages. GBE inhibited the production of TNF-¢, IL-6 and IL-12 in
serum after LPS injection. These results suggest that GBE may inhibit the production of TNF-«, IL-6, and IL-12
through inhibition of ERK and JNK activation, and that GBE may be beneficial oriental medicine for inflammatory
diseases.
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&2} sl gm, xS0l S88I%ch Lipopolysaccharide (LPS)= QAo HE8IEE A o71= W
(1) U459 HEH YRIEZCEA 7ITWe BH) %4 (endotoxin) ZA) Z=eka|AJOIK} (tumor necrosis factor-
22 AT wMAlFIEE BEA $Ejol SAlo], 3 OF= W alpha; TNF-), Interleukin (IL)-1b, -6, -12 53} 22 HHZE4 4|
ZIA QIO E 7&Kl 7IEASe] AbHZE o7 T Blt) sl 55 284 % (pro-inflammatory cytokine) & nitric oxide (NO)Z&
EF7t A=g wol Yoluks AOEA, o AEE2 5 &7 |13 RENA GBS Yoty o] MEEY BSHUES HWAME
o] ofd XL ZRH 1% AT} tiREES S F7|39] Huto £ YA Ao AUE FHECE HolglLE ToF1L,
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- E-mail : lsh@wonkwang.ackr, - Tel : 063-859-2806 2 olete] LPSE Surel dEZ1ed Q1A1=0 uka Aol
CE4:2008/11/19 - 4E ¢ 2008/12/20 - RAEH : 2009/01/12 S ABH dPS0] Shalsicion,

- 104 -



LPSZE T3t thal M EollA] MAP kinase2] &ldlofl 98 A8k NO, TNF-u, 1L-6, [L-12 ¢ old) §3}

NEKS 07 78X FBEZ EFaT el Bttt
oLk, NEEol HESY AzEd EZ3 NO9 44l nix|
= Fgol gt A= 2 8 3k

ololl AXk= NEERY BHEE FHE
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pro-inflammatory cytokine (TNF-a, IL-6, IL-12)S} 23} 2H57]
Heg ZARBIGTE et AR oA NERS EnE HE5V!
Qold 4d AEE sl fAet ZUE FIVVN0l BT
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1. AE
1) &=

C57BL/6 658 ¢ Ul AE (F)2EIHEH]2(S. Korea)
oA Pl AREBIATE
2) ot

2 4slo] AIBE NEKS FEEE) Yo 708 uee
A BN, ABuistn SOl ThpEl B olAIhRE o) A]
TS & MBI AMESIH oM, 159 WETH BLS Table 1
o gt

Table 1. The Prescription of GuBoEum(GBE)

herbal name amount(g)
Aurantii nobilis Pericaroium () ‘
Menthae Herba (BT 4
Ephedrae Herba (&) 4
Cinnamomi Cortex (%:82) 4

Mori Cortex (B &) 4
Perillae Folium (S& %) 4
Arecae Pericarpium (KEERZ) 4
Mume Fructus (54) 4
Glycyprhizae Radix (H &) 4
Zingiberis Rhizoma (= &) 2
Total amount 38

3) Al % 7171
Fetal bovine serum (FBS), RPMI 1640,
penicillin-streptomycin 9] AZ wWjtE ASFEEZ Gibco BRL
(Grand Island, USA)AMO|A], ul@}ZE = Corning (Rochester, USA)
AJolAl FUBIECE AEo) AMRE A|QF £ HEPES, sodium
dodesyl sulfate (SDS), acrylamide, bisacrylamide, LPS (Serotype
: 055: B5), Tris-HCl &2 SIGMA (St. Louis, USA)AollA] QiZ1
¥om, d#d AE¥ EAQl  anti-phospho-ERK1/2  Ab,
anti-phospho-p38 Ab, anti-Ik-B-o Ab, anti-phospho-JNK Ab,
anti-p38 Ab, anti-ERK 1/2 Ab, anti-JNK Abg Cell signaling
(Denvers, USA)AJoilA]  FRIBIICE
anti-mouse TNF-¢ Ab, anti-mouse IL-12 Ab, ZAZEF IL-6,
TNF-q, IL-125 R&D Systems (Minneapolis, MN, USA)ollA] =
Ut o, d¥ol AMBE ZE A2 BAME SHOIURLE A

31k

anti-mouse IL-6 Ab,

Aol ALEFE CiE K 100 g2 1 79 3% S/FFE
2217 30250 WYl HZEZE oust thg 70T (Deep
Freezer)ofl Al 12417} 612} B4R 1L, Freezing Dryer® B4 7
ZAFA 325 g9 BHE RIrt doiXl BEE
Gopofl =a] filter (0.2 pm syringe filter) 2 A8IA AFEBIRCE

2) Peritoneal macrophage®] BRI}
Ael 3xl 48] v Aol @5 B2 (thioglicollate 2.5 mf)

Lol TS A cervical dislocation©@ F 348 4]

Ead

= e A

o
B ;‘I
N

A
7} & RPMI 1640 + 10% FBS medium 7 mE 27} U] Z=la}
o 187 s ®g thixlsh 5 249 Hohdrt RE%
=7 = 47, 1,200 rpmoll 4} 587} 214120138 & 10% FBSE
S5 1% penicillind] BZEF RPMI 16400 SEISH & cellS

countingd 4] 1x10° cells/mlEZ 6 cm Dishi} Plated]] seedingdhil
5% CO; 37C7F A=+ mcubatorOﬂH 3A17F wRSEIL
suspension A ZE T Fol RESE MEZE thAHEE 7H5E6)

o ’.%%JOPQ

HEHEE KostovaS] MRS SE BIBBAER HHAE
o] MEGES WAAMEY] v|EFZCZ|o} Ba Fhol Q8 AF
5 MWHEE W= MTTEIS Bl O E MTTRAY
OF ZEBKACE ASMTS SR M ZES RPMI 16408 Kol Al

