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Inhibitory Effect of Extract of Euonymus alatus (Thunb.) Sieb. on the
Production of Inflammatory Cytokines

Dae Hyeon Kim, Byung Jin Kim, Kyung Bae Park, Ju Sung Lee', Kang Keyng Sung', Sung Joo Park®

Department. of Pharmacy, College of Oriental Pharmacy, 1:Department of Circulatory Internal Medicine,
2. Department of Herbology, College of Oriental Medicine, Wonkwang University

The purpose of this study was to investigate the anti-inflammatory effects of water extract from Euonymus alatus
(Thunb.) Sieb. (EAS) on the RAW 264.7 cells. To evaluate of anti-inflammatory of EAS, we examined the cytokine
productions on lipopolysaccharide (LPS)-induced RAW 264.7 cells and also inhibitory mechanisms using Western blot.
EAS reduced LPS-induced production of nitric oxide (NO), interleukin (IL)-1b, IL-6, IL-10 and tumor necrosis factor-a
(TNF-a) in RAW 264.7 cells. EAS inhibited the activation of mitogen-activated protein kinases (MAPKs) such as p38,
extracelluar signal-regulated kinase (ERK 1/2) and c-Jun NH2-terminal kinase (JNK) but not of inhibitory kappa B a
(Ik-Ba) degradation in the LPS-stimulated RAW 264.7 cells. in conclusion, EAS down-regulated LPS-induced NO and
cytokines production, which could provide a clinical basis.

Key words : Euonymus alatus (Thunb.) Sieb.{(EAS), lipopolysaccharide (LPS), inflammation, cytokine

/\-] = HAM T GBSO Yelo] HiE B QARE BHlcld &
£Zur2e funzIc.

AFRLE U BROFA] =olyt @& 3 mol] wSkh nitric oxide (NOY= =2 91242 7171 A WHEAIEHN,
Euonymus alatus (Thunb.) Sieb. (SIS 7] 29| 71K & O synthase(NOS)oll 9J3 L-argine 2 ZFE] axuEci?, No=
2 g 2er] —‘:r'—’:,%g 71¥SE Bt £=9 tiREE Aol ﬁ%‘?‘j“ﬁ o o2 W AE uirly HERS] sk,
Badle AXRE KN, E8E, REchs §50] A= AR o E38) tiAlMl =7} LPSE A= ull inducible NOS (iNOS)7} gt
A Atk ARNS FEF %%—3 gy, 1gyy HAXS 2y gxjo} NOE A46HA QD}M]B olEA YHE NO= g35its
off 20lT Yri?. sl HAXRE, olp|EY =W ZET 5 g m7iske oEe oA ¥k
% a0 22 Tis 4ol U HOE LHHUTP. S S35 A M EZOME interleukin (IL)-1b, 1L-6

AH L9 Y epifriedelanol, friedelin, quercetin, dulcitol and IL-10, tumor necrosis factor-a (INF-a)2} Ze
£ 5ol ot EAFolE EZSAEKRE (20%), oleic acid, pro-inflammatory cytokine} prostaglandin E» (PGE3) %% 3
linoleic aid, linolenic acid, caproic acid, acetic acid®} benoic AV B g m7) 220] A A4EHE, BT He
acid 5€ BFGIL AU2M, oxaloacetic acidT 0] Urt. HSE oI5k HAL o|2H AF QA 7\‘%% okglAl Tl A

FERSE ysid HYAlzo] dd) Yojuke Y B olo] Frt ukghd] NO, PGE, TNF-a, IL-15 % IL-6, IL-103} 2
detgolth HYME7 A, vloldA &€ ZEsh n|dE Y 2 95 mASAe I, 48 HedE 8 (?J A A
AAY] olEE BE QXIoHE, HEME L go3lE 1, g4 goll Ego] & Holtf*?,

