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Inhibitory Effect of Curcumin on Nitric Oxide Production in Lipopolysaccharide-
Stimulated RAW264.7 Cells and Its Suppressive Mechanism

Yong Gyu Lee* and Jae Youl Cho*'

*School of Bioscience and Biotechnology, and Institute of Bioscience and Biotechnology,
Kangwon National University, Chuncheon 200-701, Korea.

ABSTRACT : Curcumin, a polyphenolic antioxidant purified from turmeric, has been known to possess various biological
activities such as anti-oxidative, anti-inflammatory and anti-cancer effects. In this study, we have explored anti-inflamma-
tory effect of curcumin using Gram () bacterium-derived endotoxin (lipopolysaccharide: LPS) and macrophage cell line
RAW264.7. Curcumin suppressed NO production in LPS-activated RAW264.7 cells in a dose-dependent manner. Curcumin
also blocked the activation of NF-kB but not AP-1 according to luciferase assay. Furthermore, this compound suppressed
the phosphorylation of a series of intracellular signaling components such as Srec, JAK-2, Akt, IKK and IxBo under LPS
stimulation in a time dependent manner. Therefore, our data suggest that curcumin was able to protect the host from Gram

(-) bacterial-infection-mediated inflammatory symptoms.

Key Words : Curcumin, Turmeric, Macrophage-like cells, NO production, Lipopolysaccharide

M 2
AT L AT WA Wejure-s el iwd
QA WM ETE o] MEES R RY AT AlasdiA
R AT ARSI A e WAl 2HE
IFN-yS 28 Aol Evhele] ofs] Basisel SUAR1A

(tumor necrosis factor-a)} 7ZHS- Alo]EFIelol} Aakslz A
(nitric oxide : NO} &34t (reactive oxygen species) 5
7o EQEA 27 Tz Ees g]r 7re A= uj =
Aol ¥nlE 2AH{PT (Tetley 2005). 5 L 1% AEE A
ﬂ'ol‘)r %Wl-* E_J,]_ 7ho Mol gure) o

(Anngen-presentmg cell [APC])EHA A Y3
2 4#A YUt} (Edwards ef al, 2006). ©]
FAPIAES T celliFe] AlEAEL 452
o8 ZAshs WES CDSO, CD86 E CD40%t 72+ co-

stimulatory molecule &3 Bl- T& P-integrins®F 7S
adhesion molecule® LHA Y (Caulfield er al, 1999;
Murtaugh and Foss 2002). ©oJ& @] &4 I @y
98- z}=o BES-3}= pattern-recognition receptor (PRR)3}
e gA ] w7l 2 ol 89t AFE e oy

E3HA ] el os] 2dEE ZoE dEA v 54
7&% AgAG HEL nonreceptor type protein
tyrosine kinases (Src, Syk % JAK2), phosphoinositide-3-
kinase (PI3K), Akt (protein kinase B) % mitogen-activated
protein kinases (MAPK) 522 Fd%o] Ut} (Fang et al,
2004) o]‘: D}HH><1_4 321—/\-]0 ﬂ x%___i NF-xB 2 2 AP- 14_
742 transcription factor®] 247 WS Aol glom, o]
59 4L EF 2 A HYekg A gl iy e
uj 7§34 BTt (Chen and Shi 2002; Dijkstra et al, 2002).
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W2 XFZEE PEFO] HAae) Bg tget 2 Eakgo)
RaHEZ 7% st Es EIAVT RAFHEA
curcumin®] 7)ol Bt AFEo| s FYPHHEA, B
A Gpol| Aol sl Edbs] FREY Aok 2y &
A 23 S8+ Al FEA S 93] A8R
ol Ak BAH FEolx e olsle HHs] BET Fos
vepdth w2 QAo diEd] 2y 2497 3
A= 229 lipopolysaccharide (LPS)e} o]l ®hg-3l=
e ze] NO A Aol #F curcumin®] 28 Zhgof
el AV

