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Abstract — In this study, we investigated the anti-inflammatory effects of fupenjic acid (FA) isolated from the Potentilla dis-
color in both RAW 264.7 and mouse primary peritoneal macrophage cells. FA pretreatment significantly inhibited nitric oxide
(NO) and prostaglandin E, (PGE,) productions in the lipopolysaccharide (LPS)-induced RAW 264.7 and mouse primary peti-
toneal macrophage cells. Consistent with these observations, Western blot and RT-PCR analyses revealed that FA inhibited the
LPS-induced expressions of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) at the protein and mRNA
levels. In addition, FA reduced the release of tumor necrosis factor-o. (TNF-ot) and interleukin-6 (IL-6). These results suggest
that the down regulation of iNOS and COX-2 expression and TNF-a and IL-6 production by fupenjic acid are responsible for

its anti-inflammatory effects.
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Fig. 1. Chemical structure of fupenjic acid (FA).
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X Z - Dulbecco’s modified Eagle’s minimum essential
medium (DMEM), fetal bovine serum (FBS), penicillin,
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streptomycin- life Technologies Inc. (Grand Island, NY)
A FY3FATE. 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-
tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO),
sulfanilamide, aprotinin, leupeptin, phenylmethylsulfonylfluride
(PMSF), dithiothreitol (DTT), L-N6-(1-iminoethyl)lysine
(L-NIL), NS-398, Escherichia coli lipopolysaccharide (LPS)
£ Sigma Chemical Co. (CA, US.A)IA T+ &tdom,
COX-29} iNOS monoclonal antibodies % peroxidase
conjugated secondary antibody+= Santa Cruz Biotechnology
(CA, US.A)IA 433t INOS, COX-2, TNF-o, IL-6
18] 3 B-actin oligonucleotide primers = Bioneer (Seoul,
Korea)ollA] +43Fth. 28|32 TNF-a, 1L-6, prostaglandin
E, &3S 918k kit= R&D systems (MN, U.S.A)NA £
skaAch.

AZe & 9 22| -FAT FUAE Be|25E i
3 2 AMgslaen” & AP A3 FAS HPLC-MS
2 el A3t 57} 95% o)A o]k

MIZ2| B — RAW 264.7 A= 10% FBS 2 penicillin
(100 pg/ml), streptomycin (100 U/ml)e] X3 DMEM Hj
A A 37°C, 5% CO, 2718 FA8te] vl &3 RAW
264.7 A|Z A|B-gN9] olE] FE (10, 20, 40 uM)Z 14]
7+ A 228 5 LPS (1 pg/mlE % 2|3laL 2447k v s)
k.

oA 52 tHAMIE 22| - C57BL/6 micedl A BT
A EE A7) Y81 5% thioglychollate £ 2 mi £-7F
FAFSIAL 4 Fofl Bl FEE AEE A28 DMEMHY
A& ol&allA Agste] Aojint. AEE 2 AT 5
HEPES-$+5- DMEM ®iA 2 A -=3fe] vijgsisict.

MEZSMAIE - 96 well platedl] 1x10° cells/mlE A ZE
SYsA EFEHL 24407F B wigS § oY TG Al
842 wiA|ol| B]Aste] 7} 8Tt 24A17F0] A -
MTTA RS BaL 4X]7F FRF o] 9 SLollA] st & &
SAE AAGL FAE MTT formazans DMSO 100 pls
A7¥se] =3k 108 & 540 nmoll S35 SHEISI

Nitrite 22| £8 - RAW 264.7 A|XZ5E A/9¥ NO2J
G2 Griess A 2F2 o] &ate] Al v g Foll EAst=
NO,©| Fej=A Z4s3drh. = AEul 45 100 pict
GriessA 9F [1% (w/v) sulfanilamide in 5% (v/v) phosphoric
acid 9} 0.1% (w/v) naphtylethylenediamine-HCI] 100 pl&
E3sled 96 well plateclld] 1048 39 HESAIZ] 3 540 nm
M FF=E S
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10%2] SDS-polyacrylamide geloll A 719 %5 A%l - nitro
cellulose membrane©. 2 gel9] Tl 22 blotA] H Th 5%
skim milkZ 2A] 7+ &<t blocking@F 3 1:10002] H| &2
iNOS$} COX-2 antibodyE 4A17F &<t =20l W3 &
TTBSZ 103 7422 33] A& 3lth 1:10002] H|&=

