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ABSTRACT The anti-inflammatory effects of ethanol extract from Grateloupia crispata (GCEE) were investigated
in lipopolysaccharide (LPS)-stimulated murine macrophages. Anti-inflammatory effects were detected by enzyme-linked
immunosorbent assay, Western blotting, and immunohistochemistry. There was no cytotoxic effect on proliferation
of macrophages treated with GCEE compared to the control. GCEE significantly inhibited production of pro-in-
flammatory cytokines [interleukin (IL)-6, tumor necrosis factor-a, and IL-1B] as well as nitric oxide in LPS-stimulated
RAW 264.7 cells. In addition, GCEE suppressed expression of inducible nitric oxide synthase, cyclooxygenase-2, and
nuclear factor-kB in a dose-dependent manner. GCEE significantly reduced activation of mitogen-activated protein
kinases. In the in vivo test, evaluation of anti-inflammatory activity of GCEE was performed using croton oil-induced
ear edema in ICR mice. Oral administration of 10 mg/kg to 250 mg/kg of GCEE significantly reduced ear edema
in a dose-dependent manner compared to croton oil-induced mice. Moreover, GCEE reduced ear thickness and the
number of mast cells compared to croton oil-induced mice in the histological analysis. These data suggest that GCEE
could be used as a potential source for anti-inflammatory agents.
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1,977xgoll A 1057 A4l etk ¢S e 2
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dium(DMEM; GIBCO, Grand Island, NY, USA)o| 10%
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o A wjj 3ttt

2 7 22 #FF AP A A 8FH ] A, ICR
ng-~E5 9 gl Enfo] @ (Seongnam, Korea)oll A T+ 3}
Fqom merE 2% 20+2°C, % 50+10%,

1) L

NN T

(2015—04).

MNEEM =X
Park 5(18)¢] MTT assay H'HS ok W& 3lo] Al5¢]
AEZ =S Frteledth. RAW 264.7 AZE 1x10° cells/
mL9 FEZE 96-well plated] FF3] 20A17F A w3t &
FE7M A o gtE FEE(GCEE)S 10% dimethyl sul-
foxide(DMSO)7} &+ phosphate buffered saline(PBS)
o %l tg AF %7} 0.1, 1, 10, 50, 100 pg/mL7}
A A7yetar 22417 2 wjeksldth. 5 mg/mL MTT(thi-
azol blue tetrazolium bromide, Sigma-Aldrich Co., St.
Louis, MO, USA) 8945 #H7Fsta 2A17F Awj sttt
HjF 3 4°C, 879x gl A 10w3F YA EE 3t A5 d&
Aoz DMSO 100 pLE #53Fo] A% formazans
=W microplate reader(Model 550, Bio—Rad, Rich-
mond, CA, USA)E o]&3ato] 540 nmolA F3=E SAst
Aok AE S22 ok Al ofs) Atstal
Sample &3F%=
Control &3 %=

Proliferation index (%)= %100

Nitric oxide £H|ZF =X

Griess ¥H3-(19)& o] &3t vikol W9 nitrite 555
=733tk RAW 264.7 cells 2.5%10° cells/mL2 %4
3] 24-well plated] HZE3}3L 5% CO» incubator(MCO-
15AC, Sanyo, Osaka, Japan)ollA 20417 A 8] %3153 t)
1 % GCEE= 0.1, 1, 10, 50, 100 pg/mL *2]3}aL 1 ng/
mL-°4 LPSE A=3te] 24A7F & wjFsqlct. w45

2 4°C, 879x gl Al 1021 A& st A A3 A
23} t). Griess A1 2F(1% sulfanilamide+ 0.1% naphthyl-
endiamine dihydrochloride, 1:1)3} ik Aboh o 1:18 AF
Lo A 1027F kS A7 microplate readerE o]-&3 540
nmel A FFEE SAT AZ g U NO9| 5%+
sodium nitrite(NaNO,)9] &= #5321 (R*=0.9998) 3}
Hlaake] AbE3ksith

