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ABSTRACT

In this study, in order to evaluate the usefulness of Hypochoeris radicata L.

as anti-inflammatory resource, the anti—-inflammatory effects of it's extracts
was investigated in lipopolysaccharide (LPS)-induced RAW 264.7 cells. We
first examined the inhibitory effect of 80% EtOH extracts from different parts
(flower, leaf, root, aerial part and whole plant) of H. radicata L. on nitric
oxide (NO) production in LPS-stimulated RAW 264.7 cells. The flowers
extract of H. radicata L. showed strong inhibitory effect against the
production of NO, and solvent fractions (ethylacetate, H.0) were obtained from
H. radicata L. flowers. Almong then, ethylacetate fraction of H. radicata L.
flower (HRF-EA) inhibited production of pro-inflammatory mediators such as
NO, inducible NO synthase (iNOS), prostaglandin E. (PGE;), and
cyclooxygenase-2 (COX-2) and cytokines such as tumour necrosis factor
(TNF)-a, interleukin (IL)-18, and IL-6 in LPS-stimulated RAW 264.7 cells.
To further examine the mechanism responsible for the inhibition of iINOS and
COX-2 expression by HRF-EA, we examined the effect of HRF-EA on
LPS-induced nuclear factor-xB (NF-xB) activation and the phosphorylation of
mitogen—activated protein kinases (MAPKs). HRF-EA inhibited LPS-induced
NF-xB activation by inhibition of IxkB-a degradation and p50 phosphorylation.
Further, the phosphorylation of MAPKs such as p38, ERK and JNK was
suppressed by HRF-EA in a concentration-dependent manner. These results
suggest that HRF-EA may inhibit LPS-induced production of inflammatory
markers by blocking NF-xB activation and MAPKs phosphorylation. Also,
The chemical constituents of the HRF-EA were further analysed by HPLC
and found to include luteolin (70 mg/g). Thus, HRF-EA have the potential
for use in anti-inflammatory resource.

Key words: Inflammation, Hypochoeris radicata 1. flower, NF-xB, MAPKs
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X
rf

stth (Rabson et al., 2005). 12y A &A1 AF5wks2 238 Hu &4&

A%, 1 A% AReME ¢ w4 B ARS FEAE @

wHlste] AFHESS 8 AlZIYk (Lee et al., 2004).
WEsL22 493 lipopolysaccaride (LPS):= 1# SAIT9 Al X2 v
EA38H, RAW 2647 celldd 22 WA AE  (macrophage) %+ W3

(monocyte)ll A S ujJAEe] B3-S &3t ARtk (Park et al., 2008).
HSHEE AR nitric oxide (NO)+= =2 WSS 7Hd AA Y A=
nitric oxide synthase (NOS)ol| ¢]3] L-arginine® =58 A4 @t} (Alderton et
al., 2001; Nathan et al., 1994). NOS+ neuronal NOS (nNOS), inducible NOS
(iNOS), endothelial NOS (eNOS)®] Al 7}A| &E/7F EAgth eNOS+ & ¥ 9]
Alszo] EAfskal, nNOS= A A, Aol B-islet AE R 7194, 91742 Wy

Azl EAGL o F olHEAE AN 94 FEoz wdse A

{

x4 9 ARAE A5 A2 5 AW I FAo

M
e
ke

Oy =1 =TT
=023 9adg 3} (Moncada et al, 1995). ¥FH iNOSI= interferon-y (IFN-y)
= LPSol oaf A= g of dA o] B2 ¢ NOE st d5is9
HEARE ALESE 3t} (Guzik ef al., 2003; Mivasaka et al., 1995).

NO¢t A x4 95 wil =22 <483 prostaglandins (PGs)+

cyclooxygenase (COX)oll 93l arachidonic acidZ5F-E A ET. ASH-$ oA

gl rel hAAEE LPS EE  interleukin-1 (IL-1)o 98] A=F& kol
COX-2E& wdsetA a1, o2 Qs A% PGsel 93] d35uso] A& #Art
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Xue et al, 2011). COX+= A el F £7F9 olAd&s COX-1¥ COX-2=
EAEY AR e FHAXERYH AAEHW, COX-1& oe 7H#] A 7]

P 54 2 BE A8 wmelstn A mE 2ol 4@ ww

oot

COX-2& AW 945 Hkgol] st (Dubois et al., 1998; Lee et al., 2003;
Smith et al., 1996), Aol 2o ®¥E= Ws4<Q LPS® inflammatory
cytokines 5ol 93] Wwdo] fx &

2 tumor promoters®l &A= W&o F7} At} (Vane et al., 1998).

LPSol 93t AASA cytokines % FAZviz/l ©@ Aol WS nuclear

1 growth factor, oncogenes, carcinogens,

transcription factor-kappa-B (NF-kB) 74 Z¢} o}-& 2 mitogen-activated protein
kinase (MAPK) &43} A 2o o8 devta <24 doh. NF-kBE AXE

gh
=
o2
o|N
rE
o
X

| -2 Sol #Ed o FHAAEY 2Hd M Fash
3¢S k= MARIA oIt (Park et al, 2008). NF-kBx RE AEo] FA| 3
A AxzeAe BEEA3 HHE AEL EAsta Ao ey R A5S
ol &3t H= A Hor o]t udd FHAAe] HALE FIFH
(Kiemer et al, 2003; Tak et al, 2001). A&7t# 882 NF-kB @¥WadE5&
Rel-domainZ 33t A9 2 RelA, p6-50, RelB, c-Rel, p50 221l p52 50|
234 9t} (Chang et al, 2001; Papa et al., 2004). o]5 @& 42 homo
=2 hetero FHIZ ZA¥ste] A8& A @k LPSH TNF-a 59 A=o=
tyrosine®| 1} serine/threonine kinases”} <14+s} a1, Ao EA)3t= NF-«xB
Zatael A A 2492l inhibitor-kappa B (I-xkB)& I-kB kinase°l| 2]3&}¢]
ol Ak3} w o] whul A o] degradation H 22X NF-kB7}F &43 ®t}h (D' Acquisto
et al., 2002).

