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Abstract

Inflammation is the first response of the immune system to infection or imritation in our body. The use of medicinal
plants has been widely applied as an alternative source for drug development. One of marine natural resources,
the anti-inflammatory effect of Ishige sinicola ethanol extract (ISEE), was evaluated by using LPS-induced RAW
264.7 cell and mice model. As a result, the production of nitric oxide (NO) and pro-inflammatory cytokines (IL-6,

IL-15,

TNF-a) were inhibited with increasing concentration of ISEE without any cytotoxicity. Furthermore, ISEE

suppressed the expression of not only inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), nuclear
factor-kappa B (NF-xB) p65, and mitogen-activated protein kinases (MAPKS), including extracellular signal-regulated
kinase (ERK) 1/2, p38, and c-Jun N-terminal kinase (JNK) in a dose-dependent manner. In mice ear edema test,
the formation of edema was reduced at the highest dosage of ISEE and the reduction of the number of infiltrated
mast cells was observed in histological analysis. These results indicate that ISEE has a potent anti-inflammatory
activity and can be used as a pharmaceutical material for many kinds of inflammatory disease.
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Fig. 1. Effect of Ishige sinicola ethanol extract (ISEE) on the cell
viability of RAW 264.7 cells.

Cell viability was determined by MTT assay. Cell viability (% of control)=(sample
OD at 540 nm/control OD at 540 nm)x100.
Means with a letter (a) above the bars are not significantly different (p>0.05).
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Fig. 2. Inhibitory effect of Ishige sinicola ethanol extract (ISEE) on
the production of nitric oxide in LPS-stimulated RAW 264.7 cells.

The culture media of the treated cells were used to measure NO level. Means with
different letters (a-g) above the bars are significantly different (p<0.05).

Pro-inflammatory cytokine M4 x| =1}

AP EFRRIE st M ZEA] FH|F o] &2Fo|Lt
Aol thet HARkS 243 A2 AsdAgS 9
E4o|tH(19). 213, pro-inflammatory cytokine %
HhE-o| A A s] FHHE = wiERA G2 A
g Bk ol g} W] AQl 24 oA 1 EAH =T St
] F3A78A 9] dS5vhs FH0H RdSs 2 o
A 5ol 583k kS sh21). thiEA<! pro-inflammatory
cytokine< IL-6, TNF-a & IL-18 cytokine”} 1TH22). LPS
2 o] FaE RAW 264.7 Al EXE T4 IAF AR
TNF-0 & A4t ole HAARIANE A 3HA1 7] 2]
© TNF-a % LPSE IL-6 3 IL-1B°] A4S fr=3to] NO
AT F2A dF5E TRAA dFEeS ASAIM
Hh23,24). Wb 7] W19 w3 A5l T8
3k o 8k-S 3} pro-inflammatory cytokine2] AJAJ-S 13
Al, AEEkgo]l 2484 7Aool Erha sk th?2s).
2 AT M= Hall FFE°| pro-inflammatory cytokine<]
Aol PIA s GeS Gotry] 98] RAW 264.7 Al 3ol
LPS A & FEE< T4 =2 2|3t ELISA WS
ol S etith 2 A3KFig. 3), IL-1B9] &H| Fo] He
F259] 50 pgmLe] T2 A2)etdS uf LPS AR
2% 3143 thFg. 3A). B3 LPS A=l 98] =
L-6, TNF-a cytokine®] AJ/de] Z+7+ 33.87%, 25.23%
£ HthFig. 3B-0). °ol& @i dgs FE=°
RAW 264.7 Al X A5A cytokineo] A5 o] &g
T #st= A onlgith

g g oL
eI/ (N

w
1

o 5L o
—

B>

Hoj olgtE =&=9 iINOS, COX-2, NF-xB p6b L4
oA =n

=o] LPS Tl oJsl &Aste o] F 3oz o]F3ste iNOS,
COX=2 59 d5We= FEste A EdS FXIA7]
= Aoz aeyA] Urhe829). wabA o] & mi7RS1ZHINOS,
COX-2 % NF-kB)9] &d <ol mix = F2E9] I95
FE gl s9th RAW 264.7 Al Fo| 52501, 1,
10, 50, 2 100 pg/mL F==2 *2leta 7} gl o] uhg]
=743 A3 (Fig. 4), LPS T A 2| Foll = 2t v
o] W ko] ol YA Tt oy FEES A

O nEgel = Ao ghdt AL AT

0

J

el iINOSS] Tl A ke 7HAs A 7h= iNOSe| 2443}



Anti-inflammatory effects of Ishige sinicola ethanol extract in LPS-induced RAW 264.7 cell and mouse model 1153

A
L] L

40

IL-1p (pe/ml)

ILTIT

LIPS F
ISEE
bl
20
100 — =
= d
E
= 80
&
-
Y OED
40
20
g
IFPS - - - - - 3 b
ISEE - 01 i 1 50 LU 3o B

E] 100 (pg/mL}

30

k2

=1

&
m

TNF-w.(perfmL)

=
=]

Q
1Ps - = e = - =7
ISEE = i o1 1 n 50

100 {Pgml)

Fig. 3. Inhibitory effect of Islugc sinicola ethanol extract (ISEE) on the production of IL-18 (A), IL-6 (B), and TNF-a (C) in LPS-induced

RAW 264.7 cells.

