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Abstract

The study investigated the potential effect of the Ecklonia cava extract by using Jeju lava seawater (ECE-JLS; hard-
ness: 100, 300 mg/L), which is naturally filtered underground by a volcanic rock layer. The chemical composition,
antioxidant-related enzyme activities, radical scavenging activities, reactive oxygen species (ROS) production in Vero
cells, and nitric oxide (NO) production in Raw 264.7 cells were measured to evaluate the antioxidant and anti-inflam-
matory activities of the extract. The total polyphenol and flavonoid contents of ECE-JLS100 and 300 were 156.41+
1.15, 166.16+2.27 mg/g, and 343.76+2.40, 373.90+3.67 mg/g, respectively. The concentration of ECE-JLS’ SOD and
CAT-like activities was increased. ECE-JLS in the range of 0.25 to 2 mg/mL exhibited remarkable DPPH radical and
hydrogen peroxide scavenging activities. ECE-JLS100 and 300 inhibited total ROS generation by 21.4+0.4 and 23.9+
0.3% in H,0,-induced Vero cells at 200 pg/mL concentration, respectively. ECE-JLS100 and 300 decreased NO pro-
duction, with levels of about 55.0+2.4 and 56.5+1.8% at 200 pg/mL concentration, respectively. The contents of TNF-
o were decreased compared to the negative control. These observations provide helpful information for the potential
industrial use of Jeju lava seawater. Also, ECE-JLSW could be used as a functional food material.
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132 7342 Holg fr=she 5 #=3 9
Z1tH(Gabay, 2006; van Triel et al., 2010). ti
BEE 4o HFg A EA A A==
Z(reactive oxygen species, ROS)°| & H=ZE
/\].o]iy].?_],q He]’iﬁ_ zx%zﬂ—o;_/yq ojzﬁ]-_
ok &4 9 thHensley et al., 2000). 48} 2~
A el ROS A A2 kst 28-S0l ¢
A et AlE " A Alzhgt T‘}__:)B% Ao A, =3},
oF B 9 95H 22 oY 7 FHES 9] ¥
THKim et al,, 2021). 2] 7FA] 4 AAbskA o A A
= olglg SAaE 9 95 Wl B2 A Al
“‘LO] AREE AL AAIRE ARG B4 o] WA ET] wiel
M =48 tiAs7] Agh A FrtsiAl 2 394 g

tl
=

AT sl viotEo] skl ofs) A stz 2}
A ool A= AT 553 AstrAtdoltt
(Lee et al, 2016). A|F &L= ¥ THNoh et al.,
2010), tHAF &% 7HA(Kim et al., 2012), ﬂ% &(Lee et
al,, 2016) 59 o33 Aol U= ALz dHA o

o{)l

e
o

10 glo dfo
o,
o

Ir

u

=
B>
oy

2
O

A

o :ﬁ O_>L', HE 010 O}N

%, of\
O:

=

~N
==
¢

M o of at qz T Hz

ki)
I
rlr



2 o]AA] - wlolgo] - 7
AE 712 FHE Az AEAE S kel A7 2
&g h ALk SH=o] MHE & $27]15(2018) o W=
W 5o AEE 1,000mgL (FEE2] 3% 300mg/L, HE
o:]

At B HeE AFTTY B9 1,200 mg/L)E EA
gofof ghthar 4 = ofltt. §-<4all 4 YA = NaCl
|2 o] vf$- =7] wiiEol(Jung et al., 2009), EA|
FlellAs A= 100-500 mg/Le] &8l W= *”%i
AlBE] AL Ak &bl e B vhE el ARl AlSEl
Frok frAreHAl the Ultﬂ e i A 2‘/]’ of
100-200 me] A|tol|A] A& 4= YL EZ 350m o]/ 413l
A FAgshe Asligrel Blsl o ZAAF<L oldE 7k
(Kang et al., 2021).

