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Anti-inflammatory Eff

ects of Gelidium amansii

in RAW 264.7 Macrophages

Won Sik Choi*, Young Sun Kim, Sang-Hyun Lee', Kyu Yun Chai®, Young Haeng Lee™

Department of Biotechnology, Soonchunhyang University,
1. Department of Oriental Medical Prescription, College of Oriental Medicine, 2: Division of Nanobiochemistry, Wonkwang University

In order to verify the anti-inflammatory effects of Gelidium amansii, RAW264.7 macrophages were incubated with
the extract of 70% ethanol solution (Ex), and activated with the endotoxin lipopolysaccharide (LPS). Ex inhibited the
uding inducible nitric oxide (NO) synthase (iNOS) and
cyclooxygenase-2 (COX-2), and the production of iINOS-mediated NO and COX-2-mediated prostglandin E, (PGE>)
production in a dose-dependent manner. Ex also reduced the release of the pro-inflammatory cytokines, including
tumor necrosis factor-a (TNF-a), interleukin-13 (IL-13) and IL-6 in LPS-activated macrophages. The observed
anti-inflammatory effects of Ex was associated with inactivation of the nuclear factor kB (NF-kB) that mediates the
induction of iINOS, COX-2, TNF-q, IL-183, and IL-6. Further studies showed that Ex inactivated NF-xB through inhibition
of phosphorylation of the inhibitory kB (IxB). Taken together, these results suggest that Gelidium amansii exerts

expression of the pro-inflammatory enzymes, incl

anti-inflammatory effects by inhibiting the expression of pro-inflammatory enzymes and

pro-inflammatory cytokines via inactivation of NF-xB andjor 1xB.
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(inflammatory enzyme)7} JUTFY. 318, tiAlZ mh7) FEH
AEZEFEEHo=  tumor (TNF-q),
interleukin-18 (IL-18), IL-6 B0] ASH, NEHQ] HE5H 4
of| = nitric oxide (NO)S] A4 ol FHFH= T4 NO synthase
(INOS)&}  prostglandin  E»  (PGEy) 44
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HEY JESHE 258 W
MER0] WS 2EFH= 9 QAT nuclear factor-kB (NF-kB)9]
4e AHAIA B2 FHE UERICHY. NF«BE £ 719
ChlZA pe52} p500] o]EHA| (dimer)E HAHGHL o]F0] HCFE
ol (nuclear translocation)®= A& A oi8li= inhibitory
protein-kB (IxkB)&t ETAE HH5IA, MZH o] EMghT.
o] AEHE NF-xB H]1Ed AJelet St $F NF-«BQ] &4 & 1kB
7} Q14H8lE]o] (phosphorylation) Z1Z+2] p65 & p500] O EHA o
Al BEIEEA ATZFETE kBOA EElE p6s H p50e Oz
FolEo] AEY WHEHY FAAE dAE 4= 3l DNAY
B4 R0l Ao uM NFxB7t &4sleint?.
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1. A=

Gelidium amansii= MZ% 1@ (33° 32 N, 126° 45’ E) X
ofl A1 20053 6ol ATS Ae MEE AMESICE HES &
2B §7]0] do UEUE &7 & QR W JElEd & AlAHG
71 fold 88 MAAEsiZ &7 B4 ARAZESE W&
Gelidium amansii (50 g)& EtOH-HO(70:30) ol 4 20of4]
AFUN D/1ENCE dEE 89 E oHgla W 5ol 7
ot £83 & QAL F5lo] dimethyl sulfoxide o] A|EE
AH2BIAC.

2, A1k &Y 71E, SA W OuiemiA]

ME R iAl, =4 (endotoxin lipopolysaccharide;
LPS), Tris-HCl, @ clone A,
(3-[4,5-diphenylthiazol-2-yl]-2,5-diphenyltetrazolium  bromide
(MTT) %! curcumin’= Sigma ALZEE FUFIAT)E Lo 83
{fetal bovine serum) %! &MYA|= Gibco/BRL A}ZHE] 15}
o A}REK¥C). Mouse T clone anti-INOS, anti-COX-2,
anti-phospho-IkB 3 anti-actin  3FAl= BD Biosciences
Pharmingen© 2 2E{ 2] horseradish peroxidase’} Zgld

anti-rabbit IgG }Hl+= Sigma-Aldrich AIZEE] FU5Kd AMS
314 TE PGE, enzyme-linked immunosorbent assay (ELISA) 7}
E @ TNF-q, IL-18 ¥ IL-6 7]E= R&D Systemsofj Al FI5IRA
C} ELISA-based Trans-AMTM NF-kB p65 7| E Active Motifol]
A TSI