MAPK+ extracellular signal-regulated kinase (ERK), p38 MAPK kinase
(p38) 133l stress—activated protein kinase/c-Jun N-terminal kinases
(SAPK/JNK)Z & #t} (Kim ef al, 2006). ERKE F2 Az F24, &3}

R AL T Es STATI= AR o8 243 dva <A e,

M

ERK®] A &2l G2 FTYIEAF ddd Ax il s dDAA Fast

gee = Zoew Buya vt (Kimura et al, 1999). p3’8¥ JNK&= o7
7HA 2EY 2o o] & sty o] MEAAAL Fofstm theket el A 1A
—_ 8 —_
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#HoAst= Foz LA Qo] o]ES  stress—activated protein  kinase
(SAPKs)2tal % stt} (Luoa et al., 2009).
M E9  (Hypochoeri radicata L) 2E#F34 =313 (Compositae)oll

&3t 9Je FAE Folal 7] 30~50 cm, 2 5¥~699] #Ar}t (Aarssen,

AAA o= JNIEH = el 2000 m7hA] st i AlFelA = s 1,700
m7bA BEFsa ¢lod (%, 2002; Harrington, 1954). /WEd FEE& 343}
g4 (Fiasson et al, 1991), &< @A (Ferdinand, 1980), vj9 &4 (o] &
2005), &t A (Maruta et al, 1995) So] At <z Yx A=
Ao 3t A= BEE vl Qloh ¥bdHo] W59 (Taraxacum platycarpum
Dahlst.)®] 7d-¢- el=HH WZto A ofx= 2rola Q1S Brje] o]zt st
AF% A ol FolA & AL (Kim et al, 1991), &4tst &4 (Kim et
al, 1994), & <@ =27] &4 (Lee et al., 2007), &++&4 (Willoughby et al.,
1975), skt A (Lee et al, 2004; Nathan et al, 1994), AW A ZAhA}
M a3 (Alderton et al., 2001) S &3 A7 By ok B A=
ANE FEE Fd5 4 71ds 24 A= or Ao 2 A
ANEY FE=9 Aoof 2 S4F d5=2A9 &8ss FA38H7] 9135

_?‘:
a5l o,
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II. A5 2 4344

Msdet MFAEZA g5 a7l A 4~54dd] A wed (=

H
AbgEh T ARSI E B (9, F7], B, AR, AR UF
=z ]
=

A Qe 2EEL ognAE ol&d A F AR/

MRS 2 B9gEsE A8 2 kegol 80% EtOH 30 LS H7bste] A Lo

8] F=skalal ol & o¥, ebes, §d Axste] ARSI iRl

(Ethyl acetate), & T2 =Ao] W& fujiy =49

cAHor  gujiEgs Az 334 RkE Feste]  E8%F (fraction) &

goll 80% EtOH 300 mLS H7Fste] A2oA 3UZF 23] FE349] 088 g
At A8 AFo| ALgE7] A WH-Ee] WEsrw (-20C) st

2. X 8

Murine macrophage cell line?]l RAW 264.7 cell& 3= A XF &3] (Korean
Cell Line Bank)o.ZHFE G4t o™, 1% antibiotic (Gibco, USA)¥} 10%
fetal bovine serum (FBS; Gibco, Grand Island, USA)¢| 3Ff%¥ Dulbecco’s
modified Eagle’'s medium (DMEM) ®WXE A}&3ste] 37C, 5% CO»

incubatoroll A Wl FstH o 2o A Al wj S A AT

3. AE 348 2 54 33

_10_
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1) MTT £4

A w7 AEY A mA= IS S8 Slstel MTT #4& 9
st tAbZE Ak AolgdE M¥EE, AlEX W mitochondriadl ¥ F4
aazgo oste] g Aol 3-(4,5-dimethylthiaxo-2-y1)-2,5-diphenyl
tetrazolium bromide (MTT; Sigma, MO, USA)Z 3AAAH AFAE u=
Hl 584 formazans A stth (Gerlier et al., 1986; Liu et al., 1999).

RAW 2647 cells 10% FBS7F #71¢ DMEM ®A & o] g3te] 1.8 x 10°
cells/mL%= 96 well plated] ¥ 18A17F v & A=<} LPS (1 pg/mL)E A
of Agstar 244k vttt o] MTT & 50 uLe #H7bste] 443t &<t
g AT v A& &d3] A AT dimethylsulfoxide (DMSO; Sigma)E
200 pLE 71ste] HAES 43 &3fA1Z] F, microplate reader (Amersham
Pharmacia Biotech, NY, USA)E AF&3lo] 540 nm 3= E SA3IAE 7+ Al
5 el g " 3= Fgs Tekdlon, fixae F3 % g Bluste] A

2) LDH #4]

RAW 2647 cells 10% FBS7F #7¢ DMEM ®lAZ o] g3te] 1.8 x 10°
cells/mL= 24 well plateo] ¥al 18413t vl & AJ59} LPS (1 pg/mL)E 54
Aglsto] 24413F wjFedth ol % g WA E 3,000 rpmoll A 5 A4 R
3t th. lactate dehydrogenase (LDH) assay© non-radioactive cytotoxicity
assay kit (Promega, WI, USA)E ©o]&3lo] =43 o™, 96 well plated] U4
Faste] A2 wjgF wix] 50 pLe} reconstituted substrate mix 50 pLE % i,
Ao A 30% WEEAIZl & 50 plLe stop solutiong % il microplate reader
(Bio-TEK Instruments Inc., Vermont, WI, USA)E A}&3}o] 490 nmeol A

FAEE SAHSAY. 24 Alg o dg HT FFE FS Fekgod,
4. Nitric oxide (NO) A A &4 =3
RAW 2647 cell® 10% FBS7} #7}d DMEM #|AE o] &3te] 1.8 x 10°
— 11 —
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cells/mL%= 24 well plated] Y 18A1%F widstdth ol Alse LPS (1
ug/mL)E &A1 AHglste] 2417 v Fstth. AEZu g ds 9 100 uLet Griess
Aok 100 pLE &3tsle] 96 well plateol Al 108 F<F wFS-A171 & 540 nmoll A