* FAAA} : BFEZE, HE QlAN] AIRE 3442 QBUET S0 TEH olo] AXL7} LPSE 8535} thalM 29 E43lE dAISh=
- E-mail : parksj08@wku.ackr, - Tel : 063-850-6844 auE AS3IAAL NO, HEEd ARIETO (IL-1b, IL-6, IL-10,
s 1 2009/03/13 - 22 : 2009/03/23 - A : 2009/04/10 TNF-a)9] W&l & 4851911, mitogen-activated protein kinases
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(MAPKs) familyQl extracelluar signal-regulated kinase (ERK
1/2), c-Jun NHo-terminal kinase (JNK) 2! p38cf njxje &aks
ZAIACE. 3 inhibitory kappa B a (Ik-Ba)E& EARBIYITL

2. Ak
Fetal bovine serum(FBS), RPMI-1640,
penicillin-streptomycins2] A vje}E A|QFEES Gibco BRL

(Grand Island, USA)AtolA] vl &FA = Corning(Rochester, USA)
Al A TRIBIICE Aglol AMSH Ak
sodium dodesyl sulfate(SDS), acrylamide, bisacrylamide, LPS,
Tris-HCl £ SIGMA(St. Louis, USA)ALolA] F51930m, 4
goll Agd ERQ] anti-phospho-ERK1/2, anti-phospho-p38,
anti-Ik-Ba, anti-phospho-]NK= Cell signalingAlol 4] Q13191
t}. anti-mouse IL-6, TNF-a, IL-10, IL-1b antibodies, X} &} IL-6,
TNF-a, IL-10, IL-1bs= R & D Systems (Minneapolis, MN, USA)
oM FUFCE Aol ALY EE Aok BAE EF01408

(SRR e
AHSTIATE.

Z chloroform, Tri-zol,

3. Agss

CS7BL/6 658 Q7S 2uldEe] TRl5i AM231n)

4. MTT A
RAW 264.7 cell®} HESS2 WX EO] 1
Taol 98] AR formazan A EE HElE MITEIE Hig
OF MITEMEORE EEFC) 7ds] Mysid Ay ae 6}
£ NZES RPMI-164080A 14 2 x 10° & D& Seksled
ol 7 i‘:i FHLE MUSETE 24417 EQ viekst 5 1
mg/mlo] STE HiRkeh] AaiAl MITSME H7I81aL ThA] 30
B2 Eohuie ‘—‘5]- 3C}. MTT-formazan A4 28 DMSOE H71810
N Edll ) formazan9] 2= FHE 96-well plateoi] loading
S &, 540 nmol| 45l S SECEA ZEF

ﬁ
I
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b
Q
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5. NO (Nitrite) %9 &5

NOg 7180l Le7IIE LA ES 3 YA T Hate

*FOO
—

=)
o, ol miEA QFSE olkiatd4dy, oFEAld, MO E MEh
T} JE]2 A1 (Griess reagent:0.5%2] Aapdol| &, 25%9] ¢)
4Bl 05%9] LzEolgdol)2 oldliad s slal vigslel |
THAY] ol2EE AL o132 YAEE 49 BT} UX|GH]
WE, oFEMS] sTERE oERIE0) EEE &Fsk 540
nmollN EBTE SHBINCE &, 100 9] TE|A AlRFE 217

R G830 4 1WA 69 21zl 100 wA S 75k,

I EFHES 37°ColA 1087 s T ME0] o) St
HEZZEWE (MD, USA)E 540 nmollA] FE3IrE L4t
A B oEAIE S RFEAHERE] ARISINCE

I

o

6. Cytokine (INF-a, IL-6, IL-10, IL-1b) &5

LPS (500 ng/ml)E RAW 2647 cell® AF=517) A ARL
ZEES KIS A Al 51k Pro-inflammatory cytokine
S SRS Bol Tl orES] B8 B0 9
] LPS (500 ng/m)E KFEE £ 244]7F 5 0]E GEmAS
M E AEoholA] ELISAH O & Haslrh

