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Abstract: The anti-inflammatory activity and ignorable tox-
icity of Rumex acetosella extract (J9) were investigated and
confirmed by measuring the expression level of NO, PGE,,
and pro-inflammatory cytokines (IL-1p, IL-6, TNF-a) in lipo-
polysaccharide (LPS)- and J9-treated in RAW264.7 macro-
phages. Relative to a LPS-only-treated group, the inhibition
effect of J9 on the production of NO, PGE, pro-inflammatory
cytokines was increasing across J9-treated samples but the
cell viabilities stayed constant. We also exhibited that the iNOS
expression level in the J9-treated samples was dose-depend-
ently decreased relative to its untreated control and the ele-
vated expression level of COX-2 seemed to be equal across
samples treated with LPS alone or in combination with J9.
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1. INTRODUCTION

T o] Agke §H2 13t g2l 291, ul i A o] o
A, WSk o)A}, A Age] W3t 5o o F35Et
Aom w5k Ql o] 4o o3t Y 27| AF WSS 1
B oAl 7)1 WY, A5 vhe-E FRIAIZITH[1,2]. o]
of wel G 27) 5 Fdshs B 3] AER EH] A Y
A5/ cytokineE 2] W& A ot= 5 7172 At 53
A A ourel 4= Q= HAE a2 Afdto] gk AlA
oltt [3]. UL MY o= At 279 &4 of tal
22U 715 IEAA 5 = F AT A efr)dolct 1
Hu RS R A58 22 £4F9] Y]lo] H ¢l o]of what
A5 Yo7 = BHE ot A ABIILAL 8h= W2 g o]

ARt [4]. dFA L k9 nitric oxide (NO) ¥ prostag-
landin E, (PGE,) 5 €% 2lA}7} Nitric Oxide Synthase (NOS)
9 cyclooxygenase (COX)o] ]3] F4HH NOX Hohzd
9§31, ¥ol7]% 5o o3& 5}ul Nosel oJs) @4 e
NOS+ constitutive form (cNOS)3} inducible form (iNOS)=
Ut [56]. cNOSE AAFASl AW Alel7) %S St
g INOS+= theFgh 2] o A A5 -2 &2 2 lipopolysac-
charide (LPS), 93%A cytokine?] tumor necrosis factor-a. (TNF-
), interleukin-1 (IL-1), interferon-y (IFN-y) 5-¢f G- =5 Z-&
90| NOZ 44331 A S o|ut 4] £k} 22 <ol
Sofet 242 Lehich 2 0E 3 [7). ek o2 NO
7F @5HHE-Y] Yglo] HAY COX9| B4 HXIAAA
prostaglandin®] o4& X6kl HFREe& A XIThaL
A A Ut [8]. PGEy= H5 W3- wi A 24 92 oF
] o] A A 3L o]| A TNF-a, IL-1B, IL-8, IL-12 5-2] F=4 cyto-
kine A& AA|5H= WY W9 2 AR TS vk A
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o W& A2 o) YZE 2T} [9]. PGE,] 242 phospho-
lipid A29] & A28 E£3] arachidonic acid7} AJA &1L o]
arachidonic acid= & 40 9]} A] prostaglandin G,, 18] 3 T}
A] prostaglandin H,7} & =d] COXe]l &Jsfj £%1%= 2H7g0]
t}. COX9| isoenzyme ol /| COX-12 AT 23], 9149
RE 5 AR A 715 S Bei COX2E 4% 5 Ao 9
B A HE =11 COX-22 ¢l 3f| THE] %] prostaglandino] ¢
§hS-of Tojgheha & 3L E o Ak [10]

Cytokine TA|E, PHIZ, A Z 5 WA 2 5E B
M T AR A A EL S, AR, W U
Aol phofsta] [11], o] MM ZE-E 2] H eytokine®] 5

of wpe} 71t 28 <l4lae el 765G
T3 F A o] Bl X2 AT 5 Adsln] W bt 3
Sold] QT e el ook [13]. T Az 2o
EH] &&= cytokine % TNF-o, IL-1B, IL-6 52 A H5A cyto-
kine ThebalA)] vl = H %A cytokineSTHe] £
o] &L o] & 23| %3] HY7|Fo] oA A Hrfar
3 o It [14],