32938} secondary antibodyZ- 1A]7F FF A2l A WFX] A

ZArh oAl TIBSE 10%# ZFAS = 33] AlH3 &
chemiluminescenceZ $/33}53 T},

PGE,, TNF-o ¥ IL-6 2| =H - Aﬂiuﬁ kol o =3
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RT-PCR A|& - Easy Blue® kits (Intron Biotechnology)
5 o]838} kite] protocololl wel ZA| cellular RNAS 5=
E3A ). Zh7ke] A|FE oA MuLV reverse transcriptase,
ImM dNTP ~22]3 oligo (dT12-18) 0.5 ug/ul = o]&-3}4]
1 ig ] RNA & S AA} 5l cDNAE At} cDNAC
Taq DNA polymerase 1 unit, 0.2 mM dNTP, x10 reaction
buffer 22]32 5' ¢} 3' primers 100 pmol=-
3 20uLe] A|FEE thermal cycler (Perkin Elmer Cetus,
Foster City, CA, USA)E ©]&3}4] PCR #41& 3t Th
PCR ®H-&-& 95°COllA] 2347} initial denaturation AJZ] 3
iNOS (95°C 1% denaturation, 60°C 1% annealing 22| 3L
72°C 1.5% extension), COX-2 (94°C 1% denaturaion,
60°C 1% annealing 28] 32 72°C 18 extension), TNF-
a(95°C 1+ denaturation, 55°C 1% annealing ~22]3% 72°C
1% extension) Z&]3L IL-6 (94°C 13 denaturation, 56°C 1
H  annealing 2|3 72°C 13 extension)E 303
amplification 3t TE oW Ao A ot o] HE3} 7
PCR primers 7} AF&-=$12™ Bioneer (Seoul, Korea) 4]
TAI3FATE. : sense strand INOS, 5-ATT GGC AAC ATC
AGG- TCG GCC ATC ACT-3, anti-sense strand iNOS,5'-
GCT GIG TGT CAC AGA AGT CTC GAA- CTC-3%
sense strand COX-2, 5'-GGA GAG ACT ATC AAG ATA
GT-3' anti-sense strand COX-2, 5-ATG GIC AGT AGA
CTT TTA CA-3'; sense strand B-actin, 5-TCA TGA AGT
GTG ACG TTG ACA- TCC GT-3', anti-sense strand [-
actin, 5'-CCT AGA AGC ATT TGC GGT GCA CGA
TG-3'. Amplification -6 PCR ¥h-3 A]7] A B2 1.5%
agarose gel oA 7] 5 3}3L ethidium bromide ¥ 43}
UV A B3l gkl
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Fig. 2. Cytotoxicity of FA on RAW 264.7 cells or mouse
primary peritoneal macrophages(ex-vivo) were exposed to
FA(from 12.5 uM to 400 uM). Cytotoxicity was assessed by 3-
(4, 5 dimethylthiazol-2-yl)-2, 5-diphemyltetrazolium bromide
(MTT) assay after 24 h incubation.

FA7} Qi2A Ee] 54 53 95 v &2 A8l 7
AL wiAlskaL =5 H2 & LS AR 218 MTT
assayS AA|SIA T RAW 264.7 A oA = FAZ 50 uM
< AP W7A ME F430] YERA] 23k (Fig.
2a) ICs, value += 129.54 uM=Z LERITH (Fig. 2b). C57BL/
6 P20 BAFoA] F2lst Uz} vl Tl M EoA = FA
£ 100 pM7FA] AEjgls w) Alazel] FAdo] A YERA]
29k (Fig. 2a) ICy, valuet= 23825 uMZA] RAW 264.7
Alzzol] Hls Aol WAl LEFSTH (Fig. 2b). FAS] &%
qIE Alx5Ao] gle H9) Helx Adsh] flsl RAW
264.7 E U} o w2 g A| 2= 22 40 uM 2
100 pMS FHIFEZ ng}; o]% HFS st
FA2| Nitrite 244 2 iNOS EH#HZ T} mRNA &8 X
3 - LPsell 2Js] 243lE RAW 264.7 A 2] wjekel Fo)
AE NO2] &2 Griess A9k ARS3IA S48t FA
+= LPSl &3 NO AEE FE EA o= Asfsislor
SEE (40 pM)ONlA = 70% A3l &35 EATh (Fig. 3a).
W thETOEE Largininete] 7187349 215k iNOS
AeAl = LR L-NIL (10 uM)yS AHE3IA T} FAl )3t
NO2| A4 oAl a347} iN0Se| ey} Aol Jerte
SRI3E7] 18l Western blot?} RT-PCR= iNOS®] THilj 2}
mRNA 23S AR LPSel| o) §3is =% iNOS



