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Inhibitory Effect of Alopecurus aequalis Sobol Ethanol Extracts on LPS-induced
Inflammatory Response in RAW 264.7 Cells
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Won Seok Jung*, Jung Hee Cho*, Yong In Kuk**, Kyu Hwan Hyun** and Hyun Woo Cho*
*Jeollanamdo Development Institute of Traditional Korean Medicine, Jangheung 529-851, Korea.
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ABSTRACT : In the present study, we investigated the anti-inflammatory effects by Alopecurus aequalis Sobol on the
lipopolysaccharide (LPS)-induced nitric oxide (NO) production by RAW 264.7 cell line. Consistent with these observations,
DS reduced the LPS-induced expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) at
the protein levels in a concentration-dependent manner. In addition, the release of tumor necrosis factor-o. (TNF-o) and
interleukin-6 (IL-6) were also reduced by DS. Moreover, LPS increased expression phosphorylation of IikBo, but DS showed
inhibitory effect by reducing LPS-inducible p-IxBo expression level. These results suggest that the down regulation of iNOS,
COX-2, TNF-a, and IL-6 expression by DS are achieved by the downregulation of NF-xB activity, a transcription factor
necessary for pro-inflammatory mediators, and that is also responsible for its anti-inflammatory effects.
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IN| (% 2t} (Lee and Lee, 2006; Seong and Park, 2012).
SAES SAE, SAE, 32 SA7E0lE olBE TR
EAE2 B3 (Gramineae)dl| &sh= YA = odA Uom ghol|A EAjES] AZE 1w (BEZR el gt
o= et A AY FA, =AM £33 E 3 52 AAREH of-lofole] el B, At &5l 9l
th dWrH o R TRSe| S5 Wolste] A RHAAM FH A4 ool g#A Utk (SATC, 1999). wEbA £ A4s 547
B2 953y o2 A<Et) (Hong er al, 1996). %A TR SAES] A4S AE3t 9 Ade] AgsE flst
2 M o] gAdste] Holl A 2 AHEE JiAE A o FA5 2AE FHEAT

i

=
Floje xge] wit]2RE #o|u} By} A sk ol B WSS N AFof| tieh ARz ] Woinke-o] sh
1970 %=5E] 19909th71A] & Arker ZoiE 9138 SA1E o 24 B84 280y fellE2, 8184 A=, Algdsd ol
AAT7t FE2 LA (Choi and Lee, 1976; Hong er  2|3F 48 8 AAskE e 71-0H, X420 F5uks-2
al, 1996), 2000t ZHHLE] 7R SAZe] Hojdt 93]y HusAS Xy, o A3 dFoMe & Y 5
A9y U EE &85 fEAde] ol §AdE AEEY ZE AgkE fgt (Cho er al., 2009; Willoughby, 1975).
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LPSZ =5t RAW 264.7 M|Z2|

% S YUHdEQl lipopolysaccharide (LPS)E =+
2 FGF, A AR AgFH 22 v RS dogin
(Takeda et al., 2003). HAMEE LPS Zgx7]d] w3l
So] Woleh A Al FFAA dgS e v
AEES] LPS A= th2]A|ZlA] tumor necrosis factor-o
(TNF-o), interleukin (IL)-1B % IL-6, nitric oxide (NO)<}
2e A G5 EES THAA S5l AR AAE
Ze 4 At McDaniel et al., 1996; Kim et al., 2009;
Willeaume et al., 1996). YRFH 2 NO= ti2A|27 4
3}=" inducible NO synthase (iINOS)ZHE AJit=m 2
Hpolglaut 7IES AAlske Bt 83E T QA
(Moncada and Higgs, 1991) Z}=3F NO¢| Al d=
FHAZIA = 220 &4, 2 Hol B A1
58 fIstes A2 dEHA At Kim er al, 2012
McCartney-Francis et al., 1993).

