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2 9 B dFoie et 5E BElote] $E3t Laminaria japonica®l FA1sE 4 IFES A4S Ao 0
% (0%E), 30 % (30%E), 50 % (50%E), 70 % (70%E) ¥ 90 % (90%E)X/d ole+&ol| Laminaria japonicas Zt
7y Arfete] 58S AUt GC-MS &4 Z3} Laminaria japonicall FZE0|A To|EA A J&£& E2lst
¥t 1.1-Diphenyl-2-picrylhydrazyl (DPPH)?} 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS)E 283 FAkst AL 50%E 2319 FEE0NA 7P w2 &7 842 &Ast3lt) Nitric oxide (NO)
&AL Lipopolysaccharide (LPS)Z =¥ RAW 264.7 MZEA 70%E 3&E°] 1 mg/mL sxoA 59.6
+ 2.67 %& 74 =2 NO AiE Wetlitt. %Y, Laminaria japonica 325 oMM EZ9 AHEo]5E& &£A
AlFTE B AF A 50%E 9 70%E ZANA &%t Laminaria japonicall SEAEL A&, Q9E W Mt
9 IAAAQ 71548 A2 82 & US A2E JgHH

Abstract This study evaluates the antioxidant and anti-inflammatory activities of Laminaria japonica
extracted using different ethanol concentrations: 0% (0%E), 30% (30%E), 50% (50%E), 70% (70%E), and 90%
(90%E) ethanol were added to fresh Laminaria japonica. The GC-MS analysis revealed the presence of
phytochemical components in the ethanolic extract of Laminaria japonica. The antioxidant activity of
50% ethanol extract was highest in the 1.1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-bis
(3-ethylbenzthiazoline -6-sulfonic acid) (ABTS) radical scavenging assays. The anti-inflammatory effects
of Zaminaria japonica extracted with different ethanol concentrations were examined using the nitric
oxide (NO) inhibition assay. In lipopolysaccharide (LPS)-induced RAW 264.7 cells, 70% ethanol extract
showed the highest inhibition of NO production (59.6 + 2.67%) at 1 mg/mL concentration. In addition,
the extract of Laminaria japonica was observed to enhance the cell migration of fibroblast cells. The
results of this study indicate that Zaminaria japonica extract can be used as a potential functional
material for foods, pharmaceuticals, and cosmetics when extracted with 50%E and 70%E ethanol.
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2.1 Nz ¥ M=

B AYo AMESE AU Zaminaria japonica) =
Aepd 9= AXH LR ALso)A HFsto] ARE-
oI}, F(pretanol A, 95%)2 GAEESSH (Seoul,
Korea)ol Al 7+45t3tt. 2,2-diphenyl-1-picrylhydrazyl
(DPPH) 2,2-Azino-bis-(3-ethylbenzothiazothiazoline-
6-sulfornic  acid  (ABTS),  3-(4,5-dimethyl
thiazol-2-yl)-2,5- diphenyl tetrazoleum (MTT),
dimethyl sulfoxide (DMSO), Lipopolysaccharide
(LPS)%= Sigma (St. Louis, MO, USA)lIA 5}ct.
Dulbecco’s modified Fagle’s medium (DMEM),
(FBS),  trypsin-EDTA,
penicillin-streptomycin® Gibco (Rockville, MD,
USAAIEZ A&t

fetal bovine serum

2.2 CIADF 534 XA
AT AL B 1 ke 308 BU B2 B
AE F, 22 48] FRE FTEL AAN 99 2

2719F==4=2] (DF-100A, DURI Scientific Inc.,
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Korea)E o]-8slo] 121 T4 1587 A=stAict. A
g F UE2 22 AIF & AA ARAIR S Ao ALE
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S8 719k 8719 74L& 2ol UHAxl 100 £ 5 T
2 6AIZE ol 7hgsto] ds] EalstAt. o]F AR
3] SHAIX v IN HNOz&H o= 3]4sto]
£ 42 245tk & 3%9 Fa5S wAskeleH,
Cd, Pb, As9 F&t =23 Zetzut AFEA7
(Inductively Coupled Plasma Mass Spectrometer,
NexION 300D, PerkinElmer Inc., USA)E ©]-&3}o]
Haioc

ol
=

2.3 Nz M=

g ohAek o]l F=E(0, 30, 50, 70, 90 %)
F74 985 8HE st FEES ARSI £4 0
%WEFF100 %)= BT 10 goll 75 100 mLE F7t
(1:10, w/v)ste] 100 TolA 342 B9t WHE &3 &
¥4182]7] (UNION 32R, Hanil Co., Korea)Z 2,090
x goA 1087 YAEES & A4SHS FHstat.

