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Inflammation is a pathophysiological process that is known to be involved in numerous diseases. Microbial infection or

tissue injury activates inflammatory responses, resulting in the induction of proinflammatory proteins including inducible
nitric oxide synthase (iNOS). Aster yomena is used in traditional Korean remedies. Here, we investigated the effects of
ethanol extracts of Aster yomena (EAY) on the expression of iNOS induced by ovalbumin (OVA), one of the major egg
allergens, or lipopolysaccharide (LPS), a Toll-like receptor 4 agonist. EAY inhibited OVA- or LPS-induced NF-xB
activation. EAY also suppressed OVA- or LPS-induced iNOS expression and nitrite production. These results suggest

that EAY has the specific mechanism for anti-inflammatory responses and the potential to be developed as a potent

anti-inflammatory and anti-allergic drug.
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A3 WY WS Ao BE AEAld EAlchkE =
o] Wol AARA, Wetol taaslr] gk 7o H
Z o] AAE & 4 Ati(Takeda and Akira, 2005). Toll-
like receptor (TLR)7} A4 WS Wk-5-5 93| F &3
AeS Frhar delA dom, AA7A Aol 13719

TLRs7} EA-5% Al QtellA] A% Ack(Kawai and Akira,
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2007). TLRs= myeloid differential factor 88 (MyD88)Z} Toll/
IL-1R domain-containing adaptor inducing IFN-B (TRIF)E &
@ % el Asdg ARE M gew, WA ek
nuclear factor kB (NF-xB) 5=+ interferon (IFN) regulatory
factor 3 (IRF3) &AI3}E F =3} (Kawai and Akira, 2007).
gdste AAL 24+ cytokine, cyclooxygenase-2 (COX-2),
inducible nitric oxide synthase (iNOS) &3 2& 953
el fFAAES freste] oY dHS skl do

(Takeda and Akira, 2005).
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4] A (food allergies)= T Al Ao & Uo7
T U 54 el gk Mg AR whgow
A, o, B, A 5ol T8
] 9 THWang and Sampson, 2009). ©|#]3F dHAE F 7|
e ofo]SollA F MAR E% 54 dejdlow duA
I TH(Eggesbo et al., 2001). AlgE LA S 2= lysozyme,
ovomucin, ovomucoid, ovalbumin (OVA) 5©¢] 1o, o] 3
ol OVAL At 2z} dujd F oF 54%= 7MY B
H&S AA]eta ole 8.8 def#lo]thMine and Yang,
2008). 45 kDa®] #-AFFS 7L Q1= 13T A (phos-
phoglycoprotein)l OVAT @l A ] Fx1} 75 A&
A3 B2 EHEA ARE B ofef, dHA ATE
Qg s mdel FH A AHEE AL JATHMine
and Yang, 2008). AA7A] da] <&zl A LelA] A5
e AlRS WA oL ke Aoltk s oY
Ak e wE Sl Algks o]8ehaA A
= Joh= A oS oJH AL Uk 538 Ads &8
3}o] MMR (measles, mumps, rubella) A& 331 of 2]
upolg] 2 MAES Alxskal 17| wiiEell, dhAkE]ollA
= Al deAle] Fagh ol W =il 9t Mine and
Yang, 2008).

¢ S(inflammation)> B}E]|2]o}} Hlo]#i e}l -2 oy
Hele] A=l digh HE oz 2gsit) ARk A
Sy Wldare] A== Qg RMIAFTE 28] oy
Z ol Hog 4 A THFerrero-Miliani et al.,
2007). G5 i A2 ofg] FAEE Q] 7o LA
SAIRE, 1 S|4 inducible nitric oxide synthase (iNOS)©l|
]k nitric oxide (NO) 47d0] AT el T8 71s&
b= o2 d#A SltiMoncada, 1999; Turini and DuBois,
2002). 2= A3 AFelA4 OVAZ} NF«kBE 43} Al
71, 245k NF-kBoll oJaiA fr=s= Tl iNOos
sk A8 ollidlth(Lee et al, 2011).
AEH o2 58 AAeA EAHA AEE Fol=

1%

IS AL vkal A Sl B 7
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A AAES] EEE O] A Youn, 2012). L FollA $-
7} oA &3] = < e SEAo7L Tk Aol
e 238 2 vz, 7133 H2ell