ZrZ279 el (Ecklonia cavays YEI = 5 st
of Exat $Evel Ake wE 27k A 525m
oA AehH, &4ts}, 3H S (Kang et al, 2011), &-33
(Wijesinghe et al., 2011), &¥lo]2]2(Ryu et al.,, 2011), &
Fx(Lee et al, 2012b) B3 59 S 2= 7=
Elicol=, T30t Z2REdy} He e HAd B2
S dfele Ae®E RuE vl Atk Wijesinghe & Jeon,
2012). o] W&ol Zejle A2 2 d Bt ookE 2 U)e
g AFOE NEE] 9Jg Avt FE3] &L gle
T (Ahn et al., 2007), o= Lyt 22 e R A
Z g9l e st v &5o] Hojuths A
T7F RAE S tHDing et al., 2019). 23U X F7}H4]
s SR o] &3 A FEEl ek Fitst 2
< Ao s Ate FAEA sheh e 2 A

AL BYNFE o8 E F2ES Vero AESN
64.7 &

1

uo$01=0
ﬂnﬁuzr

&atsl G537 Raw 264.7 Al oA dd= a2 Hr)s)
AT

e A
Al Ol == H}{

ERN =
£ A AHE TE(E cavays AFE
o AR EY GAANA TP, FE8u &9
e AFA Ao (AAFEI A== &l Al E o
Al A|gatol ARESEATE SEle] AR S Al 5
A He AMEY %E% Zarsted 100, 300 mg/Le] T 7t
A AEE A st Aol AHgskiTh

ZHEl S 100, 300 g/L-4 To] &8s o] &5t
2% (W) &H& THEo] 2 ﬁoﬂ/\i 24A]7J &<k wyk
S AP FENS 3,000 rpmolA 102 FoF o
2]} No.l filter paper (Whatman Ltd., Maidstone, UK)
£ B3l AFsl AP ES AASL F5EEE 43
v skt AlzE F558 =8 E ECE-JLS100, ECE-
JLS300 (E. cava extract using Jeju Lava Seawater)> 2 ™
WL o] & 4 dxste] Aol ARkt

¢

Z ZEflils ¥ & E2HE0|E S =

FEE F ZPHE IFHFE Jung et al. (2009)2]
=3 01%6}0% ZAsAth w27t Olmg/mL?l FEE
95% o&-E-S 7hste] 2u) A & A& 1 mL
o] TF 2.5mLE 7Y 50% Fohn-mocalteu reagent
(Sigma-Aldrich Co., St. Louis, MO, USA) 250 uLE %7}
3ted 5% RESAIZIAL ©] % 5% sodium carbonate (Sigma-
Aldrich Co., St. Louis, MO, USA) &% 500 uLE 3713}
Ak oA IAIZE WHEAIZ & 725 nmoll A FEEE
S35t EFEEE gallic acid (Sigma-Aldrich Co.,
St. Louis, MO, USA)E AM&ste] F&&9] T Z89=
aES AL=3519t)

% ZEtH o= 9] 32 Davies et al. (2018)2] WS
A Wgsle] EA5A T 2mgmL 5 F55 100 L
o diethylene glycol (Sigma-Aldrich Co., St. Louis, MO,
USA) 1mL9} I N NaOH (Sigma-Aldrich Co., St. Louis,
MO, USA) 100 uL=E &3sle] 37°Coll A wkg-AZ T} 1A 7
T ool FE =S SN e, EFEFE quercetin
(Sigma-Aldrich Co., St. Louis, MO, USA)S AF&-3}% T,

Superoxide dismutase (SOD) 2! catalase (CAT) FA}
2y =5

ECE-JLS®] SOD fAtaAdS& =4 sk7] flsll EZ-SOD
assay kit (DG-SOD400, DoGenBio, Korea)& AH&-3}%th.
AzAte] Z2EZ] wat 20 uLe] AME] WST working
solution 200 pL2} enzyme working solution 20 uLE 37}
3l 37°Co A 208 HESAIZI 450 nmellAN SHEE =
okt A1ES YA &2 blank 1, enzyme working
solutions ¥A] 22 blank 22} M= 2 enzyme working
solutione EA] 252 blank 32 Z+z ALbste] ol el 2]
< &3l SOD FAFE A =& AlLtstith

SOD activity (%)
=1 —[(blank 1 absorbance — blank 2 absorbance)
/(blank 1 absorbance — blank 3 absorbance)] x 100

CAT §AF 848 EZ-Catalase assay kit (DG-CAT400,
DoGenBio, Korea)E AM&-3te] 43St 25 uLe] A&
o 40 uM H,0,5 20 uL 23 A-2A 3087 WA
% 50 uLe] oxi-Probe/HRP working solutiong % 718} t}.
°]% 560 oA FEEE SHNCH, HES ¥A 2
control ¥ HRP7} A|2]¥ oxi-Probe/HRP working solution
S ZA7FE blankE 747+ Aljbste] o o] A& F3l CAT
AR =5 ALtk

o1-=

CAT activity (%)
=1 — [(sample absorbance — blank absorbance)
/(control absorbance — control-blank absorbance)] x 100



