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ABSTRACT

Background: The anti-inflammatory effect of Chrysanthmi Flos (CF), primarily produced in the
wild and recently being cultivated in Korea was investigated for using it as an anti-inflammatory
material.

Methods and Results: For measuring anti-inflammatory activity, CF was freeze-dried (CFEFD)
after water extraction. The production of nitric oxide (NO), prostaglandin E, (PGE,) and pro-
inflammatory cytokines [tumor necrosis factor-o (TNF-a), interleukin (IL)-1B, and IL-6] via
ELISA, and expression of inducible NO synthase (iNOS), cyclooxygenase-2 (COX-2), c-Jun N-
terminal kinase (JNK)1/2, extracellular-signal-regulated kinase (ERK)1/2, p38, phosphorylated
inhibitor of the transcriptional factor NF-kB (IxBa), p65 (a subunit of nuclear factor-kB) protein
were determined using Western blot. The production of NO, PGE,, TNF-0, IL-1B, and IL-6
reduced in a concentration-dependent manner by CFEFD treatment (100 ug/md - 400 ug/md) than
that by lipopolysaccharide treatment. iNOS and COX-2 protein expressions were inhibited at a
concentration of 100 ug/m{ - 400 pg/mf and 100 pg/md - 200 pg/md, respectively, by the CFEFD
treatment. JNK1/2, ERK1/2, p38 and phosphorylated IkBa protein expressions were inhibited in a
concentration-dependent manner by the CFEFD treatment. The expression of p65 protein increased
in the cytoplasm and was inhibited in the cell nucleus in a concentration-dependent manner.
Conclusions: Water extract of CF exhibited high anti-inflammatory activity, thus having high
value as an anti-inflammatory material.
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=3} (3§{€, Chrysanthmi Flos):=
(Compositae)2] =3} (Chrysanthemum morifolium Ramatulle)
£0 2 H59 jlofl] APYsh= A oR Huff o] i, T
A o] Atofolut vlgtrtel] Z}2hH (Yook, 1989; Lee, 2003),
0] 1.0m-1.5me|3L 7|7} @o] Zepxm WA Yol @i,
e sAstAL 71 ERAde] doln 322 9dollA 11l &
Mo g yEd XE 1.5m 2N 7] 3 9=7] Bl AHg
HszelA g@e]al ANt Zo] Smm -7 mEA s
2ol 5 M= A= o] # o= okgolghaks Ego] 3
t} (Yook, 1989).
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=2
thaA 229l =3t W FE a5 Aol ol TEEEE, HoRIE, S
KR =2

s=Hl ARE-3H} (Compilation Committee of Research
on Teaching Materials of the Colleges of Oriental Medicine,
2007).

AutHow Fee ofFd AFOR U] AT} o)l
AL JARE e =5k a2 o] of=ol Hlste] ol
oFt AtkE Aol JAT AK A7 A= FEvt #
AL Shgelu BIZO R 44, F5A7 oA, A
af, W1d, d71% 9 & 93E HFoE ARgEL vt
(You, 2009; Kim, 1996; Jang et al., 1999).
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2HA] A
21 % borneol, bornyl acetate, chamazulene yEFo=
ksl rka B akdth (Shin and Choi, 1982). %:3F 7+
=] H]dle] AHtoll= camphor, cis-chrysanthenol, o-thujone,
1,8-cineol ¥ umbellulone®] ¥ =& H|&Z YeE= 53
S 7R 921 (Hong, 2002; Kim, 2003), ©] ]°l| a-penene,
B-caryophyllene, germacrene, camphene, B-pinene 5°] X3t
oA kil BarEo] Ut} (Hong, 2002).

=3le] A 717F B9t terpene ] TS AME A
sesquiterpene’/ monoterpene X} oF 2 vl -3 v} o &2
T2 EY JeS HAs|E ST (Kim, 1997).

Z3le] okg] AEo] 3t AFE tetracosane™ 7S H 7}
A A AE (Yook, 1989) 2 vl ¢l acacetin-7-thamno-
glucoside”} &21E$1 2™ (Dan and Andrew, 1986), guaianolide
Al sesquiterpene lactone?] cumambrin A2] AJEo] F|, B
F v} o™ (Yang ef al., 1996), germacranolide” sesquiterpene
lactonel?! tulipinolide®} costunolide’} 2] =AUt} (Jang er dl.,
1998).

=3k G5 #Ag AFE 7o F3k 2=l nitric
oxide W& 2 acyl-CoA:cholesterol AT (ACAT)2] A& &

S mlaste] B A AbselA] ek Asl 24S YR
O 838 v} oM (Jang ef al, 1999), Leet Park (2017)
of o3P 2te] 3 Z7]9A sesquiterpene lactone2] U
%91 8-o-acetyl-2-methoxy-10 hydroxy-3,11(13)-guaiadiene-12,6-
olidec]+ E&o] =& ACAT A3l T4 (IC5 =38 rg/ml) L}

Ehfie] TAYZ Age] EaHo A8 & e AN
uh e}, g, ok WEke 322 E, Wjeke 2EEe) 7} &
e o) FATHL AHI A3t FRLEE FEZ0A
A FA8y FHE YEt masrle ST (Yoo,
2009).

