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Inhibition of Lipopolysaccharide-induced Expression of Inducible Nitric Oxide Synthase by
Caffeic Acid Undecyl Ester in RAW 264.7 Macrophages

Yuu OsaNal, Syu-ichi Kanno, Takamitsu SAsaki, Masahiro HIRATSUKA, and Masaaki ISHIKAWA
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We synthesized caffeic acid undecyl ester (CAUE), and found that it exhibited strong inhibitory effect of
lipopolysaccharide (LPS)-induced nitric oxide (NO) production in murine macrophage-like RAW 264.7 cells. We
examined the effect of CAUE on the expression inducible nitric oxide synthase (iNOS) in LPS-stimulated RAW 264.7
cells. Western blot analysis performed with specific anti-iNOS antibody showed that a decrease in NO was
accompanied by a decrease in the level of iNOS protein with dose-dependent manner (CAUE: 0.1 ~ 1.0 Y7 M). To
clarify the mechanistic basis for CAUE’s ability to inhibit the induction of iNOS, we examined the effect of CAUE on
nuclear factor (NF)-xB, Inhibitor-kB (IkB) degradation and phosphorylation of extracellular-signaling regulated
kinases, ERK 1/2. CAUE potently suppressed the transcriptional activity of NF-kB, IkB degradation and activation of
ERK. Since NF-kB was activated by following IkBa degradation, the recovery of IkBa protein indicating that CAUE
inhibited the activation of degradation following NF-kB. These findings suggest that CAUE has the inhibitory effect on
LPS-induced NO production and expression of iNOS in macrophage by the inhibition of kB degradation and NF-kB
activation, which may be mediated through blockage in the phospholylation of ERK.
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FHERS L, AERICRYPRALD, &Y,
W, RITFEHBVIET LIVA V% EDOFERI
PVEH L7z & SIS 2 AERBHKETH 5. &
FESUE 2 X 29 AT ERIZ & > TORBIES % 5
LELLBEANRZDOD 1 DTIEH 5%, #F
B L7256 AR OEG R EEEKT 2 &
MRIZE S CTEEEYET L7720, PIRERL LY
WL BWHEPULELE o TL B,

AERIBIC X 2 R, MMERROZ L L
FHEMNL DR O AR % TR S A7z A LAY
BEINWEET A, LA LED5, BHEEeRSGH
MZHEAT L 2 WIS AR RITNOBEEDF T 2 %6
1%, RIEIZEEALD B2 WIEBIEST A L IIk 5.
B 5 S L7 AR R SE R 25 2R T B AL
D—WfLEFE (NO), LAY I, TUuRy 7o
vy (PG), tu b=, M¥EF=8, ofah
VLM, MUMGEELRT (PAF), NV IZ¥ T 2|

EREREREEA G SR THRE 2B, D

NO (FIMEW R MG & 0 sEA: S 5 & -1 55
BRNTOERBETH LY, 29 ~7077—=IHNOA
HEREE A L, YRR RSB W TEE SR
YA MAA DAy —a A X A8 (-1p), MEE
A7 (tumor necrosis factor-«: TNF-a), A ~
y—7xu -y (IFN-7) 2 EICLY, FHERNO &
%3  (inducible nitric oxide synthase: iNOS) @ 3&
BAHESN, EASIND. Y BREICAER L7 NO
&, HRD B VIEA—S=F XA F (0;) LR
LTCDNAREEW®Z A A5V 4 & ¥ i fg ik
(peroxynitrite; ONOO™) % A L, Mg kIZkE
Ex G2, FEEREHET 5. INOS X PG A1
Rzt xyrt—+¥2 (00X2) D#{ET5*H%
HEI L TWB 005, KE, M, Mok, 7K
F=Y A EOFEBICHES T 5 ENIRE K
(nuclear factor kappa B) NF-kB TH 5 Z &5,
NF-kB i&EDORHEC X 5 NO A O HIH A JFEREIR
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DFFANIEEN D Z L1 B, 60 4R, BTz IED
B L LT, RIEFFICA LIS NF-kB FHOTTHE
G LSOV THIEHT A b I S Tng, 81

TR ZADOREEIZOWVTIE, FICHT 300 FEDE
SR> HEEAII, 2 PLIEERE & L TR LD
EEgEE LTS TEA, LaL, Ef
FE - RENZEITOS AT A [EEAEMOZEN - A
BIPESEHR] ¥ 2BV, b MITARIESH D &
ENTWDLDIE [HIE - DA - KiE] OTHHOMAT
Hb. BEHESPIZh > TV EAERIKSE LT
caffeic acid % caffeic acid phenethyl ester (CAPE) T
BB, Tl EERRLVERRET 12OV TR % s
%\, FHE SIS, caffeic acid octyl ester (CAOE) 7%,
bt MEEHILIZA L TT7 R b= A X BB
&, LPSHIBIZ X A NOEEE <~ AIZBIT A7
TS UREERIEIT AL R R L TS, W F
DBWFEIZB VT, CAPE OEKFH TH 5 caffeic
acid D 7V F VIO R FERH MBS E-f L OF
Bk AL, HFEE 11 O caffeic acid undecyl ester
(CAUE) 75, =% A~ 27177 — KL RAW 264.7
HZIZ BT % LPS B & % NO FEAEITH L Chgil
D NO FEAMGIWEH 2R3 2 & 28 Lz, » K4if
J8Tld, CAUE @ LPSHIFHIC & V) A S5 NO |2
xF3 B IHIRN R OFEBIRE R % 15T L 7-.