7. Total RNA &

Total RNA¥= Tri-zol A0} 0] &35l F&3GIICE. HA i
2o AHLE A Aele § LPSE Ap=3 & 244174 |l
MEE PBSE 23] NS U1 PBS 1w 71 MZE 2Z
P&, FMECIE olo] floll PBSE HEl L Hiol & AEE
Tri-zol (invitrogen, USA) &4 1 nf B MZE &d]A)7]
% 100 49 chloroform &g 78I F Al & 4lojs
15,000 rpmoﬂﬁ 2081 A EEISiH W 99 HEAG Foh
I & 2-propanolit 112 43 ¥ 15,000 r 53

E]O}Oq Flol AEHS W T g FE
I AL ARES daEAFeh 2e]a FRE DEPC AEg &
242 15 g Yol RNAE 841471 %

OB &
K3} 4

rol'

- U

8. Reverse transcription-PCR (RT-PCR)

Tri-zol® 4&73F RNAT MML-V reverse transcriptase®)
ASEI] (DNAR BHESIAC). dRAL S E 95}
A total RNA (1 mg)oll 0.5 mg of oligo-(dT)& WL 70T ofiA] 10
27 H-gAZCE T Zofl 1X single strand buffer, 0.5 mM DTT,
500 mM dNTPs, 200 Unit MMLV reverse transcriptase& A7t
S 42ColA 1417 S0F BRSAIZT). 1 &0 PCRE Zp239)
tubeol 1 m¢ ¢cDNA, 1x PCR buffer, 1 mM MgCl, 200 mM
dNTPs, 0.2 mM9] primerE @1 PCR R71Q1 92To)A] 30%
58Tl 45%, 71 ZFofl 72CAA] 30RE 30cycle HHEGIS T/}.

AMESH primers= THEI} AT

protocol&

TNF-a Forward ATG AGC ACA GAA AGC ATG ATC
TNF-a Reverse TAC AGG CTT GTC ACT CGA ATT
IL-6 Forward CAT CCA GTT GCC TTC TTG GGA
IL-6 Reverse CAT TGG GAA ATT GGG GTA GGA AG
IL-1b Sorward 5-AGT ATC ACT CAT TGT GGG TG-3
IL-1b Reverse 5-TCA CAG AGG ATG GGC TCT TG-3
IL-10 Forward 5-ACC AGC TGG ACA ACA TAC TG3
IL-10 Reverse 5-TAC CAG GTA AAA CTG GAT CAT T-3
B-actin Forward TGT GAT GGT GGG AAT GGG TCA G
B-actin Reverse TTT GAT GTC ACG CAC GAT TTC C

PCREIZO] B & 1X ASY pufferE 418 5 15%
agarose gelof 10 wMe Eil H718E 3t & Qs o1&t
o w2e BBl
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9. Western blot analysis
RAW 264.7 cell& 60 mm culture dishofl 5 x 10° cells/mlZ

MN2E iAokl serum free media( RPMI 1640)0F 12417}
starvation A171 & FAHL (500 mg/m) 2 AR s+L 1417}
FHoll LPS (500 ng/ml)E AI=51d cold PBSE 33] A3} & A
FPEE(0, 15, 30, 60 min) cellS harvestdlod celle P& F 4]
2] (5,000 rpm, 5 min) dlo] I AENES WHE| L cell pelletS
SFABINACE lysis buffer (lysis buffer 1 ml + phosphotase
inhibitor 10 #¢ + protase inhibitor 10 )& €o] THEIZ S lysis
AJAA] FA1EE] (15,000 rpm, 20 min)al] RAZIE 712k 1
e E YESIrE SYel ThlE S M2 M XNE 2
o] gof 42 o4 L MEE 10% SDS-PAGES] H71¥E ¢ &
WEFelol $711 LI 5% skim milkE 2 h blocking 5193C}.
ERK, p38, INK9] phosphorylation3} 1k-BaS ECL detection &
8 (Amersham)© F E01319C}