Pro—inflammatory cytokines 2H|Z &X
RAW 264.7 cell®] A=Zajge) o] TNF-a, [L-6 %
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IL-1B cytokine?] #1]%-2 ELISA kit(Mouse ELISA set,
BD Bioscience, San Diego, CA, USA)< ©]-8-3l Z43}3)
Tk RAW 264.7 cell& 2.5x10° cells/mL& & 3}o] 24
well plateol] HE3sl2 18A17F A wjgFstch. 2 3 0.1,
1, 10, 50, 100 pg/mL X% GCEE®} 1 pg/mLe] LPSE
Aaha 124171e] 2 wgS A dAlTEE Fal Al
oF AbZz S Aot} ELISAE microplate®] anti-mouse
TNF-q, IL-6 % IL-1B9] capture antibodyE coating
bufferol] 34 3 FF3}o] 4°CollA 35 FoF coating
Al AT ©]3 0.05% Tween 20°] X33 phosphate buf-
fered saline(PBST)2.Z Mg ¥ 10% FBS §9o=
blocking 3132 PBSTZ A% gt 7 Z} microplate wellol]
A g FEds FFeta A4 2A 3 WA )
Hh-g & PBSTE Al ¥ &}ar 8]41 gk biotinylated anti-mouse
TNF-a, IL-6 detection antibody$} streptavidin-horse-—
radish peroxidase conjugates #F3F0] Ao A 1A%
WS- A Tk IL-1B8¢] 7% biotinylated anti-mouse IL-1
B detection antibodyZ H7}&taL 147k w2 & strepta-
vidin-horseradish peroxidase conjugateZS #7}3le] 30
T WS AIZATE W § o]F thA| PBSTE A3kl o-
phenylenediamine dihydrochloride(OPD) & 18- % 713}
o] AoA 30 Tt S AIFTH 2 N HeSOsE Hh-g-&
Z8A)7] & microplate readerZ ©]-83Fo] 490 nmoll A
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GCEE7} A2 W AA ¥+ inducible nitric oxide
synthase(iNOS), cyclooxygenase-2(COX-2) ¥ NF-xB
o] ol WX GFE Gotrr] Hste] RAW 264.7
MEE sl meko] d AxE 33k 33 PBS
2 A3 % Sheeba®} Asha(20)¢] W ol wlg} cytosol
lysis buffer[50 mM 4-(2-hydroxyethyl)-1-piperazi—
neethanesulfonic acid(HEPES, pH 7.4), 150 mM NaCl,
5 mM ethylenediaminetetraacetic acid(EDTA), 1% de-
oxycholate, 5 mM phenylmethylsulfonyl fluoride, 1 ng/
mL aprotinin, 1% Triton X-100, 0.1% NP-40]Z& o] &3}
Fom NF-xB p652 7% nucleus lysis buffer(10 mM
HEPES, 100 mM NacCl, 1.5 mM MgCls, 0.1 mM EDTA,
0.1 mM dithiothreito)& F7Fate] 3047t 4°ColA lysis
A7 3, 7,908 gl A 204-7F A7 sto] Alazut i
58 AA3A T BCA protein assay kit(Pierce, Rock-
ford, IL, USA)E AR&ate] @S AJ&Fstalon 30 uL
9] lysateE Laemmli(21)2] WH& A1-8-5}4] 10% SDS-
PAGE® ##]38}3it} #2]d a2 Towbin 5(22)8] %
W& Za3ke] polyvinylidene difluoride(PVDF) mem-
brane(Bio-Rad)oll 1A%t &9 HAMAA 5% skim milk”7}
¥3H9 tris buffered saline(TBSS; pH 7.5) &0 2 A&
o Al 2417 &<t blocking 3F3ith INOS, COX-2 9 NF-
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kB p652] HHHS HESY] 9% A 2= anti-mouse
iNOS, COX-2 ¥ NF-xB p65(Santa Cruz Biotechnol-
ogy, Inc., Dallas, TX, USA)Z Al-&3}o] 1:5002.2 32X 3}
AL o A 2417 WHEAIZ 5 TBSS® 33] A dth 23t
3A|E horseradish peroxidase’} A3 3t anti-mouse
IgG ¥ anti-rabbit [gGE 1:2,0008.2 3] A 5le] AFL-of A
1A)1ZF HE-A1 71 v} TBSSE 33] o] ECL 71 &3 1~3%
b ahg 9 Z47be] ol W= Gene tool(Gene Gnome5,

Syngene, Cambridge, UK)S o] &3} 714 8135 o)