dojzl Ak olet FUS oz 23] §HEsio]
E319k. 33] F&Edto] dojd AEUe demo|H
(Advantec 5A, ToyoRoshi Kaisha, Japan)& 2] A
Alsto] Fojxl FE2ES 557 §lol 527X (shin
BioBase co. Ltd., Korea)stith. ¢} 242 vhyo=g
F4 5% 30 %, 50 %, 70 %, 90 % -SHof ThAJu} Hat
10 gofl =1 54 100 mLE H7K1:10, w/v)ste] 33]

FEolo] A2 FEHE 55 T water bathollA] rotary
evaporator (Rotary vacuum evaporator N-N

series, EYELA, Japan)Z 7ol 5&5t 2252 A
T7AZ (vacuum drying oven, Vision, Daejeon,
Korea)st & EU3l6lo-700C ZAL2 W51
(DF9010, Ilshin Bio base Co., Ltd., Dongducheon,
Korea)oll E3stdAA AE2 AMESFT

FEEY 4 s &2 Eels] Hof EE &
7] FAC AR & A8 A Ao|R &5 I
24 FE29 82k

UV-Vis spectrophotometer (UV-1900, Shimadzu,
Japan)® 7@ A (400~700 nm)9| &5 o
olA FF = (absorbance)E S7dsIoitt. SEAXH Al
g+ 10 mg/mLe] =& ZF F&8vljol| gsjAFTh

2.5 FE29| g& 24(GC-M9)
7y 225 AJE B4S 996 GG-MS(Gas Chromatography
Mass Spectrometry, GC-2010; Shimadzu Co.,
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Japan)Z o|-&3l o DMSO°| &&3] &3)gt
AEE71E ol8ste] HRES A7 st vio]a =2 ZE
0.45 pmE ojFste] Algg FHeHth dYE
BD-5(60 mmx0.25 mmX0.25 mm), carrier gas=
He©S & flow rate 1 mL/min, injection 2%+ 250

T, split ratio 10:1, oven 2%+ 50-300 C/3 C &
£ injection volume2 1 plL ZACE HREXS 3}

FOom, mass selective detector(MSD)°A] mass

range 28-550, acquisition mode: scan mode X
Aoz Brse Husin

2.6 DPPH 2{0|A XMalls =X

2,2-diphenyl-1-picrylhydrazyl(DPPH)  radical
scavenging activity== Bloise] ¥l &slo] AL
g S &4 #5522 1, 5, 10 mg/mLe]
557t H=E 70 % ethanolZ 3]45to] AR89t
DPPH+= 95 % ethanole] 345te] 517 nm 32
ZA5och. 55 €94 0. 20 mLe} DPPH €94 1. 80
mLE test tubeo| $Y F Eoto] 3087 ¥HEAIF
o} ¥FS-EL UV-vis spectrophotometerE ©]-&5}o]
517 nmolA FBEE ST HAH HRTLCE=
ascorbic acid& ARESIRTE.  DPPH  radical
scavenging activity= A|&37MLe} FH7EY &%
TE oto] ME-EE FASISITH