1 x 10° cells/mlQ} VT2 FEBINT, & X BLE AETD
E A%fil 5193Ch 4417 SO RSt & 1 m /mu i HHOt 1
Yk MTTEHE

MTT-formazan HHES 5YT %%@1 & OH 9":0” (50%
nn-dimethylformamide& E‘—_@E’S} 20% SDS 8, pH 47)&
5l 238 CH2 20~244 OJ Bl &BIATE formazand)]
k2 570 nmoll E4EeE ¢

4) Nitric Oxide ( ) el é’e‘é

L-obr Mtu] gc_m NO# 4‘5}~Eﬂ I~ mew O@% 0]
AelEl A, obElLbE 5

, AdkECE Heinh ]l Al9F (Griess
reagent : 0.5%2] Auhdoln=, 2.5%9] Ql4} 8l OS‘VEH =gl

gl om ) ORI 8
]

S
£ O}”“m o B5TE 5@5}@1 540 nmoﬂ/\‘} a2 SH8
Ch 5 100 w9l I8l AlSFE A7) tlARTal 48wy 42 1
7) 69} Z¥2Yoll 100 - ColA] 7t
BRES }Oﬂr/} 1 MEQ "] F4E spectrophotometer (MD,
Grt. NOgJ shE otdiigdel &
«ﬂu ZEE] A4 6‘P A= ‘
5) Cytokine9 &%

AFLE S Huh”9 21 g o7 MEsIc TNFq, IL-6,
IL-18, IL-1200 =018k vlEA2] monoclonal EHHIE FEE
96-well plate= 0.05% Tween 200} Z3FE PBSE washing&il

A ZEEHE TNF-a, 1L-6, IL-1B, IL-128 3418k standard E AL

- 105 -



gict. 3142 10 ng/mlE A]ZFSI standard curveE I2]A
STk 37°CollA 221 7HECH vl eket 2 wellg THA] MESEL 242}
ofl biotinylated anti rat TNF-¢, IL-6, IL-1(3, 1L-12 0.2 g/mlE &
=C} well€ A& & avidin-peroxidaseE &1l 37°ColA] 2082
ZF HHSESICE TRA] wellE A& 8111 ABTS substrateE =Tt A}
& microplate ELISA readerE AFZ38l 405 nmZ EAISICE
6) RT-PCR (Reverse Transcription-PCR)
ASWH S Chen”9) Wy oFF HHFINCE Total RNA
= Tri-zol (invitrogen, USA) A]2+E o1Edld Z&EBIGTE HA
Zol AERE D ALl 5§ LPSE Al=¢r & 24410
PBSE 23] A2 }& PBS 1 ml & 7l AM2E

31417] & 100 pl9
% 12,000 rpmoil A1

MML-V reverse transcriptaseQ] protocolE AME3ld cDNAE
BT 1ets] 71e3lAME JHAL BHEE 16K total RNA
(1 mg) ol 0.5 mg of oligo-(dT)& WL 70T oflA] 1027 HEFA]
73t} I Fofl 1X single strand buffer, 0.5 mM DTT, 500 mM
dNTPs, 200 Unit MMLYV reverse transcriptase & %718} 42°C
ofl A TAIZFHEQY BFSAIZITE 11 Fofl PCRE ZH2HY] tubeo] 1 ml
cDNA, 1x PCR buffer, 1 mM MgCl, 200 mM dNTPs, 0.2 mM
o) primer® &1 PCR Z701 92°Coi 4] 30%, 58741 45%, 1
Foll 72ColA] 3027 B9 30cycle BHE3I8IC}. PCREMSO]

% 1X B E2] bufferg 432 F 1.5% agarose geloll 10 1<

oL mH
S

G E ¢ &AM E o188Kkd vIEE ERIsITh
AHES primer= THETF AT
- TGG GAA TGG AGA CTG TCC CAG (forward)
05{30600) GGG ATC TGA ATG TGA TGT TTG (reverse)
e ATG AGC ACA GAA AGC ATG ATC (forward)
tnf-a(2760p TAC AGG CTT GTC ACT CGA ATT (reverse)
I CAT CCA GTT GCC TIC TTG GGA tforward)
P CAT TGG GAA ATT GGG GTA GGA AG (reverse)
211001 AGG CGA GAC TCT GAG CCA C (foward)
1l 110op) CTT CAC ACT TCA GGA AAG TCT (reverse)
Bactn(Gabp! TGT GAT GGT GGG AAT GGG TCA G (forward)

TT7 GAT GTC ACG CAC GAT TTC C (reverse)

7) Western blot analysis

AU Lee 9] WS oF) HEBIIE B0l 25
B Ol A DA EE 60 mm culture disholl 1x10° cells/mlg
MNEZE HiIYELE, serum free media (RPMI1640)E  12A17F
starvationA]7!} JUEER (500 mg/m)CE A XzIshL, I
305 % LPS (500 ng/m)Z xH=6 £HS, cold PBSE 33] Al
STk A17FE (0, 15, 30, 60 min)E cell& harveststd cellE

