commons

O N § D E E D

@creatwe

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HESS SH, HE, 32, 84, &3 5 253 2 2UsLICH

— f=Rr—T0—]

Ch5d 2= =4S Mdor 2Lk

HEZAEA Aot EHSANE EAIGHADE ELICH

H2d. #5t= 0l A%=S 22l 5

Jd
0
it
=]
om
i
I
B
I3
I
!

o Fots, 0 HEEY HOIS0ILIH=EY 22, 01 AEENH HEE
EFEH LFEHHHOE 2hLICH

o REATZSE Y22 5718 PO 0123 ZAS2 MSEA Falil

HEAEH OHE 0IEAS Ad= A2 HWEN Sotl 325 BA S#sLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Coll

ection



http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

RAW 264.7 A EANA AFZAY
(Sasa quelpaertensis Nakai) & #&E9 A
A5 WALz A A a3

_,_.

ko

Dot
Xz
£k
I
I
A
tlo
r o
FN
ol

2359 olst A

CRERE ®
q @
q @

AFTetL st

2006 124



Inhibitory effects of Sasa quelpaertensis Nakai
leaf extract on the production of pro-

inflammatory mediators in RAW 264.7 cell

Joon—-Ho Hwang

(Supervised by Professor Se—Jae Kim)

A thesis submitted in partial fulfillment of the requirement for the degree of
Master of Philosophy

200

This thesis has been examined and approved.

Thesis director, Won—-Teak Kim of life science

(Name and signature)

DEPARTMENT OF LIFE SCIENCE
GRANUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



ABSTRACT

Sasa quelpaertensis Nakai is a native plant, which is distributed throughout Halla
mountain of Jeju Island. In order to evaluate its potentiality as bioresource in human
health, I investigated the effect of S. quelpaertensis leaf extract on expression of pro-
inflammatory mediators in lipopolysaccharide (LPS)-induced RAW264.7 cells. NO is
an important biological mediator in the living organism that is synthesized from L-
arginine using NADPH and molecular oxygen. However, the overproduction of NO
which is catalyzed by iNOS, a soluble enzyme and active in its dimeric form, is
cytotoxic. Immunostimulating cytokines or bacterial pathogens activate iINOS and
generate high concentrations of NO through the activation of inducible nuclear factors,
including NFkB. Ethylacetate (EtOAc) fraction of the S. quelpaertensis leaf extract
inhibited the production of NO, PGE,, iNOS and COX-2 in a dose-dependent manner.
Also, it effectively inhibited mRNAs expression of IL-1f3, IL-6 and TNF-a. In addition,
EtOAc fraction inhibited the phosphorylation of ERKI1/2 MAP kinase and
transactivation of nuclear factor-kB (NF-kB). These results indicate that EtOAc fraction
suppresses the production of pro-inflammatory mediators via inhibition of NF-xB
transactivation and ERK1/2 phosphorylation. Therefore, I suggest that S. quelpaertensis

leaf is a promising agent for anti-inflammatory agent and chemopreventive strategies.

Key word : Sasa quelpaertensis, inducible nitric oxide synthase, cycloxygenase 2,

nuclear factor-kB, prostaglandin E,, Cytokines
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TES Y Aoy IRz mAdde] EA4FW  ZAE(synovial
celD)7} &8t A SAE 1 A3 22 52 ¥ X (lymphocyte)?] &3 T &0

A EAM E(fibroblast) % WA M| 3Z(macrophage) 7} <7Fstty. ol=  <lF|

oluf oAl Eu|EE o FZ(interlukin)S  effector AF+E A FA| 7]
hyaluronidase, elastase % collagenase®} @2 7}% H3la4s %Y prostaglandin
59 @5 "WAEY dHdS Flsto A2¥xASs FIHATIE HF0
A (Deby, 1988; Shimizu®t Wolfe, 1990).

Nitric oxide (NO)& NO synthases (NOSs)oll <& L-ol27]d(L-

arginine) C 2 5B AAEE Fg7]Z(Palmer 5, 1988), AW Wo] 2 A5 A

iy

’

g8 g4 5o 23 AzAEAREA vgdd Ae7lss 7FIt(Monacada s,
1991; Nathan, 1992; Knowles®} Mocada, 1992). Constitutive NOS (cNOS)&
MM EZol| EASH= neuronal constituent NOS (ncNOS)eF WA 2o EA)st=
endotherial constitute NOS (ecNOS)7} 9121, cNOSel| 2]$ NO2| A2 AU
A 24do 8% 93-S h(Kawamata 5, 2000). 121} inducible nitric
oxide synthase (INOS)& constitutive NOS®= 2] lipopolysaccharide (LPS),

interferon—y (IFN-y), interleukin—1B (IL-1B) % tumor necrosis factor—a (TNF-

o) o A=l o8 wAAE, dHFSIAE, WIAE, AE AZAE
oA TdEHLee 5, 2000). o5 A A FdHE INOS & FAZF 5 B2
¥ NOE AAsH Hol 953 F4& F'EeM(Nathan, 1992), 29| &4
kel WMol 2 A T &S 2R (Stuehr 5, 19915 Weisz &, 1996).