2.7 ABTS 2H0Z XNalls =

2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic) acid (ABTS) radical scavenging activity+=
Re 9 WHE 74 o] FAFEE SAoITH12].
7t 2EE2 1, 5, 10 mg/mLe] L2 70% ethanolZ
gMsto] AMgSIYtE 7.4 mM ABTS®E 2.6 mM
potassium persulfated Egsto] A2 FaofA] 244
7t &< A6t radicals FAIZ] o2 A ZHf
ABTS €95 732 nmellA JFg%=7} 0.700 + 0.01°]
EZ=2 phosphate buffer saline(PBS, pH 7.4)& 3]
Asto] ARgSHITE +28 89 0.2 mLot ABTS 8%
1.8 mLE test tubed] 59 & Eote] 3083F HHEA|
At ¥-g-E2 UV-vis spectrophotometerE °©]-&3}
o T4EE =745ttt ABTS radical scavenging
activitye= A&3 7Rt FE7S] §8EE ot
WEeg BASIT
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Raw264.7 cell& 5.0x10%cells/well® 96 well
plateo]] B35}, 37C, 5% CO* incubatorollA] 244]
st ud & 4 582 025 05, 075 1
mg/mL HEZ A5t 24A17F B wiket &
MTTE&HE AYE &9l AR5 A=tk MTT
S5 mg/mL)Z 10 W¥ ZHz welloll A7kstar 241t
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2t Bt HiFSIAT. o1F thAluket & A& 0.1, 0.5,
1 mg/mLE 100 wl 2+ LPS (1 ug/ul)E B4 A5t
24417k v Fstal, Al i A5 100 W€t Griess Al
9F 100 ) &39¥ste] 1083 A9 AofA FHEA11 &
540 nmol|4] ELISA readerg °©|-83lo] S3EE =4
sttt ABdE NO9 2 Griess A12F (1 % (w/v)
sulfanil amide, 0.1 % (w/v) naphylethylene
diamine in 2.5 % (v/v)phosphoric acid)& ©]-835}o]
A|Zejoye] o] EAsH= NO* 9| Fej& =45t
HEZAL2 sodium (NaNO)=E
dilutiondto] At

nitrite serial
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F HYolM 2 AulE Zh=tH11). HaCaT AIEZE 48
well plated] 5x10cell/well®] =g BFsio] 37
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33 87t
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89| 5kt Table 1 3 ) 112 7IFEAL tHA|
ko] Fa& Aol a3E el 12718 A
o= trAJuto|l A 0.05 mg/kg, HlA 3.24 mg/ke, 7t
TF 0.05 mg/kg °] A&HUHY, IV RSH =
0 mg/kg, B4 0.04 mg/kg, 71=F 0 mg/kg 02 &
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Table 1. Concentration of heavy metals in the
processed Laminaria japonica collected

from auto calve

Heavy metal concentrations
(mg/kg, dry weight)

As
3.24
0.04

Species

Pb Cd

0.05
0

0.05
0.00

Before

After

Laminaria
japonica

==0O AO

chAleh $2 T e A
7} =940 g oAt AxH tiAule] 33 =&
T &S IS S/ FE2 7.32%% 7M=&
9tom] SO%E ZAOIA 656 % eSS
(Table 2). 774 T4 £L42 Lo Axue] M4
& g0z Bt

]
&l
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Table 2. The yields of extract manufactured by
different extraction solution

0 30 50 70 90
Specics %E %E %E %E %E
Yield (%)

Lami 2.53 1.56 4.89 3.99 1.05

aminara

j/aponica 3. g3y 354 656 465 326
c“eycle
3.3 FE=9 g2

azxF= TP 954 2223 (Chlorophyl)d 2
M2 EFZE (Fucoxanthin)g &3k 2442
ERATH14].

7} goljof we A|Re] 23A40] B AER}
£ Fig. 1°] YeRET) 7&’91/\% ZHA1 2] 400 nmoll

A FHd F4E U F49 gl 2258
A8 4do S2292 400 nm@} 460 nmol] Y
3} 670 nmoA =49 B 137} Tt Hd
SRl 400 nmE-ellAe] 0% E= 0.269, 90 %E
oA 0.5640 EB= 2 B

Laminaria japonica extract powder

‘\WW ‘

0%E

30%E
50%E
70%E
90%E

L

Absorbance ( a.u.)