10. BAAE]
A2l st
p-valueZ} 0.05 nj2id AL £98)

EARAEE students’ t-testol] FIL
ZCE ¥EslNct

4 7
1. AFL9] RAW 264.7 cellol] thd} =4
AR LY ﬂ EXo) Ts) Lot 7] 5k RAW 264.7cell
ol AXIRE & YEH LT ATl 24 A7} Sof M FY A

=
EEE EHIPCE Fig. 1o LERD HISE Zdo] AHSRE RAW
2647 cello] =4S VIERRA @Tt

Cell Viahility (%)
wh
(=1

EAS (mg/ml) - 0.1 05 1

Fig. 1. Effect of EAS on cytotoxity on RAW 264.7 cells. RAW 2647
cells were incubated with EAS at indicated dose, After 24 h, cell viability was
measured by MTT assay as described in materials and methods. Data are means
of three independent experiment. *P < 0.05 : significant as compared 1o control,

AHRE HYZE, oEIEE 59 Z3s3 298 anst

22 Tigst B40] U= AOE YHAUK?. & 2EBolAY
S aTol Al £AISE) 2ok BA ARS7} RAW 2647

LPSo] OJ8k NO 4ol vlx)= P8k ZASISIE 7
FRE vlorst 52 A A)5h1 LPSE AF2SIET) 2447
Zoll AE 4EolA NO9 MHS 553 A3} LPSE A1=3H

Rl vldl AR FEEE A AP oA 55 &Y
OF NO 44o] Z48HT UYSe & 4= UrkFig. 2).

[T TP I O

th © th © th
+

*

LI

ot
th

Nitrite Producion ( mM)
= '
(= (=

Tt ot H

Sl 1. 1.1
LPS - - - - + + +
EAS(mgimh- O1 05 1 + 01 05 1

Fig. 2. Inhibition of LPS-induced NO production by EAS. The cells were
treated with EAS extract at indicated concentration for 1 h, and then incubated
with or without 500 ng/ml LPS for 24 h. NO release was measured by the method
of Griess*P ( 005 : significant as compared to control, ¥ P ¢ 0.05 : significant
as compared to LPS alone,

3. AR ZEE0] IL-1b, IL-6, IL-10, TNF-a 2r8o] o3t @&t

AR ST} RAW 264.7 cello]A] AEEN OIXISd] thsh @t
S RARBPIEK, 945y MZEHEDY JH g RARINL
AFSE AXNEe & LPSE Al=éle] ELISA WHOE I1-1b,

IL-6, IL-10, TNF-a8 Z83 23 ALS 5820 @EH AZ
S ¢ % YUATHFig. I).

PLEASS 55 ITHOE Ang

o
= 2 L]

IL-1§ production (ng/ml)
[
IL-6 production ( ng/mly
=

6 25
1 g?

g ¢

g g15

] E

i i

£ g1

& 2

e Y

d Euﬁ

[} 0

IPs . . . . + + 0+ + LP§ - . - - + L
EAS(mgm) - 01 05 1 - 61 05 1 EAS(mgwp- O 05 1 .0 05 1

Fig. 3. Effect of EAS on the productions of IL-1b, IL-6, IL-10, TNF-a
in RAW 264.7 cells. The cells were pre-treated EAS at indicated
concentrations for 1 h, and then incubated with or without 500 ng/ml LPS for 24
h. Detall methods were described Materials and Methods*P < 0.05 : significant as
compared to control, ¥ P ¢ 0.05 : significant as compared to LPS alone.