3. AlZEul S

Mouse THAIM|EZF (RAW 264.7 macrophage)= ATCC A}
o4 Felalod, 37, 5% COu/95% 5719 WHe7IolA] wHIS)
At AEE Goll i nlZ2d sl 10% FBS B SHdlAl (100
U/mL penicillin G, 100 U/mL streptomycin, 250 ng/mL
amphotericin B)7} Z3HE A= s gloll A wlgsiod A8 54
off Wl ARESIA

4. MIT E40] Qg M2 MES 24

ANz WES2 MIT (Sigma A BXEEE 0189
ELISA EX718 FZEE 570 nmollx] SHBIQCE MITE g2
LEREO BAZA] Ao} QlE AEd] YA FA4E9) formazan
o2 HalEn ogis HHe2 =4 mitochondriad] 234 &
oldrh. 967 SO B0 7t & 5 x 10°9] MZVt HEE BFS
I 12417 Holl o] 5% HAE AIRE M2t 244171 S
BHQESIQITE Wi HRXE AASII 100 uLo MTT SH& A
8k = 37T HiZ|olA] 4A17F BOF FUb uieRsidnt dde
formazanZ 0.1 M HCl isopropanololl £3d15lcd 570 nmollA] &

STE Suael ME HESS NEHOR SFIACE

2

- -

L)

5 NO &4

HHQE BRA oA nitrite(NO?) Q] &5 MAE NOS sLE
Hidshe Griess BHSOE EF 4= Ut viek J&H 100 ul
2 =9  Griess AlF (1%
naphthylethylenediamine %! 5% phosphoric acid)?} Eclo
102 ¢ 9H2A17] 5 550 nm&) mHalollA] EEEE Fof NOL

ddgs Lok

03
ol

sulfanilamide, 0.1%

6. PGEy, TNF-q, IL-1B8 2 IL-6 &7

AF=E AN ZollA] 2H1E PGE,, TNF-q, IL-18 ¥ IL-6&
100 mL QAR E 216l ale cytokine ELSA 7|EE HyS}
Rrt SEYHES 71 EAZ AlolA AlFcke S ool ghao]
TEBIACE
7. NF-kB/p659] DNA A% 4% &5

NFxB] 42 o]Rg T4k pesrt BoE FHolxo]
EX DNAol Zghele= 85 S ELISA 7|EE £33l NF-«BY
EBHTE SHONCL SPYHE 7)1EAZE AolM AFches &

ol Bigol SBIACE

Ir

8. iNOS Bl COX-2 W U IkB Ql4t3} &4
AgEHd  wEl AlEZE AgE AZE ST
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RAW 264.7 thATH ZAA] Gelidium amansii®]

SDS-PAGE 413
3, #ue Aﬂ:t
mM NaCl, 1% T

HakArt. 718k
g (10 mM Tirs-HCI pH 7.6, 150
1% deoxy cholate, 2 1 mM EDTA)

000 g, 4TColl A 208 &0 2R
1 oA E 8%L] SDS-PAGE gel 230l
A7) EE 5"13]‘8]-31 nitrocellulose =}
T

=
@EE

3} Western blot £

9. E7:“ B

APENE BE-EEEA
one-way ANOVAE A
2 B 2ot B8
testE AFSBICT

g Hole:
F2 P<0.05

<= Tukey post hoc

Ol =

1 Mz=EH 538
RAW265.7 tHAVM oAl Gelidium amansii O|E+E REBE20]
HE=HE ASeIHt tiAlZe] F&EE 5, 10, 50 ug/mL

SEE MBS vhe, 24 A7 uidsiel MZMESS MTT 24
HOE HABINTY. Gelidium amansii Z2EZ0] WHAlA] 8O3} Al
ZZGol JEEA AQITHFig. 1).