FAEE AU AAHE NOY 42 Griess A% [1% (w/v) sulfanilamide,

oo

0.1% (w/v) naphylethylenediamine in 2.5% (v/v) phosphoric acid]& ©]-&3}<]
M vkl Fof EA5F= NO; o] e =43 3L sodium nitrite (NaNO»)E

standard= A}-83F%1 T}

5. Prostaglandin E; (PGE;) AA oA &4 =3

RAW 2647 celle 10% FBS7F #7¥ DMEM ®lAE o] g3te] 1.8 x 10°
cells/mLZ 24 well plateo] HE3lar, 18A17F v &3t} o] & viA S #| A3t
108 % (1 mg/mL)E ZAY A& 50 pLet LPS (1 pg/mL)E &3k 450
nLe mAE EAlel AP ske] 2441%F wieFEdTh 2447 ik wiAE
YdEE (12,000 rpm, 3 min) 3t AoAF SN PGE, &S A3
ReE AsEE A" A7kA dEEIA (-20C) ST PGE:©  mouse
enzyme-linked immnunosorbent assay (ELISA) kit (R&D Systems Inc.,
Minneapolis, MN, USA)E o]&3lo] At o™ standardel] W3k 3%
gk 099 o] el At

N
I
rx
lo

6. 934 cytokines (TNF-q, IL-6, IL-1B) A oA &4 =H

RAW 2647 cells 10% FBS7F #7¢ DMEM ®lAE o] &3te] 1.8 x 10°
cells/mLZ 24 well plateo] HE3lar, 18A17F v &3t} o] & viA S #| A3t
108 % (1 mg/mL)E ZAY A& 50 pLet LPS (1 pg/mL)E &3k 450
pLe] Al S EAlol AElske] 24A17F wjQFEESitE. ol % Wi WA E AR
(12,000 rpm, 3 min) &to] Lol FF N AAFTAH cytokine A TS
SAsAH. Ee Aae A" A7x deEd (-200) v AdSA
cytokines< mouse enzyme-linked immnunosorbent assay (ELISA) kit (R&D
Systems Inc., Minneapolis, MN, USA)E o] &3}e] A3t o™ standardoll

e TEFA S 099 o] 4fol
_ 12 _
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7. Western blot analysis

RAW 2647 cells 10% FBS7F #71¥ DMEM ®lAE o] g3te] 15 x 10°
cells/mL= 6 well plateo] 18A1%F Wik & AJg¢ LPS (1 pg/mbL)E T4
At 2441 WSttt o] AEE PBSE o] &3] 23] AlFHsta lysis
buffer [1xRIPA (Upstate Cell Signaling Solution, Lake Placid, NY, USA), 1
mM phenylmethylsulfonyl fluoride (PMSF), 1 mM NasVO,; 1 mM NaF, 1
ng/mL aprotinin, 1 pg/mL pepstatin, and 1 pg/mL leupeptin]& ©] &3] 1A%+
Fot lysis AlZl & AAEY (15000 rpm, 15 min) 3Fe] @i A5 ol bl
Elstd ok @A FXi= bovine serum albumin (BSA)S %+ 22 Bio-Rad
protein assay reagentE AREdtol ARSItk AFT dUiES 8~12%9
polyacylamid gelel 7|95 3ta  poly-vinylidene difluoride  (PVDF)
membrane (Milipore, USA)ol 200 mA, 2A17F E<¢b Ao A A}t w4 o]
Zol¥ membranes 5% A EFE XS 0.05% Tween 20/Tris-buffered
saline (0.05% T/TBS)oll ¥ i AF=oA 1AIZF blocking A7l ¥, 124 @A) <}
HES A Tk 12 34 WEES iNOS antibody (1:5000, Calbiochem, USA),
COX-2 antibody (1:1000, BD Biosciences Pharmingen, USA),
phospho-ERK1/2  antibody, @ ERKI1/2 antibody, phospho-SAPK/JNK
(Thr183/Tyrl85) antibody, SAPK/JNK antibody, phospho—p38 MAP kinase
(Thr180/Tyrl82) antibody, p38 MAP kinase antibody, IkB-a antibody,
phospho-pl05/p50 (1:1,000, Cell Signaling Tech, USA), B-actin antibody
clone AC-74 (1:10,000, Sigma, USA)E o]&3}lo] 4TCoA 3F ® =<t
WAl A 12 @A wkg-o] 1Y membrane 0.05% T/TBS &9do g 33
A=A &  peroxidase-conjugated® 22} A (Jackson ImmunoResearch,
USA)E 1:5000 E+= 1:10,0008.= 3|2 5to] 2o A 1A vH&-3F 7 0.05%
T/TBS &Aooz 33 AMAHsct. @922 Enhanced chemiluminescence

(ECL) W& o] &3l X-ray Z5ox A%E &dsdirh
8. HPLC ¥ UPLC / MS &4
— 13 —
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M= EtOAc 8 =5 MeOHOl =9 1 mg/mLe %7} HA s +
< syringe filter® <33} luteoiln (sigma) = high performance liquid
chromatography (HPLC)Z Z743l9th. HPLC ®Azx{3 Suj+a] =271
Table 1A YEMAST. EF=F luteoilne MeOHoll =< z+z} 10, 25, 50, %
100 mg/mLe F%E A %F3}to] peak WAHS F3tar 37 WHAAS o] &3 A
e A sko] A kst

Ultra Performance Liquid Chromatography / Mass Spectrometry (UPLC /
MS)& Hypersil Gold (2.1 mm x 50 mm, 1.8 pm, C18) AU A3 o] %
Jo 2= (A) acetonitrile®t (B) 0.1% formic acid in H.05 AF&3lien (A)E
5~100%= 8%zt 71€7l1€ 91 200 pl/min &2 ZSHFIUC 2Ayde=
LCQ-Fleet / Thermo #H|E o] &3l F23FHt}t. ESI-Ion Trap MS #4x71
S 2935 Table 1B9F 2t}