Sporel 5 (1991)& o3t Z&2ol Z3a177e] 214 24,

WS, At 9 7S vlolE o) tigh oA a3t
ol 3o Jang 5 (1998; 1999y 59| =3}a} A&
FZENX Vibrio parahaemolyticus, Bacillus subtilis, Bacillus
cereus R Staphylococcus aureusd-ol 74t St A4S e}
3 BTt

=3k} A& FgoaFel 2lejA Dant Andrew (1986)=
=37 A FEEC] HYH el TR AMgE
NS gz, 3t 2 Eo| F3E sesquiterpene
lactone A2 3IFEL A5G a7 o™ Mew ef al.,
1982), A% Sl == germacranolides “g+0] |
o ME gk SolAl IdFF S4S vehdtka Bagk

H} 9lt} (Woerdenbag ef al., 1986; Jang et al., 1998).
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An (2010} NC/Nga "2l 1-chloro 2,4-dinitrobenzene
(DNCB)E AMate] HAASke] UFQ ofEy HFdAS
HEAZ| AL oF=o] wekE

o

S FEES A A3 olEy] el
AAEE EA7} DS BB, F 5(1998) A=l
tulipinolideo] 23 3h= ¥ st A4S 71 o] 3y
o] S-S B3 vl 9Jor, Nam} Yang (1995)% 60 %2
Aoke oz meks FEES AZIIAL o8] IHE
g 5448 ERIg A¥, o 7] Ak F 4 dx FE
Eo] L1210, K562 2 A549 52| AT 7k M EZA
< YepIAtka B sk

Mot opyz} 7h=+229] acethylcholinesterase inhibitor24] 2]

=

\d

hyA
s

ofg] &= el 23E w2 st a9E Yehle=
ZZFH =0]=21 acaciin, acacetin-7-O-B-D-galactopyranoside
)

! luteolin-7-O-glucuronide 5ol o] 71918 =220l
r5te] o}zl oheket S ER F T8 Aol flavonoid Al
o] 3FHEYS BUEP|= St (Lim ef al., 2007; Middleton
et al., 2000).
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=3 (Chry-
santhmi Flos)®] & FEE2 A|Z3IL ©]E9] nitric oxide
(NO) prostaglandin E, (PGE,)2] 434d, nuclear factor

(NF)-Be} 2+ 9574 Ale|E71de] Enjol mAle aE 4
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1. Al M=

B AFoA AV =8} @41, Chrysanthemum morifolium
Ramatue)®] =24 21 =313 (Chrysanthmi Flos, CF)
735 GRelA 20200 %0 AR Z1S 108 Fdkeel A
7Azste] Azs AFQ =38t #HEH : Human Chrysanthmi
Flos, K1521031, Humanherb, Daegu, Korea)s {3st] A}
B39, TR Ugh 223 AP dighl=relkd 4

w2 A 7196 ek B-AZS F Aol st
e,

ARE OlBAL AAT F 5 R AY F FeE JU=
A AFL AhF & 2] Aste] 50T LE A
28 ¥ 22 1CoN W HASRA 32 9 A8 ARR
A1
2. B3K2 2 B2 IA

3L (CF) B F2EL Axsb] Aske] I8 59 o)



"] 20 vje] EFFE aled 80CAA 8 A7k B9 F&3 =
AZZ 12} oFsle] AL 34 e AA LS 3 3

HHESle] Ao BE AJeds e F}A](Whatman No.
2, Whatman Co., Kent, England)E A}-&-3}o] F-351 of3}7]
(PBF110, LK Labkorea, Namyangju, Korea)= ©]3}3}3it}. o}
Al el S 40+ 1C F-82430lM 79F537] (Rocket evaporator,
Genevac Ltd., Ipswich, UK)E ©|-&3dt 553 & 54 7
Z7] (PVTFDIOR, ilSinLab Co., Ltd., Yangju, Korea)S ©]&
sfod AzEA T

4 A% AE (freezing dried material of Chrysanthmi
Flos' extract, CFEFD)= %4 W&3 (MDF-192AT, SANYO
Electric Co., Ltd., Osaka, Japan)oll4] 20+ 1C2] &x2 A

gshar Aol AHssict.

ot

3. MI=ZoH

ule-2 A M EZS] RAW264.7 (KTCC, Seoul, Korea) Al
EE 2x10° cellswelle] =Fo 2 dE3 o] 10% fetal
bovine serum (FBS, Gibco, Grand Island, NY, USA), 2
mM2] glutamine, 100 g/ml 2] penicillin-streptomycin (SAFC,
Brooklyn, Australia)®] 3%l Dulbecco’s Modified Eagle’s
Medium (DMEM, Gibco Laboratories, Grand Island, NY,
USA) w7} x28kEl 100 mm 2AL] vjF Al HEsI2
80% - 90%°] =+ H¥ol FHE w7k 37C, 5% CO, Hj
7] (Forma Series 3 WJ CO, Thermo Fisher Scientific Inc.,
Waltham, MA, USA)IA wjeFatict.