=
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M=

Al&ol| ARESE curcumin (Fig. 1) Sigma (St. Louis, MO,
USA)E 78 TFYste o]@atdth vk thA{ Al £F<
RAW264.7¢ ATCC (Manassas, VA, USAYZRE 7%},
A Eejoke 23k ujokg wiA] RPMI1640 media, fetal bovine
serum (FBS) Z22]32 ¥A8#] (penicillin/streptomycin)= Hyclone
(South Logan, UT, USAV} AlEL AM8-3}% T} Cynaropicrin
ol B3 (Cho er al, 2000014 HF Eslod AR-siTt.
LY294002, wortmannin, BAY11-7082, PP2 AG490-&
CalbiochemA} (La Jolla, CA, USA) AEFS o] &34t} Sre,
Akt, JAK-2, p85 % IkBoaoll w3t phospho-specific A=
Cell Signaling TechnologiesA} A& AME-SIATE 28] MTT
(3-[4,5- dimethylthiazol-2-y1]-2,5-diphinyltetrazolium bromide)E-
235 sl3PA ok Sigma A|E-S ©]8-3FAT

ol
=

2. M=o

RAW264.7 AEEL 5% CO,, 37C incubatoroll X HjUkst
St wiRE penicillin (100 TU/ML) 2 streptomycin (100 g
/mby} 10% FBS7F X3+ RPMI 16405 ARE-313ATH

3. MIEZ MEg 8

Curcumin®l] ©]8+ MXZAIE G MTT assay S ©]-&-3}
o B89t (Cho et al, 2000). 96-well plateo] 1x 10°
M) RAW264.7 MAEE platingd} curcuming F= HE
HElstnnk. 37CAA 2t WAAE 2ol A-8she widAIzE
B2t CO, incubatoroll Al HiFEIATE ©1F- 10 4 MTT &4
(stock concentration : 5 mgméyS H7FslL 3A17F B9F F7}
vke-2 f 39t ke 8 2 formazan crystal®] £38]E
el ZF wellell 100 /£ MTT stopping solution (10% sodium
dodecyl sulfate in 0.01 M HCDYS B3l AlE Y=g
MTT7} formazan®. 2 FHAE S 570 oA T3 g 24
3lo] dojzl OD e ol A&t
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Fig. 1. Chemical structure of curcumin.

4. NO &84 2 3

RAW264. 7 ZE 1 x 106cel/md 9] ¥&2 243 F 96
well plateol] 100 2 HE3)L, 5% CO, B 37CAA 184]
7 ot Aupek skdTh (Cho er al, 2000). ©1% Zulk uf
A2 AASL 4] =2 ZAE AFEZ 50 148} 50 1£9]
LPS @EFE 1 ugml) T MIAE welle] B4 A=}
24717 Fet vlFEtE). o] F wlF viRE HAlE (12,000
rpm, 3E7HEEE, S 100 UE FH3) FFEA 20T o]
BlollA] BAEATE NOS 2 Griess reagents ©]-8-51
AeFslet N0l AHsHAlIE 0.5 pMo]32™, standard NO
(sodium nitrite)?l] e EEFA PgE2 0.99 oot
5. Transfection 2} SAIH2OR &8 A

HEK293 MEZE 2x 10°cellwelld] FE2 ZdETE 24
well plated] HEI T 5% CO, 2 37ColA 1847 &<t
Aufek &tk (Cho er al, 2003; Jung et al, 2006). ©]F
N2Z& wiRE ZolsE & pNF-«kB-Luc, pAP-1-Luc S2k2H]
T EE pCMV (WZET) EZHEVEE lipofectAMINE
PLUS (Invitrogen, Carlsbad, AV)E AH&-3}l] 6A17F &<t
transfection® A71 & #iAE AAT T 2L viAZE 24
A7 F7y widsldeh. 2 F uiAE AAS T curcuming:
20 M2 HEE AR BRE X8 3087 AAHE F
PMA (100 nM)Z A&lstd A7 Bt F7F wjgsialr). o
Z wjok wiRE A AT F AEE 3530 lysis buffer
(promega)S ©]&-3}o] total cell lysateS ZA|SH T lysate
(20 10)9} substrate (20 S 1:12 WEAA 2 ¥4 Hx
£ Luminoskan Ascent (Thermo Labsystems Oy, Helsinki,
FinlandyE- AH8-8t] 24 33T

