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Anti-inflammatory Activity of an Ethanol Extract of Laminaria japonica
Root on Lipopolysaccharide-induced Inflammatory
Responses in RAW 264.7 Cells
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Bo-Ram Kim, Na-Kyung Ahn, Yeon-Uk Choi, and Dong-Hyun Ahn*
Department of Food Science & Technology/Institute of Food Science, Pukyong National University
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Abstract Laminaria japonica roots have not been used practically in Korea. In this study, in order to promote the use
of these by-products, the anti-inflammatory activity of an ethanol extract of Laminaria japonica root (LJREE) was
investigated using a lipopolysaccharide (LPS) to induce an inflammatory response in RAW 264.7 cells. To examine the
potential anti-inflammatory effects of LJREE, levels of nitric oxide (NO) and pro-inflammatory cytokines, such as
interleukin-6 (IL-6), tumor necrosis factor-o. (TNF-a), and interleukin-13 (IL-1B), and cell proliferation were measured. We
found that NO levels decreased in a dose-dependent manner, the production of IL-6, TNF-a, and IL-1p was suppressed,
and the production of IL-1B was inhibited over 30% after treatment with 100 pg/mL LJREE. In conclusion, the
proliferation of RAW 264.7 cells, measured by MTT assay, confirmed that LJREE may have significant effects on
inflammatory factors without any cytotoxicity, making it a potential anti-inflammatory agent.
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2beFo] oF 200-300 kto2 vid F7gkel wal gaul 7hg At
=1 TAvE ] E=R ARl SskaL e A olth(13).
ZIEE vt e ol A8oE olgHE U3 I 240
H]s=dle] 2]o)Ad-f-¢} alginic acid, fucoidan 5¢] TFE# Z-go]
Bo] FrHol Sl Zer dHA o, A7 thAet B

29] Azl B te A7E WD vk Gk,13)

W, 9F W3 gR Ao o YA =8 Yol W
o) s oRexy B4 fgolu fal2a, sek A3
g Al 7ol 3k 445 5 AdsEE 71-oltk(14).
2k AW GF WSOl th2A|E (macrophagey= YAMSFEA(NO)
9} interleukin-6 (IL-6), tumor necrosis factor-o. (TNF-or), IL-1B
o 22 dFd Wil EEES ALtete] 7 2714 A wo] o

&2 sk Aoz LA deuk15), oleg wizh kel 24

g Aol ot X&) AF WS HE £A8 EFXlEl, I
He suAsl, 9y, 3EE 9 o e 7 vy 954
AgS FE8TH(16). ©19F Zo] NO 2 954 cytokine> 95
ek s BAE] o] o)Ee] AAHS 2HE F e
Edo] 9% H3e| A 9 XEAZ FE vy ot 53] ¥
Al AREL e FATAE A9, A 2 A Ashe 27
ke T TAEES At o], 2 ARge] 4 AFEHA 7]
2o (17,18), AL Falle] Ho} ke a5 A3 x84 2
XS HZAZE 753 @l 9o old &k Ayt &ds] g
H 3 Jrk(19,20)
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of & A= ThAIm —‘?"— =2 sk el 284
H2oz slo] LPSE F=¢ RAW 2647 AlE9] 5

of tigh AWk e oeE: FE=e] adE Adshy] Sl
NO 2 A¥hEA cytokine (IL-6, TNF-a, IL-1p)2] & A= A
E 540 tiete] 2ARslRlen, ol Fal FHT TS e

715 Al Ee) 7hedE Brelaat sl

(T

e o
48 M=
2 Aol AWt BAIRNLaminaria japonica) Yl ¥4t 7]
& Aol FMEIREE AFRekon ol @R 7Rl &
]fﬂ'_’ A 7Axe & Bogely 3F Aske] 20°CollA A

gate] ARg-shsiTt.

CIAlOF 22| ofEtg F&E M=

ThAlu} Brg)e] Az Eol 10819 95% olehe-S 718lal, i
17| (H-0820, Dongwon Science Co., Busan, Korea)S ©]-&3}¢]
24A7F FRF A2l wutsle] FE3Ath U471 (UNION
32R, Hanil Co., Incheon, Korea)S ©]-&3}4 3,000 rpmo Al 10%

b AL e & AEAE FHH L, O]—r T2 AE olet T
gt o2 23] WkE FEth 553 A2 37°CAA
rohe

ifes r“

N

&Z%7|(RE200, Yamoto Co., Tokyo, Japan)Z &Z3}50m,
Fato] 7AxE A8 20°ColA Basis A3l o]&-3titt.

d

%

M|zzH 2F

Murine®] &M Z3Q RAW 2647 NEE S=tA ZF-23
(KCLB 40071, Seoul, Korea)ollA] < wrol A28}, Dul-
becco’s Modified Eagle Medium (DMEM) (GIBCO, Grand Island,
NY, USA)°l 10% inactivated fetal bovine serum} 1% penicil-
lin-streptomycins F7}sF WA & vlGgA S Z 37°C, 5% CO, =4
oA FstATE.