Q1412 (5,000 rpm, 5min) Sk 1 AENS wzZln

gt ol

o

=13

ne & o
o ok
oo

£

cell pellet® AHTIATE Lysis buffer (lysis buffer 1 ml +
inhibitor 10 ml + protase inhibitor 10 ml)E &
QAAIEE] (15,000 rpm, 20min)Eled R 747]
HEBIrt. SYet gol ohido
7ko] A2 Tig, 1 sampleg 10%
SDS-PAGEo] F1718 &8t & membraned] 7111 5% skim milk
& 2417} blockingBi%iTh ERK, p38, INKS] 0141518} kB-oZ
ECL detection 2% (Amersham)© % EQIGIATEH
8) LPS S &2
ABPH S Kawai "9 @&
shock C57/BL6 mice (¥, 7-8
coli serotype O55:B5, 50 mg/kg)=
HA vhRAE 10024 3709 Q2 LI A
@4, F R 2 LPS (50 mg/kg)S
Al 2 JUEEK (50 mg/kg, 500 mg/kg)
GBlI LPS (50 mg/kg)E FANGIH DI AQ)
TR E 84AIE0r HEBIRTL
9) In vivo 482
NEKR 2=
mg/kg F 7HA L8
k=3

SATAL ST L

phosphotase
A lysisAl7] 1,
ABATIL ©Eg

z

sampling buffer (4X)

=

=

=

=
1
= =

Al
all

[els

2ol 60lz]4
]

oREle 50 mg/kgt 500
TEo gk H LPS (50 mg/kg)S
Zof vtRAE v Sl Akl A
ol =] Z Bopd & 2,000 rpmO.E 4TollA]
2087 AAEZIEkd 4EH serumit 2SIt o] 2EIdH

serumE ELISAY ©Z TNF-g, IL-6, IL-12& A2kl

i =4

mO
ot

w
s
(I

3. EAAE]
A Aol tdk EAREE student’s t-testo] TEIET,
p-valueZt 0.05 gt AL =gt A2 =E THEBIIC

1. JUERRO] A Y =l

NEHRY NEZ=HE Lo R A9 thAlA 3ol
ER &2 01 mg/ml, 05 mg/ml, 1.0 mg/mlE E|5l1,
247 ol Mz HESE ZHOIEE 1 28, NEK £&
£ 0.1 mg/milollA= 97.3+4.3%, 0.5 mg/micl A= 98.5£3.3%,
1.0 mg/mlof| Al = 96.5+4.5% % JLHEANS THAI M Zoll oSk =42t

. T o
80] GI%CKFig. 1).

2. JUEERo] NO #4of mlxle gg

LIRS NO 8Ho vikle &
Al 2o LPSE Al=8t & NO
NEK 25 (0.1 mg/ml, 0.5 mg/ml,
21841, LPS (500 ng/ml)Z AFZEIHTE 24417 o) M
HollA] NOQ| g EFIME 11 A3, v ol
2ol 45.016+1.756 uM OIU LY, NEEK FEEE 0.1 mg/ml
, 05 mg/ml ¥ 1 mg/mlE HXZ|gH UM NO 44
2}7} 29.9740.985 pM, 19.157+0.804 uM, 19.753:0.837 uME

0%
L
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LPSE 53 thAA ol 4] MAP kinase®] ojzloll 98t AW NO, TNF-q, IL-6, IL-12 i o3A E3%

VIERG I, NOAAE S ST8lE iNOS mRNA @X] 5% S&EFHO

2 AAFIBIACHFig. 2).
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Fig. 1. The effect of GBE on cytotoxity in peritoneal macrophages.
Peritoneal macrophages were incubated for 24 hrs in the presence or absence of
GBE at indicated dose. Cell viability was measured by MTT assay as described i
materials and methods. Data show the means value of three independsn:
experiment and error bars show standard deviation.

Nitrite production ( uM)
cw BREBREEEL 2

GBEimgmf) -

LESS00mg/ml)

Fig. 2. Inhibition of LPS-induced NO production by GBE. Cells ws
pretreated with or without exiract of GBE at indicated concentration for 30 min,
then stimulated in the presence of LPS (500 ng/ml) for 24 hrs. NO production
the level of INOS mRNA was measured by the method of Griess and RT-FCH
respectively. Data are means of three independent experiment (*p(0.05)

3. LEEROl BYHAIRIA} (TNF-a) &
NEER FE2EO0] LM ELAA] LPSE 8
Mol niXls FEE RABIAUCE SLEEK 235%:% Ciekeh &l
(0.1 mg/ml, 05 mg/ml, 1 mg/mhE 3027+ #
(500 ng/m)Z A}ZBIQTE 24417 ol ME %0_1% ELISA
aHoz 24% 2, thEToAlE TNFe9] 4
ng/ml 0l e, NEK FEEE 01 mg/ml, 05 mg/m 21
mg/mliE  [AZT AETIAS TNF-aQ dFol 2y
0.061+0.008 ng/ml, 0.064+ 0 ng/ml, 0.063£0.008 ng/ml= LIE}
WA, TNF-«9 mRNAE I Zo] AAxsIstiFig. 3).