N714~% (Rumex acetosella)e 37 o] QA9 nir] & 1}o
Saiz o) A1 Zolnl, FAZ WAIT Bk op e e}
Bo|ZE WA, GHOIAL o 71550 RS adkE
23 ofol, Y IorE 4T} gL A A, 2 S A8
o, A= AA RS 1T A oFE <] ESSIACY] 3 A+
0.2 AL E T 9IeH1S]. of /1l & F2 2iElo] B 2
ojLt Al A ztety thekdt ZetE ol =, ¥E shehE Y
B2 o0 £/} pkElo] HEH OR 7k 4% 7], 4 Tl

°

£ 4y
<
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2z 2
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Agoll= SokaL obA7HA] o 7] g o FAT Esol
M= deal vt gl webA 2 Aol M o7l
SE= °83510] RAW 264.7 cello| A B == @5 wh-e-of
et A 53 9 7154 2= 7 dE HESH LA

shsict.

2. MATERIALS AND METHOD

2.1. Rumex acetosella 28 AR

ofj 7] 4= Q& Al FIeoll A 20161 o] 235 o, off 7] 4= 9]
Q3 71412 70% FIOH] A 24412 B2k 18 2&510] 4}
$590th o719 339 (9)& e 2 ofake Flof evapo-
ratorE AHESi A F58HA AL, 5T FEES 20°ColA &
A 7 z3}¢] PBS (phosphate buffer saline)o]] 23|35} %1 2.1 9]
2 o) g3 47 S Aasi o,

2.2. M| 3wl %¥

Murine macrophage cell lineQ] RAW 264.7 A| 3£+= ATCC (Ame-
rican Type Culture Collection)o]| 4] EoFgro} 100 units/mL
penicillin-streptomycin} 10% fetal bovine serum (FBS)o| &
%] Dulbecco's Modified Eagle Medium (DMEM, Gibco, Grand

Island, NY, USA) ] ] & A3} 4] 37°C, 5% CO, incubator®]|
A 39 F7] = A v oFsto] Ag-steit

23 AZ 54 a4
MTT assay+= G5 A2 RAW 264.7 cell& 10% FBS7} 4
7}=l DMEM Hj 2| & A}-8-3}0 3.0x10° cel/mLE well plateo]]
B235}a1 244 7F, 37°C, 5% CO, incubatorof| A 71 vf oF&} %3 Th.
o] 3 A2 LPS (1 pg/mL)E 5 Al ol A 2] skaL 244171 wlj &
SHATE th5 2 2 MTT &85 H7)shaL 37°Col| A 44]7F &
QFHREAIZ] T3 MTT 85 A| A 513l o] 7] o] DMSOE
A7Ysto] Aobgle AlEetel wh3-o 2 A7 MHE-S &l
A7 T}, o] & 96 well plateZ &4 ELISA readerE Al-&-3f|
570 nmof| A FFE=E SASHATh Al & ool it Bt 5%
T o ekl on, 2o S8 e gt HlaLsko] Al
3< B7Hseih

2.4. Nitric oxide (NO) A A 4 &3

RAW 264.7 cell2 10% FBS7} A 7}=] DMEM Hj 2| & o]-8-5}
o] 3.0x10° cel/mLZ 24 A 7F A vl oF5} i ch. o] & A &2} LPS
(1 ng/mLYE §A| A 2jsto] 2417k vl oFsfar, A i vl &f -5
o 100 uL®} Griess A]9F 100 uLE &£3}3}0] 10 B7F A9
20| Al 9h-g-A1%1 5 540 nmof| A ELISA readerZ ©]-8&-3Fo] &
FEE SAslch A/ NO9| -2 Griess Al 9F [1% (W/v)
sulfanilamide, 0.1% (w/v) naphylethylenediamine in 2.5% (v/v)
phosphoric acid]-& ©]-&-s}o] A3l QFoll F-of EA5l= NO,
9] e 2 =435} t}. standard 2 A2 sodium nitrite (NaNO,)
£ serial dilutiond}o] A Qit}.

2.5. Prostaglandin E,(PGE,)A4 A &4 =3
RAW 264.7 cell (3.0x10° cell/mL)of| A| &2} LPS (1 pg/mL)S
SAl A2lsto] 24417t 59 v sk T o] 5 ek wiAE
12,000 rppmof| A} 387t M E2]ske] dojxl 43 2] PGE,
= SAs

HE A &e A7) A7 @5 H st 3l eh(-20°C). PGE,
+ mouse enzyme-linked immunosorbent assay (ELISA) kit (R
&D Systems Inc., Minneapolis, MN, USA)E- A-8-3}o] A =5}
%2l standardo]] o 8 EF24A1 9] PZHE 0.99 o] Ao Qi Th.