TNF-a, IL-1B 2 IL-69} 22 cytokine®] 2
2 extracellular signal-regulated kinasel/2 (ERK1/2), p38
kinases (p38), c-Jun NH2-terminal kinase (INK)9} #&
mitogen-activated protein kinases (MARKSs)®} nuclear factor
kappa B (NF-xB)ol| 9|8l =& =t} (Feng et al, 1999).
NF-«BE H3 A5 whdol dAE Faxte] dado] Fagt
8-S 3t} (Anest ef al., 2003). NF-kB7} E43}=]™ NF-
kB2t A% 09 inhibitory kappa B a (IkBa)7} el =H
A NF«B7F Al d@dolx gjloz So7A =M o] F
TNF-a, IL-12, IL-69} 7+ cytokine &L A} QIAFZA
2183t} (Athman and Rhilpott, 2004; Beinke and Ley,
2004).

oo & A= SAE FEE°] tHYHIEFA RAW 264.7
cellolA] LPSZ =¥ AFWES AT + A=A A7

glelslr] 9stel NO % iNOS, COX=2, A 9=A4
cytokine (TNF-a, IL-6)2] H&H=e} IkBao] £3l a3}
£ Ak

oy flo = ¥

b

A9

=

[s]=]]
ou

M=

hl=)

1. ANl

Dulbecco’s modified eagle’s medium (DMEM)3} fetal
bovine serum (FBS), penicillin, streptomycin< Gibco/BRL
(Eggenstein, Germany)oll4] 43132, 3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS, CellTiter 96®AQyucus One Solution Cell
Proliferation Assay), Griess reagent system< Promega
(Madison, USA)ollA 4 3}S3t}. Lipopolysaccaride (LPS),
dimethyl sulfoxide (DMSO)<= Sigma Chemical Co. (St
Lousi, MO, USA)XlIA 43133, TNF-a, IL-62] enzyme-
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linked immunosorbent assay (ELISA) Kit~ R&D systems
(DuoSet ELISA Development Systems, MN, USA)oA -
A3} INOS, COX-2, IkBa, p-IkBa, PB-actin antibodies=
Cell Signaling Technology Inc. (MA, USA)lA 5kt

MIZE Hit

AR (2013 49 179004 AH
wiv) 5 L& 45k F ¥ FE3 F, 250 meshé}
whatman A2 JF3IGiTt, AAzelS 45CA 7jbsS
sl oflehE-g FAF]AL FA7Z (lishin, Korea)dte] 6 g0
EAIE AIEE (6% &) AT A XT38 (KCLB,
Seoul, Korea) . ZHE FFTe w2 g2 A 52
RAW 264.7 cell Penicillin/streptomycin 100 unit/mé 3+ 10%
FBS7} ¥ DMEM ®iAE ARg3ste] 37C, 5% CO,
incubatorol| A v 1A

Al 7F

-

3. MTS 24

BAE FEE9) RAW 264.7 celld] W3t AE 54 a3}
& =437] $18] MTS assays AAISHATE 96 well plateo]
3 x 10°cells/m 2 #5395 DMEM FBS 10% Z7o14 &
e S SEEE 247 At 1 Fof] 7zt
AE vl SFe] 1/10 wie] MTS &sfis H7eE %
37Co)A 2 A7+ w3k & ELISA microplate reader (Infinite
200 pro, TECAN, Austria)g ©]-&3}] 490 nm oA SF=E

" o=
skt

v
v
id
l

4. Nitric Oxide (NO) s& =3

LPSZ EX45l¥ RAW 264.7 cellelr SAE FFE2 NO
A AAE 487 98 =AE FE=S 50, 100,
200 g/l FER A3t AP hRPL 2447 AE vl
% & Griess reagent system (G2930, Promega, USA)E ©]
gate] =48t 96 well plateo] AZE vk A5z
Griess reagents 1:12 &3§sl] ¥ 108 &< vk Al

% ELISA microplate reader (Infinite 200 pro, TECAN,

Austria)Z ©]-83to] 540 nm oA EF TS ZA4aTh

5. Immunoblot &4

SAE FEE F95 &= @els] H@l Western
blots ©]-8-3kd iNOS2} COX-2, IkBa, p-lkBo T o]
d AeE BAsT SAE FEES FEEE AYT
A xS 2447 MF F 62.5mM  Tris-HCI
(pH 6.8), 2% SDS, 5% p-mercaptoethanol, 2mM phenyl-
methylsulfonyl fluoride, protease inhibitors (completeTM,