{3

L

4. LFEKo] IL-6 W0l plA)= &
Al

NER 2EE0) thAA LA} LPSE R ET& cytokine®

o] walo] nAlE anE golkly] 5l 169 8d& FAkh
Act FUEEK ﬁ%%% cierst =& (0.1 mg/ml, 0.5 mg/ml, 1
mg/ml)g 3027t FAIS & LPS (500 ng/ml)E x}zaom.
UAIE Foll HE ZENES ELISA IO R £Y 23, tia
oAk IL-62] o] 17616+0.6 ng/ml OJA2LY, FLIEK Fra
22 0.1 mg/ml, 05 mg/ml % 1 mg/mlZ HAISH A Fo]
x19] IL-68] 434 & 717Y 6.676£0.406 ng/ml, 3.512+0.202 ng/ml,
1.987+0.248 ng/mlE UIERASICE wetd NE#k REE2 LPS
o 9%t IL-6 M e 5T JEHSE A sI¥aL Eo 1863

2ol IL6 mRNA ®4] 22 ZHE AATKFig. 4).
1.4
= 1z
g
=
S 0.3
=
; 0.5
= na
[
0.2
E 0.2 * * *
bBElmmml} - - 1
LES(S00mgml)  _ + + + +

Fig. 3. The effect of GBE on the production of TNF-a in peritoneal
macrophages stimulated with LPS. Cells were prereated with or without
sach extract gt indicated concentrations for 30 min, and tren incubated with LPS
500 ~g/mly for 24 hrs. TNF-a production and the level of TNF mRNA were
measured by ELISA and RT-PCR respectively. Detail experimental methods were
described materials ard methods. Data are means of three independent experiment
(*pC0.05).

1L 6 production {ng/mly

IL &
Artin
FREmzml) - - T S X B |
LPS(Sng/ml) . + + + +

Fig. 4. The effect of GBE on the production of IL-6 in peritoneal
macrophages stimulated with LPS. Cels were orefreated with or without
sxract of GBE at indicated concentraticns for 30 mir, ard "hen incubated with LPS
( /by for 24 s, L6 production ana the level of 1-3 mRNA were measured
by ELISA and RT-PCR resoectively, Detall experimental methods were descrived
matarials and matnocs. Data are means of three independant experiment ("p<0.05).
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HER 2‘%501 tﬂwﬂ:‘t 41 LPSE &

ol 2ol uiX|= ETE Yoty] 215l IL-129] 44 & RA}
BICE AEHRS TS &gz (0.1 mg/ml, 0.5 mg/ml, 1
mg/ml)E 3027+ MRS & (500 ng/ml)& AF=5151

24717 ol ME MEWEE ELISA 2O E £FE A, T
oAl IL-129] W40 3.8670.567 ng/ml 01 OLY, SLfEk 25
£€ 01 mg/mi, 0.5 mg/ml 2 1 mg/mlE HXE|IE L& 7ol
M Z¥zh 0477:0.027 ng/mi, 0.183+0.015 ng/ml, 0.044+0.01
ng/mlE LERAL T, IL-12 mRNAE 77213} 20} 0.5 mg/ml}

LE & cytokine®

1 mg/ml 5TolA AAEISE L 0.1 mg/mloAlE k7 AIR51A
CHFig. 5).
R _
= 4B .
= 4 i
[ 14
£ 15
5 =
T 25
] o
2 :
2 1.5
[a) |
i
= a8
L1z
Acdin
GBE(meg'mi) - - .1 0.5 1
LPS{SUng mil) - + + + +

Fig. 5. The effect of GBE on the production of IL-12 in peritoneal
macrophages stimulated with LPS. Cells were pretreated win or without
extract of GBE a1 :naicated corcentrations for 3¢ mir, and then incubated with LPS
(500 ng/mi for Z4 rrso IL-"2 orocdction and the level of IL-12 mMANA wes
measured by ELSA and RT-POR respectively. Detal exoenmen'al meinocs were
describec materass ana metngas. [ata are mears of *hree independent experimernt
*0¢0.05)

6. MAPK2} NF-«B &4oll njXls AEQ gat
LPSt= MAPK (ERK1/2, p38, JNK) I NF-kBS &4318 &
LM 4E HEd MEZEEELES BulSich NFkBE A5

o] gle defoll= MZHAA kB-a} Z8lE]o ESIct. GiAl
T EEsAE £ e AlE7F ExslE HA kB-o7 Bl

NF-kB= 1O Z olE5l] Tiefst MEZEHEZE Wikt 2
Ch JUEER 500 mg/mli 3021 FAElstaL, LPS (500 ng/mi)2

A=FBIRcE & A7 (0, 15, 30, 60 min) & western O & 5]
BEE 548}911;} I AM, SUER FEE0] LPSol 28} IkB-a
9] Eal 389] ¢14MELE AAGIAl EBI{T. 8HAIEE ERKS}

JNK&] @ﬁﬂ% M BIACHFig. 6).
7. JLEHEKO|] LPS induced Endotoxin shocko| A} ThE A A E o
Xl g

JLZ k01 LPS induced Endotoxin shockolA] 0}EA &S
of At ek niXl=Al ZABIGCE NEiK FEES A

gt ool 10mE] 4 miglg 50 mg/kgit 500 mg/kg 5 7HA =%
259 50 AU 3780 3 5, 50 #7855 212

= P EZFARGE
oﬂH FQ §— 60AI7J77W 2E 7Hfﬂ7} 5 A8 BYTh 1
L FLEEK FEES 500 mg/kg A7 S Follali= 724120
W} 84A17HR 20%8] MEEE VERNQICHFig. 7).