A ATNE mean +* SD.eZ YEWOW  student’s ttest® EA A

_14_
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Table 1. HPLC and UPLC/MS conditions for luteolin analysis

A. HPLC coditions

Condition of HPLC

Company Waters 2695
Column Waters, Xterra ® RP83.5 pm, 4.6 x 100 mm
Mobile phase (A) acetonitrile  (B) H:20
UV detection 254 nm
Time A B Flow
(min) (%) (%) (uL/mL)
0 10 90 800
Gradient 30 50 50 800
35 100 0 800
40 10 90 800
50 10 90 800

B. UPLC/MS coditions

Condition of UPLC

Company LCQ-Fleet
Column Hypersil Gold (2.1 mm % 50 mm, 1.8 pm, C18)
Mobile phase (A) acetonitrile  (B) 0.1% formic acid in H20
Time A B Flow
(min) (%) (%) (uL/mL)
0 5 95 200
) 1 5 95 200
Gradient 6 100 0 200
8 100 0 200
85 5 95 200
12 5 95 200
Condition of Mass Spectrometer
Company Thermo
Ion source ESI
Polarity negative
Spray voltage 5 KV
Capillary temperature 275C
Capillary voltage 42 'V
Collision energy 35 eV
—_ 15 —_
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1. A%

iy

g 79d &9 TEF €4

D /IREe F9d FEE] AX 54 A

RAW 264.7 cellol s 72 948 (F, o, 7], ¥, AR dx) F
=% (100 pg/mL)3 LPS (1 pg/mL)E sA AHgske] 24412 wjds & MTT
¢} LDH #4& o] &3l Ax AEES gelsisirt Misd F9d F252
100 pg/mLe] FEelA 90~100%2 AE&S Hol AE HA4S YepdA &
< gl A ot (Figure 1A).

RAW 264.7 cellel A Ed 2 F94d (£, A, =71, 4, AdH, dx) F

=% (100 pg/mL)Z LPS (1 pg/mL)E §Al skl 24A17F wjeksdch. A A
¥ NO9 42 Griess AloFg o] &3dto] A wjFde] EAet= NO-9 FEH =
ZA3A s F9d FEE59 NO A oA &4& SHIT A7, LPS
95 AT NOY S FE3Aa, iINOS  inhibitor®!  2-amino-
4-methylpyridine NO<9| A5 83% ATS &1 4 Aot MusEd F

m
Y FEE FToH= NS 2 FEEo LPS 94E Aoy vas &
U =2 NO A o4 848 HAe
o9 o $9 (Y, 271, B, AN, Adx) FEEANA= NO A 9

A &dS YeErdl A gt (Figure 1B).

Z
®)
Lo,
0
o
ftlo
W~
9
X
12
;
rir
S,
o
tt
°
iul
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>

—i— MTTreduction (%)
mmm | DHrelease (%)

g 140 [ 114 ~
c 1201 \L\ {120 £
0

;3 100 F I I I i i F4 1100 %
3 80t 180 §
S T
2 60} 160 £
- - 1 I
- 40 40 o
= 2 120 <

0 0

LPS - + + + + + + +

sample - - A B Cc D E F

B

— - * *

§ 120 * * *

g 100 | .

:.3 80 |

= I &

3 60

4 .

3 40

o | *&

> 20

0

LPS - + + + + + + + + +

sample - - 2-amino dex A B C D E F

Figure 1. Effects of 80% EtOH extract of H. radicata L. on cytotoxicity
and NO production in LPS-stimulated RAW 264.7 cells. Cells (1.8 x 10°
cells/mL) were pre-incubated for 18 h, and then cells were stimulated with
LPS (1 pg/mL) for 24 h in the presence of 80% EtOH extract of each part of
H. radicata L. (100 ug/mL A: flower; B: leaf; C: stem; D: root; E: aerial part;
F: whole plant), 2-amino (10 pyM 2-amino-4-methylpyridine) and dex (20 pM
dexamethasone). (A) Cytotoxicity was determined by MTT and LDH assay.
(B) NO production levels. The data were expressed as means + S.D. of three

determinations. *P<0.05; *xP<0.01 compared to positive control.

_17_
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3) MAEd e ey & FEE9 3y

o|N

27

(1) NO, PGE, A4 A4 &4

w4 LDH #4& &3 /M9Esd ¥ (HRF)Y 9Esd £(TPF) FEES
T 400 pg/mL T Mol AEEAS 2HA 2SS FAsAL ol &
Higr o 2 RAW 2647 cellel LPS (1 pg/mL), HRF
200, 2 400 pg/mL FE2 AHste] NO A4 oA
A3 LPS w5 Aol BludS uf HRF9 TPF F&2-2 200 ug/mLs =
oA Zt7F 51%, 17%= NO°| S A on 400 ng/mL &EdlA=
82%, 48% = A= oz yER} HRF F&Eo| TPF FEExHT 49
NO A4 oA 45 vetdles A& g0 + AAt (Figure 2A).

ok =
—
0
By
o
e
i
ftlo
8

U 2122 PGE, ELISA kitE o]&3to] PGE, A4 A &4& &
Je A3, HRF F=E2 LPS @5 Ao vagds o 2429 A7 &
oA 30%, 43%, % 76% = PGE:S] AAS AAlste] vk oEHA oA
N2 F9 F Uyt =3 TPF FE2L 4749 Ag &

20%, 2 37%= PGE;9l A4S Alste] HRF

F=
PGE:9] S saA oz AAS e 4 ATt (Figure 2B).