A= nlg o g MS Excel 2016 (Microsoft, Redmond,
WA, USA)S o]&-3te] ECy& AHE33lth.

eiC|gh a1 2 £4

1,1-Diphenyl-2-picryl-hydrazyl (DPPH; Sigma-Aldrich Co.,
St. Louis, MO, USA)2] &2l 93k zf 2oz &7 &
4 4L ME 20uLE 0.15mM DPPH solution 180 HL
oF E3ate] 2ollA 3087 REEAIZ] S 515 nmel A &
Fg A4 sto] Altersith

Hydrogen peroxide ZZ 4752 Park et al. (2000)<]
W wEl S43stATh AE 20 uLell 0.1 M2] sodium
phosphate buffer 100 uL2} 10 mM<2] hydrogen peroxide
20 uLE H7Fske] 37°Col A 5E7F WESAI AT o] % 125
mM  2,2"-azino-bis(3-ethylbenzthiazoline-6-sulphonic  acid)
(ABTS; Sigma-Aldrich Co., St. Louis, MO, USA)<} 1 unit/
mL2] peroxidase (Sigma-Aldrich Co., St. Louis, MO, USA)
£ 747} 30 uLE H7rske] thAl 37°ColA] 10527 HES-A]
713L 405 nmellX FEEE F7gste] Atatant. F4 o
Z*(positive control) 2 =2 = N-acetyl cysteine (NAC; Sigma-
Aldrich Co., St. Louis, MO, USA)& AF&-3}3i .

Radical scavenging activity (%)
=1 — [(sample absorbance — sample-blank absorbance)
/(blank absorbance)] x 100

M|3ZHH 2k

dso] A% MERQD Vero AEL}F whg-2 2 A 2]
Raw 264.7 A2 A ZFL23Y(KCLB)ANA +9 51
Ao ALgslgoem, 27 1% Penicillin-Streptomycin
(Gibco, Grand Island, NY, USA), 10% fetal bovine serum
(Gibco, Grand Island, NY, USA)S $H3-3l= Rosewell park
memorial institute 1640 (RPMI 1640; WELGEN, Korea)
Hj 2] 2} Dulbecco’s modified Eagle’s medium (DMEM;
Gibco, Grand Island, NY, USA) BjX| & A}&3}e] 37°C,
5% CO, A2 wjF7] el A vl ettt

Vero MIZOM2| MZ=4 HIt

ECE-JLS®] A3 tigh 548 &1st7] 913l 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT;
Sigma-Aldrich Co., St. Louis, MO, USA) assay ®'H-S A}
43 Th Vero AIEZE 0.5 10° cellsymL F=Z 96 well
platec]] 3k 37°C, 5% CO, AIXE wljt7]o)A] 244 7F
s & ZS e HE AYsidnh 2447 5
mg/mLe] MTT £9& A ste] 3A17F vheAA FAE
X ZulZk(formazan) A7 S dimethyl sulfoxide (DMSO;
Daejung Chemicals & Metals Co., Ltd., Siheung, Korea)
= 83141715 540 nmell X FHES S ehelr

H,0,2 R== Vero MEZAMS| 25 51}

ECE-JLS?| g WE Vero X HE=EL Felsly|
18l MTT assays AHE-3FSATE. Vero AIZZE 0.5 x 10° cells/
mL FEZ 96 well platel] #5-3t% 37°C, 5% CO, A3
HiF71eNA] 24A17F vl S &, A ES T HE Ak
N7 & HAF Ay v& 0.15 mM<] hydrogen peroxide
= FHrlslo] 2447 & 5 mgmLe] MTT €98 =23l
3AIZE WA Z T AR ZEwb(formazan) A8 S
DMSOZ &38]A17] 2L 540 nmoll A F3 =85 S35t

H,0,2 == Vero MZ0IAM2| ROS A =5

ECE-JLS®] ROS 474 A3l €48 glst7] fls) 2-7-
dichlrofluorescin diacetate (DCF-DA; Sigma-Aldrich Co., St.
Louis, MO, USA)E AF&-3+5th. DCF-DA”} ROS®ll <3
DCFZ 2tgl]o] 2208 uE g3 B2 % ﬂﬂﬁtﬂ o]
£ =43}l ROS S -Q’OL 3Tt Vero Al X E 96 well
plate®l] 0.5x 10° cells/mLe] F==2 &3} 37°C, 5% CO,
Az a F71ol A 2441 7F vl 6& T AES v EE A
2Rk 1A F Ao HF A7 FE 0.15mMe]
hydrogen peroxideE % 7}std 37°C, 5% CO, A3 7]l
A] 303 WHSA]7] 3 DCF-DAES ;‘q,ﬂg}oﬂﬁr olalof| A 5E7F
HhS- & 3 FZH(Ex/Em = 485/528 nm)S =7 sl ALkl Th