LPS GBE-LPS

(Time) 0 15 30 60 0 15 30 60
| - - —I <+— IKkB-a
[_.__—.-_....._.--.. | «— actin

1 +<— p-ERK1/2

[ 5 = e = e o | T= ERK12

- — 1 <+ D-p38

[ i e S e S AN S I‘—P38

I — ] — p-JNK112

[ o= e mmassmasss | T2 aNK12

Fig. 6. Effects of GBE on the expression of IkB-a degradation but
not MAP kinase activation. Cels were preteated with or without each ex-act
at inaicated concentrations “or 30min, ana ther incubated with LPS (500 ng/mi)
for indicated time(mir). Cetaied metncds wer2 descricea Materiais and Metrods

-¢- LPS(S0mg/kg)
100 L] —& GBE-50mgkg
—_ = GBE-S00mg/kg
[
§ 80
hod
3
® 60
E™
= L
2 40 4
-
1o}
z & & B
L2 1) % # -
0 3 :
0 12 24 36 48 60 72 84

Time after LPS injection (h)

Fig. 7. Effects of GBE on the LPS induced Endotoxin shock. GBE was
orally gven o the mice (n=10 per grodp) at 50 mg/kg and 500 mg/xg for 5 days
ana were mnected oo with 5% ma/xg of LPS. Surviva: was monitored for 84 nrs
simuar resul’'s were obtared r two edditional roependert expenmerts

3

8. SLE kOl EEW TNF-u, IL-6, IL-12 wdlo] nlxl= H3g)
TEK é%a 6ulz|¥ olgie 50 mg/kg;/}

F 7 8EE ol&sl] 59 EoF M AF

mg/kg)E %} AL S F Y M RW‘“X’A WS HE
A ZAFBIQICE IL-129] AJAIES A akitol 4] 0.85:0.16 ng/ml,
LPSEH A28t ollAd 21.54+1.23 ng/ml2 & kol vlah 4
Lol B7HICH, NNk FEES 50 mg/kg 500 mg/kg =
P2 247F 19.23+0.75 ng/ml, 16.49+1.03 ng/mlE T T ol A]
AXE 9ka IL-69] HAMFE FirrollAl 0.06+0.03 ng/ml,
gt TollA] 17.50+1.36 ng/mlE M ikl Bla] 43
Ahgfo] %7};&9:4, NEEK FE22 50 mg/kg} 500 mg/kg F
o F2 747} 13.61+1.46 ng/ml, 11.12+42.33 ng/mlE & F B5
oAl ZAaE Hch TNF-o9) WA Faaoli 0.27:0.19

0 mg/kg
LPS (50
&%

<l0‘l < rlf

O_\,
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LPSE FESH thAJ

ng/ml, LPSR} ZATEASE FojA] 2444037 ng/mlE A4
Hig) 44ko] E71Ren, NER £E8E 50 mg/kgd 500
mg/kg FETE 742} 2.12:0.29 ng/ml, 1.86:0.24 ng/mlZ 15
TolAl AHE HIATHFig. 8).
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Eo 'En 1§
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Fig. 8. Effect of GBE on LPS-induced TNF-a, IL-6 and IL-1j3
production in serum. GBE was orally gven fo the mice (n=6¢ per grwo‘ 5
005 g/kg and 05 g/kg for 5 days. The serum samples were taken f

at 0 and 3 hrs after challenge with LPS. The amount of TNF-a, IL-5 and -3
measured as described in the materals and methods. Data r@oresem the mear *

SEM of two separate experiments performed in duplicate. {"p¢32031
al =y

@Ol A wmE BREES A0, ME HEEKSIS
MRt B0 RESHAoIY M BREEslel gl Bicl
of ol B RO LIEAT EROIAE MLt el HEkst T
Ho| ofeiY mmeE) @ S,

ZHRS) B whel B, & B, 1§ & 200 KE AME
OF QI SMEIZIRS W HEERESY RECE Q15 g
2 HsEeieu Y mEREE S B, N, 20, @, B
B, AURENK, RO TRWR, SN, DM MR KRR, O, TR, A
i AT Bl e 16O MHsl £ ER BHS
B Bt

NEHKS T2 EmS} AMol ALESIT sl =T), = W
FRS SMNRER, BECET Q5L BEs, BIE2ERE &
HEI, fERS WERM STFEE FRAR AERS WHRy
BE R BEYE ol Uehatt.

ZcE Bol BA o Yo QBECH Boj & ol ot
Zol, fiE7t £2EA LEWEIR ZoA Ar)E, & 8D &
o] A WIIIE B} B WMEEIEESIT K2 BT

141 MAP kinase®] &i7)ci)

Ol NUEERS) NO, TNF-q, IL-6, [L-12 44 ol g1t

B Tiexel, e
TUEARS BEEr, W, T, ER RO SKEREE B0, K

B, HE, A& BHE #REo] o, B @ 2ee o
HEEY R gkt % 8 o] BREE, «EM%
SH= ARgo] Qlo] HPERg O T sk HEIERC] UL HHE
7leieksin Elek27] 3t Qlom W Mk} azwew
of it MFEOR BERMSIE B0l o BEEN
31 EEERIOT M, EAER U REEY KR SWE
GmA7Ie ERrE MBRTE % - - Sl EehEs, HEElkE
Sh= ZH0] Slo] WHBNO T $iE8, $U8, FIMER B0] AL,
REARE HHTL - E5l BIER, TA08ESHE 2H8o) o
o] 7hE 2 S BT U9, SUE, SURIERIC) UL S #EE
7V - B8 BERE, SRSk 2h2o) Qo] HEEERO
& ephedrine®] E3&E1IE0] QlOm HI-S MKV H - F -
kol R TRE FERREiEsE Ahgo] Qlol BIEEOR §y
SERE ARE0] AT KBRS MKV = - Eole BF#mRels B
80| Qo WRENO R WAERS Holn 719K F829)
AU BolFn] KEEE MHIE % - Bel FRES fA
Hoh= ZHgo] QI EREMOTE FHA 25588 A6
I HEE T H - ekl RS ENE
UZE): _\L; 9_ \?: %;@g’ggjogh _Lﬂglfl o]g}ﬂ-EJ,} /\O:i oLol
am AHAUEE S 5l AES M7} % - Bl BFMRR,