500 550 600 700

Wavelength (nm)
1. UV-VIS spectra of extract from Laminaria
japonica.
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Table 3. Compounds isolated from Laminaria japonica extract

0 %E 30 %E 50 %E 70 %E 90 %E

RT Compound name
Area (%)

27.8 Ethanol 15.34 13.66
28.4 Silane 9.99 16.05 3.52
38.4 Dimethyl-tricyclo
39.7 Tetradecanoic acid 3.46
42.4 Tetramethyl-2-hexadecen-1-ol 2.62
43.8 n-Heptadecanol-1 2.35
46.4 1-(+)-Ascorbic acid 7.86
46.5 Pentadecanoic acid 4.72 18.47
51.0 Phytol 4
51.6 Octadecadienoic acid 3.69
51.8 cis-Vaccenic acid omega-7 fatty acid 14.75
56.5 Eicosapentaenoic acid 6.22
62.0 Palmitic acid 5.76 4.29 3.83 14 3.61
665 z—hydrgxgcfiieyizzlycrniiﬁil)(ezzhﬁ ester 359 214 242
68.5 Erucic acid 80.66 75.65 74.65 71.72 25.53
77.6 Stigmasta 1.13
79.6 Fucosterol 8.23

928
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ohAlEke] 0 %E, 30 %E, 50 %E, 70 %E, 90 %ES]
FEEA 1739 el HEH AL FRlsiith
7 Tl wet olskels AdE Afol7t FRlE it
E3], 90 %E 214 U2 2HES] tiRE2 1459
ExsRERlo] FAEFIL}E. Phytol, Octadecadienoic
acid, cis-Vaccenic acid, omega-7 fatty acid,
Eicosapentaenoic acids AE|sH 7|52 7H4 3¢t
EE FE2 gt bt sREY s 9
4 SISitHTable 3).

50 %E AlZOf|A] 1-(+)-Ascorbic acid’dHo] 7.86 %
7F gRl= et sixFol R AAY] JFA 7HA
7h GEAAA DEAE ARFOIA BRI AL 2750
7H ol eFElo] itk ®stitH16,17].

3.5 DPPHEIHA AHs =X

DPPHE #7189 T 849 255 T4 &4
oz del o851 9ot DPPH radical
scavenging activitye A8 49 HAAZ 502
sl ofRlF 9 WS sRkEo] Qo SHEo] HabM
o A A s XEE ot FASks S otk B
Z8E H= DPPH radical Al2Fo] A4St 283 85
radicalo] &7 E0] g o2 Sl = P E 0|85}
of EAsHrt. oAut FE£E9 DPPH radical
scavenging activity2 =743+ A3} Fig. 2 ¢ Atk &
Z£59] 559 radical scavenging activityZ} H]HgH
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=
=]
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- 0 1mg/mL
=1 05mg/mL
. img/mbL
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o o =1
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DPPH radical scavenging activity (%)
o

L N B
*
o "
- | ‘ ‘
"
0%E 30%E  50%E  7O%E
Conc. (mg/mL)

o

90%E

Fig. 2. DPPH radical scavenging activity of
Laminaria japonica extract. *P <0.05
compared with blank group.
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TAleE 228 50 %ER &3 oA 0.1 mg/mL
oA 41.4 £ 0.1.74 %, 0.5 mg/mLollA 52.78 + 1.0
1 %, 1 mg/mLolA 62.89 + 0.48 %= 7F =2
radical scavenging activityE EHt}. Kang 59
TAME 4 sko O Aa5EE0 4% 0 %EX

Fsrt =&55 DPPHHHZE &As0] FAH
= A%E BESIITHIal

Z4

2] X~

o

3.6 ABTS 2t

ABTSE= vlwd] QPSS AJENS] free radical®, DPPHETH
o 7R " 53t radical scavenging activityS
SR 4= qlo], bt AR 0|8 4 Qirh ABTS
radical scavenging activity< ZA9]  ABTS
radicalo] @45} E4S EJolll Qe FE2ET S
off At mMoF Wl dE 835 S ot

o (o]
[19]. ABTS radical scavenging activity 3% &%

2

olr
A

S
o
=

%
|
~

ox,

[e]
o
E43 A4 £ antioxidative activity £740]
7VFsolEZ dubdo=Z DPPH radical scavenging
activity 2ot & G2 S4o] s 24L& yepdcH10l.
ThAl} 22&59] ABTS radical scavenging activity<
ST Ay, 259 s=7F 71 ©=t ABTS

radical scavenging activity T3t S7F5l= A 291
stylom, 1 Ad= Fig. 39 2t
120 = 0 mymL
B 1mg/mL