Roche, Manngeim, Germany), 1 mM Na;VO,; 50 mM NaF



N5 - 20t TR - QKA - OIS - MM - 1H8| - 280l - B - AHT
7 10mM EDTAS gHsle SEAIE ARESl] AlEE &3 7F Zo) AlE AZdoA NOg AL =33 A3 LPS
N AE galdS 15000 x g2 4ColA 30 B2 94 T A2k ellA= LPS A=jle]l DS B A2t v
Eolste] g w 335y Qe ASuks Aok A w3t NO9| AAFe] Al F7FIRLS™  (control
3 glE 20 g2 10% SDS-PAGE®] 7] 5471 & 0.31£0.043uM, 50 zg/m¢ DS 0.33uM, 100 zg/md DS+

PVDF (polyvinylidene difluoride) membrane (BIO-RAD,
Richmond, CA, USA)2Z AT 33 membrane?]
blocking 5% bovine serum albumin (BSA)e] &-f-%
TTBS (0.1% Tween 20+ TBS) &S 2ol A] 24|17k 59t
AAIEE TR INOS, COX-2, IkBa, p-IkBa, P-actinol] thak
12} gAeF wkg-A17l 5 23 Al horseradish peroxidase-
conjugated anti-rabbit or anti-mouse IgGS WH-A]7]3L ECL
detection reagents (Millipore, MA, USA)S AR&-5lo] whaz
o] FAAEE Rl

6. Cytokine (TNF-o, IL-6) &

LPS (500 ng/m{)2 RAW 264.7 celts 2537 A A
= FEE5 308 < dAE Atk Pro-inflammatory
cytokine®] HSHZHERS] Ao mXe oF=o EHE AF
3171 SleliAl LPSE A=k & 24 AIZF 5 o5 HEHiviet
#HE cytokineS AIE A=Al ELISA kite] protocol T
Z ELISAY S 2 A5l

7. SAHAE]

2 Ao A A tisiA
(mean £ S.D)Z YERANSH, UZ=T
o] z}o]E Student’s t-test? 25} p-value
T o SAHCE o3 2fol7t U=

-

2
=

o}

=

(=]
TE==

—

. SMIZE
= st

DS AEZA0l thal] Lolrr] s MTS 4IRS o] &
st A ZAEES 43I TE (controls 100.0 +4.84%,
10 ug/mé DST 97.7+8.33%, 50 pg/ml DST 95.1 + 11.73%,
100 pg/mé DS 93.0 +4.84%, 200 g/l DS 86.6 + 8.67%,
500 zg/ml DS 63.2+10.68%). DSZ 10, 50, 100, 200,
500 g/l o] FEZ A sS w500 pg/ml FEOAA AlE
=X4o] HAEJ} (Fig. 1).

(DS)0l RAW 264.72] MIZH4ZZ01l O]

kel =]

2. EMZE F=2 (DS)0] RAW 264.70IM LPS2 7T
NO Adof| D|xl= A5t

DS7F NO Aol wX= d&Fe ZAksh7] 918t DSE
50, 100, 200 xg/ml o] FEE AM|3zol] A g|ste] A== NO
F2 SAATE DSE A MFstal LPSE A=ste] 24 Al

L

pu

100

0.36 £0.012 uM, 200 xg/ml DS 0.34 +0.051 uM, LPS
= 2.88+0311uM, LPS+50xg/ml DS<- 2.61+0.248 uM,
LPS +100 g/ml DS+ 2.31+0.244uM, LPS+200 pg/mé DS

Fig. 1. Effect of DS on cell viability in RAW 264.7 cells.
Cell viability was evaluated with the MTS assay. Data
represent the mean £ SD of triplicate determinations
from three separate experiments.

Fig. 2. Effect of DS on LPS-induced NO production in
RAW 264.7 cells. RAW 264.7 cells were pretreated
with the indicated concentration of DS for 30
minutes before being incubated with LPS (500 ng/
mL) for 24 hours. The culture supernatant was
subsequently isolated and analyzed for LPS treated
group. *p <0.05; when compared to the normal
group, #p < 0.05; when compared to the LPS alone
treated group. Significant differences between treated
groups were determined using the Student’s t-test.
Values shown are the mean=SD of triplicate
determinations from three separate experiments.
NOR; normal, LPS; LPS treated.
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T 1.82+0.294uM), DSE 100, 200 g/ml F=2 A2}
3L LPSE A3 dedFoMe T gEFo= o4 A
NOg| AL A ATH (Fig. 2).
3. EMZE FE2 (DS0l RAW 264.70IA LPS2
iNOS 2ol OIxl= Hat