ole]3dt d=wkey FEwE NO9 prostaglandin @ E, (PGE,)E=  iNOS 9
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Aakste]l A x7]o AW o] Fad 9gS sh(Hihuchi &, 1990). 1%
kAol M ELuto] FEA)5F+= lipopolysaccharide (LPS)+= sS4z 2 dd A
pom, wrE oyt FOomA AExeuozFH wWEHO H¥FH hAE

oty LPSE RAW 264.73 e A AX T dal oA HAFA

Z
i

Abo]E7Fe1€l TNF-q, IL-18, interleukin-6 (IL-6) §4 S S7HA171H, 3] T
a, IL-1p= iINOSE #d& fEetf(Hihuchi 5, 1990; Willeaume &, 1995;
McDaniel &, 1996)
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=

JN

At Fe

Oft

dEFH I SHES Fol(UrdnEt
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olgl2 EA4o] 30cm ol Hie A F= Exasd, Sdudelds

Mt & AQstas A A Ge|A gt ks o] Fa v (A a1, 2004).
o]F fFAEA efrtolnt BExEdE= A|FEB(Sasa quelpaertensis Nakai):

FATYFY A9l $HE ¥e Fo RENYoR AUgm ok
AFEY] BPS WAL 4BVE oFoiAwm, 5UVE 8uAA o)

g4, 9¥elE  AFEAMY 54 F s o AR



E] M (pseudovariegation)©] A1 Z+E (2 a1, 2003).
AA7MA] BRaE g oist A5 wlg- wXsH. AESHY A=
Sasa borealisoll Wg <, =7], A4 & FEZA 547 A7 dsto]

BHIE 39HChast Lee, 2002). ZBU&o AE g dis =HEL

4

kol 2 E  Sasa  borealis LA e]  flavoneo] HIEA A W
Hi(Yoon &, 200002t Sasa veitchii (Carr)olA 67149 A=
flavonolignansol] ™3t ® 117} 91th(Nakajima %, 2003). 18] Az &Alo] o3t
A2+ DPPH, Nitrite &AEA Y TEAC (Trolox Equivalent Antioxidant
Capacity) assayfi= ©|-&sto] & AT =3 Akst &ido] K% #A7}
Uil B wp AdtHLee®t Moon, 2003). 1 9], 3T3-L1 AlXFoA A&
28-S FYAFTE HiiKo T, 200609k HL60 A, L1210 AXE 59
SMEFNA AFE=A W AL 2AGA gk Wizt dokEE, 2003).
a8y @A AlFxIAdd did Ris ASEAHL 2 T gddel digk ®st 5
A A S| AT 11, 2003; 2004)7F A ] diFEoln, depat AEFA
THEE Aot AT A g g A4+ A7 dAold

2 dAToAM = AT S AFEdrE F8AdozA &4 el
UEAE H7lst7] f1ste] LPSE 2443t RAW 264.7 MEFoA ALSA
o 7§2kQ1 NO<] A=, INOS, COX-29 4 9 IL-1B, IL-6, TNF-a 52

cytokined] "X J8kS BA5IAT)



ILAHE 2 4y

L. As A} F=

Aol ARER AFEIHEW S 2005d 49 AFA X5 wdlg] A
J
1

F&-2(n-BuOH, 2L X 3), =(H0) 22, & /40| @& &ujFE FAHo| =2
&

W Eo® EAHoR fuIsie 479 RIYERL AU, 779 £Y

e
i
rU O

AE SAAxE] A 82 ALE3 tH(Figure 1). A & phosphate buffered saline
(PBS) A& (EtOH) H|& 1:12 =931, dEolAHolE #8&52 100% o &9

=o AYUXZE (pore size 0.45 nm)E A ] AFo] A3} )

2. AIXE "%k
upg-2 A M EFQD RAW 264.7 AlZe A 5238 (Korean Cell Line
Bank) .2 5FH Y43ttt A2 10% fetal bovine serum(FBS)Z} 100 uint/ml
penicillin, 100 pg/ml streptomycin (GIBCO, USA)o] 33X3%% Dulbecco's

Modified Eagle Medium (DMEM, GIBCO, USA) 8jA] & A}&3to] 37C, 5% CO.



3.

AE 5454

RAW 264.7 M3ZE DMEM HjA| & o] &3} 96 well micro plated] 2 x 10°
cells/well = Wil 18AIZF #lF = ofg 7HA %9 A= 100 ng/mle
lipopolysaccharide (LPS, Sigma, USA)S AH7}3t & A wjdzd3 5LA3A 24
AlZE &9k wfeFEtd . o] $100 ul® 3-(4,5-dimehtylthiazol)-2,5-diphenyl-
tetrazolium bromide (MTT) 2 mg/mle Y3 1AIZE &<t 9l & & wiAE
A7 HF. 200 pl dimethylsulfoxide (DMSO)E 7Fekel MTTe] 2ol 23|
A E formazan IAES 834171 & microplate reader (Bio-tek, USA)Z
540 nmellA FFE=E AT 4 AR TR Ud FI: ;S
TaReH, ARE AdsA B FEE U Hlude] RAW 264.7 A=

B AR AL 54 4EE Bt AESHS e Aol s AEtol
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A EE4 (%) = (Control ODsso — Sample ODs40)/Control ODssg x 100