4. NIZ M= =X

O o=

RAW264.7 T2AIEZE 96 well plateo] 2 x 10 cells/well]
EF3 & CO, Y7l (Forma Series 3 WI CO,, Thermo
Fisher Scientific Inc., Waltham, MA, USA)S ©|-&3d}e] 37C,
5%2] CO, 27102 24 A7+ F<t vlgsiaict.

g 5 s AlASL, wikE AE FHS PBSE |
3] Al % CFEFDZ 50, 100, 200, 400 2 800 sg/ml
T 202 A2t e lipopolysaccharide (LPS; Escherichia
coli 0O55: BS5, Sigma-Aldrich Co., St. Louis, MO, USA)E
Ll FEE A F 24 ARF FE F7H 9IFS AN
At

24 A7t F<t vjekE AlEE Cell Counting Kit 8 (CCK-8
kit, Dogindo Molecular Technologies Inc., Rockville, MD,
USA)ZE o]-&3to] z} wellol] 10 A BF393, 1 A7+ 5
b WA & 2 w9 450 nm o] 23 ELISA
reader (SpectraMax ABS/ABS Plus, Molecular Devices, San
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5. Nitric oxide(NO) 24 =3

RAW264.7 TIAAEZE 2 x 10* cells/well?] F=2 53
< CO, WiY¥7] (Forma Series 3 WJ CO, Thermo Fisher
Scientific Inc., Waltham, MA, USA)E ©|&3}o] 37C 2
5%2] CO, 2710® 24 A7 FRt viFetslet. i & %
HE AAsIL, PBSE 1 3] AA vk CFEFDS ZHt 100,
200 B 400 pgml T FEOR Hste] 1 AR B vl
B9 THA] LPSE 1 pwgml @] $F0 =2 Agdt 5 20 A7
Bt 7t miFaaict.

NO £A7]E (Thermo Fisher Scientific Inc., Eugene, OR,
USA)E ARg-3te] Z welldl #£48 A¢F 7]E NI &9
50 10E AL 10 B7F oA vESAIL & 248 Al
SHIE N2 89 50 (45 H7Fste] 10 27F T Zd2ellA
AT 7T

Hk-S- o]% ELISA reader (SpectraMax ABS/ABS Plus,
Molecular Devices, San Jose, CA, USA)ES ©]&3}¢] 540 nm
oM FEEE SAHSNY, RFEADRE nititeS AHESI] 2
A HegTdE 08381 nitrite B FS S
6. Prostaglandin E, (PGE,) 24M =H

RAW264.7 DI2AIEZE well B 5x10° cell & 53 o

37C, 5%2] CO, A E 24 A7+ ot wjgslich. vl
o] 24 AIZF Fofl NS AASIAL, PBSE 1 3] A%
CFEFDZ 100, 200 2 400 pg/ml o] 5% $F0=2 A
T 1 AIZE ERF wiFEidTh o7l thAl LPSE 1 pg/mb
o] o E Ak F 20 AlIZF &<t FUF widS AAIEIAL
Hjeko] ¢ksd 7 AlE7F AElE MEE D4EE]7] (Sorvall
Legend XTR, Osterode, Germany)S ARE- (3,000 x g, 5 &)
ato] Asls skl

3t s e RE st AREAE iyl oA
PGE, ELISA Kit (BioLegend, San Diego, CA, USA)E ©|
&3] PGE, %S skt

o Lo o2 o

7. MIXZ BHLH L] HEH cytokine M A

RAW264.7 A ZE well T 2 x10% cell B B3 &
37CE ZHE CO, Mg716IM 24 AZFs<t vlgatdct. o
% A5dS #E PBSE 1 3] MZsle] CFEFDE 100,
200 2 400 pg/ml o] == ZElste] 1 A)ZF ket L
H T LPSE 1 ug/ml o] FE2 st thA] 20 AlZF &
oF wjekst & AalEe] (3,000 xg, 5 ¥, Sorvall Legend XTR,
Osterode, Germany)ste] A|EZ ulYflQl AL A5HS 3]43
ATt

tumor necrosis factor (TNF)-a, interleukin
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(L)-1B, R IL-6%] TS AREAL vl HAE
= ELISA kit (BioLegend, San Diego, CA, USA)E ©|&

st SA AT FA7F ZRHEHAUE 96 well plateell
100 02 vl gel-g F5310] 4Co A s B3t RESAIZ] 5 Al
2 2z gHS ARgsled 3 3] MFEIT HE FHE 100 4
A H7kste] AolA 1 AIZE B RESAIRL | AlH 2 &
Ao 3 3] AH3IAT) Streptavidin-HRP &3] (Cell Signaling
Technology, Danvers, CO, USAYZ 1:1,0002] H]&Z 3]X3%t
HE 100 ¥ H7FE F Zpgsto] 1 ARE EF ALollA Wt
SAIZ T, AlA 9 &S ARSSt 3 3] Al
3,3,5,5-tetramethylbenzidine (TMB, Thermo Fisher Scientific
Inc., Waltham, MA, USA) 7|22 4204 30 £7F 2Rkl
HESAIZ] T 2 N HpS0.22 WH-& HAAIZ1 § ELISA
reader (SpectraMax ABS/ABS Plus, Molecular Devices, San
Jose, CA, USAYE ARE3F] 450 nm oA TNF-o, IL-1 2