KBS JURBRA &

1. (FHRS KOEERG
RKIfFECHWI~v Y A~ 7107 7 — Vil RAW
264.7 (ATCC TIB71) ¥ American Type Culture
Collection (ATCC) L VHEALZbDOEMHL 7.
RAW 264.7 |3 RPMI 1640 51 % A\, 10% fetal
bovine serum (FBS), 10 mM HEPES, penicilin G
(100U/mL) /streptomycin (100 2 g/mL) % #00L,
3TCA »Fax—%— (95% 225, 5% CO,) H1 T
Bem? 77 AT DU ELMEH L, 19

2. ERAEY

CAUE (Fig. 1) \IARFHEHFHED LIS O
IFTAR LD %M L7, CAUE I dimethyl
sulfoxide (DMSO) (Z¥#% L, Mifg8g%E I8 0 %
W 0.5% LU0 G L 72, Lipopolysaccharide
(LPS; Escherichia coli O55:B5) (& Fh 4 T A7,
Z O ORIE I TR OFE w2 7z, 1)

3. MRS MR

RAW 264.7 fllii %= 96-well plate (2 2 X 10° cells/well
BT L, 10% FBS % & & RPMI 1640 55 Hb
TI2KEA v F 2=} L7z, 20K, FHilC
CAUE Z RN L 7285\ 228 L TRy L 7. i
DI MTT 33 [3-(4,5-dimethylthiazol-2-y1) -
2,5-diphenyl tetrazolium bromide (MTT) % #.H )
> EERRE AR AR K - PBS () 12 5 mg/mL CTiEfi#f]
Z 10 pLiwell THIZ 90 77 B L7z, 2 D%, B
WEWsIkREL, WMEBRERmLZER A Y 7N
J = VR (0.04 NHCL) % 100 pLAwell iz, BHRE
5@ formazan % T30 12 S 72 590 nm 1238
\F 56 % Inter-med model NJ-2300 microplate
reader & I\ CHlll%E L7z, MR EFZE (%) 1
control #f & OWEEOEIZL W HEH LA, 0

4. NO EEEDRE

RAW 264.7 #ifin % 96-well plate |2 2 X 10° cells/well
BRI L, 10% FBS % & & RPMI 1640 55 b
TI2HM A v Fax—bL7Z. 2Dk, #Hl
CAUE I L 728512204 L€ 1 Brfiks s L,
EHIZLPS N 1 pg/mL L 7% 5 X)) IZHRINL 24
BRREE 28 L7z, 8L 72 NO 21, EE 50 xL i
Griess ¥ [2.5% sulufanilamide, 2.5% phospholic
acid, 0.05% N-(1-naphtyl)ethylendiamine] % 50
2L 230N L 540 nm (2 B1F 2L % Inter-med
model NJ-2300 microplate reader % fl v THlll%E€ L
7z, T BREEMEY)E L LT NaNO, (FIEHtisE) % M
v, REHREERL, NOEEHH L, 178

5. Western blotting

RAW 264.7 fllid % 92 mm dish {2 8 X 10°/mL T
#&FE L, 10% FBS % & ¢ RPMI 1640 X5 # T 12 KF
BaiEs#E L7z, €0k, CAUE 2L 725
L 1 BRI EE R LPS IR FE DS 1 png/ml & %2 B
EowZmmL, prERMEs#E L7z, LPS & CAUE
ZALE L 72 M B & PBS (1) TEREf%, 1.5 mL

O
X O/\/\/\/\/\/

HO
OH

Fig. 1. Chemical structure of caffeic acid undecyl ester
(CAUE)
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F 2 —7IZEYX L 3,000 rpm I2THREY F A4 XL,
SOMEMEIL L7z, ZDHIBCTY Y 7B xRN
WAL X & 721%, SDS-PAGE |2 T4r#E L 72. iNOS
2 75%, FNLAME10% R T2 LVT I KAV
WCCHBEL728, £ P4 70y MEEHWT
PVDF JRANBRE L7z, #554% PVDF iz 71 v &% >
TNy T 7 —D10% AF LIV EEL T.TBS
(0.05% Tween 20 & Tris-buffered saline) 2 T 6 I
7wy &7 L, 300 T.TBS 2Tk L7z
|2 T.TBS CTHAF L 7241 INOS $1L1K, it COX-2 Fifk,
P p65, $t phospho-p65, T p38, PL phospho-p38,
BT p44/42, T phospho-pd4/42 & % I P 1k B-a i
R (—R¥UER) 12T4C, —HA v F o= L7
T.TBS (2T 30 - Mk L 721%, B L 72471 iNOS
PUik, PTCOX-2, $Tp65, P phospho-p65, L p38,
$T phospho-p38, $T p44/42, T phospho-p44/42 &
B \VIIPL IkB-afifk (ZRPuk) CT=iE, 1R
A F2_—FL7. TTBS 2T 30 5oL 72
%, ECLpuls & W TRUnfE X# 7 1 )V A IZiE
LF &2 47\, INOS % /%7 &3 PVDF [ % FAS-
1000 2/ LNy RERY AR g m L7z, 1920

