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ABSTRACT

Anti-inflammatory effect of ethanol extract from Ecklomia cava on
gram-positive bacteria(Peptidoglycan)-induced macrophages

Ok-Hwa Kang', Sung-Bae Kim', Joon-Ho Keum!, Su-Hyun Mun’, Yong-Sik Kim'
Byung-Kwan An', Hyeon-din An', Dong-Yeul Kwon'

'College of Pharmagy and Wonkwang-Oriental Medicines Research Institute, Won-Kwang University
“Dept. of Oceanography, Kunsan National University, Kunsan

Objectives : Fcklonia cava is brown alga{Laminariaceae) which grows is sea, it has antioxidant,
diarrhea and anticoagulant effect. In this study, the effect of ethanol extract of Kcklonia cava
(EC) on peptidoglycan(PGN) -induced NO production in RAW 264.7 cells was investigated.

Methods : In the present study, IL-6 production was measured using the enzyme-linked
immunosorbent assay(ELISA), prostaglandin Es(PGE;) production was measured using the EIA
kit, and inducible NO synthase(iNOS), cyclooxygenase-2(COX-2), and mitogen-activated protein
kinase(MAPK) activation, as determined by western blot analysis and reverse transcription
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-polymerase chain reaction(RT-PCR).

Results : EC inhibited PGN-induced NO and IL-6 production. Consistent with these
observations, the protein expression of iINOS and COX-2 were inhibited by EC. Moreover, EC
suppressed the phosphorylation of extracellular signal-regulated kinase(ERK) 1/2 in PGN-induced

RAW 264.7.

Conclusions : These results suggest that EC has inhibitory effects on PGN-induced PGEs NO,
and IL-6 production, as well as the expressions of iINOS and COX-2 in the murine macrophage.
These inhibitory effects occur through blockades on the MAPKs phosphorylation.
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el (Ecklonia  cava)s ZZRAE  HARE
(Laminariales) ®]93H Alariaceae)S] A1 E2A 2]
+ 2R o147 qon, AT HPgze
A7t g4 A= o] kst AgdAle] By
Ha 9wk F2 fEvet AFdds dlof &
el MAlskar gle Zdie 8 HIVEA, Wdz
A AL, gkl B4 Fol YR WA
Powg AT AFoA gdelA ¥ ARo)
A AN Fas, FAE Tol Ax A
o2 weiAgY. B d3e A9 oz 23
(EC)ol 1stefAd+t PGNOﬂ o5 fx=% RAW
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HejEols 50 AAWAAE TEATIM,
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PGN(derived from Staphylococcus aureus), 2
A1 (BSA), FBS, 3-(4,5-Dimethylthiazol-2-y1)
-2,5-diphenyltetrazolium bromide, a yellow tetrazole
(MTT), PD098059+ Sigma(St. Louis, MO, USA)
oA 93t ar, RPMI 1640, sjVAlzl/AER S
n}o]Al2 Hyclone(Hyclone Labs Logan, UT)elA

Table 1. primer sequences for RT-PCR

F931930) p38, pp38. ERK, p-ERK, INK, p-JNK
monoclonal 33 &} peroxide conjugated 221 A
+ Santa Cruz Biotechnology Inc.(Santa Cruz, CA)
oA Fslgrt. 18] RNA extraction kit:
INtRONGNtRON, Korea)ollX F43ksiel COX-2,
INOS, B-actin oligonucleotide™= Bioneer(Bioneer
Corporation, Korea)olA % 38laict.

2 °F A

e AhdE g A A%
E(No. 07-32)2= AR JAHA] dgdsta ofstd
3 Bxatd Al BEsdd.

3) Primer 4]

RT-PCRE S3) <2 7} primerE AH8-3H
o}, Primer®] +4< w3 Zvh(Table 1).

cDNA Primer sequence

116 forward 5-CATGTTCTCTGGGAAATCGTGG-3
reverse 5-AACGCACTAGGTTTGCCGAGTA-3

iNOS forward 5-AGCCCAACAATACAAATGACCCTA-3
reverse 5-TTCCTGTTGTTTCTATTTCCTTTGT-3

C0X-2 forward 5-CACTCAGTTTGTTGAGTCATTC-3
reverse 5-GATTAGTACTGTAGGGTTAATG-3

Bractin forward 5-ATGAAGATCCTGACCGAGCGT-3
reverse 5-AACGCAGCTCAGTAACAGTCCG-3

2.4 H L oG HEF L3 orRE F9se AMEq

D A58 =AY

= 100% olg-E2 24171 33] #dRFES
et F29 FE2ES 1L 34 FA 557
(N-1000S, EYELA, Japan)ZS o]&sle] 23}
3L, ATOA B HYH wF Axd FEEE
olAketZ A4 (phosphate-buffered saline. PBS)
= S35k

2 ME e

2 M) Z(murine macrophage cell line, RAW264.7)

i

—_—

vHKorea Research Institute of Biosclence and
Biotechnology American Tissue Culture Collection).
WPAM Z= A F A EA 100 U/mLe] @l
YAlZ G2} 100 U/mLe) A~E#Erto]A)(streptomycin)
& A7 10% 27 "o} 8 A (heat inactivated
FBS)& A71st sbx18 RPMI 1640 wix|el o 5%
CO:4l <53t d7], 37C8) Lxz7]o= wjoFslsirh