=

IL-6 S 743190
8. Western blot 2412 S5t THHZ! WS £~3 =H

RAW264.7 HI2MEZ 5 x 10° cells/well 22 100 mm =Y
HAloll BF3le] 37C, 5% CO, ZALZ 24 A7+ FF uf
ottt o] AEdS AASL 1 3] PBSE AlH st
CFEFDS 100, 200 % 400 zg/ml o] T=2 A3+ 3 1
AZEulEIAaL 1 pgmle] FE2] LPSE X2t & oAl 20
AlZE FRF F7F wiFet

o] i AIES INOS 2 COX-2, Jun N-terminal kinase
(INK), p38, extracellular-signal-regulated kinase (ERK) % IxB
A4S 9gk N8R AMESIGAL, 20 AlZF vk & CFEFD
100, 200 2 400 pg/ml o] F== A2stal wjgst ¥ LPSE
1 gl =2 Agsal 30 #7F #lYsie] NF«B 65, p-
JNK, p-ERK, p-p38 ¥ p-IkB #4]5 4331t

=

=

=

iNOS, COX-2, IkBa, p-IxBa, INK, p-JNK, ERKI1/2, p-
ERK 1/2, p38, p-p38 Z NF-«B p659] @z iy =

3L

i ==0l

AES] st A AE FE2 et 2
Wil whel 228199 th RAW264. 751 2] A Al
PBSE o|-&3le] AlFg thy 23 H R 353t
FEZ &7 &, 94EE] (3,000 x g, 5 )3 the
AASIATE 37100 lysis HPS NP-402 100 4
vortex@F TR 4TC2] 204 | A7 S<t
2] (15,000 x g, 10 E)3}]c}.

82 PBSE o]&ste] AlEE AT thy a9 =
3late] mpolag FH £71 %, A4EE7] (Sorvall
Legend XTR, Osterode, Germany)E E3k3 3,000 x gollA] 5
2oael & AT5ANS AASAL lysis buffer [10mM HEPES

2 9 2
Fzoe
IS
g5l
A7teted

REAI714L, 94

1))
cH

RN oo 1=

(pH 7.9), 1mM DTT, 0.l mM EDTA, 10mM KCI, 0.5mM
PMSFIZ 100 /£ 237 vortexste] A|EZ €43] gl Al
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Th, 10 3 &9 ice bath 91914 WEEAIFATE 5 & < 4C
oA 15,000 x go] == U4 F2] (Sorvall Legend XTR,
Osterode, Germany)sle] J5HS A AS e, rlo]aZ &
B ko]l 2 & pelletoll 50 L9 F& 4= [(20mM
HEPES(pH 7.9), 1mM DTT, 1 mM EDTA, 400mM NaCl,
1 mM PMSFIE %37 vortex3tATh. 1 A17F 5%t ice bath 9]
A g8 A7 ok, YRR (15,000 x g, 4C, 15 &, Sorvall
Legend XTR, Osterode, Germany)sF3Att.

A Az F24 4 3 £ dulds HFwFste] SDS
polyacrylamide gelol Al A719&5S AAtA 3L, PVDF
membrane (West-Q PVDF Membrane, GenDEPOT, Baker,
TX, USA)L.2 @idS AolAlFH T ZH2ke] membraneol]
iNOS, COX-2, IkBa, p-IxBa, JNK, p-JNK, ERKI1/2, p-
ERK1/2, p38, p-p38, NF-xB p65, Lamin B % B-actin®] 1
2b @A 9 HESAIZL &, TA] 231 gA|9F BESAIA ECLE
(D-PlusTM ECL Femto system, Dongin LS, Seoul, Korea)
oz zt gl vty HrE HUsI Y. Western blot
imaging system ©|-&-3to] AhA]Ql Tl o] Wl s s

At

9. SHISA

B AYeIA Qo] BE ABE Ha 3 Uk Fasiel 7
247 HFH BEAAE AET FA AL SAS
(SAS Institute Inc., Cary, NC, USA) Z2IHL o] g3le]

9 5% F==ollA4 Duncan’s Multiple Range Test (DMRT)=
FreldE AR (p<0.05).

al
=<

it 3 o

1. 3312 F&
ol 0Ixl= &1

RAW264.7 thAH o] LPSE A3t & =34 3=
& (CFEFD)YZ 50, 100, 200, 400 2 800 ug/ml o] &
2]k Y, CCK-8 kits o]83te] ME AEES =4
Az AEES FRISITH

RAW264.7 M EZE wiFst Uiz (100%)S 7Eo=
39S wl, LPS T 2] tolxe] AlE AEE2 10137+
1.15%% &°l=lth. CFEFDS 50, 100, 200, 400 2 800
pgml o] T2 A2d Ax, AE AEELE 77 11354+
1.21%, 108.32+2.97%, 99.53 +2.42%, 96.25+1.50%, 85.05+
1.63%% YEFSTE CFEFD 400 zg/ml ©]3}e] oA +&
96.25% o]’ MX AEEE 7HAY 800 pg/ml oA =
85.05%= °F7Fe] ME=AE YERNUT (Fig. 1A).
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Fig. 1. Effect of CFEFD on cell viability (A) and nitric oxide
prodution (B) in LPS-induced RAW264.7 macrophage
cells. RAW264.7 cells were treated with 50, 100, 200,
400 and 800 ng/md of CFEFD for 1 hr before being
treated with 1 pg/mQ of LPS for 24 hr. After 24 hr
incubation, cell viability (%) was determined by CCK-8
assay. All values are means = SD from triplicate separated
experiments. "Means with different superscripts (@ - ¢) in
the each column indicate significant difference by
Duncan's Multiple Range Test at 5% (DMRT, p < 0.05).