4. NO$} PGE.% A%

10% FBS7F 7 wiAle]l RAW 264.7 AZE 96 well plateel] 2 x 10°
cells/well 52 Ao o7 7% %9 Al&E A3 & LPS (100 ng/ml)E
7hste]  24A1%F wlFSRQATE. Griess AloFS o&sto] AlEujgdel EA k=
nitrite®] FEe] NO <& 43I, AxaFE AN 100 ulet Griess Al 9F

[1% (w/v) sulfanilamide, 0.1% N-1-naphylethylen diamine in 2.5(v/v)



phosphoric acid] 100 ulE 23sle] 96 well plated 4] 10% &<t ¥-gA171 &
530 nmellA  FFEE SAsIT oln AAEE NO9 %2 sodium
nitrite(NaNO2)E standard= H|u&} . NO A A& o 2o <3|
AES ICs weZ Hrbelda oW ICxpe NO S 50% Asss

siolth

NO A A E(%) = (Control ODssy — Sample ODss0)/Control ODsso x 100

a8l YA PGE,= Parameter™ PGE, Assay kit(R&D systems, USA)S

ol g3l Ao itk

Immunoblotting

RAW 264.7 AE(2.0 x 10° cells/welD)Z 6 well plateo] Ao} 18A17F ¥
stk o] = 7} &% W Alset LPS (100 ng/mDE sA AHglste] 24A17F
Zor wkalglar, AEE 2-3 3] PBSE Al % 100 pl¢] 0.1 M PMSF, 0.1 M
NaO,, 0.5 M NaF, 5 mg/ml aprotinin¥} leupeptin®] #7}# RIPA lysis buffer
(Upstate Biotechnology, USA)E 7}gle]  1AIZF &< lysis A7l &

Q4215000 rpm, 15 mimdke] AET AR S A7sA. @

-

1

5%+ BSA (bovine serum albumin)& 3 3%}3F9] Bio-Rad protein assay kit&
ALgste] HEEAtk. 30 ug/mle] @A S 10% SDS-polyacrylamide gel
A719 5o 2 583 & poly vinylidene difluoride (PVDF) membrane (Milipore,
USA)el 200mA= 90 &<t HolAzitt. dujdo] Hoje PVDF %2 5% skim

milk7} A 7}¥ blocking buffer (Tirs-buffered daline-0.1% (w/v) Tween—-20 :



TBS-T)E A=clA 1A3F &t kA2 5 124 Aeh wkgatalnt. 12+ A
HE-3-2 1/5,000 inducible nitric oxide synthase antibody (Calbiochem, USA),
1/5,000 COX-2 antibody (BD Transduction Laboratories, USA), 1/1,000
phospho—-ERK1/2 antibody (Santa Cruz, USA), 1/1,000 ERK1/2 antibody,
1/1,000 p38 MAP kinase antibody, 1/1,000 phospho-p38 MAP kinase
(Thr180/Tyr182) antibody, 1/1,000 SAPK/JNK antibody, 1/1,000 phospho-
SAPK/INK (Thr183/Tyr185) antibody (Cell Signaling Tech, USA), 1/10,000 B-
actin antibody clone AC-74 (Sigma, USA)E A}&3&lo] &F W F<F 4Tl A]
A A& TBS-TZ 33 A8k & 2% antibody peroxidase—conjugated %

2%} A|(Jackson ImmunoResearch, USA)E 1:5,0002.2 3]A3le] F=olA

a7

1A ¥E8-513i ). ECL detection reagent (Amersham Biosciences, Piscataway.,
NJ, USA)ZX 135t 3, 7zt dila wd S LabWorks Imaging and Analysis
Software (UVP Labworks, USA)Z 4% % B-actino] st ddYgo =z

BAst st sk

6. RNA #3g 3 RT-PCR
A Z(2.0 x 10° cells/welD)E 6 well plateol] Aol 18 A7k A wjatar, o
550, 32, 63, 125, 250 uM)E A& LPS (100 ng/mDE &4 Azlshd
Hj &ttt Total RNAE TRI Reagent (MRC, Cincinnati, OH)E ©]-&3}¢]
a5kt M X TRI reagentE H7bste #43 3 & F2ZXEES
H7vsted  AAEE(13000  rpm, 10 min) ST AT el EwEe
ol AR H|AFTS  HIFse] A4 EE(13000 rpm, 10 min)dle]l RNAS

HAA 1AL 75%2] AHeld o= A3t & AZxA]AH DEPC AHEld S/l



=oth 260 nme FFEE FHstel RNAE AFsklal, A260/A280 nm ¢
Hl o] 1.6-1.9 W9 W @S 2+ RNA A85E A3 AFEsial.

cDNA A& Improm-1I'™ ¢DNA kit (Promega, Madison, WI, USA)Z
o] g3k th 1 pg ¢ total RNAE oligo (dT) primer, dNTP (0.5 puM), 1 unit
RNase inhibitor 718]3 Improm-1I'"" reverse transcriptase (2 U)E #H7}s}o]
25CoM 53, 42°Cell A 1AIZE, 70T |4 1023t Whg-sko] cDNAE $Hd skl
Polymerase chain reaction (PCR)< 1 pl cDNA, 4 uM®2] Z} primer sets (Table
<} 10X buffer (10 mM Tris-HCI, pH 8.3, 50 mM KCI, 0.1% Triton X-100),