LPS 2 X 2 Il

iNOS, COX-2; 15 ], NF-kB, IkB, ERK
(p44/42) ; 30 7y [E k%8,

6. TNF-« EEEDHIE

RAW 264.7 fllf % 35 mm dish (2 2 X 10° cells/mL
RS L, 10% FBS % % & RPMI 1640 1% #
TI12 A & 2 X— M, #7212 CAUE Z @0
L7-icsi L7, 20%, 1KBEEA %2
N— L, LPS Z#MLiE L, 15K L 72, TNF-
a EAEEOWEL, cytokine-specific ELISA kit (Bio
Source) #fEH L~= 2 7 VIZHEWiT- 72, 2V

7. 754 <7—DE3|

A-[alfdi L 72 primer (LT OEH] D b D % i
L7.

iNOS

FP-1 5-GTGGCTTCCAGCTCCCTGAG-3’

RP-1 5-GTCCTGAACGTAGACCTTGGGTTT-3

FP-2 5-CCTGGTACGGGCATTGCT-3

RP-2 5-GCTCATGCGGCCTCCTT-3

COX-2

FP-1 5-CCCAGCACTTCACCCATCAG-3’

RP-1 5-CCATCCTTGAAAAGGCGCAG-3’

FP-2 5-GGAAAAGGTTCTTCTACGGAG-3’
RP-2 5-GGGTAGATCACTTCTACCTGAGTG-3’
GAPDH

FP-1 5-ATCATCCCTGCATCCACTGG-3’

RP-1 5-GGAAGAGTGGGAGTTGCTGTT-3
FP-2 5-GCATGGCCTCCGTGTTTC-3’

RP-2 5-GATGTCATCATACTTGGCAGGTTT-3

8. U7 7L > XEEH|

iNOSTMRNA ®V 77 L v A% & LT, GeneBank
? M87039, COX-2 k& LT NM_011198, GAPDH
mRNA OFLY & LT BC082592 % F\v» 7z,

9. cDNADOYO—Z=2Y
9-1. HHEEIDEIN

RAW 264.7 #lif % 92 mm dish 2 8 X 10°/mL TH%
fE L 10% FBS % & & RPMI 1640 £33 T 12 BR[E A
yF¥Fax—|F L7, £0Of%, CAUE Z{HRL 7255
HWAZZCH L C 1B L7z, & 512 LPS DS
Lpg/mL &7 5 X ) IZHmML 12 FEEEZE L 72,
CAUE, LPSALi# L 7-#ifgix PBS (-) Tk,
B L 7z, # RNA (Z ISOGEN reagent (= v K~
V=) VT L7,

9-2. RNA Dk

B L 7z c 7o sV Az Nz, 15
PEBL CHIEL2, ThE 3R ELE. =
J& |25k L 722 12,000 rpm T 5 43 O B L,
FEEOF 2 =712 L7z, W UEBEEZITV, K
M ERI LR, A7 ELNT IV a—= v ERN
L 2-3 [mFRBRA L 72, Hiv T 15,000 rpm (2T 10
SR CGEHEL EEENOT VA M- TR
L, 7% T4 / — )V Z#HNL 11,000 rpm T 5 4[]
AOHEL 7. Bl R EEICREL, by b
DEPC 7K % 20 pL M2 &% L 72,

9-3. cDNA D&R

i L 72 total RNA % 1 pg/uLICAHHRL 723 0
77 L—1FELTHW. SuperScript first-
strand synthesis (Invitrogen) ZfiHL, ¥~==27
WVIZHEVY, cDNA % {EHLL 7.

9-4. PCRIZ& % iINOS, COX-2, GAPDH cDNA
O} ]
fE#L L 72cDNA X T~ 7L — bt & LTHW.
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JOIe i #1%1E template ¢cDNA 1.0 xL, forward
primer (FP-1) 0.5 L, reverse primer (RP-1) 0.5
1L, WHEFEEIK 8 4L, 2 X Amplitaq Gold 10 ;L
W Cam 20l &% b X HITHELZ. Kb,
LA 95 C T30 MM, 7=—9 7% 65CT 30
B, MEREZE 2CT30 Mot A 7 L%E 35
A4 7 VAT, 72CT 7 LB L 72, PCR EW
X, 2% 7410 — A7)V (ethidium bromide % &)
% T 100V, 20 45 [H &Kk 24T - 7%, UV
WAL D Ny FERERR L 72, FERES N2V K
% Montage PCR centrifugal filter devices (A& I 1)
RT) XD REHEL7.

9-5. PCREMDZA4 75— a>HLVPII2R
TH—X—=3>

yua—=r7~7%— (pCR2.1-TOPO) 0.5 xL
R, KB L7 PCREW 2.0 «L, salt solution
05 L &Mz, BIMIITSEHMA v Fax—FL
TIA =Y ar&irolz, RICHEL 2B 1
uL % TOP10 KIFH 2 E7 >~ Mt )b 25 uL N
Z, 304K EICTA Y F 2= P L, heat
shock (42°C, 30 ®HM) 12X D b7 A7+ —
X—=a s Eiro7z2. 212 SOC medium % 125
p LI, 37°C, 200 rpm 12T 1 BERIIE & 9 By
%, KD % 20 uL & 100 uL\Z53 T -~ A4 >~
G LB ERRHICHEME L, 37CT 16 Kl E
L7

9-6. REAEESLVTIXI FER

U= —EMEICCEy s Ty S, 2uL BT
~A Y Y EA AR HIZ T 37T T 16 KEfE, 200
rpm TR & I EEEXIT-72. 77 A3 FFHRIL
QIAprep miniprep (Qiagen) = HWiRf[f~==2 7
WIZHEW, 79 A3 FeEt L.