Vol 41, No. 1, 2010

20
(a)
g 15 # %
S
% *%
= 10
(=]
2
b *k%k
z Sr
*k%k I—_‘
0 —_— 1 1 — 1 1 1 J
Con NIL 10 20 40
FA (uM)
LPS (1pg/ml)
LPS (1pg/ml)
(b) FA (M)
p-actin *-P— — —

Fig. 3. The effects of FA on LPS-induced NO production and
iNOS protein and mRNA expressions in RAW 264.7 cell. (a)
RAW 264.7 cells were treated with different concentrations of
FA for 1 h and then LPS (1 pg/ml) was added and the cells
were incubated for 24 h. Control (Con) values were obtained
in the absence of LPS or tested samples. L-Né-(]-iminoethy])
lysine (L-NIL) was used as an assay positive control at a
concentration of 10uM. (b) Lysates were prepared from
control or 24 h LPS (1 pg/ml)-stimulated cells alone or LPS
plus with different concentration (10, 20, 40 uM) of FA. A
representative immunoblot of three separate experiments is
shown. Total RNA was prepared for the RT-PCR analysis of
iNOS gene expression from RAW 264.7 cell stimulated with
LPS (1 pg/ml) with/without different concentration (10, 20, 40
iM) of FA for 4 h. iNOS-specific sequences (807 bp) was
detected by agarose gel electrophoresis, as described in
method. The experiment was repeated three times and similar
results were obtained. The values are the meantS.D. of three
independent experiments. #p<0.05, **p<0.01, ***p<0.001 vs.
the LPS-treated group; the significances of the difference
between the treated groups were evaluated using the Student’s
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Fig. 4. The effects of FA on LPS-induced PGE, in RAW
264.7 cells. (a) Effect of the FA on PGE, production by LPS-
induced RAW 264.7 macrophage for 24 h. 10 uM of NS-398
was as a positive control in the assay. (b) Lysates were
prepared from control or 24 h LPS (1 ug/ml)-stimulated cells
alone or LPS plus with different concentration (10, 20, 40 uM)
of FA. A representative immunoblot of three separate
experiments is shown. Total RNA was prepared for the RT-
PCR analysis of COX-2 gene expression from RAW 264.7 cell
stimulated with LPS (1 pg/ml) with/without different
concentration (10, 20, 40 uM) of FA for 4 h. COX-2-specific
sequences (721 bp) was detected by agarose gel electrophoresis,
as described in method. The values are the meantS.D. of three
independent experiments. #p<0.05, **p<0.01, ***p<0.001 vs.
the LPS-treated group; the significances of the difference
between the treated groups were evaluated using the Student’s
t-test.

o] Wts W3le] AHol= 20 uM A S wHE 5o
A= A AE 2AT (Fig. 3b).