100

*
*

T

*

S @ @
=) o =]

ABTS radical scavenging activity (%)
N
o

o

90%E

0%E

30%E 50%E T0%E

Conc. (mg/mL)

Fig. 3. ABTS radical scavenging activity of Laminaria
japonica extract. *XP <0.05 compared with
blank group.

AEEEE 50 %EF 90 %E Al&3a-2 0.1 mg/mL
o4 80.02 + 0.85 %<+ 81.53 + 1.88 %= H]3t =
£9 275 HESU

1 mg/mLOAE 94.45 + 0.27 %3 94.19 + 0.32
%9] radical scavenging activity® BTt Fu 52
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2 nA 229 ek st orwA
ABTS ehejzr 47 T4o] obit #e Husigrk
ofehe FE7b 50% olgFEE SARE BHS ekl
A7AINE LHEITH20],

ZFZ A

3.7 MESY B}

774 5 Tl 2580 ARSHL 2o 9
Sfof MTT3S ol83kict. 1 @k, BE HelZolA
AE JEEo| TE HeZNA 90 %ol HESY
& UehA] otchFig. 4). chAIote) 27 ol ue

3520 RERYY FHYS FIsoct

120 - DV
[ 30%E
N . 50%E
* [ 70%E
100 o1 e . 90%E
g ‘.
z 80
E
S 60
>
o
0 40
20
0

CON 025 05 075 1
Conc. (mg/mL)

Fig. 4. Effect of Laminaria japonica. extracted by
different  ethanol concentrations on
RAW264.7cells  viability. P <0.05
compared with control group.

w
o

ate &Y

%57 dEgore] AlaEeloM &%= LPSE &
=% RAW 264.7 CelloflA] @do] == NO+= HiolH
A, drE|g]of, A5 ot HYA ol gt #of Bh-&
gt 3238 £Aoltt. NO A4S dAIo= A 0F
T FAFTAE AET £ Q= B 5 shuolth ohAmt
FZE9 NO radical scavenging activity& &%st
235 Fig. 50 Uit 4 559 1 mg/ml 5%
oA 0 %E 21.2 + 0.32 %, 30 %E 15.2 £ 4.52 %,
50 %E 38.9 + 2.37 %, 70%E 59.6 + 2.67 %, ¥ 90
%E 48.4 + 1.45 %9 Tas3 AL

SiEF W AFolA AFRFo Ko AH
(Bcklonia cava)®] 16%9 dZFoIA NO radical
scavenging activity 23 50 %7} @& ZollA 70 %
oo} &/do] BEQIrH21].

930

100

-0 1mg/mL
== 0 5mg/mL

sl - img/mL

60

40

20

NO radical scavenging activity (%)

0%E 30%E 50%E 70%E 90%E
Conc. (mg/mL)

Fig. 5. Effect of Laminaria japonica extracted by
different ethanol concentrations on LPS-
induced nitric oxide production in
RAW264.7 cells. *P <0.05 compared with
blank group.

3.9 MEZO|SH HIt

HaCaT AZE ol&sto] AlxolsA  Al™(Cell
migration assay)< 59l I2F FEE 0.1 % At
oA XA &2 FH O Bl o531} F4]o] E9l
Eo] FeA7te] 7HAo] FopbHrh

Wound area (%)

Con 0%E

30%E B0%E T70%E 90%E

Fig. 6. Reduction by Zaminaria japonica extract of
HaCaT cells migration. (A) Representative
images of wound healing assay. (B)
Percentage of migration area of HaCaT cells
treated with Zaminaria japonica extract for
12 h. *p < 0.05, versus control.
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ChAla 2255 A ek 244171 o] $HE 2H7o] A
A8] Fole Ag RISk dixtol| vls 7+o]
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