A
31, A} olmAR 229 Z A tHKim et
al, 2014). 1e)A] 92 oWl ATE EdA] 25 o)
ehE FEE0°] OVA 234 FE% NF«B &/dste}
&3kl NF«BoOll oJaljA] fries]s= 4491 iNOSe] &
A& ojEA 2Ael=A] dolr A} gt o] gk AT

A FEES L8 YA AP B2 A8A Rl 2
=]
=

Mz

2138]ol] AF&-3} ovalbumine Sigma-Aldrich (St. Louis, MO,
USA), LPST List Biological Lab (San Jose, CA, USA)Z4-E]
T3S t) INOS 3= BD Biosciences (San Jose, CA,
USA)$} B-actin &A= Santa Cruz Biotechnology (Santa
Cruz, CA, USA)ZHH 433t 1 vpe] v& Aleks
& Sigma-Aldrich 3JAFZ5E] F+J&k3itt
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RAW 264.7 cells (a murine monocytic cell line, ATCC
TIB-71)< 10% (v/v) FBS, 100 units/mL penicillin, 100 pg/mL
streptomycine 2 %15kl 1= Dulbecco's modified Eagle's
medium (DMEM)OI|A] v 8193 01, AIEZE-2 5% COyair
& EFS Q= 37T W) QblA wessh

MZ MZ=E AIZ(MTS assay)

A AEE AFE A8 Aol ARgeRlE WA
w2} S THAhn et al., 2015). AlE AJEEL2 & AR
3-(4,5-dimethylthiazol-2-yl)-5(3-carboxymethoxyphenyl)-2-)4-
sulfophenyl)-2H-tetrazolium (MTS)S AF8-8+ 172 3lof] 9]
A BT AlE AES AF-2 Cell Titer 96 Aqueous
One Solution Reagent (Promega)s 7FX| 3L #|Z=AFe] BH
o Wb ZAsr.

EdAH M(transfection) it W& /X 2M(lucif-
erase reporter gene assay)

WYEL FAA B A AT ALEH P
9J3fod FA 3 TH(Youn et al., 2006¢). 23 & 4 plasmid
9} HSP70-B-galactosidase plasmid+= Superfect transfection
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Fig. 1. Ethanol extracts of Aster yomena (EAY) inhibits NF-kB activation induced by OVA or LPS. A) RAW264.7 cells were treated
with EAY (100, 200 mg/ml) for 4 h. Twenty microliters of the CellTiter 96 AQ,,.s One Solution Reagent was added directly to culture wells.
The plate was incubated at 37°C for 4 h in a humidified, 5% CO, atmosphere. The absorbance was recorded at 490 nm with a 96-well plate
reader. B, C) RAW264.7 cells were transfected with NF-kB luciferase reporter plasmid and pretreated with 100 or 200 mg/ml EAY for 1 h
and then treated with OVA (100 pg/ml) (B) or LPS (10 ng/ml) (C) for an additional 8 h. Cell lysates were prepared and luciferase enzyme
activities were determined. Values are expressed as the mean = SEM (n=3). *, Significantly different from OVA alone, P<0.05 (*). +,
Significantly different from LPS alone, P<0.05 (+), P<0.01 (++). RLA, relative luciferase activity; Veh, vehicle; EAY, ethanol extracts of

Aster yomena.

A] 2K(Qiagen, Valencia, CA, USA)S- A3l AL oto g
transfection Al Z ). W4 &40 43 luciferase assay
system (Promega, Madison, WI, USA)S A8-3le] SA3131
t} g g Aol 24 3l= B-galactosidase] E443E 54

QK immunoblotting) &t

Western blotting 413) A7) ¥e] o]alo] 241331
UKYoun et al., 2006a; Youn et al., 2006b). T2 FZEE
2 SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis)l| 4] 2] %|©] polyvinylidene difluoride mem-
brane 2.2 77| Fl 2JsA o] A 2™, membrane
0.1% Tween 20 123l 5% &7 :1xH $-F& X313
%1% phosphate-buffered salineS 714|311 blocking 0}03‘:}
Membrane> 12} &A1& 714 a2 blottmgO}i, horseradish
peroxidase?} H3HEl 22} Ao :=FA]Z1 vh, ECL
western blot detection A] 2F(Amersham Biosciences, Arlington
Heights, IL, USA)& AF&-ato] S 519 353int