NO A4 #7127k 23k iNOS Tl o] AHAAS AV}
7] 918l immunoblot 42 o] &3l AHEZ UlolA Q]
INOS whld Wkl wks AR LPS A2lAoll= iNOS &
o] Wo] et A, LPSell DS 50 pg/ml ©]
2 HE)gk AgollAE LPSol 2gk iNOSe| wd#o] T
o]EHo g dAT AL E S AFT 5 AJT (Fig 3).
4, SMZE F=2 (DS0l RAW 264.70IA LPS2
COX-2 Yaioll Olxl= sk

Pro-oxidantt} pro-inflammatory stimuli®l 2]3] MEKK-1,
NF-«Be| &35 A3l A== COX-2= prostaglandin
TS S7HA FF5HEEl dojA TFF JFL St}
(Kranzhofer et al., 1999). ¥ 2&ox LPS A g|Aloll&
COX-2 Id=ko] ZstAl F==3AoH, 50, 100, 200 g/ml

sE

Fig. 3. Effect of DS on LPS-induced iNOS protein
expression in RAW 264.7 cells. RAW 264.7 cells
were pretreated with the indicated concentrations of
DS for 30 minutes before being incubated with LPS
(500 ng/mL) for 24 hours. Equal amounts of protein
(20 pg) were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and immunoblotted
with iNOS and B-actin antibodies.

Fig. 4. Effect of DS on LPS-induced COX-2 protein
expression in RAW 264.7 cells. RAW 264.7 cells
were pretreated with the indicated concentrations of
DS for 30 minutes before being incubated with
LPS (500 ng/mL) for 24 hours. Equal amounts of
protein (20 ug) were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis  and
immunoblotted with COX-2 and B-actin antibodies.
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Fig. 5. Effect of DS on LPS-induced p-lxBo, lIkBo. protein
expression in RAW 264.7 cells. RAW 264.7 cells
were pretreated with the indicated concentrations of
DS for 30 minutes before being incubated with LPS
(500 ng/mL) for 15 min. Equal amounts of protein
(20 ug) were separated by sodium dodecyl
sulfate-polyacrylamide gel = electrophoresis and
immunoblotted with p-lkBa, IkBa and p-actin
antibodies.

DS g2 LPSe| 938t COX-2 W o] =
FA8] 2kt (Fig. 4).

BEX?

S |

o

5. SMZ FE2(DS)0l RAW 264.70IM LPS2 7=
p-lkBa. S0l OX|= Agt

vlolel 2, whe|gjol A FEse ASHheel o3| 2
3} == NF«xBE iNOSY TNF-o f5#ke] dhdde] 74
(Willeaume er al., 1996). 74 JelollA] NF-xBE Al3EZZ A
inhibitory molecule?] IxBo, IkBp, IxBe, pl05, pl00 53}
At Hg@dPgoz EAISHAIRE, LPSe A= 93|
NF«B signaling cascade’} €43} =W, NFkB7} o=
translocationd}e] COX-2, iNOS, BclXL, cIAPs 59 HALE
3t (Willeaume et al,, 1996). ¥ APoME kBoll
phosphorylated forms Z73le] IkBoa EA4Jo| 23+ NF-«B
7142 #olsltt. LPS Aol p-lkBa 2éo] F=H%
S}, 50, 100, 200 zg/mé DS= LPSO] ©]§t p-lkBo T
< AN (Fig. 5).
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6. SMZ F=Z (DS)O| TNF-a, IL-6 25i0]| OIXl= sk

DS’} RAW 264.7 celbllA] LPSZE = He z25 Ad5
A4 9 ASA cytokineS<] ol Ui IS FAls] 9
slo] AAFA 2 AFA cytokine®] A4S ZAFSIATE DS
AX g & LPSE A3t 24417 Fo] A A5
NS ELISA "oz A A3 DS 100, 200 pg/ml
E %A TNF-o. (normali® 100.0 +1.57 pg/mé, LPS 120
22+18.86 pg/ml, LPS+50 zg/mé DS 116 8.3 +36.93 pg/md,
LPS + 100 zg/mé DS 1010.6 + 96.64 pg/ml, LPS + 200 g/ml
DS 967.8 £47.14 pg/ml)E Fr EFHo 7 Fo0A 3l
A JASAIL, IL-6 (normal 1.6 +0.61 pg/ml, LPST 14
70.4+21.86 pg/ml, LPS+50 zg/mé DS 694.8 +41.93 pg/md,



Fig. 6. Effect of DS on LPS-induced TNF-a (A), IL-6 (B)
production in RAW 264.7 cells. Cells were
pretreated with the indicated concentrations of DS
for 30 minutes before being incubated with LPS
(500 ng/mf) for 24 hours. Production of TNF-a, IL-
6 was measured by ELISA. Data are mean + S.D.
values of triplicate de-terminations from three
separate exr)eriments. *p < 0.05; when compared to
the normal group, #p'<0.05; when compared to
the LPS alone treated group.