Choi 52009y o= FEE°| IJd &5 4

Ax sk A,
BV-2 WA ZA 1.0 zg/ml - 100.0 zg/ml ]| A] oF= F
ZES O A3 Folu LPSE Wof= AEE 3 o]F
of FEES A3 7 BT thxl Hlsle
Toll= o JES TA BReH AEEoME A4S o
ERA] etthar gk v flow 2 ApAelE fARE
A= JERA.

NO< inducible nitric oxide synthase (iNOS)el <]3]
arginine® ZHE A EH, AFHQ Feelre 4 ¢
HAWES, A7 de 5o AgARl 75S 3= T2
A ) (Szabo, 2006; Soe er al., 2009). 3 NOE
thFel Ao Ha olfom AHE Ae MESA, g
9 2] & 22 A sk 288 yEeRdt L B
%3 ok (Nathan, 1992; Guzik er al., 2003).

S
=

L-

7

)

%4

oo
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LPS7} A2]E M3 RAW264.7 Aol =312 & A
= AESAE] FEFe] YAl &= A %< 100
pg/ml - 400 g/mee] F<E0 =2 A2k § NO°| %S =4
=3

7ol A= 4.71+£0.14 uMe] NO7F A= 1S, LPS A
oM E 5825+ 0.34 u(ME NO A Fo] ZA Z7F=Act.
HhH | CFEFDZ 100, 200 2 400 g/l o] % $5F07 X
39S Wl NO AT 27 3827+0.86, 26.33+0.54,
8.45+0.87 yMZ YER} LPS A2 58.25+0.34 uM =T}
BT Fh oJEA o2 NO Ao] #ase 2e SRl
E£3] CFEFDZ 100 rg/mle] 5% 2ol oF 34%S 7Ha
ANZLem | 400 pgml AToME F 85%S TAaAE A
£ HoF} (Fig. 1B).

You (2009)= °oF=< gvjdE=E E3IsH
843 A S-S ERISE A3}, chloroform
5ugme o] FEo 2 A2 A 2t
2 53%9] 02 NO AL 7aAl
of=S g 2 2 AelA AL

=2 T O
o] EuT AHoR e

Z=

o
&

2. 3812 FE UZXZ29| prostaglandin E2 (PGE2) 284
M S}
Prostaglandin (PG)= EE AlXg] Exsk= AXFdA

ve= 20 7he] vhAaR AR EXSEALIR] arachidonic acid
S ZHE cyclooxygenase AZ2E A A B FHO
2, 33U S mivliske A3 2dEA 95
S fFEshs 93 1Ak Tl shuelth (Yun ef al., 2008).
Prostaglandin E, (PGEy)= 94l & Az BEZe F5
Feshs AW s2&|A ¥ &5 =020 AF
Y Al HAA| )7 =7 A 74 B T
op7|ehs WA

o 4%

!
[ex]

N ofo
o

[1 XN
=

WdsHAl ==, o] v E g
R o, Bd ¥ 55 Al

(¢}

o
>
e

=4

z|
=
o

ZQ

3
%, ™
A=) _7/]_ =

S

_{F

R
7123F 9= w7l £ ZA, phospholipase A, E49] 218
2 AEe] ERjgke JIAFEETE AATF AdEHE AoR
A2t Bt ¥3tE s 2Fo|th (Harris et
2002; Jee et al., 2004; Jang et al., 2006).

PGEx= w4 % Y 95 A T34 7I5S dk= Al
O|EFIRIQI IL-6 ® TNF-0o] HAE F7H71AY, 2% A}
o8 dF Nhgo] FUEo] MgEE AR = COX-27t
Ao Id Ho| dFo] BT 3Ll prostaglanding:
IF WA AGSA QAR QlE HF vhS SEA

T} (Vane et al., 1998; Ryu et al., 2000). =3+ PGE= th]

fu

o

al.
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Fig. 2. Effect of CFEFD on PGE, production in LPS-induced
RAW264.7 macrophage cells. RAW264.7 cells were
treated with 100, 200 and 400 ug/mQ of CFEFD for 1 hr
before being treated with 1 pg/md of LPS for 24 hr. After
24 hr incubation, Production of PGE;(pg/m{) was determined
by the PGE, assay kit. All values are means = SD from
triplicate separated experiments. “Means with different

superscripts (a - ¢) in the each column indicate significant

difference by Duncan's Multiple Range Test at 5%

(DMRT, p < 0.05).

X

| Z¥to] opug} =X FAIE (dendritic cells), A AlajA)
3 (natural killer cells) & HIAA Axe] &S FEsto
HSHESS XA B0k oY} helper T cells oA %=

O -0 &=
Thy, MxEe] &4E fFEdt] 54 AllETRIS tiE A4
3l sle Edolt} (Konturek ef al., 2005; Jang ef al., 2006).

=38 FF AxEo] 9459 F2 249 PGE, ANHS
ZA38}L olo] W FIF A4S Ve § JeA] Lolr
7] $l5te] LPSE Agste] Hwkgo] =¥ RAW264.7 T
AHEE F o2 CFEFDE A28t & Al XA <] PGE, A
s S8

LPSE Azlate] HRkgo] FrE thalA|azel] 100, 200,
400 pg/mle] % =07 CFEFDE 2|23k FoA¢] PGE,
AL ZHz 112,59 £ 1.60, 92.50 £ 3.53, 80.79 +2.93 pg/mb &
2 FEE swrt S mEt AdRke] 2haske 73 Ee]
At} (Fig. 2).