4, AXNS £&E0] mRNA $%9 IL-1b, IL-6, IL-10, TNF-a g}
SHoll Uist Ik

A L7F RAW 2647 cellolA] AEEHHNZEEEEE ©
A SFollA AABIAI(Fig. 3), mRNASENAE FEEY
AFEE YAEe got B7] s AXSE AAEet & LPS

e
=

HI e &
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BEN 2220 ASHNZELED ARETD
A5 IL-b, IL-6, IL-10, TNF-a8l mRNAS ZE§ 23} o FEAZ W), AHSE 7 ZYo] B4 WAy
IL-1b, IL-6, IL-10, TNF-a& thZ 7ol nig] A& 0] drEe & A2 I Bolch Bk olal QlojAl FAlE EET ol &
= QUACH(Fig. 4). Zl olgoltt gl QElFEE ANgShd UAREA ZRILE,
EAUFEILE 5 SRS FARSE BHIAUE, 3L,
LPS (S00ng/ml) + + + + IEUR S 2 BEW wWolrt. E3] Yol AMEs: 6
EAS (mgim)) TUMIAE A, BEA A7 W, 4715 B Argd 2t
oLl AL tgdzg0] Qo] Bl AE 58, YdElEs, 450
EEE, F€E B0 AIETlL EELE Qs ARITHISE, &
TIEIAN TR o AP, Og|Z2 07 A8kEc| AL, 7
oEE, dUAsE, eu46E, BiEsnE Ry &), 48
SEAE Eo] HUEJCY. AHeE SUAE, BYE A8
e o] QEA Yr1E B, BRE Zhgol vk A G, J1A
Az o]Fo] A R Ut & dToMe ALY B £&
Fig. 4. Effect of EAS on the mRNA levels of IL-1b, IL-6, IL-10, 20| 295 21 I 7RG RABIKICH
TNF-a. “he cells were pre-freated EAS extract &t indicated concentrations for 1 NO= &4 m/lAEA thAHEY £, HElgiol ok
vav,einze‘;h;&elgckﬂt;at;er%‘;/vnamné)vgfhhsdu; 500 ng/ml LPS for 24 h. Deail methods SE 22 HEESe) 298 WEte @r/}m. e A7) 7))
o)A = LPSQ] $ES 2Hg9] 21912 NOo Ly, NOg Aluizl 4
5782 ZEE0| 28 MAPKsS] wWaidlm &3y 4o HEEY BHEIED 22 HaZREg op] & 4 o
MAPKs= MZ8HE49 44 £F Uttt MEaH NOE Agid HEAEE A = Aot AN FEES
7158 AESHL &8 ok LPSE X=E RAW 264.7 cell NOE RAMCE Axgle dHo BHErE HojErHFig. 2).
ol Al pas, ERK, INKQ} @40] £7} shAln), AROE Mz 22 AT AER A0 LPSE macrophageol 4] B
& A ERK, INKQ| 240 AA S ACHFig. 5). LPSE NF-kB drlse £dcke ot At & TNF-, IL-1b, IL-6, TL-10 Y
E 43 AIAM 4F G5 cytokineS 2u|$IC}. ESF NF-kB arachidonic acid tHAMMEE SHISHES HMZE A=S6iH, ol
9 BHE I-Badl 230l 9E51H Frh Fig. 5004 LiEhd b pro-inflammatory EXES BMES B4 3IFAM AT &
9} Zo] AFL7} LPSo| 13t k-Bao] EHE AAELL Sich & A2 EHHOT YoIFIEE TR, B oAl LPSE
FAZ 7 NF-kBY| &4 2 SAEhL rt FEo AEEY E45E ¢ 53 mRNA $&0A] &5
SIEQCE ARS FEES AHUEY BEUEY UAE dAske
LPS  EASHLPS WARE S OAIBISTHFg. 3, 4). B3] IL-6, TNF-a0l Hofrt o]
(Time) o 15 30 60 0 15 30 60 A 582 &8l endotoxin shock AAoll Hot FHE B A
e e | — b OF ool ok 714 vleAg &3 oA AEE s B
Y p——y el AL, £50] &3 ox AT Tol WE WOIEFIC ¥
£ &858k Aol Ul o]FoHor & A Hrh
PERKLZ LPS= MAP kinase (ERK 1/2, p38, JNK)$} NF-kBE &M
ERK1/2 ZI]AA] NO 2 superoxide anion £9] free radicals¢] MM %
CP*®) ERK 1/2, p38, INK 1/28] &S ERK 1/2, p38, INK
pes 1/29] Q1418l0] A LERI, NF-kB 242 IkBad) £AS
p3s S5 Qord Utk ARSI} pise BHE AN B
[=H8 p-INK172 1}, ERK 1/2, INK 1/2 Q1413164 k-Ba] 231S oA 5igict. o]