WG AF 2O R BHEOT SHEAE 9 JERNR]

AOH B IRV} B - Tl KRGS fEFO] QI B
HOZE A Harse S4A7I0H

UEIRS] QTR o]Pe 718x 8820 ulx)E gkl o
3 ATE Blgixg, mf%ékon RSt MEEH FEEE (INF,
IL-6, 1L-12)3} NO9] daol] thgh A7+ Rt
HA NEEKO] tlAlM ol thE X o RE Yotr7y) 93}
of MITEAIOR Ralsh A1), BE SFolA Ay Zoll g
E4o] gi= RS #0I8 4 AUCk

NO&= NOS (nitric oxide synthase)oll 9J&t L-arginine$
ﬂ?—?—ﬁi g m™, 23] Al E 7 interferony = LPS

A= ulf INOS (inducible NOS)71 eldizio] NOE MM 5HA
DV”". olEA WHE NOw gfllmjyZole 63?:}5@%
4 ABEMEA e ARG ED, A Z e Fo &5
2 Bn4E E0E LERICE. SR SIS NOE H4A
EE BOHLL HEE STl B8 E sl AHRES LPSE
[
<

it} *(L r/

TS NOY e HE sholi AAlsisi 2r, iINOS mRNA

SR ] BE QEHOT AHGEINTE &, kO] INOS
o] REE odAsied NO 448 oA sIsichFig. 2).

TNF-ai= H9RI29] £7]¢] B0l MYEd JEg84s
A7 HAo BrlE]ls BEE § o 7K A8 §E 98
22 B ghe ACE €A et TNFol @59 84
3l BT G438, NGRS &, 1oAY FHTHAY Tl
Z B, 229 o3RI, M E A} B9 QS AT, T
TNF-¢ ] U8 42 458 24, E4zs), e a4
FUSIZIE S S TNF-ad) 442 mRNA 480

- 109 -



Al AHolE g wok okl ThEE
SACHFig. 3). BHAITE in vivooll Al TNF-a9] 84 &
A BIACHFig. 8). 6] TNF-a= WZAo ot &40l F39
24 5o shE UEA Urk NEMKO] WELo] 9 448
o|okskAl AAskE ol £ SRt in vivoollA] TNF-a9] 84
9] A7} vkl o] AHE HY ASE AIEHCE

IL-62 7XAH Zoll A 4] ©A T E (acute-phase protein)&
Yol HEEE MZEYBAT YA AT 62 WA
S g5 2ol 3¢ XEE oI, BHFOE YYEH Fut
ElX BEY, Crohnily 59 @54 o] wany”. sk
2 IL-69] AL in vitro$} in vivoolA] SIHIGIGCHFig. 4 & 8).
ol @50 HEE A dANME €58 dRE & As A
= Av|ght.

A DO =
IL- 12+ Al &2 IFN
1, T helper (Th) 1 Aj229]
S Z7M)9)1, Th? ME Bee oF
AMASHA S, NS IL-129

ST HHSA IR
84S ulerP o

HAAE g AAs)
IFN-g9] 44
At Y Bl AE
in vitroofl A X35}

8
=

T

LPSoll &8 MEZEHEE W NO9 44 nuclear factor
kappa B (NF-kB)S} Mitogen-Activated Protein Kinase (MAPK)
Mol QEICIY, MAPKE MZ7} QE0 gHusle] we
1 EEE MELAD MEd HER HEsks
A5 HeAoltt Ea| A=Y 43,
59 ZE7IH Bolgity UdeA UL, EBY Hs
F4 (MAPK)Y 4310 sl Tkt JEd mAE
2 )

0z

HEH
REAHo] Bolghe A0E gud o
2AES WHBIL 3 oY
NF-kBE] #4319} MAPK (ERK, p38, JNK)
Eslod M4rgTi?. ALKl NO, TNF-u, IL-6,
S AR W ofw /MR o)y 2AEY
b

oz

=

Z ZABINE A EZ ExiSks NF-kB&
ZMsictk. NF-kB/E 4357 fsiAde
IkB-u7} 2313 NF-kB= 310 & 0|55k DNA kB RE3 4
&1510) NO, TNF-q, IL-6, IL-128 A4HHA ©ch BA kB«
BHETE A3 2 AEHKS kB 23S AFSIA 28}

ArkFig. 6). &, NF-kBY &8 dxsiAl Rt Eg
MAPKS g3l YA T Tt 258 mAEZE 44kt

C} ERK, p38, ]NK9] 01413l HE& ZAGIC: JUH &S ERK

2! JNKQ! ¢l4tale SRIEHA A#BIHACHFig. 6). wWehd JLEER
ERK®} INKOI Q1451 ofA|gled NO, TNF-a, IL-6, IL-129)