250 uM dNTP, 25 mM MgCl,, 1 unit Taq polymerase (iNtRON, Korea)E

=

o
rot
«{ |
o|\

FFE 7hsle] WheNS 25 pl2 @E ohS Bio-Rad PCR 7]7]E
o] §3to] AAatqich. olw] PCR 312 94C/45%, 55-57C/45%, 70C/60% 3t
18-27 3] ZZ3}g o, PCRel 98t AAE AHES 1.5% agarose gelol A
71955 AASFaL ethidium bromide (EtBr)= 1418l UV transilluminator
(SLB Mylmagger ™ )olA EA bandE sttt 72+ Ao g BAe
LabWorks Imaging and Analysis Software (UVP labwork, USA)S A}-&-3}5 ).
RT-PCROIA AF€-9 primer?] 7MLy o35 e AAE2] A7]= Table 19

LERH AT



Table 1. The primer sequences of the genes used in RT-PCR analysis and the expected

size of their PCR products

Fragment
Gene Primer sequences
size(bp)

Forward 5’-CCCTTC CGAAGT TTC TGG CAG CAG C-3
iNOS 497

Reverse 5’-GGC TGT CAGAGC CTC GTG GCT TTG G-3’

Forward 5°-CAC TAC ATC CTGACC CACTT-3
COX-2 696
Reverse 5°-ATG CTC CTG CTT GAG TAT GT-3°

Forward 5’-TTGACC TCA GCG CTGAGT TG-3’
TNF-a 374
Reverse 5’-CCT GTA GCC CAC GTC GTA GC-3’

Forward 5°-CAG GAT GAC ATGAGC ACC-3’
IL-1B 447
Reverse 5-CTC TGC AGA CTC AAA CTC CAC-3’

Forward 5’-GTA CTC CAGAAGACCAGA GG-¥
IL-6 308
Reverse 5’-TGC TGG TGA CAA CCA CGG CC-3¥

Forward 5’-AGG CTGTGC TGT CCC TGT ATG C-3°
B-actin 395
Reverse 5’-ACC CAA GAA GGAAGG CTG GAAA-3




7. Luciferase activity assay

RAW 264.7 A32(5.0 x 10° cells/wel)E 96 well plateo] 18A1%F &<+ A
w3t ar, 10 ng/well®] pNF-xB-Luc (Stratagene, La Jolla,. Calif., USA), 4
ng/well®] phRL-TK-luc (Promega, Madison, WI), 36 ng/well®] sperm DNA
18] 31, FuGENE 6 transfection reagent (Roche Applied Science, Indianapolis,
INS well & 0.3 p¥S =3 3 & DMEM H|A =S 7}3le] wk$elS 30 pl &=

StE O 30 23 ARolM WS AR o)Ale 7 welldl H7Eeke] 244131

off
r o
=
Rl

w71l Fak et 24 A7 Fol LPS (100 ng/mDot A E& ¥

oy

24Nk Bk wldsit). Luciferase ¥4 Dual-Glo™ Luciferase Assay
System (Promega, USA)& Al-&3le] S4353tt. 94 FBS-free DMEM H|A| 2
96 well plates 23] A& & 7} welle] 30 pl®] FBS-free DMEME 7138}
Dual-Glo Luciferase reagent= well & 30 pl® 7}slo] 15%-7F HE-g-A| Z T},

=]

[e] ]‘1’

Oft

FLUOstar OPIMA (BMG Labtech, USA) #H|E o] &3} FireflyS

v

Renilla®] &4 Dual-Glo Stop & Glo reagent 30 ulS ZF wellol] ¥ar 1583+

S & =A3)o] Fireflye] S Renillaz B Ast] 1823 519t}

. INOS enzyme activity assay
RAW 264.7 AIFE(1.0 x 10° cells/mDZ cell culture dish (100 mm)ol] ¥ L
2417 &b wetglet. o5 wixldl LPS (100 ng/mDE 7Fste] d wjda}
e M FsAATh. wieke] B ¥, NXE PBSE 2-33]
A=A 3sFar 300 ule] lysis buffer (20 mM sodium phosphate buffer pH 6.7, 0.1 M
PMSF, 5 mg/ml aprotinin, leupeptin, pepstatin)< A 7}&e] 1 A7F %<t lysis

A7 F QAR(15000 rpm, 10 mindtel AT 4R 5o AAS,

10



A o] FXi= bovine serum albumin (BSA)S #:3}819] Bio-Rad Protein
assay kitE AF&3sle] Ao, 99 E 96 well plateo] 200 pgEs Yl
reaction buffer I (20 mM sodium phosphate buffer, 800 uM NADPH, 8 mM L-
arginine, 40 pM FAD)S ¥ il 204 3AIZF E<eF ¥H8 3 reaction buffer I
(0.1 U/ml nitrate reductase, 0.1 mM NADPH, 5 uM FAD)S 7}&}o] 37C ol A
1587 ¢ ¥k2A)71 & 10 U/ml lactic dehydrogenase, 10 mM pyruvateZ
W3S FAeA T o 7)ol Griess AloFS FH7bste] A NO9O 4=
3}

aro SAAHEE F7FsS d(Wang &, 2001).