=)
=

=

6. Western blotting

RAW 264.7 AE (5 x 10°cellsymD)ZE- 6-well plate®]
wellel 1 mé 855157, vlA] 3mb-& i 21847k &<t Zul
Fatdch o] AF wHX % 2ol curcuming 308 A
g8k, LPSE Ae|et &, AEE 3l 3ed Axs
lysis buffer (ZHZF4 :20mM Tris-HCIl, pH 74, 2mM
EDTA, 2mM ethyleneglycotetraacetic. acid, 50mM B-

Bl
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glycerophosphate, 1 mM 1 mM
dithiothreitol, 1% Triton X-100, 10% glycerol, 10 zg/ml a
protinin, 10 #g/mé pepstatin, | mM benzimide, and 2mM
hydrogen peroxide)E A3l total cell lysateE ZA)3}53

U ¥ WAL 10% SDS-polyacrylamide gelel]A] A
719682, wetblotting transfer "S- ©]4-3le] PVDF
membrane © 2 T AL transferdt A th. MembraneS 5%
BSA blocking bufferdll A ¥F3-AIZ] § 53 whldo)] Eojgh
12} FAE AF2elA 1 AIZE AR o] F 23 FAF |
b &9 F7MHo® Ae)d £, ECL chemiluminescence=.

ENE e =

sodium  orthovanadate,

~

. SAN

SAAEE Student's restS ©]-&3k] AAJEH e pgto
0.05U%H W f-o1d Slvkx FATh 2 dlolels n=3
o= Y3 ¢ AHS A W A sl dojA e e
+ BFHA} (mean = SEM)E UERAT)
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i 3 A

b=

hE2e] Aol A3t curcumin®] FHEHE-S
S &3l primary microglical cell, BV2 cell, $*
WIAE 58 olgstd A7E vi= IJAT, o)
2o TLRA-H7IA 84 2738114 NO Al &3 <
A g3 9 2 71 B3 AT AAF R AdEe] 9A
2 AAolnh. e B Aoae thEAe) M EE <l
RAW264.7 A28} TLR4 2]7E<] LPSE o]-&3le] NO A
AE7904 curcumin®] A EHE ARSI BRRGE|A
AR 71 S gelsie] wdtt,
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1. Curcumin®] NO 2H[0ll OXl= S0}

Fig. 24904 & 4 2l 59, curcumin® 40 uyM7HA] ¥%
Aoz NOAS A stk &3k 24 AJ7E iz
A} MTT assay® 53 ol oA &3 F 20uM ¥ %
T e NESAAS s g the 28 398 4= A
of wEA, E 2342 B o) curcuming 24X 7MA= 20
uM = HS Welld MEEAG glo] NO AAE oA|e=
Aoz IFETE NOo| #3d curcuming®] A &= BV2
A 3Z4t microglial cell 3 C6 astrocyte 5 AAE SARSE &
FE Ueille A2z st} (Soliman and Mazzio
1998; Jung et al, 2006; Jin et al, 2007).
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2. Curcumin® transcription factor (NF-xB % AP-1)
Aol OlXl= st
Curcumin THFSH ZARIARS] AL AAel= Ao ®
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Fig. 2. Effects of curcumin on the production of NO in LPS-
induced RAW 264.7 and the viability of RAW264.7 cells.
(A) RAW264.7 cell (1 x 10°%) were pretreated with various
concentrations of curcumin in the presence of absence of
LPS (1 ug/mf) for 24 hrs. The level of NO was determined
by Criess reagent as described in Materials and Methods.
(B) RAW264.7 cells (1 x10% were pretreated with
various concentrations of curcumin for 24 h. The viability
of RAW264.7 cells was evaluated by conventional MTT
assay. ~ p < 0.05 and "p < 0.01 regresent significant
difference compared to normal or LPS alone.