ME 54 5%

A& AE=RE B7kshr] el Pak SN2l W& oFF
HEY 3] MTT assayS AAISFA T RAW 2647 AEZE 1x10°

cells/mLe] F=F 96-well plated] #F3k3 20417k F9F A wljk
¥, 1ugmLe LPSS} FZES H28(0.0, 1, 10, 50, 100 pg/
mL)E F7Fske] 37°C, 5% CO, incubator (MCO-15AC, Sanyo,
Osaka, Japan)ollA] 24417k i Fsldtt. vleF &, 5 mg/mlL 529
MTT AleFS H7tste] 2A17F A vl g3tal o] & 4°C, 2,000 rpmel|
A 1057 9452 (UNION 32R, Hanil Co., Incheon, Korea)s}
o AFAS AASIATE 2 &, ZF welldll dimethyl sulfoxide
(DMSO)E #7135l ©]& microplate reader (Model 550, Bio-rad,
Richmond, CA, USAYE ©]8-3t¢ 540 nmollX 2585 S35k
om, NMEZFA TS Ty 2 oaf ALtetAT

Proliferation Index (%)=sample 3 /control 3 %=x100

Nitric Oxides (NO) MMZ =X

NOY| FLEE griess H-(22)S ©]8-3to] g 9] nitrite &
=5 23k RAW 264.7 M¥E= DMEM HIR|Z 2.5%x10° cells/
mLoZ ZHE3 T 24-well platee] FE3SHL 5% CO, incubator
(MCO-15AC, Sanyo, Osaka, Japan)ollA 2047+ &<+ A wlY313)
th AlZol| 1ugmLe] LPS9t FE=5 SAlo Aelste] 24A17F

A viFsIATE vkt o] AEolo] FaFe] griess A12H(1% sulfanil-
amide+0.1% naphthylendiamine dihydrochloride, 1:1)S #718te] 4
2014 1087+ ¥F8-A]7] 3L, microplate reader (Bio-rad)S ©]-83}<]
540 nmellA FBEE STk AE v W Noo| &=
sodium nitrite (NaNO,)2| F= EF43} v|wsie] A3t

Pro-inflammatory cytokine 2H|2 &3

RAW 2647 AIEXE 25x10° cells/mLE X3 T 24-well
platee]] E3taL 18A17F B A wiFstdet. Mol 1 pug/mLel
LPSS} FE2ES T2l 7@3] ste] 12717 A wiFstlTh. Al e
ok o] [L-6, TNF-oo & IL-1P cytokine®] ¥H]Z-S ELISA kit
(Mouse ELISA set, BD B10501er1ce, San Diego, CA, USAYE ©|
3l 23T} o]2 Y3 ELISA microplate®]] capture anti-
bodyZ anti-mouse IL-6, TNF-oo & IL-1BE £F3t 4°ColA 3}
24k 52 coating | At ©1E 0.05% Tween 20°] ZFE phos-
phate buffered saline (PBST)Z Al23}3L 10% fetal bovine serum
(FBS) M2 =2 blocking 3t5itt. PBST= AlAgh #, 7} vk 4
SHE Tt Aol 24ZF BESAIZIE THA] PBSTE Al
3 5 33 biotinylated anti-mouse IL-6, TNF-o detection
antibody®} streptavidin-horseradish peroxidase conjugate% H7tst
o] ALoM 1A7F BEEAIA T IL-182] 7-%-, biotinylated anti-
mouse IL-1B detection antibodyS H7}stx 1A]17F WkE 3,
streptavidin-horseradish peroxidase conjugateZS 715l] 308 W3-
ANAY. 2 5, o5 ©A] PBSTEZ Al# 3 v, O-phenylendi-
amine (OPD) %OH_Q_ = 7]_—3]_0:] /ﬂ_g)_oﬂ,q 301:1 Eo]- o]—HLQ_ A]?ﬂ
t}. 2N H,SO,Z ®He-& FHEAIZ] ¥ microplate reader (Bio-rad)
£ ol&sto] 490 nmellM =S SA ST

SH X2

BE A% Aol tigk f2Jx} 442 SAS software (SAS Institute,
nc., Cary, NC, USA)A HIzke E4HEA 3 5 Duncan’s
multiple range testfol]l wWEF p<0.05 F=ollA AA AT

=}

A2 o oa

K

CIAIOF 52| OEHE F&EEo| MESY

MTT assayS ©]-&3te] thrln} ] oghes FEE9] A2 &
Lo W2 RAW 264.7 A E9 35—2 s S7gsilnh. 2 Aak(Fig.
), BAEl e oeke FEES 0.1, 1, 10, 50, 100 ug/mLe] &
T2 A A BE FEA TiiaHLOH Hs) X F2Ee] T
7FRS BHo] ME 540 §leS BRI o= Lee9t Lim(23)

o oqx4 FdS &l tigk A5+ 2 Yoon T4 FH F
&9 FET Tl g A+ MTT assay 2o} ARSI

wheA] ?4 =
A oM = *ﬂz =40l YeERA & 0.1, 1, 10, 50, 100 pg/
mLe] & Z7ACE ANFE XEse] NO % cytokine #H] &
A Z2AE 24 hiﬂ}.