9-7. Y=V I RME

96CT 1 rMMME L7277 A3 F& 25 pL,
2.5 {52 buffer [200 mM Tris-HCl (pH 9.0), 5.0
mM MgClL] 1.0 #L, 10 mM primer 0.5 L, DTCS
quick start master mix 1.0 xL Z{RA& L, &= 5.0 pL
E B E )TN R L7z, ReiE, 96C%
20 74, 50C % 20 # 1, 60C% 24 30 &M O
A7 V& 3B A I M To72. =7 T2 AR
TR, s oRGECETEOBRE &Rk %
I ¥ J — ik TAT\v, Sample loading solution

(SLS) IZ{Af# L 72212 DNA ¥ — 7 T o4 — Tk
BL%l) x ffERl L 7=,

10. U732 A L RT-PCREICK D mRNA DEE

93D cDNA T > 7L—hELT, UTIVFA
2 RT-PCR {£12 & ) INOSmRNA D&% L7z, M
B cDNA IZDWTIX, 7 7L —F 1.0 xL,
H,0 8.6 L, forward primer (FP-2) 0.2 xL,
reverse primer (RP-2) 0.2 xL, SYBR Green PCR
100 uL #RAL, @820 uL & 755 X9 IR
AL 2. —F, CAUE LB ICBVWTIEZT ~
7L—F 1.0 xL, H:0 86 L, forward primer 0.2
¢ L, reverse primer 0.2 1L, SYBR Green PCR 10.0
pLEREL, 2820 L &% 5 L) B %
AL 72, ROoSE, 95°C T 10 g Liifg, A%
Z 95C 1bHHE, 7=—1) Y/ BIUTMERILZ
60CT 1D A 7 VE 354 7 ViT-o72. 1%
5 N7 BENRE HI# L 35\ THREBS RO 1238 R A3 5RO
5 15 §H38 T threshold cycle (Ct) Zifl%E L,
M cDNA 70— A7 7 A3 FO Gt IZxf L
TF v 7V—ra¥—HoEHdEr L o780
EMERERE L7z 1T, He oMigiME L D15
57z Ct £ ) mRNA OFEHE % ik L7z,

11. fREHQIE
HEABREIGCHEEL 1HLH 0% & LT,
Fisher’s PLSD & 5 \\ 3 Scheffe’s F test & F 7z,

i S

1) RAW 264.7 #8349 5 CAUE D% #HAa{ER

CAUE D RARFH TH 5 caffeic acid B 5\ (&
caffeic acid D FFEBARIZ BT, FHISIER P HRE
ENTWAEZ EMNE, ) RAW 264.7 L1259 5
Bifaz, Mo bay R 7iEEiREE
% MTT assay & H\\ THiET L 72, RAW 264.7 #ilig
R4 DWEED CAUE T 24 BEf¥s L7z & &,
CAUE DB MRAF L 7= BB 8l s I,
2.5 uMIEE D O A EENRD N7 (Fig. 2).

2) LPS THE & h 3 NO ICXfF % CAUE @ NO
EEAEIHIER
CAUE @ LPS HJ#12 & % NO PEA 12 ] \T§ 2%
122\ T RAW 264.7 fll 12 CAUE % QLR L A &
N5 NO % Griess it3E & WV Ibfikic L) il L
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Fig. 2. Effect of CAUE on cell viability in RAW 264.7 cells

Cells were treated with various concentrations (0.5, 1.0, 2.5 and
5.0 4M) of CAUE for 24 h, and then cell viability was determined
by MTT assay. Control cells were treated with DMSO. Cytotoxicity
is expressed as a percentage of control cells. Each values
represent the mean = S.E. for three different experiments
performed in triplicate. *P<0.01 versus control.
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Nitrite (uM)
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2
E
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Fig. 3. Dose-(A) and time-(B) dependent inhibitory
effect of CAUE on LPS-induced NO production in RAW
264.7 cells

The cells were incubated with LPS (1 g/mL) in the absence
or presence of CAUE for 24 h, and then nitrite concentrations in
the medium were determined using Gress reagent. Control cells
were treated with DMSO. A: Cells were incubated for 24 h with

LPS (1pxg/mL) in the absence or presence CAUE (0.5 ~ 5 uM).

CAUE was added 1h before the incubation with LPS. B: Cells
were treated with CAUE (1,M) at different time points. Each
values represent the mean & S.E. for three different experiments
perfprmed in triplicate. ¥*P<0.05, **P<0.01 versus LPS alone
(2nd columm).

7. NO JEA X CAUE 25 uM & ) A& 2 AT
WRBOLNTz, L L7%aA 5, Fig 2128BWT25
uM XD EERBMRETRO b & h 6 DD
BEHZBWTIZ 1.0 p M Z i & Liet L7z
(Fig. 3A). LPS H#IC & A NO A 235§ 4 Fi]
Len% 3, %G54I VIIDPEETHLZ
EDHEENTWAE DT, 2 LPSHl#IC X 5 NO
FEEIZIIET CAUE#HR G4 4 I v 722w T, M
#f L7z, CAUE 1 LPS FiALEE, [AlEa 2 v i3l
HIZBWTHITR 6 REEFRET L72. CAUE 1, LPS #
AT 1 ERATIC CAUE ZALE L7z & &2, %
by NO A OHIHIER 238l S 7z (Fig. 3B).