022 UEW oM student’s ttest® = A4

L
o
i
“
rir
o,
=X
|+
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Dried Sasa quelpaertensis powder(800g)

Extraction with 80% MeOH 1 day(X2)
At room temperture vacuum filteration

80% MeOH Ext. (115.69g)

Suspension with water (2L)

l Extraction with Hexane (A_X 3)[ Extraction with EtOAc (A X 3) I Extraction n—BuOH (A_X 3) l

Hexane Ext. (6.7g) EtOAc Ext. (4.1g) N-BuOH Ext. (9.4g) H,0 Ext. (70.5g)

Figure 1. Systematic purification by using solvent partition from Sasa

quelpaertensis

12



nm. 2 33

1 AFZRY J dAge F25% 1 B85 AX 547 NO A4 94 84

RAW 264.7 MEolA AFzdd o dHes FF227% 11 2859 NO A4
oAx EAE WAt G @ MESA TCh #g AbEsieled, 1 AnE
Table 20 YeRAT) o8] 228 F oddolAHoE £g&E°] LPSE ¥+
NO Aol gt o#A &4 (ICs = 68.6 upg/mbhel 7Hd =skth. 53,
oAl E =S ANE5AHS e NOAA A &4dd Hax5(6.8)=

ozl EdE FoA 7FE FEad. wEd FEAYLS EtOAc E£¥=S

Abg-slo] =8kt
2. AFZAY o JdEolAEo|E EEE AGSF wisida B JA &3

1) NO A4 2 iNOS A &de) HX&= ¢

D@ NO AA A3 &4

RAW 264.7 AZolA odolAEolE E&E9] NO AA oA AETEAS

zALETh AlEel LPSE Aelshd NO© A4de]l 30 uM=z dA3 F7hskict.
a2y LPS¢9 EtOAc #3%(32, 63, 125, 250 pg/mD<S 54 283 A tolAs=
NO AA=(18, 12, 5, 3 uM)o] #AA 3| #HAasA vt (Figure 2). L3 sk A

MEEARE BH=E A Eokth(Figure 2).

® iNOS ©#a = mRNA 438 A3 &4
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AFzAY o EtOAc ¥8ES NO A Asl FAo] Az NO 44

= gk Fo] ol INOSe| wijd o] FhAie ogk AdS &Rl 3
immunoblot¥} RT-PCR& ©|-&3te] A akqlth. LPSe @542 &3is o iINOS
Tl ko]l SUbske Ale Felekdlern, EtOAc #8ES 32, 63, 125, 250
ng/ml 23S o INOS @S v ojEH oz 7hAsgitt. EtOAc &8 &
250 pg/mls A & AlmE AEshA ¥ A vlwsils W oF 40%
Aol g dhy As] &S YEHATH(Figure 3). RT-PCR=Z #4413 INOS 9]
mRNA & =3 5= o9& A4S YERUTE EtOAc #8EE 63 pg/ml

g dk ol A INOSS mRNA @& oko [ pSuks glsh A8 to] Hlsle] ¢k 50%

INOS9] &4 A A4S A5t EtOAc #8 &S 32, 63, 125, 250 pg/ml

-
O
)

sEZ AHF AT Bl INOS @il 34 dA o Wdte dEHA o
o] Aol YA WO R 2l 1400W+= YERA &%t (Figure 5). wehA

LPSE =% RAW 264.7 AEFA EtOAc #&&=9 NO A A 4=

Al

iINOS mRNASH @il S A& S8 dojute= Aoz as S4d3e d-d

)

[eliKe] > S
ee AT F U
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Table 2. Cell toxicity and the effects on LPS-induced NO production of the methanol

extract and its fractions of Sasa quelpaetensis in RAW 264.7 cells.

Sasa quelpaertensis TCs," (ng/ml)

ICso” (ug/ml) Selectivity index”
MeOH extract >2000 1341.7 £ 4.9 >1.8
Hexane fraction 240.1 £19.8 175.0 £ 9.6 14
EtOAc fraction 465.2 £ 10.2 68.6 £ 0.1 6.8
BuOH fraction >2000 >2000 -
Water fraction >2000 >2000 -

Y TCs, is the concentration producing 50% toxicity in RAW 264.7 cells.

% ICsp is the concentration producing 50% inhibition of NO production in RAW 264.7 cells.

3 Selectivity Index = TCsy / ICs
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Figure 2. Effect of EtOAc fraction on the NO production in LPS-stimulated RAW 264.7
cells. Cells were treated with LPS (100 ng/ml) alone or LPS plus the indicated concentrations of

EtOAc fraction for 24 h. *** P < 0.001 vs LPS alone-treated cells

16



(@)

EtOAc 0 0 32 63 125 250 pg/ml
LPS - + o+ o+ O+ +
iNOS | Eee— —
B-actin == e o> o= == =

(b)

120

T
= 100 -
8 ok
80 - <
Q\c, >|ir* ok sk
>, 60 - "
= kokok
w e o
5 40 -
=
S 20
-
< 0 =