(2) iNOS, COX-2 23d oA &4
HRF$t TPF FZ& &9 93 NO, PGE: A4 oA &4o] iNOS2t COX-2
d A= Qg A QA FRlsty] ekl olE dWA FFS Western
blot analysis® &<213lth. RAW 264.7 cellel LPS (1 ug/mL), HRFe} TPF
FEES 100, 200, 2 400 pg/mL FEZ A ste] 24217F vjekd & HRF
o} TPF FZEo 93 iNOS, COX-2 od oA A48 st 1 2
Aol A= INOS, COX-29] wdo] dA3s] F7stl iz HRF
FEE2 v 9FEHoZ INOS, COX-29 2dS JAEdS & = ddd

=< ols @ T A FFS mAA

&2
dlo
ftlo
At
[40
et
4>
%0
32
I

(Figure 3B).
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Figure 2. Effects of 80% EtOH extract of HRF and TPF on NO, PGE;
production and cytotoxicity in LPS-stimulated RAW 264.7 cells. Cells
(1.8 x 10° cells/mL) were pre-incubated for 18 h, and then cells were
stimulated with LPS (1 pg/mL) for 24 h in the presence of each 80% EtOH
extracts (100, 200, and 400 pg/mL), 2-amino (10 uM 2-amino
—-4-methylpyridine), and dex (20 pM dexamethasone). (A) NO and (B) PGE:
production levels. The data were expressed as means * S.D. of three

determinations. *P<0.05; **P<0.01 compared to positive control.
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Figure 3. Effects of 80% EtOH extract of HRF and TPF on the protein
level of iNOS and COX-2 in LPS-stimulated RAW 264.7 cells. Cells (1.0
x 10° cells/mL) were pre—incubated for 18 h, and then cells were stimulated
with LPS (1 pg/mL) for 24 h in the presence of each 80% EtOH extracts
(100, 200, and 400 pg/mL), 2-amino (10 yM 2-amino-4-methylpyridine) and
dex (20 pM dexamethasone). The protein levels were determined using

Western blot. 80% EtOH extract of (A) HRF and (B) TPF.
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2. IMEd % EtOAc £¥ &9 F49F €4

1) NO, PGE; A3 A &4

FAs Aol 7HE 3 HRF FEE5 WA c=EolAlHolE  (Ethyl

o
e
o
o
e
ile
_\7:1
Mz
ot
e
Lo
Z
o
NS

acetate), & (HO)= a8 o=z fujE 3

WA LDH #41& &3 HRF F=&3 #9&E 2F 50 pg/mlL 5% H$loA
AEEAS 27 ¢SS delelgdi o2 Hg oz HRF FZE3 2I¥ES
125, 25, 2 50 pg/mL =& Aol NO A 9
A3 LPS &5 Aol Wlel HRF FE=2 2479 Aels=dlA 3%, 7%, %
14%°] NO A4 gA &A4& 23on EtOAc #IFE2 16%, 44%, 2 60%<]
NO A4 Al FA4E& Btk & E2FE52 NO A 9&FS w4 28 &
Qs tl (Figure 4A).

A 2edA PGE, A4 A 45 3t ¥, EtOAc #3E2 717
o] A FEelA 9%, 25%, % 47%= PGE:9] A4S AN E RS Fela}
At (Figure 4B). WelA HRF FE5E3 #£8E Fol EtOAc +9&°] dF 9
A &I HE SFsivkal ddE o]
(HRF-EA)d gt &% &% B7HE FdstAh

BL

2) iNOS, COX-2 2d oA &4

HRF-EA°] 93] 7HA% NOSF PGE; A4 oA &4do] iNOSeF COX-2 &d
AA7E 1 PSS Fldr] sl Western blot analysis® Al X2 o) A ¢
INOS, COX-2 wruide] Wi eFs A

RAW 264.7 cellel LPS (1 pg/mL)¢} HRF-EAE 125, 25 ¥ 50 pg/mL %%
2 Agsta 24417 wi%E 5 HRF-EA2 iNOS¢ COX-2 2d oA &4S

olakgith, 1 A3 LPS @ A glaS iNOS, COX-2¢] w& o] A3 F7ta)

il HRF-EAE % &4 o2 iNOS, COX-29] #dS A4S gt
(Figure 5).
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Figure 4. Effects of 80% EtOH extract and solvent fractions of HRF on
NO, PGE;, production and cytotoxicity in LPS-stimulated RAW 264.7
cells. Cells (1.8 x 10° cells/mL) were pre—incubated for 18 h, and then cells
were stimulated with LPS (1 pg/mL) for 24 h in the presence of 80% EtOH
extract and solvent fractions of H. radicata L. (12.5, 25, and 50 ng/mL),
2-amino (10 pM 2-amino—-4-methylpyridine) and dex (20 uM dexamethasone).
(A) NO and (B) PGE, production levels. Cytotoxicity was determined using
the LDH method. The data were expressed as means £ S.D. of three

determinations. *P<0.05; **P<0.01 compared to positive control.
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Figure 5. Effects of HRF-EA on the protein level of iNOS and COX-2
in LPS-stimulated RAW 264.7 cells. Cells (1.0 x 10° cells/mL) were
pre-incubated for 18 h, and then cells were stimulated with LPS (1 ug/mL)
for 24 h in the presence of HRF-EA (125, 25, and 50 pg/mL), 2-amino (10

pM 2-amino-4-methylpyridine) and dex (20 uM dexamethasone). The protein

levels were determined using Western blot.
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3) W9 ZA cytokines A oA A

RAW 264.7 celll] HRF-EA7} d9%A cytokine¢! TNF-a, IL-6,
IL-1B89] W&ol m A= &S ELISA kitE o] &3te] AT RAW 264.7
celll LPS (I pg/mL)¢} HRF-EAE 125, 25, ¥ 50 pg/mL sx==2 A3t
TNF-q, IL-6, ¥ IL-1B8¢] A4 A €4S <13 23 HRF-EA+= LPS 9=
A3 Bwds u e Az FxolM TNF-a2l AL 49%, 58%, %
61%, IL-69] S 12%, 54%, ¥ 86% —1e|il IL-1B< AAS 42%, 58%, %

62% %2 T% &Aoo 7 FostA JAETS Felstdtt (Figure 6).
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Figure 6. Effect of HRF-EA on production of pro-inflammatory
cytokines in LPS-stimulated RAW 264.7 cells. Cells (1.8 x 10° cells/mL)
were pre-incubated for 18 h, and then cells were stimulated with LPS (1
ng/mL) for 24 h in the presence of HRF-EA (125, 25, and 50 pg/mL). (A)
TNF-a, (B) IL-6, and (C) IL-1B production were analyzed by ELISA Kkit.
The data were expressed as means = S.D. of three determinations. *P<0.05;