You 2009y k= FEE9| vl EFEo| PGE, A3 %ol
P I v, 79| A5 3603.9 + 180.6 pg/ml
o] PGE,AJ/d#o] Ve b, of=to] wgke: g 25
A2k 7% 2750.0+ 130.9 pg/ml 2] PGE, A& HeRH o
OF 23.7% AN FHoH ofF FZE9] chloroform &7 £3
B2 Ast 4 5ugml o] FollA 4233 £86.3 pg/ml 2
PGE, %S B 8825%°] #HAaES HATIAOY & &
o] 9= 238 PGE, 8%l S71 (4192.3 £454.2 pg/md)
SATIAL HAsk3).

o] AHE HH F3ht A5 I A 22
Sy FFEE 2YE BP0 AR UE TR FFo=

o=

=

il

¢
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EFHeld 5 glor] FFo} Balo] ALgHE g wet

=
ol Aolg el 5 98 % 5 A

=34 F& 7AXE (CFEFD)E 400 pzg/ml F%EoA NO
ARES oF 85.5% AANAIL, PGE, BAHE Y 5= &
oA oF 50% ol AT - US I, el
F= 7AxEL2 934 Wil 2HEQl NO % PGE, A4S o
Aoz wA d% wkgow APHE AL JAT =
= AAE &8d F g Aem AdE.
3. 38 F&F XS0 "SH AMOIEZIRI TNF-?, IL-12,
I-6 24M oK S}

33 FF AxE0] GFA APlETIRIQIE] Ao w]A|
£ 93S elalr] Ysle] LPSE xgsle] Wojukgo] i
H RAW264.7 XA ZE 22 CFEFDS X3t 3 A|
FojlMe] 7 G54 AlEI1HdQ TNF-a, IL-18, IL-69] &
< g3kt

HBF 27l SAET WS fdshedl #¥EskE TNF-u
g LPS &5 AHeFolA= 64831+ 10.56 pg/mb O &
AR s F718H92Y CFEFDE 100, 200 2 400 rg/ml 2]
T2 e A zbzb 233.77+229 pgml, 196.18 + 1.47
py/ml, 153.38+4.88 pg/ml 02 Jeh} CFEFDS| =9 A
Zo] wat TNF-o A o] T &z 7haxo] 747}
2] FEAM 64.0%, 69.7% L 76.3%2] BAAA &S
Bl 1S g1 (Fig. 3A).

IL-1%] 7%, LPS &5 A2|7rellA= 103.23 +4.53 pg/ml
° 2 A5 7181921}, CFEFDS 100, 200, 2 400 zg/ml
o] =2 At 49 IL-1p A ZH2t 46.23 + 1.33 pg/n,
19.10+£2.89 pg/ml, 13.32+3.80 pg/ml O 2 F&E oFFHo=w
Hadlon 53] 100 sgml ode] s=E 283 AT,
LPS T A2 tiH] 50% oPdoR IL-1p9] A oA &
= YR (Fig. 3B).

IL-69] 7d-9-olX= LPS &= 2|77} 374.90 +5.10 pg/md
o= A8 F7FsH wkete] CFEFDS 100, 200 % 400
pg/ml o =2 APt A9 IL-6 BT 27 17215+
6.10 pg/ml, 143.93 +4.0 pg/ml, 2 53.54+9.0 pg/ml &= L}E}
U LPS T Xgltel] vjsle] sk oEA A Aol &
= EA3IAT} (Fig. 3C).

4. B3R FB UESO| INOS X COX-2 THIEL ui5) ofxj|
s

B 3 AXE0| nitric oxide A oA &S o
2 pellA] ERIsh] 918k, L-arginine® Z4-E] NOZ
AJdsh= INOS ©hild &8-S5 western blot® = S8 38130T

LPS ©= AT (100.00 +0.74%) tH], LPS F-Aa]+9
iNOS T2 3566 +3.02%S YJERNQT. LPS Ag)¢} &



=31% £ FE=° 2y gt
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2 600 )
o p-actin | |
=
_§ 500 120
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z b <
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CFEFD (ug/m@) - - 100 200 400
LPS me) =
(1 pg/me) # # + 62 20 |
B
0
120 i CFEFD (ug/m@) _
: LPS (1 pg/me) = + + +
g 100 [
E B LPS(1 pg/me) = + + +
S s CFEFD (ug/mg) - = i v .
=
"E COX-2 — - —— —— ‘
2 o
= g B-actin | ‘
ol
R e 120
20 d
CFEFD (ugme) - . 100 200 400 % 80 b
LPS (1 pg/me) - + + + + LE‘ &
£ o0 f
(o] g8 e :
450 & w0 |
400 a d
§ 350 20
2
E 300 5 < . ; ;
£ 20 | CFEFD (ug/ne) - = 100 200 400
g LPS(1ugme) - + - " "
: 200 b )
2 1so | Fig. 4. Effect of CFEFD on iNOS and COX-2 protein expression
in LPS-induced RAW264.7 macrophage cells. RAW264.7
100 [ .
d macrophage cells were pre-treated with 100, 200 and
o F l 400 ng/md of CFEFD and then treated with 1 ug/mQ of
o | ; ; ; LPS. B-actin was used as an internal control. All values are
CFEFD (ug/n) - 100 200 400 means = SD of triplicate determinations. "Means with
LPS (1ugme) - % 4 % 5 different superscripts (a - €) in the each column indicate