3) BER NO ARERICxT 5 CAUE OFE
LPS #ll#ic & 5 NO e RIE, w707 7 —
TN D Toll Bz DTE AL B B W IFIFETED Y
A A Y OFEEFEIC X B INOS DB KIZH
N LI Lns, BINOSD Y N7 E % Western
blot #: & mRNA % ') 7 )V ¥ 4 4 RT-PCR #: Tl 5
L, CAUE OB x i, L7z, LPSHIEIZ XD,
iNOS ¥ v N7 E DS OFFESBILE S 7z, LPS
FIE %479 1 BERIRTIC CAUE %2 ML L7z & X121,
EEHEIRE L BRI s 07 (Fig 4).
AR LS LPS FlHC & D #5K L 72 INOS mRNA D%

iNOS -

(130 kDa)
1.2
1.0
0.8

0.6

|
7
0.4 %
%
7

Ratio

0.2

0

- - 0.1 0.3 0.5 0.8 1.0

DMSO CAUE (pM)
LPS 1 pg/ml

Fig. 4. Effect of CAUE on the expression level of iNOS
protein in RAW 264.7 cells

Cells were preincubated in medium containing CAUE at the
various concentrations for 1 hr and then treated with LPS (1.g/mL)
for 15 h. Control cells were treated with DMSO. The level of iNOS
protein was determined 15 h after treatment of cells with LPS,
with or without CAUE at various doses. Cell lysates were then
prepared and subjected to Western blotting using an antibody
specific for murine iNOS. The ratio of fluorescence intensity
between the CAUE treated group and LPS alone was calculated.
Each values represent the mean = S.E. for three different
experiments performed in triplicate. *P<0.05, **P<0.01 versus
LPS alone.
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BlEld, CAUE WLEIZ X ) HEIKAE L 72K T A532
HHI, 0.3 pM P SHEENRD SNz (Fig b).

4) COX-2, TNF-« IZ%4¥ % CAUE D&

S 51T, RIEDILFIZEWE ORE COX2 &
TNF-a D3I 133 CAUE OB R L 7-.
HMIFL O LPS Fl#C X 1) COX2 DFEB RIS »
INZEB IO mMRNA LNV TEIE SR, ok

1601
I

_120f
ox
g

£3 sof
E %]
22

a0}

1}
- - 0.1 0.3 0.5 0.8 1.0
DMSO CAUE (pM)

LPS 1 pgiml

Fig. 5. Effect of CAUE on the level of iNOS mRNA in LPS-

treated RAW 264.7 cells

Cells were pretreated with DMSO or the various concentrations
of CAUE for 1 h and then treated with LPS (1 pg/mL) for
another 15 h. iNOS mRNA was analyzed by Real-Time RT-PCR.
Control cells were treated with DMSO. PCR using housekeeping
gene GAPDH mRNA was carried out in parallel to confirm
equivalency of cDNA preparation. The density ratios of iNOS to
GAPDH were calculated. Values represent the mean = S.E. of
three independent experiments. Each values represent the
mean £ S.E. for three different experiments in triplicate.
*P<0.05, **P<0.01 versus LPS alone.

COX-2

B-actin

120 1
100 1
80 4
60 |
40 | *

Ratio

- - 01 03 05 08 10
DMSO CAUE (M)
LPS 1 pgiml

I3 CAUE L& 12 X D IZIZHEICIKAE L TRl S h
7z (Figs. 6A, B).

LPS##IZ X ), TNF-a DI AKPEE SN, 2
DK D CAUE LB 12 X D IZIZHE KT 54
HirmEzgE sz (Fig. 7).

5) NF-«B &M4MEICHT 5 CAUE DEE

iNOS % COX2 ¥ » X7 DU, BENEE
HNF-kBIZEDVHREI SN TWAEZ &5, 60 NF-
kB (p65/p50) EMELDIRIETH HEND ) » 1
b4k p65 DS B & 2 Wl L7z, LPSHIHIC LD,
) Y EEALAR p6b DI E ORI S 208,
CAUE MLiE 12 X ) B & 2 IR T 25380 S 72 A3
B RO SN h > 72 (Fig. 8).

6) 1«B X9 % CAUE QO#FHIER

CAUE 7%, iNOS % > /37 B D5 BRI K - NF-k B
DFEMEALZIHEIT 2 2 RO S5NT2DT, LPS
FIBIZ X 5 NF-kB O EMALFEH K T inhibitor
kappa B (IkB) 12129 CAUE OFE %L 7.
IkBIMIE T, NF-kB & a2 L T
NF-kB OiGEMHAL B L OBABIT 2 HH T 56 2 &1
L0, NF-kBIZ & % iNOS, COX2dH 5\ RIE
WA A A CEBELRT 2T 5. 2 Ll
%55, IkBI3 LPS #liIc X V) 1kB 7B % kB
kinase (IKK) (ZX ) 73S 57:8, NF-kB O
HIAF & L CoRREAHE L, HHELIRED NF-£
BAMHNANEITT L L2454, Fig 9IIRT LD
|2, LPSHI#IC X 2 kB D ENEIZE S N7z,