0= rlo

Hg ARBS HOE AEELE
In vivoold] FEES GBS Qokesl 9Asjed LPS K2y
2e B AT AMo] LBEY FHEES TSk 0o
0%9) BESS BACHFig 7). O BBE Fig. 89 U
UK|SH= PFS BYCh LPS ST £3E TNFS o}
AZEEED0] 984 SEHE, in vivoolAd 7L
HARS] TNF, IL-6, IL-129] 44108 ATH= Bl 2FBICh
AEFOR, NHWKS ERKS} INKY Q4SS oI5

=211

Al
=

k=X
=

o M

o
o
H

f

02 i pr
12
o
i

<
g9

TNF-o, IL-6, IL-129] 4§ in vivo2} in vitro R FAA] SA|

2 ALE AtREH

3

NEKS ES
NEERS FAEISL LPSE
=

IL-129] 43} LPS

€3 22 248 gtk
NEHKY MZEHE 01571 f16) MTT assayE 4H G
A EHS haH Zo] B4 E VIEINA] STt NEHRE o
A Zo) A LPSoll 9t NOWAHE oA SIHCE. JUEHRS o4l
Aol 4] LPSO| 98+ TNF-a, IL-6, IL-12 44+S AASIGTE 7,
ik RE] Al LPSol 918t MAPK 74 Q4 % p38 3} NF-kBY
2 AHABIA oI 2Ll ERK1/29} INKY] @14tgl= oAl s}
QAT HEEKS in vivool|A] LPSollA] 938} s2Hofl A 72, 84A] 7Hxl
ol 20%9 MEEE VEIRUCE NLEKE in vivoo) 4] LPSo
93+ TNF-a, IL-6, IL-129] XM &S uleksAl AAEIG T
o4 Auk= JLEERol ERK1/2, INKQ &4 & dxs1o]
TNF-q, IL-6 , IL-12 4842 AHBIG T} 3HAIT In viveol A g
Z4 NEZEHEZ AH9 oF Fuke vAg ZAgHE Ho
FAEt &lo17 UATH
o

S5 71300 A8

o

s A
o

. BRE, IR BRLR A (BRENERE £6). A S, thad w8 AL p
251, 199.

. BRE. HSEAER B2 AE HEBAL p 39, 1980.

. FREEREEES HEREHE Mg, HAESAL p
1232, 1243, 1999.

WA EA. IR/ AE, 39
A p 417, 1983.

L UFE. SQUITIEL A, GZEIL, p 129, 1992.

6. HR¥: WE. WE 215 A8, Kt p 151, 1990.

. HHAK. Pathophysiology 2 olaigh= Maksh (Zgsh. Ag,
e, p 9, 2002

. Horwood, N.J., Page, T.H., McDaid, ]J.P.,, Palmer, C.D,
Campbell, J., Mahon, T., Brennan, F.M., Webster, D.,
Foxwell, BM. Bruton’s tyrosine kinase is required for TLR2
and TLR4-induced TNF, but not IL-6, production. ]
Immunol. 176(6):3635-3641, 2006.

. Akira, S., Takeda, K., Kaisho, T. Toll-like receptors :
proteins linking innate and acquired immunity. Nat
Immunol. 2(8):675-680, 2001.

ST 4, & p 589, 6t

critical

10. o1# 8], A&E, H3|A, olF . LPSE 7% thAlM 29 ¢
Bukgol Uigt WmEwmTHEY I3 esheiE A

- 110 -



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

LPSE 253} thalAlEoll4] MAP kinaseQ] 3%

29(1):12-24, 2008.

oy, #88, @iF, 571, oldy, M. EHEO]
LPSE X598 thalMlzo] o} 2E# Cytokine WEH A

of mAlE &k thekerh NSl X] 29(2):334-347, 2008.

Ol&%, SHIEL JUHARO] Sensitized Rat9] RESTEEHC
| X|= B USSR e A 14(2):1-19, 1993,
Kostova, 1, Momekov, G., Tzanova, T., Karaivanova, M.
Synthesis, Characterization, and Cytotoxic Activity of New
Lanthanum(IiI)
Chem Appl. 25651: 1-9, 2006.

Lee, SJ., Lim, K.T. Glycoprotein isolated from Ulmus

Complexes of Bis-Coumarins. Bioinorg

davidiana Nakai regulates expression of iNOS and COX-2
in vivo and in vitro. Food Chem Toxicol. 45(6):990-1000, 2007.
Huh, J.E, Yim, J.H,, Lee, HK,, Moon, E.Y., Rhee, D.K,, Pyo,
S. Prodigiosin isolated from Hahella chejuensis suppresses
lipopolysaccharide-induced NO production by inhibiting
p38 MAPK, JNK and NF-kappaB activation in murine
peritoneal macrophages. Int
7(13):1825-1833, 2007.

Chen, CH., Sheu, M.T.,, Chen, T.F, Wang, Y.C,, Hou, W.C,
Liu, D.Z, Chung, T.C, Liang, Y.C. Suppression of

endotoxin-induced proinflammatory responses by citrus

Immunopharmacol,

pectin through blocking LPS signaling pathways. Biochem
Pharmacol. 72(8):1001-1009, 2006.

Kawai, T, Adachi, O.,, Ogawa, T., Takeda, K., Akira, S.
Unresponsiveness of MyD88-deficient mice to endotoxin.
Immunity. 11(1):115-122, 1999.

ZiFRE. BIFRUEE=8. A8, AL p 77, 1976.
BBEE, AEE hERRE. JbE, BRI
pp 53-55, 1994.