Fig. 3. Effect of CFEFD on TNF-a(A), IL-13 (B), IL-6 (C)
production in LPS-induced RAW264.7 macrophage
cells. RAW264.7 cells were treated with 100, 200 and
400 ng/ml of CFEFD for 1 hour before being treated with
1 ug/ml of LPS for 24 hr. After 24 hr incubation,
production of TNF-o. (pg/md), IL-1B (pg/md) and IL-6
(pg/md) was determined by the TNF-o, IL-1B and IL-6
ELISA kit. All values are means + SD from triplicate
separated experiments. "Means with different superscripts
(@ - €) in the each column indicate significant difference by
Duncan's Multiple Range Test at 5% (DMRT, p < 0.05).

7 CFEFDZ 100, 200 2 400 pg/mf =2 X23t9S 7
2 INOS &L 7H} 73.06+£2.12%, 64.54+2.17%, 43.01 +
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significant difference by Duncan's Multiple Range Test at
5% (DMRT, p < 0.05).

234%% 55k oEHoR oAlEE Ao® et (Fig. 4A).

A o2, CFEFD Ao W& iNOS &2 NO 44
AA Bl fARE A= YEeRlo] (Fig. 1B) CFEFD A&
of wEt INOS ©a wedo] Asj=al ole] wal NO A3/d

7} ol AAE AR = AL FRlsked

Han & (2009)2 & <At il FslEs) 22 Fol &
e FAxe] ¥ FEE Aol w2t NO A dad
iNOSS] mRNA Hds} chld o HJeg gleh A, +
Az & FEE9 Ao w2t iNOSel mRNAS T 4=



HEHR| - 207X

o

T ERoA FEE TE EFHoR A sidon Hol
mRNA F<EollA o4 e A8l a3 Jepfo] 4
£ FEE°] A @AM NO A i
Yepdtly Budk v o] B oA AMgs 238 &
o] Ao = HAF A= B2 INOS T de] 1S oA
o ZA] NO Ao A|EofxH ol B3l I &85
ERE Aoz FdtEojRic)

I3} FF AZE°] prostagradin A4 A 3= A
to] PS5t ARl COX-2 wA whe oA &S gl
3 A3}, LPS Hx]E] thRT (20.56 £ 0.51%)°l Blws] LPS
Z2]gk A (100.00 £0.00%)y= 5515 COX-2 ©hd &
o] Z713 whA | CFEFDZ 100, 200 2 400 zg/ml &) FE=
A28kl Z}7} 72779+ 3.88%, 49.61+0.83%, 4929+
0.90%%] COX-2 ©@uld o] JAHS Il ot
200 g/l o) FEE s A COX-2 @ W o
oA AL 9 ol TURIA ¥ ez ERIFUT
(Fig. 4B).

3350 FeAE FEE] COX-2 Thld W) mAe &
IE AES A¥ 3359 oA FEE B COX2 ©
W o] thgtk oA BHE ERIT F gIths BAL (Lee
et al, 2011), T8x 2 F=E°| &9 |
AN E COX-2 T I A ad= ERIFA S
th= B3 (Han er al., 2009)°] ®a}

E 35 A28e 54 FE oldle] 477
1=

s
a
o

ol
o

(

S A4 FHS HEES ERIE = QdloeH okt &
oA &u) I = chloroform &S s AL
COX-2

chld 1HS 371% FEoE AT = AT
AL (You, 2009) Z#H3sPH =3 F& AXELS
COX-2 whiido] v o7 &3= 71X o ol &
AAF AR 8 5 UL Ao AzEn

5. 392 F& HZE29| mitogen-activated protein kinases
(MAPKs) & 9H| St

NO, PGE,, iNOS, COX-2 2 954 A|EFICle] 49
Al591 MAPK cascadedl] PX|= =312 & AZXE9] 339
£ grlstaat LPSE WY ¥ RAW264.7 thA A £
CFEFDE F:H=E *z|8lal MAPK family?]l JNK, p38<}
ERK (172) ©id o] &g ALt

INK ©hige] wgdo] gle LPSE Ae|gh 24 whujd
& o] LPS FAET oMl 14.39+0.70%% YERE oF
85.6% ZrAEo)F o, LPSE A2]slal CFEFDE 100 pg/mb
o] ¥x FFo=Z A ANME F 88.6% A5t
LPS ©@5 Hg#ok & ztolE JERA] Utk WA,
CFEFDZ 200 2 400 yg/ml F=2 x2)g 7% 7}z ohal
A 2 o] LPS FA T thH] 47.09+1.37% 2 54.06

A CFEFD (ug/mg) - - + + +
LPS (1 pg/me) - - + + +
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Fig. 5. Effect of CFEFD on MAPK singnal expression in LPS-
induced RAW264.7 macrophage cells. Cells were pre-
incubated with 100, 200 and 400 pg/ml of CFEFD and
then further incubated with 1 1g,/mQ of LPS for 30 minutes.
and whole-cell lysates were analysed by western blotting
using antibodies against P38, JNK, and ERK (1/2), and the
respective phosphorylated forms. All values are means =
SD from triplicate separated experiments. "Means with
different superscripts (a - €) in the each column indicate
significant difference by Duncan's Multiple Range Test at
5% (DMRT, p < 0.05).