Nitrite assay

A el el oJste] RAW264.7 A|EZA-E
nitrite FEE°] TH S ATHLim et al., 2008). Supernatant
100 pl® 96 well plated] il 575 AM2-3}] Griess
reagent (1% sulfanilamide and 0.1% naphthylethylene diamine

in a 2.5% phosphoric acid solution) 150 W& 7183} &

715 AAT & EHolE 7]E AFE-EF] 570 nmellA
FHEE S0 REE NS sodium nitrite -8 0]
ARE-E AT

diole} 24
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X MTS assay& AREsto] A2 AEES IRIEIGIH &
BAYo] of| g FEEL 200 pgmle] FIolA 93% o4
o] Az AEES HAFTAK(Fig 1A). 184 HHF-Ao]
oetS FEES AXE 542 Al = oA BE A
32 200 pg/ml FE=7HA] AHRE QA
NF-kB+ We(development), %% (inflammation), 1%
(immunity) & 91314 F83F S sl slom A
A= AE ebol]l Q1= WAL Q. ATHPahl, 1999). 4 3He
NF-«BT cytokine™} chemokines gt HS - Aol 3
oah= ofY] T B fxiAte] b x4
o] AWS st os duA vk 1EA NF-
[e)
o

B BYRE 2WT S0 YT 9T A= TAES
FolA ofe] WYORVE SFE WET & UrkPal
mo] Alg 2

ol JEFs mA=A] TFaEs
assay)o S&alA] Yol ottt &5

OVA == LPSell ¢JellA4] fri=¢ NF«B 243
THFigs. 1B, C).
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K2 522 OVA E= LSPO| o5 fRE

= Ao S| oghE FEE°] NF«B
slol] oJafiA Fiem= AR INOS TRl o
S M A=A Dolr gttt WA g E s
o] AF&5AT} INOS T a L FAAF B2
Z o] of|ghe FEES OVA T LSOl 23
% iINOS &S A A FATHFigs. 24, 2B). Uh2-0.2 &5
Ao o ere FEHE-E OVA T LPSol YalA F=%
iNOS 2 18-S o)A 7]:= Z-& Western blotting '
WS E3lo] 215l thFigs. 3A, B). B3 540 ok
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i=]
L FEEL OVA T LPSO 9siA = iNoSe ¢
St A=< nitrite®] A A5} THFigs. 4A, B).

=t
=

o

deA = S5 WY Al2ge] gwinkgole} & o
o, o]t WY 732 FolH(redness), U (heat),
L(swelling), FZ(pain)S 3= o] /g w2
ZWE-S(inflammation)©] 2} & 4= Al 95 WHS-(inflam-
mation)& iNOS®l €]} nitric oxide (NO) A4to] F23+ 4
s 3l ez 4l 2t (Moncada, 1999; Turini and
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Fig. 2. Ethanol extracts of Aster yomena (EAY) suppress iNOS
expression induced by OVA or LPS. A, B) RAW264.7 cells were
transfected with iNOS luciferase reporter plasmid and pretreated
with 100 or 200 mg/ml EAY for 1 h and then treated with OVA
(100 pg/ml) (A) or LPS (10 ng/ml) (B) for an additional 8 h. Cell
lysates were prepared and luciferase enzyme activities were deter-
mined. Values represent the mean £ SEM (n=3). *, Significantly
different from OVA alone, P<0.05 (*). +, Significantly different
from LPS alone, P<0.05 (+). RLA, relative luciferase activity; Veh,
vehicle; EAY, ethanol extracts of Aster yomena.