3) MTT £#4

ECe] Az gt 54

i

A2 3-(45-Dimethylthiazol
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-2-y1)-2.5-diphenyltetrazolium bromide. a yellow
tetrazole(MTT) assay WO 2 BAslgdr) o=
mitochondrial dehydrogenasesel] &3ted MTT7F
formazano 2 A== A& A8 Zolvh 96
well platesl] 5x10° cells/mLe] RAW 2647 HZE
BFS S FEE 0, 100 vg/mL) & 223}
At MTT £40 mg/mL)E 7 welld] YW 4
A ZEEeE BA] wioFatdE. o] F A S Al A
2100 uLe HHE A ZAte] =(DMSO)E 7 well
of ¥lek. 184 A=d F FEE=F 590 nmel
A EAEH A 42 ok AHEE A o
- E3 7 250 FHES vER AAkskdH

4) NO A= &4

ECE 5x10° cells/mLe] RAW 2647417} wj ok
" 96 well plated] F=H(50, 100 pg/mlL)= A
Agstal, A7]e PGNg Z7F F43sdvt. wjok
st A 2F0) A2AE +A15ke] (riess reagent
(1% sulfanilamide, 0.1% N-(1-naphthyl)-ethylene
diamine dihydrochloride in 2.5% phosphoric acid
solution) 8} T2 E FYg F 570mellM FF=
£ &As5r

5) ELISA

RAW 2647 AZE 5x10° cells/mLzE 24 well
plateell %3132, 5% COz S7]o0A Wi 31
o}, o]F uwiA & wAskar EC(50, 100 pg/ml)&
77t Aes & PGN ASg & AZ EpdE
AR st A ZES AAAA AL 43
3, A4EA W IL-6 RS ELISA kit(R&D
Systems Inc. Minneapolis, MN, USA)E o]-4-3]
o A% EA A

6) PGE; &4

RAW 2647 AZE 5%10° cells/mLE 24 well
plate ol HE33, 5% CO; 27114 wiok 314
o}, o]F uwiA & A|AskL EC(R0, 100 pg/mL)&
77 AP & PGNeZ A58 5 A 2R
& AR A2ES AAANA AEAE

A8k, Az ) PGE, A4S BIA kit(R&D

Systems Inc. Minneapolis, MN, USA)E o]&3}
of Ak M.

7) RNA #¥ % RT-PCR

ECel 95t 9548 A2k iNOS 2 COX-2,
IL-6 mRNA walse] AAde obolr 7] $J3)ed
RT-PCRE mRNA ¥3E& ZzAIEE RNA ¥
RT-PCR RNA: RAW 264741 5x10° cells/mL
2 EFe vE, 9714 dejAl RNA o MulV
AR ALE A (reverse transcriptase), ImM dNTPZ
o] (DNAE &Ik o37]e) IL-6, iNOS, COX-2,
B-actin Zzlo]HE Y3 #AA ZZ7](thermal
cyclen)E o]&-3le] FFAZ ) THEelA RNAZ
2% ol7tR A A A7) gEA|FA UV HAE7|E
st

8) Western blot analysis

2:10° cells/mLE wjofo] Bk AEZ 445}
PBS(phosphate buffered saline)® A& 3t
lysis buffers H7Fske] lysis AIZ] 3 94 £
of Nzu AR & AAFGE ¢z 2w
BSA(bovine serum albumin)E ZF33}e] Bio-
Rad Protein Assay KitE AH&3le] AeFsleh
lysateZ mini gel SDS-PAGEE WAl Ea]dled,
o|Z PVDF(polyvinylidene difluoride) membrane
(BIO-RAD, Richmond, CA, USA)¢l transferstsl
v}, 723 membrane®l blocking< 5% skim milk
7} &% TTBS(0.1% Tween20 + TBS) 4o
oA AAsllel, ERKS 4 & AEsP)
98t A 2= anti-mouse ERK(Calbiochem, La
Jolla, CA, USA)E TTBS £lo|A X 3le] A
2o M uFEAZl F TTBSZ AAsc) 23 3
A2%x HRP(horse radish peroxidase)7} A%
anti-mouse [gG(Amersham Pharmacia Biotech,
Little Chalfont, UK)E 3] 3}e] ApZo| A WAl
71 % TTBSE AAzt] ECL 712 (Amersham
Biosciences, Piscataway, NJ, USA)3} whe =
X-ray 25 Z4sto

9) EAEA

off el
oo
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Fig. 1. Effect of EC on cell viability in RAW 264.7
cells.

Cell viability was evaluated with the MTT assay. Data
represent the meanstS.E. of duplicate determinations
from three separate experiments.