I

MAP kinase(JNK, ERK, p—38) g5zt =X

MAPKs®] @S ol 7] 913t RAW 264.7 A X
Z 1x10° cells/mL& 1847+ %1 wj¥sla GCEEE A )3}
o] 304 FQF £ wYdlk ¥ p38, ERK, INK ¥ p-p38, p-
ERK, p-JNK¢| @& a8 HE37] 93l anti-mouse p-
p38, p38, p—ERK, ERK, p-JNK % JNK(Cell Signalling
Technology Inc., Danvers, MA, USA) &A1& 1:500L.2
5] ske] ARg-EFGATE o] %2 A3l INOS, COX-2 A3
7 FdatA sl

HREE ™ Y xE pE
GCEEY] &% 33= in vivo Aol Lolr 7] 9131
Kim 5(23)3 Saraiva 5(24)9] oz 7 & =4 2
e 3tk A% 8FH Y 3, ICR #l9-2° GCEEE
2% Tween 80 &v= 3}o] 10, 50 ¥ 250 mg/kg body
weight =2 A ZF3lal Z oFE 2 A}2-3)F prednisolone
S 10 ¥ 50 mg/kg body weight =% 3}o] 200 uLA®
@3] AT Tt g AR & 2 EF Fof| 2.5% croton
0il& 20 pl/ear FE& =¥ty ©F 543 F dial
thickness gauge(Fowler High Precision Inc., Newton,
MA, USA)E AHg3te] 7 F71& S43F3aL croton oil]
AYE A FAT S AS FFo PP o2 HFESith
A 24 B#E2 ICR vf9-2=9] Q2% Fo FE7T4A &
L FZ2ES 100 mg/mlL EEZ 20 ulLA £ X1 155
% 5% croton oil& 20 ulLA EZ39ch SNz 2
FANETFoZE 2 2% Tween 80 2 4 mg/mL pred-
nisolone< 20 pLA =33} t} 6417t F diethyl ether®
wHAIA 7] H Z2 S A SY] 10% formaldehydeol
72217y AsiTh g & gy EES vhEo] s
A %3} 3l hematoxylin—eosin® toluidine-blue GA-& 3}
o 225 BT FF A ES v 22 A4 ¢
al Akttt
Sample®] ¥ 74
Control®] # 57

Edema formation (%)= x100

SA X
RE A% A gk fFox A2 SAS software
(ver. 9.3, SAS Institute Inc., Cary, NC, USA)oll A H 3k
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Fig. 1. Effects of Grateloupia crispata ethanol extract on pro-
liferation in RAW 264.7 cells. Proliferation index (%)= (absorb-
ance of sample/ absorbance of control) X 100. ND: Not signifi-
cantly different.
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NO=Z ¥ ar of= w=A e Fefel ojqksbd 49t
0}11/\].03 Axd o7 WEA ©rh25). NO= §h-&Alo] 7
@77 AA BtdE R g9 o, 9 Sa % dav
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A= el e oldow AAE A9 AAdxH
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cello| A1 €] NO B3-S Griess Al%FS o] &3l SA3H3
Griess A oF& obdAtA s} 316} whg-sho] webao] o} x4

S 34 o}ﬂl il o= NO9| sxe} UA3H(28). LPSE
AZu2-S Huksk RAW 264.7 celld] NO A #S el
A} LPS“;’ dEo 2 S w NO A Fe] 2511+
0.15 pMEZ, o} AL A glslA] &8 PBS A2 +¢] 2.48+%
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Fig. 2. Effect of Grateloupia crispata ethanol extract on nitric
oxide production in RAW 264.7 cells. Cells were incubated in
the presence of LPS (1 pg/mL) alone or in combination with
GCEE (0.1, 1, 10, 50, and 100 pg/mL) for 24 h. The culture
media of the treated cells were used to measure NO levels.
Means with different letters (a-¢) above the bars are significantly
different (P<0.05).