0 0 32 63 125 250 (ug/mlb

Figure 3. Effect of EtOAc fraction on the iNOS protein expression level in LPS-
stimulated RAW 264.7 cells. (a) Cells were treated with LPS (100 ng/ml) alone or LPS plus
the indicated concentrations (pg/ml) of EtOAc fraction for 24 h. (b) Quantification of iNOS
protein expression was performed by densitometric analysis. The relative level was calculated
as the ratio of iNOS protein expression to B-actin protein expression. *** P < 0.001 vs LPS
alone-treated cells. Data are expressed in area density as the mean = S.E for three independent

experiments.
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Figure 4. Effect of EtOAc fraction on the iINOS mRNA expression level in LPS-
stimulated RAW 264.7 cells. (a) Cells were co-treated with LPS(100 ng/ml) or LPS with
EtOAc fraction at the indicated concentration for 6 h. Total RNA was subjected to RT-PCR (b)
Quantification of iNOS mRNA expression was performed by densitometric analysis of the RT-
PCR products. The relative level was calculated as the ratio of iNOS mRNA expression to [3-

actin mRNA expression. *** different from LPS alone, P < 0.001 Student’s ¢- test.
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0 . . . . .
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iNOS activity assay (% control)

Figure 5. Effect of EtOAc fraction on iINOS enzyme activity. The iINOS activity was
measured as using L-arginine as substrate and NADPH-dependent generation of nitrite, the
stable oxidation products of NO. The assay was performed by incubating with 200 pg of the
cytosol protein from LPS-stimulated cells, in the absence or presence of EtOAc fraction, for
180 min at room temperature in 200 pL reaction buffer containing 20 mM Tris—HCI, pH 8.0,
2 mM NADPH, 2 mM L-arginine, 10 pM FAD. NO;~ was reduced to NO, by incubation at

37°C for 15 min with 0.1 U/mL nitrate reductase, 0.1 mM NADPH, 5 uMm FAD.
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2) PGE; A4 COX-2 28 A3 4

© PGE;, B4 As| &4
RAW 264.7 A EellA LPS (100 ng/m)¥} oldoprgolE £EEE FEHR
Aelstel A4 E PGE.E A#atlch LPS W Akl PGE, 4ol @A aH

Z7}etH(7,800 pg/ml). 1#t} EtOAc #8ES LPS9 EAAFSIH &

ul

oJEA o2 PGE, Aol 7tA% At (Figure 6). £3] EtOAc E3E 125, 250

pg/ml A3 ol A PGE, H%+ 22+ 4,100, 900 pg/ml 7HA 7+ 43} T

@ COX-2 99z 9y A3 &4
EtOAc #8E2 PGE2 AA A& Aol COX-2 wulAeol 7hio o3t

AdE &7l A3 immunoblots AR A¥ LPSS& @=A sifl& o

@)
@)
7
\]
L
=
i
iz
[JJ?{L:
0%
rlo
o|\

o

7}t A, EtOAc £3

et

S AHsRS 4$ COX-2

i3
rﬁ
rlo
off
ol
1o,
Y
2
ro
o
B>
il
f

(0]

vk =, BAFS APl BHF A3

i

EtOAc £8 &5 125 pg/mlS A3 2 ARE AgshA] &L 3 Huss

 oF 30% A=e T wARS Hol A (Figure 7).

@ COX-2mRNA & A3 24
COX-2 ©d g 7+a7F mRNA @& o] 7hae] <13 ZARIAE ZAMSH]
9]8] RT-PCR W< o]&3lo] COX-2 mRNA BA &ttt wroEdo s 2gd
EtOAc &4 COX-29] mRNA #do] #astes AIdFS HATE EtOAc

S 63 pg/ml AeRS o) COX-2¢] mRNA @&t LPSHHS A3k

M
‘11

i
s

ol Hl&] oF 55% A% mRNA HdE&S Eo (Figure 8). wWeEhA LPS=Z
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b= RAW  264.7 Azl A9l EtOAc #¥8=2 COX-2 Fdxte dds

Ao 2 PGE, AL AAsE Aolgt AlgF Tl
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Figure 6. Effect of EtOAc fraction on the PGE, production in LPS-stimulated RAW 264.7
cells. Cells were treated with LPS (100 ng/ml) alone or LPS plus the indicated concentrations

(ug/ml) of EtOAc fraction for 24 h. *** P <(.001, * P < 0.05 vs LPS alone-treated cells.
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Figure 7. Effect of EtOAc fraction on the COX-2 protein expression level in LPS-
stimulated RAW 264.7 cells. (a) RAW 264.7 cells were incubated with LPS (100 ng/ml) alone
or LPS plus the indicated concentrations of EtOAc fraction for 24 h. (b) Quantification of COX-
2 protein expression was performed by densitometric analysis of the western bolt analysis. The
relative level was calculated as the ratio of COX-2 protein expression to B-actin protein
expression. *** P < (0.001, * P < 0.05 vs LPS alone-treated cells. Data are expressed in area

density as the mean + S.E for three independent experiments.
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Figure 8. Effect of EtOAc fraction on the COX-2 mRNA expression level in LPS-
stimulated RAW 264.7 cells. (a) RT-PCR analysis of COX-2 mRNA expression using total
RNA extracted RAW 264.7 macrophages stimulated by LPS (100 ng/ml) alone or LPS with the
indicated concentrations (pg/ml) of EtOAc fraction for 6 h. (b) Quantification of COX-2 mRNA
expression was performed by densitometric analysis of the RT-PCR products. The relative level

was calculated as the ratio of COX-2 mRNA expression to B-actin mRNA expression. *** P <