2.6. 93 A cytokines (TNF-a, IL-6, IL-1p) A3 A A &
354

RAW264.7 cells-2 3.0x10° cel/mLE 2 &3t & A wfjofstar
A 29} LPS (1 pg/mL)2 SA|o] 2 2]ato] 24417k v}l
th. o] & v QF Bl A S 12,000 rpmof| A 32 3F A2l ske] &
o1 AS N HHSA cytokine B4 e S 5HA
BEANRE AT A7 @5 Easkgih (20°0). AH 54
cytokine2 mouse enzyme-linked immunosorbent assay (ELISA)
kit (R&D Systems Inc., Minneapolis, MN, USA)E A}-&-3}¢]
Aestar.
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2.7. Western blot analysis

RAW 264.7 cell (1.0x10° cell/mL) 18A17F A vjok & A|&
S} LPS (1 pg/mL)E 54| A 2]sto] 24417k ufj oF st STt o] &
PBSE AME-3}9] cell2 23] washingd} il lysis buffer [1xRIPA
(Upstate Cell Signaling Solution, Lake Placid, NY, USA), 1
mM pheylmethylsulfonyl fluoride (PMSF), 1 mM Na;VO,, 1
mM NaF, 1 pg/mL aprotinin, 1 pg/mL pepstain, and 1 pg/mL
leupeptin] & ©]-&-5tof 1A]7F 5<t lysisA| ] v A2 st
o] (15,000 rpm, 15 min) T2 5N & 2] s} glet.
9] =T = BSA kit (Bio-Rad, USA)E A-&-3lo] AFFstsict.
A ekt ohal 218 8-12%9] polyacrylamaide gelol] 7] % %55}
11 Poly-vinylidene difluoride (PVDF) membrane (Milipore,
USA)of 200mA, 2A17F F¢t oAl Zich T o7t =
membraneS 5% BRI ESE xE3F 0.05% Tween 20/Tris-
buffered saline (0.05% T/TBS)e]| H7}8}aL AF--of A] blocking
A7 35, 124 A RS AI T 12} 33 952 iNOS anti-
body (1:5000, Calbiochem, USA), COX-2 antibody (1:1000, BD
Biosciences Pharmingen, USA), B-actin antibody (1:10,000, Si-
gma, USA)E 0]-8-5}0f 4°Cojl 4] 24A| 71 HE-3-A| ZiTh. o] & T/
TBS 948 A18-5] 43| 4|23k T8 22} 4] (Jackson Im-
munoResearch, USA)E 1:5,000 T+ 1:10,0002. 2 3] 45} o]
7&& IAZE G 3 T/TBS 84 0. = 33] A &5} it Thaal
£ ECL kit (Bio-Rad, USA)YE A[-4-3}9] imaging densitometer
(model GS-700, Bio-rad, USA)E E3}] =43}t

28. A4

A= mean £ S.D.2 2 UEFY © 1 student's r-test= = A &F
4 4o4S AEAT.

3. RESULTS AND DISCUSSION

31 759 (19) 22 B AE 54 3%

RAW 264.7 cello]] LPS (1 ug/mL)E @& = ]9 325 (&
7} 50, 100, 200 pg/mL)TF EA] A ] 5Fo] 2447} v okat &
MTT assayE ©]-&5}o] Al =4S gHelstqinh (Fig. 1). 1
A9 FE2ES BE FEA FA gt v a Al 5914
ol Zpol & Ho|x] ol Ao B2 g FFE FA o
el skl webA o] ATHE vl o2 U3k T = 9|9
A ohg AEE 2kl

3.2. Rumex acetosella &8 9] Nitric oxide (NO) A4
A g4

Lipopolysaccharide (LPS)&= ™ & Af| 3 of) 2}-8-5}¢] L-arginine
© 2 7E INOSQ| 2H-g-of| oJsto] NO A& 57141 X1th NO
o] o] BEstA wotxH T Aol Tojstr] wfj o
T HEe 245H7] $13ENO A AAA 9] kel 4
o] obA| 1L Ut} [17]. HFE - ddt=tl ¥dlo] H= 24
4k2> Nitric oxide (NO)2] A/ o]l 19 F=&&o] o3t 3=