Eﬁu;m_wh] = JNK12

Fig. 5. Effects of EAS on the expression of Ik-Ba degradation and
MAP kinase activity in LPS-stimulated of RAW 264.7 cells. The cells
were ore-treatec with EAS extract at indicated concentrations for 1h, and then

incubated with 500 ng/ml of LPS for indicated time. Detail methods were described
Materials and Methods

ST
AHX(EHFN T SUEZW  (Celastraceae)] FHAILIT
(Euonymus alatus Sieb.) Wiz S4A159] £7)0l 47) &7 2o
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Sojxjob

4 £

RAW264.7cellg LPSE AI=EI9G2m) ARSL

g ARl o33 22 EEES it

AALE sLEZ AN wl AZEHol A LEhix
EATt AR 55 JEHOF NO il #AH AxE
2 & & AR AR B5E JEFHOE IL-1b, IL-6, IL-10,
TNF-a 4+g §A5HA AABIEEE AH L7 mRNAGSOA]
IL-1b, IL-6, IL-10, TNF-a A4t AASINCE A L7t ERK
1/2, INK 1/29] ¢IR}S17} AR5 a1 Ik-BaQl E3lE AA)5193Tk

0|9} T2 ZIE Hol AXNS FEES MAPKsY 1413}
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Bk st

ZArel 2

0] &7 Korea Research Foundation Grant funded by the
Korean Government (MOEHRD, Basic Research Promotion
Fund) (KRF-2006-331-20084) ol 9J3 $&% A& UTh

- o =
AT
1. Park, WH., Kim, SH, Kim, CH. A new matrix

metalloproteinase-9 inhibitor 3,4-dihydroxycinnamic acid
(caffeic acid) from methanol extract of Euonymus alatus:
isolation and structure determination. Toxicology. 207:
383-390, 2005.
2. Chung, HS,, Jeong, H]J., Kim, J.S., Jeong, SI, Kim, KS,,
KS. et al
synthase by Euonymus

Activation of inducible nitric oxide

alatus in mouse peritoneal
macrophages. Clin Chim Acta. 318: 113-120, 2002.

3. Jin, UH, Lee, Y., Kang, SK. Kim, J.K,, Park, WH., Kim,
J.G. et al. A phenolic compound, 5-caffeoylquinic acid

Kim,

(chlorogenic acid), is a new type and strong matrix
metalloproteinase-9 inhibitor: isolation and identification
from methanol extract of Euonymus alatus. Life Sci. 77:
276-279, 2005.

4. Kim, CH., Kim, D.I, Kwon, CN., Kang, SK, Jin, UH,
Suh, SJ. et al. Euonymus alatus (Thunb.) Sieb. induces
apoptosis via mitochondrial pathway as prooxidant in
human uterine leiomyomal smooth muscle cells. Int ]
Gynecol Cancer. 16: 843-848, 2006.

5. Lee, TK, Lee, ]Y., Kim, DI, Lee, Y.C, Kim, CH.
Differential regulation of protein kinase C activity by

modulating factors and Euonymus alatus (Thunb.) Sieb in

- 372 -

H1-7O=IHH o|FH

10.

11.

12.

13.

14.

15.

16.

17.

42 - wE

human myometrial and uterine leiomyomal smooth muscle
cells. Int ] Gynecol Cancer. 15: 349-358, 2005.