The levels of pro-inflammatory cytokines in the cell culture media were measured by ELISA. Means with different letters (a-g) above the bars are significantly different (p<0.05).

ZRE AAEE NO9 1 #F 74 Adotels #do] gl
S g Utk QY FE2EE HF =9 100 pgmLy}
H| 1L o}ai—% u), 2+2} INOSE 65%, COX-2E 67%, NF-kBE=
56%°] HAYF s 25 THEFg. 4A-C). ol2fg 23
£ vl o2 NF-kBe| @A IAE &8l COX-2 2 iNOS
e E A5k PGE29F NO2| A& Adlste] A5
BHE et AtsEh

Lo oElg F&=2 MAPKs s ox &3
MAPKSs+E pro-inflammatory cytokine®ll & 8.3t 2421
2] ERK, INK, p38 59 AsAEHZE 7IA 2 3
ol gt &L Akt o5 e, Aladge %i
LPS¢} 22 S0l Wh-g-ot Aol A /g stE o
Al EFFCl HAVS FE3h0h30). whaka] Q143 MAPKs
o] ¥ kS westen blotS £ ol AZNFg. 5), LPSZ
FE¥ RAW 264.7 Al ol A p-ERK, p-p382] walo] Hu
qetE FEE AP o8 v & oz A gl
sttt 53] pERK p-p38, p-INK9| T2 F=EE 100
ng/mLel A LPS ©= 2] 7o] & el Hlste] Q14kst

],

¥ p38, ERK 2 JNK©| w3 ko] 212t 19%, 52% 2 48%
7+2~31 THFig. 5A-C). LPSE MAPKs9} NF-kBZ 243}
£ 53] NO ¥ pro-inflammatory cytokine= A7 1jr
olZ gt FF & ol AWl gt wapA] E

ol 2% T B W FEE A5 A8 & “’2‘
7H &3 NF-kBo 43} 2 MAPKs 2143} oA 2
013t & J=gylz AlgHTL

H 523 9N &0} ¥ =7 »E
Mast cell& RE g Bz oy bz oA &z &

Iz proteaseb} hlstannneq- 71_3_
H]é}uﬂ i, B8 2, 357
S| 9lom, ole 9

7

Flele owu xgxwg



1154

Sk 2 5 A 75818 A #2434 AT (2017)

LPS—+ISEE
PBS LPS 0.1 1 10 50 100 (ng/ml)
— - - iNOS
- G - e mm— NF-«B p63
S — — | — — [S-acl:in
A 12 B 12 12
& 5 NOS = i coxa | © e 4 NE«B p63
1 a 0 1 o
& 08 u & 02 b = 0z
& 08 g 02 N & DE
| = = P = - c
2 04 g o4t S e S04}
Al [l mH R g AT
0.0 |_| 00 o0
IP§8 - + + + + + + I - + + + + + + ’s - + + + + + +
ISEE » . ISEE o T ISEE . -
{ugmL) - 01 1 10 50 100 (ug'mL) 61 1 10 350 100 (ugml) 61 1 10 50 100

Fig. 4. Effect of Ishige sinicola ethanol extract (ISEE) on LPS-induced iNOS (A), COX-2 (B), and NF-xB p65 (C) expression in
LPS-stimulated RAW 246.7 cells.

The levels of iNOS, COX-2 in the cytosolic protein and the p65 subunit of NF-kB in nuclear protein were decided by western blot analysis. RAW 264.7 cells were treated
with the indicated concentrations of ISEE (0.1, 1, 10, 50, 100 ug/mL) and LPS (1 pg/mL) and the proteins were detected using specific antibodies. For quantification, the
expression data were normalized to the [-actin signal. Means with different letters (a-f) above the bars are significantly different (p<0.03).
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Fig. 5. Effect of Ishige sinicola ethanol extract (ISEE) on MAPKs expression in LPS-induced RAW 246.7 cells. The levels of p-p38 (A),
p-ERK (B), and p-JNK (C) in the cytosolic protein were decided by western blot analysis.

RAW 264.7 cells were treated with the indicated concentrations of ISEE (0.1, 1, 10, 50, 100 pg/mL) and LPS (1 pg/mL) and the proteins were detected using specific antibodies.
For quantification, the expression data were normalized to the [-actin signal. Means with different letters (a-g) above the bars are significantly different (p<0.05).
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Fig. 6. Inhibition of Ishige sinicola ethanol extract (ISEE) on croton
oil-induced mouse ear edema.

Means with different letters (a-d) above the bars are significantly different (p<0.05).
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Fig. 7. Photomicrograph of transverse sections of mice ears sensitized with topical application of 5% croton oil (v/v) in acetone (a-c) or
vehicle acetone (d, non-inflamed), stained with hematoxylin-eosin (A) and toluidine-blue (B) examined under light microscopy (magnification:

%200).

Treatments: vehicle 2% Tween 80 (a), prednisolone 0.08 mgfear (b), and Ishige sinicola (ISEE) 20 pLfear (c). The numbers 1 and 2 indicate dermis and epidermis, respectively

and the arrows indicate mast cells.
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