=

=

=

=

=

=

=

[

Con s 10 S0
Ex (Lg/mL)

Fig. 1. Effects of Gelidium amansii ethanol extract (Ex) on cell

viability in RAW265.7 macrophages. Cells were incubated for 24 h with

indicated doses of Ex. Cell viability was determined by MTT analysis as descrived
in materials ana methods

2. NO % PGE, 44 A& g

Gelidium amansii AEIE ZEZ0] 5ked NO 2 PGE,; 414

AR AAE ZARKIL FEEES STEE RAW264T Uil
Zofl 1087 MelSh the, LPSE 18417} AR5k NO 444 &
£ Gries O 2435111, PGE, &2 ELISA 202 £5519)
ok FEEE NEIK %42 49, LPS =0l thele] thd]

NOS2} PGE, 44o] BaEA O, Gelidium amansii o|E4S &2E
=29 _f_x%}oﬂﬁ LPSol QI8 NO % PGE; 44J0] 5L O&EH

o8 7IAE (Fig. 2). YT XA tIZE A1CF curcumin
&A) NO W PGEz g Aokt
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3. iINOS & COX-2 vt& ofx g}

NO Bl PGE; 44 0|52 HMsHE 540 Uals uEd
A7 UTh wWEt 01E 49 WE FEE Western blot B}
HOT FABKICE Fig. 30] AAIE Zio] 2oPH, Gelidium
amansii I EFE FEE3} curcumin® 55 QEF O F INOS &
COX-2 ¥l & S

A
25 25
20 I 20

g: 15 " 15 T

2

E 10 et BT xn

= s

0 Con 0 5 10 S0 Con 0 10 20
Ex(pg/mlL) + LPS Cur(pg/mL) + LPS
B
100
% 80 7
60 ®

=

U 40

-

20
0 Con 0 5 10 50 o Con 0 10 20

Cur(ugrml) + LPS

Fig. 2. Effects of Gelidium amansii ethanol extract (Ex) on NO and
PGE; production in LPS-activated RAW265.7 macrophages. Cells
were pre-incubated for 10 min with indicated doses of Ex or curcumin (Cur) and
activated for 18 h by 1 ng/mL of LPS. Nitrite (A) and PGE: (B) levels were
determined by Gries reagent and ELISA kit, respectively, as described in Materials
and Methods. Date were calculated and analyzed by repeated one-way ANOVA,
foliowed by the Tukey HSD post hoc test for further confirmation. *P<0.05 as
compared to control (CON) group. *P<0.05 as compared to the groups treated
with _PS alone.

Ex(jlg/mL) + LPS

EX(Qizs/mmLl) + LIPS
10 S0

Con

=S 10 S0

Fig. 3. Effects of Gelldlum amansii ethanol extract (Ex) on iNOS and
COX-2 expression in LPS-activated RAW265.7 macrophages. Cells
were pre-incubated for 10 min with indicated doses of Ex or curcumin (Cur) and
activated for 12 h by 1 ng/mL of LPS. Blots for INOS (A) and COX-2 (B) were
analyzed by Western blot assay as described in materials and methods.
Experiments have been repeated four times with similar observations

4, TNF-q, IL-1B8 & IL-6 44 oA &3}

Gelidium amansii A&t ZEEd] t5kd TNF-q, IL-18 %
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TNF-q, IL-1B & IL-6 2340] BEER OV, Gelidium amansii o]
BE 2EE U curcumin®] EX15101A] LPSol] 913+ TNF-q, IL-1
B IL6YYe BT QEHOT ZAFKICKFg. 4).

A
40 0007 2400+
: 2 . ~ 2000 z
Eso 2 4000 _E]
=
5 T 2 3000 ) 1600 k3
£ 20 < A £ 1200 .
3 ap| 5 2000 a
7 = 800
&= 10 L 5l
E 1000 =
0 0 0
Con 0 5 10 50 Con 0 5 10 50 Con 0 5 10 50
Ex(ug/mL) + LES Ex(ug/ml) + LPS Fx(ug/mlL) + LPS
B
40 000 24009
L3 -~ .
2% é 4000 « 5 2000
5 £
E,, a 2 3000 s 5 1600 xs
g20 v < 1200
8 X8 J 2000 =} o
k" 10 = A% 3 800
E 1000 = 400
0 0 0
Con 0 10 20 Con O 10 20 Con 0 10 20
Cur(ug/mL) + LES Cur(ug/mL) + LPS Car(ug/mL) + LPS