BEM, BUKE, LM BRPEFRFE. LR, R
HifRiiL, p 65, 67, 68, 1995.

A=cols el sAMIS id #A. SsARIer A
£, 3t 23AL p 147, 148, 163, 2002.

EZRM. BRAEE N FEETL p 175, 254, 261, 380,
382, 519, 528, 564, 581, 599, 1989.

(-2l BERKER. XS, SEAL p 36, 39, 47, 52, 205,
225, 229, 323, 389, 475, 481, 1998.

Ry BEAERE NS WEAL p 40, 45, 46, 434, 463,
602, 739, 1999.

ST, BELEE Mg,
364, 434, 490, 2001.
Moncada, S., Palmer,
physiology,
Pharmacol Rev. 43: 109-142, 1991.

Lee, B.G., Kim, S.H., Zee, O.P,, Lee, KR, Lee, HY, Han,
JW. Lee, HW. Suppression of inducible nitric oxide
in RAW 2647 macrophages by

HEY, p 63, 68, 82, 252, 266, 278,

RM., Higgs, E.A. Nitric oxide:

pathophysiology, and  pharmacology.

synthase expression

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

- 111 -

ol 98t JL5ELS] NO, TNF-«, IL-6, IL-12 484 oIzl g3t

two-carboline alkaloids extracted from Melia azedarach.
Eur J Pharmacol. 406: 301-309, 2000.

Seo, W.G., Pae, HO., Oh, GS, Kim, NY., Kwon, T.O,
Shin, M.K., Chai, K.Y., Chung, H.T. The aqueous extract of
Rhodiola sachalinensis root enhances the expression of
inducible in RAW264.7
macrophage. ] Ethnophamacol. 76: 119-123, 2001.

Nathan, C., Xie, Q.W. Nitric oxide synthases: roles, tolls and
controls. Cell. 78: 915-918, 1994.

Nathan, C. Inducible nitric oxide synthase: what difference
does it make? J Clin Invest. 100(10):2417-2423, 1997.
Brenman, J.E., Chao, D.S., Gee, S.H., McGee, A W., Craven,
S.E., Santillano, D.R, Wu, Z., Huang, F., Xia, H., Peters,
M.E,, Froehner, S.C. and Bredt, D.S. Interaction of nitric
oxide synthase with the postsynaptic density protein
PSD-95 and a 1-syntrophin mediated by PDZ domains.
Cell. 84: 757-767, 1996.

Stankiewicz, W., Dabrowski, M.P., Chcialowski, A., Plusa,

T. Cellular and cytokine immunoregulation in patients with

nitric oxide synthase gene

chronic obstructive pulmonary disease and bronchial
asthma. Mediators Inflamm. 11(5):307-312, 2002.

Vilcek, J., Lee, T.H. Tumor necrosis factor. New insights
into the molecular mechanisms of its multiple actions, ]
Biol Chem, 266(12):7313-7316, 1991.

Beutler, B., Cerami, A. The biology of cachectin/ TNF-a
primary mediator of the host response.
Immunol. 7: 625-655, 1989.

Eigler, A., Sinha, B., Hartmann, G., Endres, 5. Taming TNF:
strategies this  proinflammatory
Immunol. Today. 18(10):487-492, 1997.

Hirano, T., Yasukawa, K., Harada, H., Taga, T., Watanabe,
Y., Matsuda, T.,, Kashiwamura, S., Nakajima, K., Koyama,

Annu  Rev.

to restrain cytokine,

K., Iwamatsu, A. et al. Complementary DNA for a novel
human interleukin (BSF-2) that induces B lymphocytes to
produce immunoglobulin. Nature, 324(6092):73-76, 1986.
Nishimoto, N., Kishimoto, T., Yoshizaki, K. Anti-interleukin
6 antibody treatment in rheumatic disease. Ann Rheum
Dis. 59: i21-27, 2000.

Durham, SR, Ying, S, Varney, V.A, Jacobson, MR,
Sudderick, RM., Mackay, 1S, Kay, AB., Hamid, QA.
Grass pollen immunotherapy inhibits allergen-induced
infiltration of CD4+ T lymphocytes and eosinophils in the
nasal mucosa and increases the number of cells expressing
messenger RNA for interferon-gamma. ] Allergy Clin
Immunol, 97(6):1356-1365, 1996.

Gajewski, T.F., Fitch, FW. Anti-proliferative effect of
IFN-gamma in immune regulation. I. IFN-gamma inhibits

the proliferation of Th2 but not Thl murine helper T



lymphocyte clones. ] Immunol. 140(12):4245-4252, 1988.

40. Stephen, T.. Holgate. The epidemic of allergy and asthma.
Nature. 402: B2-4, 1999.

41. BV IER. SRR AAT HHE SF HUAIAH
2 A SA 7R, 2002,

42. Bhattacharyya, A., Pathak, S., Datta, S., Chattopadhyay, S.,

Basu, J.,, Kundu, M. Mitogen-activated protein kinases and

43

44,

- 112 -

nuclear factor-kappaB regulate H. pylori-mediated IL-8
release from macrophages. Biochem J. 368: 121-129, 2002.
olFAN. a-MSH i Hehd gol oM & FEEY
& 2Hg71d. MEisha ik, 2001

Mogensen, T.H., Paludan, S.R. Molecular pathways in
virus-induced cytokine production, Microbiol. Mol. Biol.
Rev. 65(1):131-150, 2001.