120 mmNO —=—MTT

$
50

Fig. 1. Effect of J9 on nitric oxide production in LPS-stimulated
RAW264.7 cells. The cells were stimulated with 1 ug/mL of LPS
only or with LPS plus various concentrations (50, 100, 200 ug/mL)
of J9 for 24 h. Nitric oxide production was determined by the Griess
reagent method. Cell viability was determined from the 24h culture
of cells stimulated with LPS (1 ug/mL) in the presence of J9. The
data represent the mean + SD of triplicate experiments. *p<0.005,
**p<0.001 versus LPS alone. IC5=84.7 ug/mL.
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u| x| =2 of thafl A ZAFSFSTH (Fig. 1). RAW 264.7 cello]] 19
25 (50, 100, 200 pg/mL)} LPS (1 pg/mL)Z FA] 2] 2] 5}
of 2447k v FSEGL AL, NO2| A /d ¥ @F-2 Griess A9 ©]
&oto] Al v FH o] 24 sk= NO, o FHE S5
=4 A3}, LPSE TEo 2 A st 2 NO AL =3}
AL, 19 FE52-2LPS T A2t H| w3l S Al 5 9E
2 © 2 NO9| A wFo] Hast= A o & UeRt. 53] 200
ng/mLO| F o A= 80% o] 0.2 NO&| /= A5t
= Ao ® 2l Holnh whebA J9 F2E5E-2 HA A 22 NO
O WAL AN EN A EAY o ogt A%t f- 43 A
ot 4= Q= A& AZtE T

3.3. Prostaglandin E,(PGE,)Q A 9 A &4

COX-2 #8| PGE,= o T N 22 S Frds 95
e U ov|m Th2 Al 29| A& F-Eal A5 cytokine
< BEHA A St o] "t [18]. 19 FEEE theFet
& A7 5te] RAW264.7 A 2£2] PGE, A4 oA &S
435 A3L LPSE AE st d5S AU 2 vl u S
o J9 =5 2H2H9] A7 F k= (50, 100, 200 ug/mL)o A &
= SJEH O ' PGEQ] A4 A a7t ol AS el
= AU (Fig. 2). 53] 200 pg/mL s =2 A 2] A 19 355
o] g0l 95%= PGE, 43S JA| st 2 22 YERstT
whebA] 19 &5 LPSE Q13 57HH PGE, A4S 744
Hoezn Fd5 adsE etl= 2oz gelskql

3.4. A9 3 A cytokines (IL-1p, IL-6, TNF-0) 4 94 &

<]

Cytokine2- H & Al| L7} 1|3}

A, 54 3 23k st
=
o

TNF-o, IL-1 @ IL-6%= ¢
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Fig. 2. Effect of J9 on PGE, production in LPS-stimulated RAW
264.7 cells. The cells were stimulated with 1 ug/mL of LPS only or
with LPS plus various concentrations (50, 100, 200 ug/mL) of J9
for 24 hr. PGE, production was determined by ELISA method. The
data represent the mean + SD of triplicate experiments. *»<0.005,
*#p<0.001 versus LPS alone. IC5,=58 ug/mL.
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Fig. 3. Effect of J9 on IL-1B production in LPS-stimulated RAW
264.7 cells. The cells were stimulated with 1 ug/mL of LPS only or
with LPS plus various concentrations (50, 100, 200 ug/mL) of J9
for 24 hr. IL-1p production was determined by ELISA method. The
data represent the mean + SD of triplicate experiments. *p<0.005,
**p<0.001 versus LPS alone. IC5;=43.7 ug/mL.

inflammatory cytokine .2 €& it} [19]. whabA] &2 A
o ] LPSE =3t RAW 264.7 N L o] ]9 =252 A 2|3}
S IL-1B, IL-6, TNF-02] A S S4 O 2N J9 &5
O3t A5 M7l cytokaine®] A4 oA A¥HE HESHAT
(Figs. 3, 4, 5). RAW264.7 A= LPSo]| <]&j IL-1B, IL-6,
TNF-a2] A o] o4 o 2 Z7Fsk AN 19 5= (50,
100, 200 pg/mL) & 2ol A= F = oEA 07 AA| = A
= skl 591,19 5= A 279 200 pg/mL 5=
A= IL-1p9F IL-6 w-H|=Fo] 212} 98% = 43| A HS &
Qs iTt (Figs. 3,4). 19 FZ=of gk TNF-a9] | E3H
FE o 07 AR == AL 15 2™ 200 pg/mLo]
A OF 54% o] ¢ AA A5 Ure lct (Fig. 5). whehA] 19
FEES Y54 cytokine?] 8] A& Tl FHS A=