0.001, * P <0.05 vs LPS alone-treated cells.
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3) Cytokine mRNA o3& A &A
RAW 264.7 A3Eo|A A=A cytokine ¢l TNF-a, IL-1p¢} IL-69] mRNA
o] )3 EtOAc 8 &9 93-S RT-PCR W o=z BAsTE Ao 100

ng/ml LPSS A28t S o IL-1B, IL-6 2} TNF-a2] mRNA W& o] #=9 1t}

—r

EtOAc #+8&E3 LPS¢ sAA#stA IL-18, IL-6 9 TNF-a mRNA od =

[‘0

o AlFFEY EtOAc #8E 125 ng/ml = A3 o
ol Hlaj A IL-1p= 45%, IL-6%= 40%, TNF-a¥ 55%

Aol mRNA 23 AA1&S el I (Figure 9).
3. NFkB AA}&A4 3l 2 ERK1/2 Q4kslo] nx|& g

1) NFkB HALEA st 94

RAW 264.7 MElA EtOAc & Eo] HAARRIAQ NFkB &/ sl mx&
43S luciferase assay WHOoE B4t LPS @5 A gdtolA &igAd o)
125,000 relative light units (RLU)E YEIUWSlaL, EtOAc F8 =S LPS¢ 54
At % oFEH o2 NFkB AAEAS At EtOAc 8% 125
pg/mliA gt = &Aool 35000 RLUZFA #Aastdh. 28y 250 pg/ml
EtOAc 8 &1 w5 AH2lg ol s a4 &4do] 12,000 RLUZ 24 dlz=a3
H] 523k A2 UERTE o] RAW 264.7 AlEoA A8 Ao <3k NFkB

st dojuA EE5S HojF= Aol (Figure 10).

2) ERK1/2 443}l vX&= 9
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AFz3d ¢ EtOAc +¥+&°] LPS (100 ng/mhDE =¥ RAW 264.7
AlsE A MAPK

¥ ¥<S immunoblot WO FASFIT
EtOAc E3ES A ¥o A3 F 30574 phospho-p383 phospho-JNK<]
gdAdgtol = oyl dEgs

3¢S v XA EE¥TE. 18y phospho-ERK1/2 <1
Alm A+

3%
Z-@Li OFA} O

S BHoFAY (Figure 11).
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Figure 9. Effect of EtOAc fraction on TNF-a, IL-1f, IL-6 mRNAs expression level in LPS-

stimulated RAW 264.7 cells. (a) RT-PCR analysis of TNF-o., IL-1f and IL-6 mRNA expression

using total RNA extracted RAW 264.7 macrophages stimulated with LPS (100 ng/ml) alone or

LPS plus the indicated concentrations (pg/ml) of EtOAc fraction for 6 h (TNF-a for 4h). (b)

Quantification of TNF-a, IL-1b and IL-6 mRNA expression was performed by densitometric

analysis of the RT-PCR products. The relative level was calculated as the ratio of pro-

inflammatory mRNA expression to B-actin mRNA expression. *** P < 0.001, ** P < 0.01 vs

LPS alone-treated cells.
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Figure 10. Effect of EtOAc fraction on LPS-induced NF-«B transcriptional activation.
Cells were treated with LPS (100 ng/ml) alone or LPS plus the indicated concentrations of

EtOAc fraction for 24 h. NF-kB activation detected by luciferase reporter assays. *** P < (.001

vs LPS alone-treated cells.
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EtOAc 0 0 32 63125250 pg/ml EtOAc 0 0 32 63125250 pg/ml
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Figure 11. Effect of EtOAc fraction on the phosphorylation of ERK1/2, p38 and JNK in
LPS-stimulated RAW 264.7 cells. Cells were treated with LPS (100 ng/ml) alone or LPS plus
the indicated concentrations (pg/ml) of EtOAc fraction for 30 min or 24 h. The proteins level

were determined by western blotting.
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B AT HE A%z 2o MeOH #%E3 EtOAc £3Ee] a4y
E3E FAss] Astel AAE R9g olgsUTh AWAR RAW 2647
AZFAA NO st AEZAR] FRHH waA5e HUAFE ol §atol
4% A3 EOAc PHEe 682 74 e AWA NO dABAS

BATHTable 2). o] 1% &4 ARZ 7]z= 3}

a2k iINOS '+

Ot

oSt Qdel gueAE ¥4

.