b el ke F2Ee) BUs B4 W7

[<Jh=2<)

RAW 264.7 MiZe| NO &2H|E &3

NO+= NO 33 &4l inducible nitric oxide synthase (iNOS)
O3l L-arginine25E AYEE F7] FYARE GEHA dE
oME Y, 3 &, Ay v T AP 7eg =
ke Fa3k TS sHAITH25,26), %— HhgollA ZpdEE NO
© 8% TS STPIA FEE 4o 955 AsA o
ek M g 2SS %_'374 e dE 23S 9 g
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Fig. 1. Effect of Laminaria japonica roots ethanol extract on the
proliferation of RAW 264.7 cells. “®Means with different
superscripts are significantly different (»p<0.05).
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Fig. 2. Inhibitory effect of Laminaria japonica roots ethanol
extract on the production of nitric oxide in RAW 264.7 cells.
“*Means with different superscripts are significantly different

Aoz Idefx rh27,28). wheh & A

£ LPSE F =% RAW 2647 A E| thAn} 8g] ogke
ZES H2H(0.1, 1, 10, 50, 100 pg/mL)= FH7kste] ik A=
A o] No9| 42 27435t NO EH|d mzl= A}l 8

o?:ﬂ

]_
oets FEE9 a¥9= A HUTHFig 2). LPS Ag 3 NO
AEe 5770 uM/mLO= 7‘““1].43 65 uM/mL)el B13) <F 158)
F7HHE Bo, thala B oleks FEE Ul o8 F
SEE Z}z} 5721, 5672, 5444, 45.15, 4135 uM/mLS2 LPS
A ool BlE] NO #H|Fo] frojxog ZHaghs Bt
Choi 529y thAlnl & F9] WEHE: FE2ES <F 200 ng/mLe]
FEE 28] Al RAW 264.7 A3 <F 21.4%2] NO A4 A
3 &35 Atk Rysith 2 A A3, At By o
e FEES 9 100 pgmLe] F=olA oF 28%°] EHE B
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Fig. 3. Inhibitory effect of Laminaria japonica roots ethanol
extract on the production of IL-6 in RAW 264.7 cells. “*“Means
with different superscripts are significantly different (p<0.05).

RAW 264.7 MZe| IL-6 2H[E X

A5 wESOllA] cytokine®] EH]ol| sl ThAlw} ¥
EE0] MAe TS gohrr] 98, LPSE 9% =5
St RAW 264.7 MXEo| tire} 8] oghe FEES T4 (0.1,
1, 10, 50, 100 pg/mL)E H7Fste] 8| FFHe] IL-65 ELISA
kits o83t AT, 2 AZ(Fig. 3), BTl IL-6 &
Hl= L‘rE‘rb}Xl B, LPSHE A& Iﬂ%Z?L A 269.97 pg/mL
o FHFS BROY, thint B oekE FEE AP F§
=R= 42% 257.54, 246.42, 228.10, 22221, 208.47 pg/mLe] ¥H]
£ Hol Tk oEF o7 [L-62 Hu|7F AES Felsigon,
53] 100 pgmLe] FE= M Al °F 23%°] &5 HYS &
Attt & A o]8E a7 34 AT Alx 9u AR
LPSE A EA A 75e zdste W/lEd 2 NOost
PGE,8} 7+& AZ w7l ©]9]o|= nuclear factor-kappa B (NF-xB)
&3l H=2E B3l IL-6, TNF-0, IL-1B2} 752 pro-inflammatory
cytokine2] EH|E Z71A171™(30-32), ©]213F cytokineS T E
o HATE 23k ThFe AlXoA AdEo] Mo AYS

oz wojsls 9IS 3H(33,34). 53] IL-6= B MxE7
plasma A ZZ E3lEE WAIE A AIFoEHN A EujE
Z2AXA FA 9= e 4 A= wreo=m z%:@l/\] 7= o
a8 3th(35-37). wEb tAlwl EE] oEke & Eo] RAW
264.7 A ZoA IL-6 HHS JAs= AL T3l 9% A a4

7HE 1At
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Fig. 4. Inhibitory effect of Laminaria japonica roots ethanol
extract on the production of TNF-a in RAW 264.7 cells. “*Means
with different superscripts are significantly different (p<0.05).
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Fig. 5. Inhibitory effect of Laminaria japonica roots ethanol
extract on the production of IL-1B in RAW 264.7 cells. “*Means
with different superscripts are significantly different (p<0.05).
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RAW 264.7 cell®] ¥j%F A== W] TNF-0Z ELISA kitS ©|-&3}
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olN m
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£ AFeMe ek 7 Al FARER Bk ohale B
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g qeg FEEO] AESEAS 7R Gotry] 913 MIT
assays XEgH A3, BE HIL sRAA dAAME F250]
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