ZEA7] WE] (Han er al, 2002; Kim et al, 2003;
Dhandapani et al, 2007), ¥ AT7AEL PMAS HEK293
A ZE ol83te] NF-xB E AP-1 &4 = =A3MIA
curcumin® A LS HrFsle] EHt) Fig AN Ho
A& AAE, curcumin® AP-19] #AsdE A 22 Vel
2] k& WHH, NF«Bol| #3Me soEd oz Aafzhe-2
et} 3 o] ZA%NA curcumind] 2}3F HEK293 Al
Fo] MEAEEL AFHA e RAeR AT (data
not shown). AP-1¢] #3% F 3= pro-myeloytic leukemia
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Fig. 3. Effect of curcumin on the activation of NF-xB and AP-1 in
PMA-treated HEK293 and LPS-treated RAW264.7 cells.
(A) HEK293 cells transfected with NF-xB-Luc (1 rg/mf)
were treated with curcumin in the presence or absence of
PMA (20 nM) for 6 h. Luciferase activity was deter—
mined by luminometer as described in ‘Materials and
Methods. (B) RAW264.7 cells (5 x 10° cells/mé) pre-
treated with curcumin were stimulated in the absence or
presence of LPS (2 ug/mé) for indicated times. After
immunoblotting, the phosphorylation levels of IKK (o/B),
heBa and B-actin were identified with phospho-specific or
total protein antibodies. (C) RAW264.7 (1 x 10° were
pretreated with BAY11-7082 (BAY) and cynaropicrin
{Cynar) in the presence of absence of LPS (1 ug/mf) for 24
hrs. The level of NO was determined by Criess reagent as
described in Materials and Methods. * p < 0.05 and
“p < 0.01 represent significant difference compared to
control group.
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celle o]&3t o7 Harel thEA dojxl WA NF-«Be
AbskAl YERtTH (Han er al, 2002; Leclercq et al, 2004).
o] NF«B2 79¢E ojd Al o] Aagle] oAlsle A%
H]Bo|Ael 3] HARIAIZE FetE dHhHe, AP-19] F9=
AEEoAQ 4 AARIAR ZHgehs ALR AlgHT: 2
ATAEL WEpr] AFEH[ Bl BAMARIAR AZE=
NF-kBell #3F 97 @58 LPSE AE]¥ RAW264.7 N EE2
He gelstaxt si9lom, ol& 98] NF«B &4 #%= 84
9l IKK ¥ kBod] 8t AEE =4sle] Hrle) B}
ol kBadl ¢1AkEh NF-«B (pS0/p65)] Ul #o)agAl
AAR]] B2 Adolghs Wil whE Aot (Krappmann
and Scheidereit 2005). ©17 H31E3} fALSHA (Bharti er
al, 2004; Yadav et al, 2005), curcumine LPSel| &3] -
TH KK 2 kBoo] 14bst #4E - a3 A%
Aoz eIt & 5 & wjd2olAE KK QitsE o
3L 30 ¥ WY FoME KBao QakE #F-L FEEH)

AAstAeH, 2 & AT AaAS 1T 4= 9l
Atk (Fig. 3B). &y Tu|EAIL, curcumind 15%, 305
o]

2 60ioll A ZHzt AEaiA IKKBY QlAkEE fesisint.
= curcumin®l 9]+ IKK/IkBa/NF«B A& A7k wht
thFetAl 2AEI Y= AoF ATkt I KK 2 NF-
xB A3 JAAE (BAY11-7082 L cynaropicrin}e LPSZ
AdX FEEE NOAZS v A=sk gAs Aos &
A=A} (Fig. 30).

3. Curcumin@] PI3K & Akt 0l OIXl= &2

IKK/IkB B4 FE34L curcumin®] 714 E3& o2 o
A7) dizol, o= ols o A9 AsHE ©A
o] #3t curcumin®] A FHE FARBK] Kk} o2 94
7R dEA de A ZE4A9 PIBK/AK] B0 B
3t 295 Ukl Bodrh. 5¥E] PIBKSY 42 regulatory
subunit?] p852] Q14kslel ]3] catalytic subunitd! pl102] &
go] F==3 o] B3] PIP27t PIP3E <lAkshs|HA] PDKI
2 Ak} o5 AbEAtel Agele] Qiksl ol 9% &
AL wleke Aoz 4#EA Ut (Jimenez et al, 1998).
Fig. 4A°X A3, curcuming T3] A7kl Akte] <1
2kl AL Ao, psse] AE SR oFslA
2al 30 W oe0EThollM A3l 1S -8 A3 e
o mEhA] 2 A3E B o, IKK 242 93 A9 &4A
£ p859] 1Akl wizhel o8] JPHe ARThs Ake] A4t
st o ARt fHe oz dAdEA, o AL
curcumin®l] &3 v~ 3] oAH Ao YEith g