FAS| PGE, 4 3 COX-2 EMHE 31 mRNA &3 X
S —LPSE A Az|dk RAW 264.7 Al EZA PGE2¢2]
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Fig. 5. The effects of FA on LPS-induced IL-6 and TNF-o release in RAW 264.7 cells and mouse primary peritoneal macrophages.
(a) Effect of the FA on IL-6 release by LPS-induced RAW 264.7 macrophage for 24 h. Cells were treated with different
concentrations of FA for 1 h and then LPS (1 pg/ml) was added and the cells were incubated for 24 h. Control (Con) values were
obtained in the absence of LPS or tested samples. (b) Effect of the FA on TNF-a release by LPS-induced RAW 264.7 macrophage
for 24 h. Cells were treated with different concentrations of FA for 1 h and then LPS (1 ng/ml) was added and the cells were
incubated for 24 h. Control (Con) values were obtained in the absence of LPS or tested samples. The experiment was repeated three
times and similar results were obtained. The values are the meantS.D. of three independent experiments. 'p<0.05, **p<0.01,
*¥p<0.001 vs. the LPS-treated group; the significances of the difference between the treated groups were evaluated using the Student’s

r-test.

A R 2 MYl COX-2 AsAlZ L7l NS398
(5 uM)S ARE-3FTE PGH,ZHE PGE,S A3t &+
ofghrlal LR &A4el COX-29 whia ke #ko FAQ)
FH 31 FER1 20 uMellA ol e AlE g1 sl em,
RT-PCR ZA3} 20 uMol|A] ©hd As) o} FARHA COX-2
°] mRNA 23S o8 A Aslsidct (Fig. 4b).

FA2| IL-62} TNF-02| &4 X3 §3 - FA7} RAW
264.7 M EZ A LPSel| 23|14 A= pro-inflammatory
cytokine®] @& AAISR=A] Yobrlz] L1814 IL-69F TNF-
all S AT IL-62] AF 20 uM oA 45%2)]
A EHE Holm Tk oEH R Ao A =AUt
(Fig. 5a). TNF-02] 7-¢- HA] s E2Q As] &
BA, 2 40 uMAIAE 55%7F Al HAt (Fig.
5b).

FAS| i}t i SZCHAMENMS EHEa &2l -
FA7} RAW 264.7 Al A 81F ofu]z} C57BL/6 mice®l
A DE dap g EATHAAEANE FARAE T
2] ERI57] 918 RAW 264.7 A|E9} 5A3H 710014 LPS
o oJall AJ43€ NO, PGE,®] & 543l 23 FA7F NO,
PGE2 AA S 3% =21 100 uMolA 2kt 77%, 43% A
3R (Fig. 6a,b). LPSA €34 A= pro-inflammatory
cytokine®! IL-69} TNF-a.o] A4S S48 A7} 1L-69]
AT sk &A= Ao 2HAsal 53] 100 pMol
A 43% A= J o™ TNF-a2] Z$ JA] & &%l
Al S BT, HIFES! 100 uMolAE 34%7) A

)= At (Fig. 6¢,d).
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Fig. 6. The effects of FA on LPS-induced NO, PGE, production and IL-6 and TNF-a release in mouse primary peritoneal
macrophages. (a) Mouse primary peritoneal macrophages were treated with different concentrations of FA for 1 h and then LPS
(1 pg/ml) was added and the cells were incubated for 24 h. Control (Con) values were obtained in the absence of LPS or tested
samples. L-N°«(1-iminoethyl) lysine (L-NIL) was used as an assay positive control at a concentration of 10 pM. (b) Effect of the FA
on PGE, production by LPS-induced Mouse primary peritoneal macrophages for 24 h. 10 iM of NS-398 was as a positive control
in the assay. (c) Effect of the FA on IL-6 release by LPS-induced RAW 264.7 macrophage for 24 h. Cells were treated with
different concentrations of FA for 1 h and then LPS (1 pg/ml) was added and the cells were incubated for 24 h. Control (Con)
values were obtained in the absence of LPS or tested samples. (d) Effect of the FA on TNF-o release by LPS-induced mouse
primary peritoneal macrophage for 24 h. Cells were treated with different concentrations of FA for 1 h and then LPS (1 pg/ml) was
added and the cells were incubated for 24 h. Control (Con) values were obtained in the absence of LPS or tested samples. The
experiment was repeated three times and similar results were obtained. The values are the mean +S.D. of three independent
experiments. #p<0.05, *#p<0.01, ***p<0.001 vs. the LPS-treated group; the significances of the difference between the treated

groups were evaluated using the Student’s #-test.
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o] ZHAAZE gty Ryt B Ao o
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2 ¢cAMP response element (CRE), SRE (serum response
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