LPS + 100 zz/ml DS 468.9 +89.64 pg/mf, LPS + 200 zzg/ml
DS 269.8 +47.14 pg/mly= 50, 100, 200 yg/md ] FEol|A
T oEH R Folid A JAEAT (Fig. 6).
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[e]

S 3P NO, prostaglandins (PGs) ZZ2]3L pro-inflammatory
cytokiness E&3gH tgst dF wiNEZE 2EIH
(Iontcheva et al., 2004). ©] 5 NO AL gHE|2]o}lE o]
A F4E AAXNIIE T8 9T AT HElEd o
lell o5k #H=gk NO 482 A58 FEAIl =m 249
&, AR Wel B A B 55 et (Stuehr e
al., 1991; McCartney-Francis et al., 1993; Weisz et al.,
1996). ol#|a ARl 7]Z3}e] DS7H RAW 264.7 A EoA
LPSell 93] f=¥ NOo| AHE Aafighs Ikt &gt
Western blot® = #415F A3} DSl 9]¢t iNOSe] & <A
= NO &4 oA AR 43S vehde® NO ¥4 <
A= INOSO| AN E ZAfFe AUS &+ AU
tre] dHS FEE AE7142 prostaglandin S
AAshH ol= COX-29] A 2 a4 A ogk A
olth. COX:= COX-13} COX-22 25t Tl Alad
A bz v dd Adde eI COX-12 91 % A1)
59 A, dave] gAo)| F Q3 prostaglanding FHA 3Tt
(Masferrer et al., 1994). JNZ 22 COX-2= FE|L 217t
o] gSHkg HQJoA wHET (Masferrer er al,, 1994;
Seibert et al., 1994). WA COX-29 2]gt prostaglandin®]
P2 FFHESS Wilshe ACE AR U} (Lee e
al., 2011). Western blotS ©]-8-3le] COX-2 Thijd ] WS
gelsk A3 DSE LPSel oa] FAHE COX-25 oA

Z

N e

(¢}

i

DA AEAH Y-

GZuf7fE2 el TNF-08t IL-6= in vivo 2 in vitrclA]
BEF dFues xdste 222 48HA k. oyl
cytokineE2 A2 A3 28o] e FAoR dHA Jor
LPS 59 9% A= &2 93 Aol fdral Bl

At} (Feldmann et al, 1996). DS+ LPSol ol& F=%
TNF-02] A4S 100 pg/ml AXFE] 994 A 4 AIA
on [L-69] A= T= & oR FolA A Aasisit.

LPS= RAW 264.7 AlXX NF-kBE &43AA H54
Aol E7}ele] #H] COX-2, INOSY BA3lE fEditty &
HA& At} (Willeaume et al, 1996; Karin and Ben-Neriah,
2000). 2 Aol DSel 2§ TNF-o #H]A], COX-2,
INOSe| &4 Ao tigt 71422 NF«kB 4ZE gRlIsl]
skl AW NF-kB A @22l [k-Bao] &S #s}
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&0l A=Y o A= COX-29 HAAA, NOSt
TNF-a2] 194 w-& 7] 2] NF-«kB9 translocation®] DS
o os] AAEES A= AAkete Aolet & 4 Uk
2 A3 AFE g9, SAE dEE FEES RAW
264.7 A ZNA NFkB HAF @45 Ao =24 LPSol| 9
3 fF=EE iINOS 28|32 COX-2 ©& 3} pro-inflammatory
cytokine$! TNF-o & 1L-69] &S g8 o g AHgsi} 2
AAAHNE EHE SAE FEEC] gAEE W= & &
o] 271 d Aol FL3 712 A8t

o]

= E] /‘ ol 71

o AL,
FF 954 Qo) oz} 8o EAHo AT 5 8
= Zo= 7€
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