e A0S AR

ol el

-
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Fig. 4. Effect of J9 on IL-6 production in LPS-stimulated RAW
264.7 cells. The cells were stimulated with 1 ug/mL of LPS only or
with LPS plus various concentrations (50, 100, 200 ug/mL) of J9
for 24 hr. IL-6 production was determined by ELISA method. The
data represent the mean + SD of triplicate experiments. *»<0.005,
**p<0.001 versus LPS alone. IC5,=16.3 ug/mL.
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Fig. 5. Effect of J9 on TNF-a production in LPS-stimulated RAW
264.7 cells. The cells were stimulated with 1 ug/mL of LPS only or
with LPS plus various concentrations (50, 100, 200 ug/mL) of J9
for 24 hr. TNF-a production was determined by ELISA method. The
data represent the mean £ SD of triplicate experiments. *»<0.005,
**p<0.001 versus LPS alone.

3.5. Western blot2 %38 iNOS ¥ COX-2 gl & uHg 9]
A5k 54

NF-kB:= LPSo| 98} 255 WA =@ & & o]F3}o]
COX-2 %L INOSe} 22 of 2] 65 49| ZAME edelgtt.
EZHNOSO| A 2l gk NO2F COX-2¢]| 2lsf gH/dH PGEx=
B4 W Ao 7)) 529 oS et [20].
mhebA 2 AR A= 19 FEEel ARt Ao AAITE ol
2 A 2ol o7t A Q1A 2H1s}7] 18] RAW264.7 | 5 LPS
RASY T FEES TEER AYste 4 s AdE
Ao Uy A S WSk A A3, F v vl st
o] LPS (1 ug/mL)o]| &J3l 57} iNOS T2l 2ra ¢fol J9
FEeEo Added sk Ao R o As ®
St (Fig. 6). T3F LPSo]| o8] 71 COX-29] WA F2 19
FEES A W vk A 2 A (Fig. 7).
oJ=M J9 FE=of o3t 4 AAI7ENF-kBO] A5 A gt

A= &l ol Rl A AL Alme Bt e, ot A=

[9)

[

-



HFEMOf7|+H FTES2| SES 51t 159
LPS(1pgml) - 4 + + + st g Aot (LINCH) S/ A 9] 2] ¢S whol =3
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iINOS _ e et |00
p-actin ‘ —-- | 42kDa
REFERENCES

Fig. 6. Effect of J9 on the protein level of iNOS in LPS-stimulated
RAW 264.7 cells. RAW 264.7 cells (6.0x10° cell/mL) stimulated
with LPS (1 pg/mL) in the presence of J9 (50, 100, 200 ug/mL) for
24 hr. Whole-cell lysates (30 pg) were prepared and the protein
level was subjected to 10% SDS-PAGE, and expression of iNOS
and PB-actin were determined by western blotting. The B-actin as a
loading control.

LPS (1 pg/mL) = + + + +
J9 (ng/mL) - = 50 100 200
W D w— —| 701D

COX-2 ‘

T T T TS QEERT R ‘421{Da

p-actin

Fig. 7. Effect of ]9 on the protein level of COX-2 in LPS-stimulated
RAW 264.7 cells. RAW 264.7 cells (6.0 x 10° cell/mL) stimulated
with LPS (1 pg/mL) in the presence of J9 (50, 100, 200 ug/mL) for
24 hr. Whole-cell lysates (30 pg) were prepared and the protein
level was subjected to 10% SDS-PAGE, and expression of COX-2
and f-actin were determined by western blotting. The B-actin as a
loading control.

954 cytokine, NO, COX-2, iINOSQ] 2t & a A o2 7}
aA7 FAE B2 e 29 & At

4. CONCLUSION

2 Aol A= 19 =550 o aE Felst] $18f Nitric
oxide (NO) #]3f| &4, Prostaglandin E, AJA] A3l &1} %
& 2=A cytokines A A 1A, INOS U COX-2 Thal 2 9hg o
Al ATE SSHA 19 FE5-2 RAW264.7 A 3Zof| tf 5}
of AlEZEA-S UERA] ¢hoLaL, LPS Zh=of 9J3F NO 434
= &= oEA o2 AR E35F, PGE A oA &4
4 A¥} LPS A=r2 2 FH|H PGE, /-5 AAsH3l o
H5A cytokineQl IL-16, IL-6, TNF-09] HH|FHS w= o2&
Ao g2 A5}t EHEX4 ¢ ds B9 AT Ag F=Q
NF-kB %2l §44 9] URE AR A7}10 232 o]
INOS % COX-2¢] o] .4 o= o5 9ich. wketA] 19
2250 19 PAEA FREAZA L A5G Ao}
A= Az H
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