#%<(0.01 compared to positive control.
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4) IkB-a degradation &} A A

HRF-EA7} IkB-a°] 7] %|+= 43S &<2137] 93] NF-xB inhibitore! PDTC
S 10 pM T2 RAW 2647 cellel A gfstaL 2413k o LPS (I pg/mL)= #
oAt LPS Al 10+, 20+, 30% 5 ©@WAS #g3te] Western blot
analysis® IkB-a¢ ¥3}= gl 1 23 LPS A % 1084 kB-a7f
7} degradation ¥ oS T 4+ Ao NF-kB inhibitoré] PDTCE
LPS & Aol H|3
ek o 2 HRF-EAS %9 (125 25 9 50 pg/mL)E AHstil LPS A F
10321 A IkB-aoll WA= &S FA 23, HRF-EAZF LPS &5 A 2]
H 3 IkB-a®] degradationE F% o&EH o2 AAAI= AL AT F U

t} (Figure 7B).

o
o

IkB-a¢] degradations #| AlZt} (Figure 7A). °| &

5) NF-kB 214ts} oA &4
NF-xBe] &4 oA}
HRF-EA7} LPSol| 98] X% += NF-kB ASAGH 2o nz= ks els}

rr

Ae 9

o|N

S-S AAEtE Fad 8o Hrh
7] 918l RAW 264.7 cellel NF-kB inhibitor¢! PDTCZ 10 yM %2 A g

2A17F Foll LPS (1 pg/mL)= A=rakdeh. LPS A2 104, 204, 304 & whaiz
S ®#35lo] Western bloto 2 NF-xBe| W3alE &2l 1 A3 LPS A&
F 100l A 7HE Al NF-xBe] <14bsbrt dojubs 21s G038 5+ dslon
NF-kB inhibitor?] PDTC:= LPS @5 Ao Hls] NF-kBo| <1tstE oA
AN Z Tt (Figure 8A). o] 2 Hl® o 2 HRF-EAZS x4 (125, 25 ¥ 50 pug/mL)
2 Agsa LPS Az F 10814 NF-kBel vxe 94 3 Ax
HRF-EA7} LPS ©5 Aol H]3] NF-kB QlAtstE sk o&EAH 22 A4

71 RS g & = A (Figure 8B).

rr

_26_

Collection @ jeju



LPS - + =+ + + + +
PRIEVY= = ® = b &
Time - 10 10 20 20 30 30 (min)

IKB-a - L e e o

B-actin e
B
LPS - + + + + +
PDTC - - w - -
HRF-EA : - - 125 25 50 (upg/mL)

B-actin | i s g S g

Figure 7. Effect of HRF-EA on the protein level of IkB-a in
LPS-stimulated RAW 264.7 cells. (A) Cells (15 x 10° cells/mL) were
pre-incubated for 18 h, and the cells were incubated with PDTC (10 uM) for
2 h and then stimulated with LPS (1 pg/mL) for indicated times. (B) Cells
(15 x 10° cells/mL) were pre—incubated for 18 h, and the cells were treated
with HRF-EA (12.5, 25, and 50 ug/mlL) for 2 h and then stimulated with
LPS (1 pg/mL) for 10 min. The protein levels were determined using
Western blot.
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Figure 8. Effect of HRF-EA on the protein level of p50 NF-xB in
LPS-stimulated RAW 264.7 cells. (A) Cells (15 x 10° cells/mL) were
pre-incubated for 18 h, and the cells were incubated with PDTC (10 uM) for
2 h and then stimulated with LPS (1 pg/mL) for indicated times. (B) Cells
(15 x 10° cells/mL) were pre—incubated for 18 h, and the cells were treated
with HRF-EA (12.5, 25, and 50 ug/mlL) for 2 h and then stimulated with
LPS (1 pg/mL) for 10 min. The protein levels were determined using

Western blot.
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6) MAPKs ¢14F3} o= &4
HRF-EA7} LPSel 9& 55+ MAPKs AZ 4G A2 nx= o

o
ftlo

3
215l7] 918l RAW 264.7 cellel p38 inhibitorg! SB2035802 10 uM, JNK
inhibitor$] SP600125< 20 uM, 2 ERK inhibitor?! PD98059< 20 uMe] 5

Aelata 2417F Fel LPS (1 pg/mL) = A=3teh LPS A8 103, 20+, 30
LT gmAas By sle]  Western  blot  analysis®  phospho-p38, p38,
phospho-ERK, ERK, phospho-JNK, ¥ JNK< &9l&tt. =2 23 LPS A&
T 30l A p38, INK, # ERK9] Q47 A& == 3g &A= e
7}7}o] inhibitore LPSol| 93] fE¥= Aibsts Zdd o=z oAAA A
(Figure 9). °|& ¥lg o2 HRF-EAES =49 (125 25 ¥ 50 pg/mL)= A&}

=)

I LPS A2 & 30+olA MAPKsel| v X+ 9&S 8Qlst 23 HRF-EAT
T oEH o7 p38, INK, 2 ERK 22tstE AAA Y (Figure 10).

¢ HJ
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Figure 9. Effects of inhibitors on the protein level of p38, JNK and
ERK in LPS-stimulated RAW 264.7 cells. Cells (15 x 10° cells/mL) were
pre—incubated for 18 h, and the cells were incubated with each inhibitors of
SB (10 uM SB203580), SP (20 uM SP600125) and PD (20 uM PD98059) for 2
h and then stimulated with LPS (1 pg/mL) for indicated times. The protein

levels were determined using Westrern blot.
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Figure 10. Effects of HRF-EA on the protein level of p38, JNK and
ERK in LPS-stimulated RAW 264.7 cells. Cells (15 x 10° cells/mL) were
pre-incubated for 18 h, and the cells were incubated with HRF-EA (12.5, 25,
and 50 pg/mL) and each inhibitors of SB (10 uM SB203580), SP (20 pM
SP600125) and PD (20 uM PD98059) for 2 h and then stimulated with LPS (1

ng/ml) for 30 min. The protein levels were determined using Westrern blot.
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4