DuBois, 2002).
Nitric oxide (NO):= 19873714 #7]3}8hiH-5-¢] @ 9 &
oy FAkz=2 o AA AR e adels Ef-5E Al

== T
Z7} opu| 2} Learginine O 25-E] NOS WHE
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Fig. 3. Ethanol extracts of Aster yomena (EAY) suppress iNOS
protein induced by OVA or LPS. A, B) RAW264.7 cells were
pretreated with 100 or 200 mg/ml EAY for 1 h and then further
stimulated with OVA (100 pg/ml) (A) or LPS (10 ng/ml) (B) for 8
h. Cell lysates were analyzed for iNOS and fB-actin protein by
immunoblots. Veh, vehicle; EAY, ethanol extracts of Aster yomena.
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Fig. 4. Ethanol extracts of Aster yomena (EAY) suppress nitrite
production induced by OVA or LPS. A, B) RAW 264.7 cells were
pretreated with 100 or 200 mg/ml EAY for 1 h and then treated with
OVA (100 pg/ml) (A) or LPS (10 ng/ml) (B) for an additional 20 h.
The amounts of nitrite in supernatant were measured using Griess
reagent. Values represent the mean £ SEM (n=3). * Significantly
different from OVA alone, P<0.05 (*), P<0.01 (**). +, Significantly
different from LPS alone, P<0.01 (++). RLA, relative luciferase
activity; Veh, vehicle; EAY, ethanol extracts of Aster yomena.

Aoz A 9)tHHanafy et al, 2001). NOT aconitase,
NADH dehydrogenase, succinate dehydrogenaseE S
Fe-S clustersE 7}A]al &= EAEF}, non-haem metallo-
enzymes, ribonucleotide reductase, DNA 5l %33FS 1%
= Aoz 4#x JrHBumey et al, 1999). 3k NOE
ol Qboll QlE cysteines U E 224 SK(nitrosylation) &2

24 o] 7)58 M AIZITKStamler et al., 2001). NO
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o] A/d& endothelial NOS (eNOS), neuronal NOS (nNOS),
inducible NOS (iNOS) % 3712] NOSsoll oJ&f|lA =}
(Vallance, 2003). iNOST 95 sk 8.4 9s)A
FEEE G400 WA, eNOS, nNOSE 3 wHé ¥ o]
&= EAO|t(Vallance, 2003). 552 ®H|AZ st} 7
2sl 4% AL iN0se| Frdoelel & 4= gle

iy
iINOST #HEZ F U4 A3 (murine macrophages) 2+l A]
WA YA THGreen et al,, 1990). th%3t pro-inflammatory

cytokines (interleukin-1, interferon-y, tumor necrosis factor-o)
o] 2= 94 INOSE g shEln INOS T Fe]
AE= Aoz dEA ArhPalmer et al., 1993). 53], iNOS
of oJaljAl A/d% nitric oxide:™ peroxynitrites /3317
flste] 0,9 AFAS W, ofe] axel s Al
daS v A= Aow dHA 9Tt Vallance, 2003).
NFBE 95S Fibehs theakst wdAe] 2=l 9
slo] B4 L NFB 24 oAlE FUF AwA
kol Fagh o= o] AZITHAkira and Takeda, 2004).
dug ol dATolA fEle= 9s Fddhed T &
3l NF«B &/43}¢} iNOS HdS &-Ao] gt
o] 2HE § A ATty S5Ae] o
=52 OVAZ LPSOl| 934 §-%% NF«B &4
& oAEY. ol2id Avke %ol
A% 2UBARR F03 UL T 5
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th= 218 Algkgteh
TLR4E= MyD88¥} TRIF 7 7|2] A& Al2~8S
4338} A]71TKTakeda and Akira, 2005). LPS7} TLR4 A&
9 A|2ELS SAsleld, WAL 84 NF«kBe} IRFs©] €4
k= friedte] cytokine, iINOSOF 22 155 sk
AAES fFrieste] dolvt AWS et ErKTakeda
and Akira, 2005). LPSll ¢J3l] =¥ tirhro] A=
TRIF-dependent AT A 2~ELS Fato] 245 = 310
2 4#A AUiBjorkbacka et al., 2004). =3k LPSl| 23]
=% iINOS Hd o] o2 TRIF-dependent 215
A"l o8] AR B % THGao et al., 1998).
wlgle= &0l FFE°] TRIF-dependent AT A
28 ojw/ zAske] NF«B 2439} iNOS Ld &
AAle=A] 1 A871HS st}
offl Aol HAo] oety FEEo] Al LAl
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N

5

=¥ iNOS Halol] ojwl oJaks n|x]=x] ololr it} o
2l Aol dEs FEE°] OVA E= LPso <3
FEE NF«B 24319} iNOS Bl S AAsh= A& o
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