Fig. 4. Effects of Gelidium amansii ethanol extract (Ex) on TNF-q,
IL-18 and IL-6 production in LPS-activated RAW?265.7
macrophages. Cells were pre-incubated for 10 min with indicated doses of Ex
or curcumin (Cur) and activated for 18 h by 1 ng/mL of LPS. Levels of each
cytokine were determined by ELISA as described in Materials and Methods. Date
were calculated and analyzed by repeated one-way ANOVA, followed by the Tukey
HSD post hoc test for further confirmation. *P<0.05 as compared to control (CON)
group. P<0.05 as compared to the groups treated with LPS alone.

5. NF-xB 24 olm a3
HEH FAQ) INOS 1 COX-29] hsi T Ey NESENE
Aol TNF-q, IL-18 & TL-6 4342 NF-kBO] 84 Z7}9} pdo]
Tt WEbA Gelidium amansii NEYS ZEEE0] LPSo] 93F NF-k
BOl &ol] oSt 2 FEA RARBIIL. 2R W UE A
oF2 NF-xBO] 858 5% JEH T A SINCHFg. 5).

1.0+ 1.0-
8 o84 0.8+
<)
£ 0.64 0.6-
&
Q
%s 0.44 0.4
1
B 0.2 021
Z

0
Con 0 10 20
Cur(ug/mL) + LPS

[
Con 0 5 10 50
Ex{jig/mL) + LPS

Fig. 5. Effects of Gelidium amansii ethanol extract (Ex) on NF-xB
activity in LPS-activated RAW265.7 macrophages. Colls were
pre-incubated for 10 min with indicated doses of Ex or curcumin (Cur) and
activated for 4 h by 1 ug/mL of LPS. Nuclear extracts were isolated from the cells
treated with medium, LPS, or Ex and LPS, and p65 translocation activity was
measured by ELISA as described in materials and methods. Optical density (0.D)
was measured at 450 nm. Date were calculated and analyzed by repeated one-way
ANOVA, followed by the Tukey HSD post hoc test for further confirmation. *P<0.05
as compared to control (CON) group. **P{0.05 as compared {0 the groups treated
with LPS alone.
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6. IkB ¢liksl oA gt

NE-«BO) 84 Z7M= Lo olakglel olahd] BRIV} &
JHEITE. 2 G NFxBS) €4 oF] A7} IkBY) QIAkS of
A} Beiol Q= 2

ZAVSIRTE Gelidium amansii OEIE 2&
B curcumin® kB QXSS FOJEHA SIAISINTHFig. 6)

EX¢ug/mL) + LPS
Con 0 5 10 30 Con O 10 20

Car{jg/ml) + LPS

phospho-IxBa |

Actin

Fig. 6. Effects of Gelidium amansii ethanol extract (Ex) on kB
phosphorylation in LPS-activated RAW265.7 macrophages. Celis were
pre-incubated for 10 min with indicated doses of Ex or curcumin (Cur} and
activated for 2 h by 1 ug/mL of LPS. Blot for [kBa was analyzed by Western blot
assay as described in materials and methods. Experiments have been repeated
four times with similar observations.
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RAW 2647 WHAIM oA Gelidium amansii®) T+

RE9 Aeg e 7189 dHEAE #ARA NF-«xBY
24g ARGl giE GE LERITH?. NF-kBE DNAY)
E8 EHSlol Zgeled €58 228 DA} Al oA
NF-xBoll S5l HAKE <= Qi G54 2ol iNOS, COX-2,
TNF-q, IL-1p & IL-6 50] Uy, B &350 91518, Gelidium
amansii NS ZEES NF-«B 2458 OAA7)E kB 014t
12 MTIAIA NFxBel &8& AGE224 INOS 9 COX-2
Sl g ARAZIL,  ES SUS WAL S A TNF-q,
IL1B % IL-6 BHE SAAD £ JALS o & st

o148 Adl A= Gelidium amansii O|EIE =
RAW264.7 A 2o M LPSE Surst GEREoA 3} &
= Ak g3t Qitke Ag Hol Fct ols 7
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