~—

A A8 [luteolin (3,4,5,7-tetrahydroxyflavone)] 3F&F 24
AA MuEde] B 8 B4 JdFE By v glo] B AdFoA = w3
I Az el @ol
catechin 59 ZgtH o]z Ed9 3aks& HPLCE 43 23 1% luteolin
o] HRF-EAl &5 &< & 5 Atk Figure 11A~D+= 242 luteolin¥}
HRF-EA, HRF F&% % ZulE RS Yelhd Aotk 1 4
~HAEg S v & w, HRF-EA, HRF &% 9 TPF

2

Jthal H ¥ quercetin, naringenin, luteolin,

g
-
o)
oS
e
ri
i
S
iV

¥} retention time¥}
=0 luteoline] 3HrHol A5e & F AArh £33 HRF-EA° luteolin®
= F 9 A4gs ¢7] 98 UPLC/MSLe.2 FA483t) ol T89S vt
2 ESI/lon Trap MSE negative modeo| A #A1slo] [ M-H] 3} o] &3}
S w9 fragment MS/MS9] #tS &H2lsld ),

Figure 12014 H & vk} o] luteoline RT 5.31-6.06 (o] 3)o A
m/z 2849 peak (Figure 12A, B)E YeEtWSlaL, LC MS/MS®E m/z 284.99] =72
< &0 ZAY Figure 12ColA H &= vbel o] m/z 1509, 174.9, 198.9, 216.9,
256.9, % 284994 peakE YEIASIT. HRF-EAT RT 535565 (o]l
)l A m/z 284.8 peakE YEMNAAL (Figure 12D, E), LC MS/MS® m/z
28489 245 &M A} Figure 12Fo A H&= vle} o] m/z 150.9, 175, 198.9,
216.9, 2409, 2429, 257, @ 284994 peakE UWEIHATE. wekxs HRF-EA$}
luteolin®] retention time¥} EAt&Fo] AX|sh= A= Hol HRF-EA luteolin
of &rHol dHFe & F AU ol ZI}E EWE HRF-EA, HRF F&&
2 TPF FE5E9 luteolin e FQlstr] 9a] HPLCE AEFS sFuth
luteoling 10, 25, 50, ¥ 100 mg/mLeo] = A 3433 HPLCS A ZwlE A
A @2 peak WA ol&dl IAANANES 7 A HRF-EA:= °F 70 mg/g,

HRF F+=&<2 oF 29 mg/g, % TPF F5&<2 °F 16 mg/g®l luteolin®] <t

ST
do

ot
o
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Figure 11. HPLC chromatogram of luteolin, HRF-EA, 80% EtOH extract
of HRF and TPF. (A) luteolin, (B) HRF-EA, and 80% EtOH extract of (C)

HRF and (D) TPF.
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Figure 12. UPLC/MS of luteolin and HRF-EA. HPLC chromatogram of
luteolin (A), precusor ions (B) and their corresponding fragments (C) obtained
by UPLC/MS (negative mode) analyses chromatogram of the luteolin. HPLC
chromatogram of the HRF-EA (D), precusor ions (E) and their corresponding
fragments (F) obtained by UPLC/MS (negative mode) analyses chromatogram
of the HRF-EA.
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MAEd s AEEFA 4313 (Compositae)ol] &3t Fa|atol 22 80 o)
Z BxTAet 2dH AFmo FAdHEAL WA o] et AAYEA ulw
s FEES 4ks &4 (Fiasson et al, 1991), &
¢ &4 (Ferdinand, 1980), w¥ &4 (o] &., 2005), 18lal &+ &4 (Maruta
et al, 1995)°] Attal L&A oy A Fds L4 dF Ay BHaud
HE Aok o] 2 A= JiRsEe A oof B s dREAe] &8s
Aol JEAE Huker] Y5ty MnEsd FEE 2 BIYE IY A4S 24

sk,

lo
(o
ro
49
n
K
X0
io

LPS¢ #Z& TLR =z AFA71H A s dE 7 22 NF-kB9 MAPKs
7} @A 3lE o] NO & PGE:9F e 4354 AAES Eujsta, d5itso] o
oA Act (Yeh et al, 2011). wEkbx] RAW 264.7 cellol A ARlE= H¢d

(%, &, =71, B, ALH) FE2E0] NO9 4= Alst=A &ds) Bk

a2 A3 JiREd ¥ FEEC LPS ¥ Ay Hlas] = o NO9 A4S
47% A= Ao® YEy 2 NO A4 Al 245 nilew, 1 9 vu&
o (&, =71, B, ALHF, dx)e] FEEdM= NO A4 oA 4= yE

=
N
82
=
)
)
dlo

o
e
Z
O
0
o

=R

==

Aol 71 3 AN EdE £ (HRF)
=39 <
Gl

2 A3 HRF F&E°] TPF FEEHT} 3

o|N
]
oX,
ftlo
I
E
:(!)l:‘
f
0
v
(L
Y
Z,
@)

FEEY WEd ¥ (TPF) &
-

S} PGE, A7 A axe v

A INOSS COX-2¢ ol Ad=7] ol (Guzik et al., 2003; Miyasaka et

al., 1995; Xue et al, 2011) HRF F#=&3 TPF F=+9¢ iNOS, COX-2 wa =

kg o] o8-S mx=x #<¢ld Ay HRF &%) TPF %Rt iNOS$
COX-29 = HdE % gEHoz oAsts &g = 9k 99 23
— 35 —
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£ TPMEYM HRF FE=°] TPF FE=EX2t INOS¢ COX-29 % W&
oS Aoz AgAegozn NO PGEel AAL 74es AdAsdrts AS
ou)str}al Alm E )

acetate), & (H:O)= TAad o= &g 3 5 7
A oA g4S dolr gty 1 AF LPS wE Aol HlE] WEY 2 o

oAl HolE £ 8= (HRF-EA)°] 7 = &4 o= 72357 NO9 PGE:9]

At 574 A=l o NF-xB A& A& AA7F &4 3tH ¥ IKK (inhibitor kB
kinase)E %3l IkB7} degradation %WA NF-kB7} & o2 o]&F3do] COX-2,
iNOS, Bcel XL, cIAPs 59 AALE F=3HA ©tF (Ahn et al., 2005; Grossman
et al., 2002; Murakami et al., 2005). o]¢} ##As|A LPSZ A=3 RAW 264.7
cellol A A == INOS, COX-2 @ud wado] tigh HRF-EAS 2@ A&}

7} NF-xB 29 &4 Ao gk Z#JAE Western blot analysis® <l
s mgkth @3 HRF-EAL ¥% 9€foz Axdulel IkB-a degradation

I} NF-xkB (p50)e] 212tstE Attt webA HRF-EAE IkB-a degradation
S FoEM NF-xB A2 o3 ddstee A5 w7l dxE9 A4S A3l
=& AR FaL k.