A5k
NOE &AMz A INOSe| 93] L-ol27|Ho2Hy ttEofX HEslk &

WEAA 95 T2 U (Stuehr 5, 1991). EtOAc 8 &2 NO #AA(Figure

(e}

[o
L)
o
ot
i
&
o
O
>
O
M
ot
e
ftlo
2l
)
rot
=

2)7]' iINOS Hé_l 71:!1‘—/1\—0“ ‘O/]E?l‘ Ziua
264.7 MAEFo|A INOS ©@ldo] =& o&EHoR 7483l tHFigure 3). EgH
iINOS &l d o] A7} mRNAS AR Qlsk AQIXAE FALslaizl, RT-PCR=

E3&) iINOS¢] mRNA 23S xAlsk Az b

X,

I upRA R = oEZ 9
mRNA 5 ZAE 2 4 A (Figure 4).
RAW 264.7 AXA NO AL COX-29 w3y e DA A #EH o Qoia

dH A 9 om(Salvemini 5, 1995), X3 COX-2¢] 93] wEo]x= PGE,=

o
o|N

|

AR

-

[e) [e] = [e) —
S fwsta, fueh, AW AL, WY

olrt

of ¥¥xol il

olo

f
|

H A H(Bennett &, 1977; 1980; 1982; Rigas &, 1993). EtOAc wd=&
H Eal

H‘I

2 HAY3ES v SoFHozm COX-29 wWMAI} pRNA LIS

A A+ HFigure 7, 8). X3 COX-2¢ AFE<¢l  PGE,E  F9How
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A R o (Figure 6).

AsHgd JoX TNF-a, IL-1B, IL-6% in vitro 2 in vivoolX A=
A Argo]l Qe Aow dex] gom (Palsson-McDermott®t O’neill, 2004),
LPSel o3t A AEe &3 PGE, % NO A4 HAAe g T+ o=

e ArHConti 5, 2004). INOSS COX-29 wuld iz} mRNA 28 A4S

A8 LPS Az F 641217 4417k A 2] mRNA Bd 55 2AME 43, TNF-o,
IL-1B, IL-6 257} % &4 745 B Figure 9). TNF-a, IL-1p, IL-
6 HAY A Fo= Qg Hlo A5 Fd T83% FAEIAe|H(Vanhee &,
1995; Driscoll, 2000; Dorger®} Krombach, 2002; Mansour®} Levitz, 2002;
Yucesoy &, 2002), TNF-ai= LPS ¥H&-9] 8 v/fA2 Hd4 WAug A4

o
=

o|N

A dkgo] A EY (Lee 5, 2003), IL-1BE T-cell®] activiation, B-cell?]
maturation, NK cell®] &4 3}o] #odttta del4 9thDelgado 5, 2003).

iNOS, COX-2, TNF-a, IL-1B, IL-6 52| Z} A+ 5 -promoter regions®l
22 A% = NFkB ZA3A<E(binding sequence)S 7FAal 2™ (Cogswell,
1994), ol HFHAEL F3] NFkBel s =2dAvta delx] ArHD’Acquisto
S, 1997; kojima &, 2000). & A AFEIA < EtOAc =2
A A AR NFkBe AAEd S AaA7]l= &35 B 3ltH(Figure 10).

RAW 264.7 AEF+= LPSel 98] ERK1/27F #4438 fdx 224 Jar(ung
5, 2004), ERK1/2 €4 3}= NFkBO| AW9AIQ p659] Ser®™ & <Qitst Al7]H,
COX-29] ¥dS FEgH(Hu 5, 2004). Luciferase assay &3l EtOAc +8 &2
NFkBe] HAMEAdS ATt (Figure 10). ©] A4 ERKZF #ost=A&

olr 7] 9]8te] phospho-ERK1/2¢] #&A4& &<2lst A (Figure 11), 8 %
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30 1AIZFl A= Aol ®Ws7E glloy 24A Tt e sEREYEHOR
phospho—-ERK1/27} 43kt o]= INOS9 W&o phospho-ERK1/27}
doohs ®a(Kyriakis, 1999; Jiang &, 200Dl tidt ARdS SRk

==z
T
AoR Atgdy, = AFx=HYg o EtOAc 3 EE phospho-ERK1/2¢9] &4

INOS®F  COX-29] = t&  ZARRIARD  AP-19] HAEAES  FHX3h=
Ao Z(EferlZ} Wagner, 2003), p38< COX-29] mRNA ¢HHAo] AgFS F+=
Aoz 4] J(Wilnzen 5, 1999). 12ju} AFZx=H < EtOAc EIEL
o]E& JNK, p38 &4t F24< &S FA Eath(Figure 11).

Azathioprine®]|&+= EZLS RAW 264.7 AEXFA INOS @z mRNA

N

o= 27t 9t (Moeslinger 5,

A=A

e A fES INOS a4gA4E A A

il
il

2006). olel AF=3d < EtOAc #&8+&°] INOS a4 &4 I3

n 2] 2] g UtH(Figureb).

ftjo

ZARE o, INOS gl = Fo A2l 9
Nakajima %(2003)2 Sasa veitchii (Carr.)®} Sasa borealis?)<](Yoon -&,
2000) trisin WIRAS 2] B 59 3L, Tricin®] RAW 264.7 A9 &9 &4

298 B3 33tk (Moscatelli &, 2006). #7220 3t 2 Sasa £o=2H

o
gk Bazh AFsh7] witol olel digh F7FAQ AF-7F sttt Als T

AgHog B ATE B3 AFxIY 2 EtOAc B &S NFkBo dAeA
JAe} ERK1/2 AMadd H2E T iINOS, COX-2, IL-1B, IL-6, TNF-a 59
A ARk S A= AMES sgith 1y EtOAc EE &

o]gk RAW 264.7 AEFol|A NFxBe &4 <Al9t ERK1/2 Als4d =7t ol"
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