0.00 pME.T} °F 108 S7FeHS HAITh AlEZ o] AEEo
G v XA F= 5%0.1, 1, 10, 50, 100 pg/mL)<]
GCEEZ A #3534 o, LPS w52 2] 79} v s}
oEH O R NO BAFS o)A Al AaAT AS 89l
SFATHFig. 2). 53] ¥4 w2 5%l 50 ng/mlLolA
22% o)’%e] oA a¥E YERT) o= T2/ THERT
HH(10)3 Aot (11) olghs —%—%% | 5% oA ow
NO #H &S AT A7 Aot FARHS ERlsisitt o]
£ 58 FE/ oleke 2552 LPSo) 9§ ﬁwﬁ}‘a
g2 A ol A NOS] A4 Aol &35 Yeldl=
oo

Pro—inflammatory cytokines MM x| 1}

IL-6% tEAQ H5W&2] wZiQIAt= HvkA 2= 5
E] #4]% o] B-cell®] plasma MX & #3}=H TS FX8haL
gA o FHE ATt Aol EFRRIC R §15 F-9oA &
A Ee FAE UEE AR deA Aek29). FEAAL
¢1#x}¢] TNF-a¥ macrophage$t mast cell % ]H H] 5
= LPS §E3-9] 8 Ukl w724 95 FHE AlolE
FH13 WM E F-2 2o Hd S SIS
5o HAWE o] o 3rh(30). HAlH o2 FH o]
78kl Thg S ut-go] At AbskE Ay Edaka
e Zde EulE FH8 232 &4 A3, E
gk IL-1B= Al Aol &2 fAld @ 552 5
A1 Ato] EFEQI o] A vk A &4 Q1 A4 wiitol| I} fH|E
9 T-cell®] &43}, B-celle] A%, NK cell?] activity
£ @Asleto] S-S 87 Aol EFRRIOITH(32). ©]
23 AAFA MAEE S 2dee B d5kgow
g ke Ay s 24T F eSS ¢ F UL
vg B Ao LPSE X% RAW 264.7 cellol A2
GCEE®] &5 golr gt L A7 (Fig. 3) IL-6, TNF-a
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Fig. 3. Effect of Grateloupia crispata ethanol extract on pro-
duction of IL-6 (A), TNF-a (B), and IL-1B (C) in RAW 264.7
cells. Cells were incubated in the presence of LPS (1 pug/mL)
alone or with various concentrations of GCEE (0.1, 1, 10, 50,
and 100 pg/mL). The levels of pro-inflammatory cytokine in the
cell culture media were measured by ELISA. Means with different
letters (a-g) above the bars are significantly different (P<0.05).
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kinaseell ]3] 3] Qto w2 o]Fsto] gAdlate] Qitslrt o



FEGA e FE2EY AT 2 1095

LPS (1 pg/mL) + - + + + + +
Sample (pg/mL) - - 0.1 1 10 50 100
Cytosol iNOS pr—
COX-2 — — W W—

B-actin TR RN NS A S S —

NS i S e———

1.2 1.2 1.2
a ab a a a a
1 b 1t b b 1 — b
c c
£ d £ d £ c
80.87 . 80.87 e %0.87 d
@ 0.6 < 0.6 2 0.6
o a o
[} X ¥
Z 04 O 04 w 04
() z e
f f

02 02 ﬂ 0.2

0 0 0

LPS + - + + + + + LPS + - + + + + + LPS + - + + + + +
Sample — - 0.1 1 10 50 100 (ug/mL) Sample - - 0.1 1 10 50 100 (ug/mL) Sample - - 0.1 1 10 50 100 (pg/mL)

Fig. 4. Effect of Grateloupia crispata ethanol extract on LPS-induced iNOS, COX-2, and NF-kB p65 expression in RAW 246.7
cells. The levels of iNOS, COX-2, and NF-kB p65 in cytosolic or nuclear protein were determined by a western blot analysis.
RAW 264.7 cells were treated with the indicated concentrations of GCEE (0.1, 1, 10, 50, and 100 pg/mL) and LPS (1 pg/mL)
for 18 h or 30 min and the proteins were detected using specific antibodies. Means with different letters (a-f) above the bars

are significantly different (P<0.05).
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Fig. 5. Effect of Grateloupia crispata ethanol extract on MAPKSs expression in RAW 246.7 cells. The levels of p-p38, p38, p-ERK,
ERK, p-JNK, and JNK in the cytosolic protein were determined by western blot analysis. RAW 264.7 cells were treated with the
indicated concentrations of GCEE (0.1, 1, 10, 50, and 100 pg/mL) and LPS (1 pg/mL) for 30 min, and the proteins were detected
using specific antibodies. Means with different letters (a-f) above the bars are significantly different (P<0.05).
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(a-d) above the bars are significantly different (P<0.05).
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20 pL/ear (c). The numbers 1 and 2 indicate dermis and epidermis, respectively and the arrows indicate mast cell infiltration.
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