Relative ratio
{ COX-2/GAPDH )

- - 0.1 0.3 0.5 0.8 1.0

DMSO CAUE (pM)

LPS 1 pg/ml

Fig. 6. Effect of CAUE on the expression level of LPS-induced COX-2 protein and mRNA in LPS-treated RAW 264.7 cell

A: Cells were treated with various concentration of CAUE for 1 h. LPS (1 g/mL) was then added, and cells were incubated for 15 h.
Control cells were treated with DMSO. Total cellular protein were resolved by SDS-PAGE, transferred to PVDF membrane, and detected
with specific antibodies. B: Samples were treated described in the legend to Fig. 5, and Real-Time RT-PCR was performed to compared the
mRNA levels of COX-2. PCR of GAPDH was performed to verify that the initial cDNA contens of samples were similar. The ratio of
fluorescence intensity between the CAUE treated groups and LPS alone was calculated. Each values represent the mean = S.E. for three

different experiments performed in triplicate. *P<0.05 versus LPS alone.
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CAUE L& |2 X 1) Tk B D475 F & KA 19 (2 90 1)
Eh7. B, 0.8 uM® CAUE LETIZ T~ K
O — VEE & [AFEE £ T kB OO S e,

7) MAPK (%49 % CAUE D&

NF-kB QiR 1 & L T, mitogen-activated
protein kinase (MAPK) % ff##£ L, MAPK i,
extracellular signal-regulated kinase (ERK), c-Jun

601
501
40 -

301

TNF-a. (pg/ml)

201
10

N . 0.1 0.3 0.5 0.8 1.0
DMSO CAUE (M)

LPS 1 pg/ml

Fig. 7. Effect of CAUE on release of TNF-« in LPS-
treated RAW 264.7 cell

Cells were treated with various concentration of CAUE for 1 h.
LPS (llug/mL) was then added, and cells were incubated for 15
h. Control cells were treated with DMSO. TNF-& was quantified
using ELISA kit according to the manufacturer’s instructions.
Each values represent the mean £ S.E. for three different
experiments performed in triplicate. ¥*P<0.05 versus LPS alone.

kB =]
1.27
Lid
1.0 — e
Kk
0.8 "
2 osl
<
X g4
0.2
0
- - 01 03 05 08 10
DMSO CAUE (M)
LPS 1 pg/ml

Fig. 9. Effect of CAUE on Ik B degradation in LPS-treated
RAW 264.7 cells

Cells were preincubated with various concentration of CAUE for
15 min and treated with LPS (1 zg/mL) for 30 min. Control cells
were treated with DMSO. The protein levels of KB was
determined by Western blot analysis. The ratio of fluorescence
intensity between the CAUE treated group and LPS alone was
calculated. Each values represent the mean £ S.E. for three
different experiments performed in triplicate. ¥*P<0.05, **P<0.01
versus LPS alone.

N-terminal kinase (JNK) B X O, p38 @ 3 212 KKl
Eh, DU bENAZ EIZEIEMIEERS, P
LPS ##12 & 5 MAPK (2 K 1F$ CAUE |24 § 5 #%
Bafalr L7, LPSHIBIC XY, p38 DY kAL
DEHEITFRD B 2o 72h%, ERK (p4d/42) O
) VL OMEABIZE S L, CAUE (1.0 xM) AL
W& D ISR 517z (Fig. 10).

p65 ]
P-p65 ]
- - 0.1 0.3 0.5
DMSO CAUE (uM)
LPS 1 ug/mi

Fig. 8. Effect of CAUE on nuclear translocation of p65 in
LPS-treated RAW 264.7 cell
Cells were pretreated with various concentration of CAUE for
15 min and then treated with LPS (1 zg/mL) for 30 min. Control
cells were treated with DMSO. The p65 subunit of NF-kB was
determined by Western blot analysis. This experiment was
repeated twice with similar results.

p38
MAPK

P-p38
(1) E4{Ep38)
pa4/42
(ERK)
P-p44/42
(U B#{EERK)
- - 0.1 1.0
DMSO CAUE (uM)

LPS 1 ug/ml

Fig.10. Effect of CAUE on phosphrylation of MAPKs in
LPS-treated RAW 264.7 cell

Cells were treated with various concentration of CAUE before
being incubated with LPS (1 xg/mL) for 30 min. Control cells
were treated with DMSO. The phosphorylation of MAPKs was
detected by immunoblot analysis using antibodies against the
corresponding activated from of MAPKs (dually phosphorylated
on Tyr/Thr). The blots above were then stripped and reprobed
with antibodies against the corresponding MAPKs. The
experiment was repeated twice with similar results.
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£ =

o NEHIZIHEADBRHRD 720 ITHEBRIICA
B 7 RS A WITEFE E L THWTW
B, EFIZE TN TV B RS OIEHEE 12D W
TEHMHISh TRV DL L\, fEto T, A3
RERCR S OVER B A B O 22T 5 2 LIdERED
RMED L WVITHEHEE L CORPMEL HEICT
5P TCHETH), BYPETWE, L0778/
A MLEWOYRIENEH & 2 ISR EH O %
HRE AW I LT &7z, 192120

—%, WRTIL{EHENTWwL T ALY Vi,
TP LA (BH) PHARI T L () 1
FONIMOBICEINLEH T THALY) Vv %
FRIZLTARENDDTH L. EEHIE, ¥
LWiEH#ERE 2 A L, BIEHO e WHLRIER D
) — Fba e REEE LTS Tnws 7o
A1) AR D caffeic acid FFERDPSHEET HZ &
*HBE LT, v~27u77—UI12B\\TLPS il
THE I NS NO FEAZIG T 2L OEE &
ZF OVERIE R O IFI % XA 7.