. Park, SH., Ko, SK., Chung, SH. Euonymus alatus prevents

the hyperglycemia and hyperlipidemia induced by high-fat
diet in ICR mice. ] Ethnopharmacol. 102: 326-335, 2005.

. Seo, UK, Lee, YJ., Kim, J.K,, Cha, B.Y.,, Kim, D.W.,, Nam,

KS. et al. Large-scale and effective screening of Korean
medicinal inhibitory activity on matrix
metalloproteinase-9. ] Ethnopharmacol. 97: 101-106, 2005.

plants for

. Chung, TW., Moon, SK,, Chang, Y.C,, Ko, J.H., Lee, Y.C,

Cho, G. et al. Novel and therapeutic effect of caffeic acid
and caffeic acid phenyl ester on hepatocarcinoma cells:
complete regression of hepatoma growth and metastasis by
dual mechanism. FASEB ]. 18: 670-681, 2004.

. Lee, TK, Kim, D.I, Han, J.Y., Kim, CH. Inhibitory effects

of Scutellaria barbata D. Don. and Euonymus alatus Sieb. on
activity ~ of
Immunopharm Immunotoxicol. 26: 315-327, 2004.

Cha, B.Y., Park, CJ., Lee, D.G,, Lee, Y.C,, Kim, D.W.,, Kim,
]JD. et al. Inhibitory effect of methanol extract of
Euonymus alatus
Ethnopharmacol. 85: 163-167, 2002.

Abul, K. Abbas. Cellular and Molecular Immunology 6th
edition, Saunders Elsevier. pp 75-97, 2006.

Nathan, C., Xie, Q.W. Nitric oxide synthases: roles, tolls
and controls. Cell. 78: 915-918, 19%4.

Kwgamata, H., Ochiai, H., Mantani, ‘N., terasawa, K.

aromatase human leiomyomal cells.

on matrix metalloproteinase-9. ]

Enhanced expression of inducible nitric oxide synthase by
Juzen-taiho-to in LPS-activated RAW264.7 cells, a murine
macrophage cell line. Am J Chin Med. 28: 217-226, 2000.
Lee, B.G.,, Kim, SH. Zee, O.P.,, Lee, KR, Lee, HY., Han,
JW., Lee, HW. Suppression of inducible nitric oxide
synthase expression in RAW 264.7 macrophages by
two-carboline alkaloids extracted from Melia azedarach.
Eur ] Pharmacol. 406: 301-309, 2000.

Seo, W.G., Pae, HO. Oh, GS, Chai, KY, Yun, YG,
Kwon, T.O., Chung, H.T. Inhibitory effect of ethyl acetate
fraction from Cudrania tricuspidata on the expression of
nitric oxide synthase gene in RAW 264.7 macrophages
stimulated with interferon-and lipopolysaccharide. Gen
Pharmacol. 35: 21-28, 2000.
Chiou, W.F., Chou, CJ.,
suppresses nitric oxide
macrophages. Life Sci. 69: 625-635, 2001.

Seo, W.G., Pae, HO., Oh, GS., Kim, N.Y,, Kwon, T.O,,
Shin, M.K., Chai, K.Y., Chung, H.T. The aqueous extract of
Rhodiola sachalinensis root enhances the expression of
in RAW264.7

Chen,
biosynthesis

CF. Camptothecin
in RAW 2647

inducible nitric oxide synthase gene



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

R 228

macrophage. | Ethnophamacol. 76: 119-123, 2001.
Horwood, NJ, Page, T.H, McDaid, ].P., Palmer, C.D,
Campbell, ], Mahon, T. Brennan, F.M. Webster, D,
Foxwell, B.M. Bruton’s tyrosine kinase is required for TLR2
and TLR4-induced TNF, but not IL-6, production. ]
Immunol. 176(6): 635-641, 2006.