2. PGN2Z 7= RAW 264.7 M|Z0ilA1 NOOf
Cieh ZEfolEte FE=(EC)2 M &2t
NO9| Wl 95& 238 gUst ez o

AZe RAW 2647414 PGNez £%9 NO9|

Lo g BEC &3He ZA437) 18, Az

ECE A AsAd Aza] ol 147 3

PGN(30 ng/ml) 2 A=3ct. PD0%059E ERK

129 QA2 dzdos AReiade AEAs

2N F AzeckdE AFE N0 ¥&
Griess AlF W& %3] ZAAs9vh PGN2o=
A58 AEE ASEA] g2 A el w3 Gel o]
2F8) NOE #dslgdont, EC(100 ug/mL)e 5
2o M+E ERK 1/72¢] A4 PD098059(30 uM)
Bt BARCE fos JA sk (Fig. 2).
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Fig. 2. Effects of EC on PGN-induced NO production
in RAW 264.7 cells.

RAW 2647 cells were pretreated with the indicated
concentrations of EC and PD098059(ERK inhibitor) for
1 hour prior to being incubated with PGN(30 ug/mL)
for 24 hours. The culture supernatants were subsequently
isolated and analyzed for nitrite levels. The experiment
was repeated three times and similar results were obtained.
*P ¢ 005 vs. the PGN treated group: significances between
treated groups were determined using the Student’s i-test.

3. PGN2Z R=& RAW 264.7 MZEOIM IL-6
Wmt wolol| thet Zefojels FE=(EC)
of oMl &1t
PGNEZ #x9 IL-6 A4l AT ECo) 235

ELISAZ ol-¢sj4 #2ad, IL-6 mRNA 43

o 93 EC¢ &3F RT-PCR #M4oz A

stdet. 7 Ash 509 100 wg/mL ¥Ee) ECE

A AT Aol 1L-69) Ak Do) A3

ZHaekoiet(Fig. 3).
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Fig. 3. Effects of EC on PGN-induced IL-6 production
and IL-6 mRNA expression in RAW 264.7
cells.

(A) RAW 264.7 cells were pretreated with the indicated
concentrations of EC for 1 hour before being incubated
with PGN(30 ng/mL) for 24 hours. Production of I1L-6
was measured by ELISA. Cells were pretreated with
the indicated concentrations of EC for 1 hour before
being incubated with PGN(30 ng/mL) for 24 hours.
The experiment was repeated three times and similar
results were obtained. Results are mean + S.E.
Statistical significance: *p ¢ 0.05 vs. the LPS or PGN
treated group: significances between treated groups were
determined using the Student’s (-test.

(B) IL-6 mRNA was assessed by RT-PCR in RAW
264.7 cells. Cells were pretreated with the indicated
concentrations of EC for 1 hour before being incubated
with PGN(30 pg/mL) for 24 hours. The B-actin mRNA
was carried out in parallel to confirm equivalency of
cDNA preparation. The experiment was repeated three
times and similar results were obtained.

4, PGN2Z wz& RAW 264.7 MZO{A PGE2
Aol CHEH ZEfolEtE FE=(EC)S A
H 22t

EC7F PGEAA S JAsHeA okelstde 5%
9712 NS08 ECE 27 50 ng/mL. 100 1g
/ml 522 107 54 A A 3 PGNoE
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Fig. 4. Effects of EC on PGN-induced PGE;
production in RAW 264.7 cells.

RAW 2647 cells were pretreated with the indicated
concentration of EC for 1 hour before being incubated
with PGN (30 pg/mL) for 24 hours. Control cells were
incubated with the vehicle alone. *P ¢ 0.05 vs. the PGN
treated group: significances between treated groups were
determined using the Student’s {-test.

b, PGNeZE FE= RAW 264.7 MZNA iNOS
2t COX-2 mRNA Zrodof CHSH ZEHOEIZ
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Fig. 5. Effects of EC on PGN-induced iNOS and
COX-2 mRNA expression in RAW 264.7 cells.

iNOS and COX-2 mRNA was assessed by RT-PCR in
RAW 264.7 cells. Cells were pretreated with the indicated
concentrations of EC for 1 hour before being incubated
with PGN(30 pg/mL)for 24 hours. The B-actin mRNA
was carried out in parallel to confirm equivalency of
cDNA preparation. The experiment was repeated three
times and similar results were obtained.

6. PGN2ZE R= RAW 264.7 MZ0IA MAPKS
o QlAtalof CHEH ZHEHO|EIE FES(EC)2
oAH
PGNo =z $%d RAW 264.7 M EZA MAPKs

9] olatzlel] Wt el ehe F2E(EC)Y =3

£ Western blot analysis® %3] #lstsic}. EC

(50 pg/mL, 100 vg/mL)E PGNoZ =35 RAW

264.7 MENAM ERK 172 MAPKS QAHEE 5%

e o7 AAstdr}. T3t p3ss} INK MAPK

o] QlAtstel| & 3k FA sk (Fig. 6).
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Fig. 6. Effects of EC on phosphorylation of MAPKS

in PGN-induced RAW 264.7 cells.

RAW 2647 cells were treated with the indicated concentrations
of EC for 1 h before being incubated with PGN(30
ng/mL) for 30 min. Whole cell lysates were analyzed
by Western blot analysis. The experiment was repeated
three times and similar results were obtained.
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