NO & % % 12 1 neuronal NOS (nNOS) ,
endothelial (eNOS), iNOSD 32D 7 1 V¥ A L
PHIET A, RIEOHIZBIT AIMEIERT & L
TDNO &, LPSREIEMET A b I A » 7 EDR
Bickh~ruory—v, MEFEHDLHVIET
)7 HIIZ BT, INOSIZE W FEEINLRIED
ILFEME TH 5. 20

iINOS 12 & 2% 72 NO BBHSRIEDTHEH L LT
HELKRENZRIZTILE, NHEVIEZEYD
PRIEIZ BT INOS DEEFLDFEFE D IE D HAEEE &
ML, ONOO™ ® A% % 7K 9 nitrotyosine 7332
bbZ L, E5I2NOSHERDL  HHRIENE
HzH L, INOS EZTRIE~ 7 A TIERIEDFIE
VIO ENLEZENLLHLNTH L. B

YA 717 7 — Ui RAW 264.7 &2 H\W T,
LPS #HIC & 0 BEAEREE S N 5 NO & ZE D IR
&L, CAUE IZDWTHES % L72. RAW 264.7 il
% CAUE Z 3N L 7-55Hip C 24 BRI B L2 &
&, CAUE O H & IZKAF L TRAMME/EH 258155 &
N, 25 MU EDOEEIZBWTHEEN RO SN
72 (Fig.2). ~zu 77— J#lIZBITA, LPS
HBHWVIIEIEET A b H A R X B NO pEE
DEHIFIRICIE, NO EAIGLEW OS5 1 3
YIUDNEETHLHILEDVRBEINTNLDOT, #

LPS #ili# & CAUE O 5-% 4 I ¥ 7122w THiET
L7:. RAW 264.7 {82513 5, LPS Hli#Ic & %
NO PEA S, LPS OJHEICHAF L THIAKL, LPS 1
pg/mL 2 X % NO BE A 25 NO A B B 35 NS-nitro-
L-arginine methyl ester (L-NAME) (2 X ) #ifil] & 1
5 LEHEBELTVWLOT, 91 ug/mL D LPS %
R L7z, LPSALEIZA} L C CAUE % gL L 7-
&£ 2%, CAUE @ & IZHKAF L 72 NO #E A o il
MBEIZ SN (Fig. 3A). LA L%&25 Fig. 1 &1
25 uM X ) HELBHMRIERPROENDL Z &
5 CAUE WL 25 uM X D3RO 55 NO BEEDK
TIMREICERT2bDEEZONRE, Lo T
DBEOMFENI BV TIE 1.0 uM Z iR & UG
fT-72. S5HIZLPS & CAUE QWY £ I v 7
2B A NOEAICKIZTREIIOW TR L
&2 A, LPSHIH 1 KT IZ CAUE ZLiE L7z &
&, LIV NO EADOIHIAELZE S 7 (Fig.
3B). LPSHI#IZ X A NO #AEIZx LT, CAUE O
WMEEBICERESIA IV ITIPEHETHI END,
CAUE 28 EH1JIZ NO 2 ffi#e 3 5 D Tid% {, LPS
v 77 —JHEOCDI4A LY Ty — LA
TAHIEILLY, MEsEELT e LIk s Y
TFVEREE A L CRIEMEY A Y4 2 Th
%5 TNF-a, £ % —u4%r1 (IL-1), IL6, IL-
8% &% a— N4 L BETFOMEZ{EH#EL T, ¥4
MA v REATDEREHET LI L EZREL
TWwh, 2 LPSHIBIC X Y EAT 5 NO 25, CAUE
LB X DI Sz e s, NO EAICEE§
% iINOS D% v /387 & mRNA FEHIZ KT &
WZDOWTHEN L7z, LPS #I#C & % INOS & > 73”7
B L mRNA O FE 3, CAUE MLEIZX ) IZIZHE
AR IR R R AR S 72D T, LPS RIS
£ % NO FEHED CAUE 12 & 2 HPHITEH A% INOS D
BRI L A 2 EHBHS DL 572 (Figs. 4, 5).
S 512, LPSHIIC & 2 RAEICH G35 COX-2 D
N7 & mRNA BB X O RIET A b A
> TNF-a D FHE (23 LT CAUE (& H &K AE 1 7
PHITER 27~ L7 (Fig.6,7).

iNOS % COX-2 DFEHOMEHFD—>TH %
NF-kB &, 5@ 5 MICFFEL, 5 2DIRENR
+, pb0/pl05 (NF-£B,), p52/pl00 (NF-kB,),
p65 (RelA), c-Rel, RelB D##MTH % 30, NF-kB
X p65 & pb0 DAT O F A v =% L, il
WIREECIE, 1kB (IkBa, 1kBpB, 1kB7, 1kBe)
CREAL, REMMARE LCHilEhick - T
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Wh., L2 L, fBgALPS % TNF-a, IL-183 7% &
DR % 51F, 1kB kinase (2 & V) IkB 25 » AL
SN, R FALEINE, TUTT Y- A2
LoTnansl, HULLZZNF-kBAT TS
4~ —EEAN~EIT L, INOS, IL-1, TNF-a,
COX-2 72 & D DNA Fesl 38k L, #iedThH2 LT
BREIRF OB EME L Tnb, 3152