Hirohashi, N., Morrison, D.C. Low-dose lipopolysaccharide
(LPS)
LPS-dependent interleukin-6 production in vitro. Infect
Immun. 64(3):1011, 1996.

Matsuda, H., Morikawa, T., Ando, S., Toguchida, 1. and

pretreatment of mouse macrophage modulates

Yoshikawa. M. Structural requirements of flavonoids for
nitric oxide production inhibitory activity and mechanism
of action. Bioorganic Med. Chem. 11: 1995-2000, 2003.
Calixto, ].B.,, Campos, MM., Otuki, M.F.,, Santos, AR
Anti-inflammatory compounds of plant origin. Part IL
modulation of pro-inflammatory cytokines, chemokines
and adhesion molecules. Planta Med. 70(2):93-103, 2004.
Swearingen, J.K., Reshetiloff, B., Slattery and S. Zwicker.
"Winged Burning Bush". Plant Invaders of Mid-Atlantic
Natural Areas. National Park Service and US. Fish &
Wildlife Service. 2002.

Huang, K.C. The pharmacology of Chinese Herbs. CRC
Press, Boca Raton, FL. pp 343-346, 1993.

A=olojmrhel 2t SEMERegs. Bxsh Mg,
S}, p 720, 2007.

Middleton, Jr. E., Kandaswami, C. Effects of flavonoids on
immune and inflammatory cell functions. Biochem
Pharmacol. 43: 1167-1179, 1992.

Robak, J., Gryglewski, RJ. Flavonoids are scavengers of
superoxide anions. Biochem Pharmacol. 37: 837-841, 1988.
la Sala, A, Gadina, M., Kelsall, B.L. G(i)-protein-dependent

inhibition of IL-12 production is mediated by activation of

28.

29.

30.

31.

32.

33.

34.

35.

- 373 -

the phosphatidylinositol 3-kinase-protein 3 kinase B/Akt
pathway and JNK. J. Immunol. 175: 2994-2999, 2005.

Wu, GH., Zhang, YW, Wu, ZH. Modulation of
postoperative immune and inflammatory response by
immune-enhancing enteral diet in gastrointestinal cancer
patients. World ] Gastroenterol. 7: 357-362, 2001.

Bryan, N.S. Nitrite in nitric oxide biology: cause or
consequence? A systems based review. Free Radic Biol
Med. 41: 691-701, 2006.

Bhattacharyya, A., Pathak, S., Datta, S., Chattopadhyay, 5.,
Basu, J., Kundu, M. Mitogen-activated protein kinases and
NF-kappaB regulate H. pylori-mediated IL-8 release from
macrophages. Biochem ]. 366: 376-382, 2002.

Binetruy, B., Smeal, T., Kariu, M. Ha-Ras augments c¢-Jun
activity and stimulates phosphoylation of its activation
domain. Nature. 351: 122-127, 1991.

Garrington, T.P., Johnson, G.L. Organization and regulation
of mitogen-activated protein kinase signaling pathways.
Curr Opin Cell Biol. 11: 211-218, 1999.

Seo, J.H., Lim, JW., Kim, H., Kim, KH. Helicobacter pylori
in a Korean isolate activates mitogen-activated protein
kinases. AP-1, and NF-kappaB and induces chemokine
expression in gastric epithelial AGS cells. lab Invest. 84:
49-62, 2004.

Lee, AK, Sung, SH., Kim, Y.C, Kim, S.G. Inhibition of
lipopolysaccharide-inducible nitiric oxide synthase.TNF-a
and COX-2 expression by suchinone effects on I-kBa
phosphorylation. C/EBP and AP-1 activation. British
J.Phamacol. 139: 11-20, 2003.

Meng, F., Lowell, CA. Lipopolysaccharide(LPS)-induced
macrophage activation and signal transduction in the
absence of Src-family kinase Hck, Fgr, and Lyn. J Exp
Med. 185(9):1661, 1997.