TS QAMEE LPS A58 A 5W NF-«kB 429 ol&# MAPKE &4
3lalo] M EAol & Yo wmAS A3t} JNK inhibitor, p38 inhibitorE
A0S uw LPSel &) =%+ NO, TNF-a, 2 IL-189] Aol oA =
i (Kwak et al., 2005), ERK®] 45 Soldo= IL-6 44 A FHolgiciar
B st (Ghazizadeh et al, 2007). °]¥3 RiEs nigoz HRF-EA7}
MAPKs 14tslo] v A& S gele A3, LPSE 253 RAW 264.7 cellol
A HRF-EAE p38, JNK, ¥ ERKY ¢l3lE wx oEF oz oa A7]le= A
S #eld 4 gldth. 53 HRF-EA¥ ERKSF JNK9| S1bsts 723 oA s
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ATt o= NO 1¥]i TNF-q, IL-1B, ¥ IL-6 A4S ZE3s] AAISS AA
8] 31 gty o]+ HRF-EA7} JNK¢} ERK®| ¢14stE 9jA)ste] NO, TNF-q,
2 IL-1B, IL-6 A S A3 dAPES AAME Fi ot

AA AWEdel B 8 B4 JdFe BHauyd v glon wstn A& &
of wWo] skfEo]gittal H 1% quercetin, naringenin, luteolin, catechin 52 =+
gHol= Edo S HPLCE 43 43, HRF$ TPF F&= 18
HRF-EA°| luteolin®] &% o] 3

X0,
dlo
o
fot
[40
ol
ol
x2
=l
c
o
o
X
=
P!
ol
M
1z
o

luteolin®} HRF-EA+ # At #3} retention time ®5% L XeS geld 4 At
uelx] HRF-EA©l luteolin®] ###¥o] le& & 4 Ui HRF$ TPF =
& 7123 HRF-EA°| luteolin® &S F<2lst7] 93] HPLCE A HFS sF3ith
luteoling 10, 25, 50, 2 100 mg/mL°] = A 3|4 sta HPLCS AZvlEA A
A de Hauds ol &d sAUAAS 73 A3 HRF-EA® °F 70 mg/g,

HRF F&&82 ¢ 29 mg/g, TPF F&=&<2 2 16 mg/g9 luteolin®] 3= o
Ues & T AU luteoline 53] Aeje], 7t ol @Wol FHfxo o
(Kim et al.,, 2003), A8]&d A+4=2= 39 &4 (Kimata et al., 2000), & &
A (Chowdhury et al, 2002; Mittra et al., 2000), 3-2k3} A (Terashima et
al., 2011), &<#27] &4 (Kimata et al., 2000) 5 A7 Hauxo] v} u}
Al gke] Ao A o] HRF-EACA ES A5 &3 5 45+ luteolindd 9

oA &AL luteolin FaF o]

o|N

5t Aol HRF F#&%3 TPF F&%9 ¢
= A a3 s
9 A=< E3HEE A3, HRF-EAYE RAW 264.7 cellol Al LPSZ Fx3%

o|N
=2
=

MAPKs (p38, JNK, @ ERK)$} NF-kB @A S Addtozxn thekst o
Az BHE At Ao FAHJTt =g oY FAFT &7 T =
HRF-EA?] ZA4AE F &9l luteoling 93 Aolw /AWEHE FdF &
2 &8s falMe ddER FE A7 desitha AlsHh
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= dredAde FdS AdaAzAMe] JivEde] &8 Jtede BAEH
ekl RAW 264.7 celldl A /REd FE5E9] 3495 @48 A7
AEdd zH 9l (3, o, =71, By, A, dx) 80% dEE FE=9
NO A4 oAl A4S BY8dd. o T s Aol M Fd =
FEus JdEoHHIER st Hlsd o] cEolAHlE
(HRF-EA)& <3 HRF-EAC &¢ #&& 24383tk HRF-EA= LPS=
Zb=¥ RAW 2647 celllA 54 wi7B1AFQD nitric oxide (NO), inducible
nitric oxide synthase (iNOS), prostaglandin E; (PGE:), ¥ cyclooxygenase-2
(COX-2)9} cytokines (tumour necrosis factor (TNF)-a, interleukin (IL)-183, %
IL-6)9 YFE & oEHo= Asdtt. 12lal HRF-EA°l 93 iNOS$t
COX-2 #d A 7|dS AF3t7] #1381 nuclear factor-kB (NF-xB) 7 =<}
mitogen-activated protein kinases (MAPKs)o|l 1 x&= HRF-EA® SIS
A8kt HRF-EA= LPSel & A=5¥d RAW 2647 cellelA IkB-a
degradation A¢}F pb02] <lAkstE A AFIoE NF-xBel EA3IE A
A= A& olstoitt. T3 HRF-EAX p38 MAPK kinase (p3%),
extracellular signal-regulated kinase (ERK), Z12]3 c-Jun N-terminal kinases
(ONK)9] Qitsts sk Aoz AT o Z3E2 HRF-EA7L
LPSE A=5% RAW 2647 celldl Al NF-xB¢} MAPKs® 43 A4S F3t
T 254 Zes dekde AR =3 AR e] dES 24 A2
w487l flsted HREF-EACl g#9 717 =S HPLCE 433tk
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