LPS 312 X %5 NF-kB D% NBIT%, NF-kB
p65 (RelA) DFEHNIHZIRIE L LT, CAUE O
AT L7z, LPS R X 0, U Y ERIL p65 D
BB SN, TOFEIL CAUE 12 X o T
n7: (Fig.8), Zo»& &, NF-kB DAL Z P 3
%5 237 B 1k B O 85 S 7z (Fig. 9).

PLE®DZ &5 5 CAUE %, NF-kB OiGMEAL% )
Hl3 55 7 1IkB DG HEIHIT 52 &2k
D, KIEWEFA NAA Y HDHWVITINOS DFE L
NO MELEZIHIT A 2 E DS & o7z,

NF-kB 3 4 D SHIEVET 1 b A Y ORHB &
Ui R oML s, MaodrAfbz L
T DAEMBPITERSCEG T 52 EPMESINT
Wh., b MORELKE X PHEEZRT T X
27— Y% (collagen-induced arthritis: CIA)
DFHEIZIE TR OEEAL B S- 5 2 LA S
T, 339 TR ORERE D — D ITHUE L E 1%
DA N IAVOFEEND Y, THIBAIEEL S
N5 & IFN-y Z AT 5 THINE (Thl) & IL-4 %
IL5 % AT B A N— THIFL (Th2) ~& 451k
5. Thl a2 EET 294 M A 225, CIA
D RDOFIE L BMIEREFHET L &0b,
NF-kB B % 780 72 CAUE 1&, b b OREi%
DFIE % P T X 2 W etk ATRIZ S 7z,

BE, RIEFERELELTHWOLNRTWALIERT
0 A FYEPLAAESRE (NSAIDs) X COX % fHET 5
LIk o TPG#EAZIHIT A, —7F, CAUE I,
BHORIEET A M H A > OFRBEEIHT 50T,
L VEAGYIEERPIfFECE s ¢ EL LN,
NSAIDS THBLTAE) v RA YV RKAY I U ED
£ % IERR L COX-1/C0X-2 FEH I, HipkEE
RLHEEL EOBERE L DD T, COX-1 % I
9 COX2 720) 2 IR I 3 2 REIEH 04 7%
WIRDOBZEP W SN TwA. CAUE 72F COX2 ¥
Y7 B OFEBFE R T NF-kB 23 LT, FHENE
PHERL72DT, BhHEESCERE LR EORIEH
PR WPLEAESRE & LTI &, COX-1 1233 5%
TERIZOWTOME D72 5.

NF-kB OFE KA T & LT, L OHEhH 1% A
ML ARIBC X D EEfbE ) Y/ AL =Y
FF—EDMAPK bfFEL, TOHMALIZIZA L
ForeFuy YEREONTT DY) YIBRALLEE E
ENTWD, 5 ZomEiks ) Y RILT 5%
N/ AV A= v/FayyFxFF—ED MAPK
¥F—¥THs. MAPK IZ, ERK, JNK, p38 O 3
DRI EN, ZNFNO EREBIZB W TR
A — REFE L TWwa, % ERK 185 K
SR & O T CHIBL OB 5L D ¥ 7 F Mz
FEZ, JNK & p38 i3 A M L AHE e RIEMES 1 +
HA YR ETEBLEN, TRV AT 7P IR
FEICE S L CT\wb. CAPE 25 ERK O % #ifil] 3
LIEDNHEENTWAEZ M, 37 CAUE @
NF-k BIIHIERICBIT 5, MAPK ¥+ —+Y D5
IZ2OWT OGS L7z, LPS#IEIC & % p38 o ififk
LIZFRO SN h o 7258, pdd/d2 (ERK) DAL
MEIEE X, CAUEMLEZ & V) pd4/42 (ERK) &
P38 IEHED PN ATTED Sz, ARIOHIEZRICE W
T INK OB EF B RFLL T TH Y, CAUE @
INK (20 BB OWTIIBET A LIETE
%o 7295, CAUE 1X, MAP ¥+ —+¥® ERK &
P38 IEMEZ M T 5 2 L 12X ) NF-kB D% )
FLTWBEZENHLENE RS2, 2OZ LI,
iNOS DAL AY ERK & p38 % 4§ % NF-kB D1
AL L B ETHMELEHFTTHHDOTHSL, 340

PIEDFSBFERE 121X NF-kB DAL O KIERE§ 5
2 B[] ¥ & L T activator protein-1 (AP-1), Jak-
STAT #&, /N7 71 7 DB RT3 5 W I3 hER
% EEHOEERTB X OWEOBES LT 5
ZENSINSDORIEM Y S MEERERE I RIT
3 CAUE OfEH OGRS b L b s, 4V

HBiEE

KIFFEIZdH 720, caffeic acid FHERD A O
BeWzrZwiz, RegEa et F8E 0 Tk
BAEIZ B & OEEH S E O P E R L R
LEFETg.
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