T 7oA
°]& PBBK/AktY] A€d AAAE (LY294004 2 wortma-

A I )

nnin}> LPSZAXM =%+ NOAAS vi-$ 71=EsH oA
& AoR FRIFHATH (Fig. 5B).
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Fig. 4. Effect of curcumin on the activation of PI3K and Akt in
LPS-treated RAW264.7 cells. (A) RAW264.7 cells (5 x 10°
cells/m) pre-treated with curcumin were stimulated in the
absence or presence of LPS (2 ug/ml) for indicated times.
After immunoblotting, the phosphorylation levels of p85,
Akt and B-actin were identified with phospho-specific or
total protein antibodies. (B) RAW264.7 (1 x 10% were
pretreated with [Y294002 (LY) and wortmannin (Wort) in
the presence of absence of LPS (1 gg/mf) for 24 hrs. The
level of NO was determined by Criess reagent as
described in Materials and Methods. “p < 0.01 represents
significant difference compared to control group.

4. Curcumin®|  non-receptor
kinase g&ofl OIXl= &2
Curcumin TNF-o. A= 3}oll4] J#]7}A] protein tyrosine
kinase22| B4E& AAlshs 222 BIEAT (Kim ef al,
2003; Lin 2007). °|5 E4E2 Akt 84S 243= PDKI
9] 7l%E -3k ANEAE 484 Jo (Warmuth e
al, 2003). Wb, RlEto g olE §e] #3F curcumin®]

type

protein  tyrosine

As) a= FAFek] BT Fig. 5A9A 918 4= 9lFo],
curcumin- Src kinaset] 714 T2 phosphorylation site]

AAEE 7HEs] A= Zez 1A 2 Sre kinase?]
A o1 Ql Tyrdled 2719) <laksht Sre
kinase®] HAAE 18] L5 Aaksl H-9el Tyrs27 ¥
e 1557H 6027FA sl AAsit whEd, o1
HUE (Kim ef al, 2003), JAK-29] QA= 158 o

AAHEE A AT £ Ak oA, curcuminel] ©j g

=Q

‘611-'—51'
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Fig. 5. Effect of curcumin on the activation of Src and JAK-2 in
LPS-treated RAW264.7 cells. (A) RAW264.7 cells (5% 10°
cells/mé) pre-treated with curcumin were stimulated in the
absence or presence of LPS (2 yg/mé) for indicated times.
After immunoblotting, the phosphorylation levels of Src
(Y415 and Y527), JAK-2, and b-actin were identified with
phospho-specific or total protein antibodies. (B) RAW
264.7 (1 x 10°) were treated with PP2 and AG490 (AG)
in the presence of absence of LPS (1 ng/mé) for 24 hrs.
The level of NO was determined by Griess reagent as
described in Materials and Methods. ““p < 0.01 represents
significant difference compared to control group.

kinase A AA A7HS TS & o, o]E v ] E49]
Ae KK 2 kBa 4t 3= B9 214 A 74
Foz Fodch §H olE &A1Y Ad9d A S
LPSZANAM F=Ee NOAS-S vig- Z=skA dAs Ao
2 FRIHUY (Fig. 5B).
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olF IS 73] AMSIATE 4) curcuminoll 23 protein
tyrosine kinase B4 A7E 2] & o, Src ¥ JAK-
2 B9AE KK H IkBa s 3w dle] Bx1
oA Ao s wEY mEtd £ A%E E 9, curcumin
< O 43 34 a9 7R glom, o]Ee] A
A QA= curcumine| 7HE FFF E3 7ldshe Rog
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