+1.87%% YER} LPS A2]7ollA 200 pg/ml o]742] mxo
e LPS Aol 98] 7443k INK v wkdo] thA] Z7}
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HoAl= RS SRISAT (Fig. SA).

A2kstEl INK whd o] QlojA] FA T (36.04+
0.70%)°ll Hl3ll LPSE T=0= Xggt 79 1 ddYo] &
7FE R0} (100.00 +3.45%), CFEFDZ 100, 200 2 400 zg/md
o] =g A3t A9 9490+2.51, 84.56+1.63 L 41.56+
0.80%= LPS A&l <js Sk <Qlakshel INK whafd
o] CFEFDe] Aol upe} sk oj&4 o= ays gl
& 4= A3k (Fig. 5B).

ERK®] 7% LPSE w50 A2|dt 7 thzol H|siy
k& oko] 74431902 CFEFD 100, 200 2 400 pxg/ml 2] &
T2 Agg A9 LPS &= AH2F(100%)°l Hl& 2zt
77.96+0.94%, 100.39+537%, 120.82+4.17%= 1 Ia 3
o] Z71stglen, ¢lakslE ERK (1/2) @l &8-S LPS
9= A2 (100.00%)2F ¥]xLEke], CFEFD 100, 200 %
400 pg/ml o] T FEo 7 A3 A% 247 53.36+0.79%,
39.98+£0.24% 2 3631+0.17%= JeEPEOoZA LPS ©=
Aol Hls| Tl W o] T oEF O THArof
A= Aol 1= AT

o 2 AIE B W H3lE FF AxES s
JNK, ERK, p38 % MAPK AlzdAgdAAl¢] & whd
Y FES A A" MAPKS] PO g <l NO,
prostaglandin, FHF AP|E7RIF -2 of2] A5 vl
AAEe] S Ao R FAF aHE UYeple e
S S El=

=)

¢

e o o

6. =9l F& UZ2°| nudear factor kappa-B (NFxB)2|
e oA St

=813 F= 712E9 NO 9 A|E7RI A oA a7t
NF-«B Alsdgx]Ale] &4 Ao 7]Q1gk ANA] Lol r]
9Jate], MEHANAY IkBa, p-lkBa THE wE 3 2 3
F3oAe] NF«kBe] whild dhe 38 39l

[kBa ©& &L Fxj2] oA 100.00 + 1.01%32H,
LPS ©= Aol e 2544+ 026%= 7343 w1 CFEFD
<100, 200 2 400 g/l &) EE2 AHEd A kBa T
2 3ee Z4zF 5433+0.19, 76.71+£0.77, 94.11 £0.35%
2 LPS A7l 9& 7HAH IkBo @z 138 A 5%
o)EH o7 Z7ZTh plkBo THE LS T
Hjs] LPS T X2]7te] 739 2.14+0.62 ¥l S7FeFI oL,
CFEFDZ- 100, 200 % 400 pg/ml o] =2 A2|g+ 75, LPS
GE AT E (100%) thE] 91.88+0.55, 84.64+2.53, 71.17+
2.009] o2 whld weo] HAFEITH (Fig. 6A).

NF-«B p65 & o] 9loja] AlEdea] Fxjz]ol
Hlglo] LPS wH Aol A NF-kB p6s ©jd d 45
& g+ UY] 81.04 +£0.29%= 74 WHH CFEFDE 100,
200 B 400 g/ml FERE AT 75 NF-kB p65 T2
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Fig. 6. Effects of CFEFD on NF-xB pathway in LPS-induced
RAW264.7 macrophage cells. Cells were pre-treated
with 100, 200 and 400 pg/ml of CFEFD for 1 hr, and
then further incubated with 1 ng/mQ of LPS for 30
minutes. (A) The relative levels of 12B?, p-IxBo. protein
and (B) NF-xB, p-NF-kB protein. All values are means =
SD from triplicate separated experiments. "Means with
different superscripts (a - €) in the each column indicate
significant difference by Duncan's Multiple Range Test at
5% (DMRT, p < 0.05).

DAELE 77F 8256030, 8483031, 94.34+034%= LPS
= A Hlel] Sk
S NF-«B p65 o] 3 W= o]Fe] CFEFDel| 2|3}



o] AR ER =] ARE SRIgH A}, FA{2]tol| Hlsl| LPS
e A g]FrollA] oA 2] NF-kB p65 T wd e =7}y
o}, CFEFDZ 100, 200 2 400 pg/ml =2 2819
u], NF-xB p65 @2 2d &S LPS &= X2 (100%) o
H] 69.73+0.82, 60.13+0.66, 44.04+0.53%= LPS TH= %]
2ol gl FhaiEolA= AS FRIskiT) (Fig. 6B).

ol of=t FEE & A AN o], oF=e] methanol
%5, chloroform 2 ethlylacetate &7 E3Eo|4 IkBa2
014k3}2 9JAl|sle] NF-kB p65 Thde] A3 Wzo] o)
S AR 2} ERlEAT . B3 A3t (You, 2009)2}
frARER o TheFet AAEH] ddF E4°] NF«B Als
ALAAE AATFOEN o]Fojxiths Hilets ARSI
(Li et al, 2015; Kim et al., 2017; Zhang et al., 2018).
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