Hoechst 33342 QAHO|| 2|6H M|ZAIHE 24

MAE T3 DNA 92 A 521 Hoechst 33342 (NucBlue™
Live ReadyProbes™ Reagent, Invitrogen, Carlsbad, CA,
USAYE AM&-3ste] 8 FElE &3t Vero AlXE2E 3 x
10° cells/mL. F =2 4 well chamber slide (Sigma-Aldrich
Co., St. Louis, MO, USA)ol|l #3534 37°C, 5% CO, Al
HiF7 ol A 240 7F B3 T A2 T B A2 E.
IAN7E & FF A % 0.15mMe] hydrogen peroxides
A7Fste] 6417 &<t wige F confocal microscope (SP8
Lightning, Leica, Wetzlar, Germany)E ©]-&3l] AxXE &
Zshitt.

LPSZ == Raw 264.7 MZOIMS| ES 21t

Raw 264.7 HAl2E AEE&LS EZ-Cytox (EZ-3000, DoGenBio
Co. Ltd., Seoul, Korea)‘é ALg-5te] ZA 5T 96 well
plate] A|EZE 2 x 10° cells/mLE EF3} 37°C, 5% CO,

2 AYstAh 1217 =, ?%‘% SUEZS LPSE HE ¥
T 1pgmLZ A Zske] 24A]7F vt o] % EZ-
Cytox &5 2glsle] [A]7F 30& Foll 450 nmollA &3

=& S48k

Raw 264.7 M|Z0{|AM2| LPSZ &
Raw 264.7 AIXE 96 well plate®] 2 x10° cells/mLZ

FT= NO MM sl &4
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o)1) - Hlo}go] -

ale] 37°C, 5% CO, AIE vjk7] ol A 2427 %k
@ % AP AeHTh 7 F2EE FE W2 N2
A F HF 5 1 ugmLe] LPSE A 3lTh 2447 5
A ZENY 35N 100 pLe} Griess A 2F(0.5% sulfanilamide,
0.05% N-(1-naphthyl) ethylenediamine dihydrochloride in

2.5% phosphoric acid) 100 pLE g 3te] 105 5t ¥-&

< H k-3
A2 % 540 nmell A 3 =S ST

H =
T

UE T AOIEFI2] TNF-a M4 X5l &y
Raw 264.7 AZE 96 well plate®ll 2 x 10° cellsymLZ

3k 37°C, 5% CO, AIXZ vl 7] oA 244 7F vl <k
3 & T HE FEES K AT HF =

1 pg/mLe] LPSE A g sl 24X 7F & ML vy oz
B &H]E TNF-0°] A4 ¥W3tE mouse TNF-a ELISA
Set II kit (BD Biosciences, San Jose, CA, USA)Z =7
ShATH Al vl 108 34 g & kit AlFARS] 22
EZo| ujg} TNF-o2] @2 FS 433t

SAlsr 2

GraphPad Prism A2 E 0] v.9.1.2 (GraphPad Sofiware,
Inc., San Diego, CA, USA)E A}-&3lo] BAIEAN S 43
AT 2E AL HEn=3)22 FPFAom, bo]
He B33 AR FAEJTE FA1F 1] (P<0.001,
0.01, 0.5)= one-way ANOVA ¥ 7}3}4] Dennett’s testZ
AR A skl

T Y
*% +8 & 2ol U & Z2lwols Bt
s Ee dE e aFRl ks a5 9
A B 2A Sl Jlon, sjxfFe ol T
Eo] FERsIt &#A Atk(Fernando et al., 2016).

Wang et al. (2009)2] slZF FEE9 4tsl Aol 9
s %ZE 9 5xFEO Z42R7FH B2 F 29
=2 Sk ksl &

2 shiale] gulel e & Eajw

l:I

0.

-7 -

el YFS T Bire] vk 53] fEE ks
et g Aa¥Y Tl 7ol U= FHHEl] ZEEY
d 5ol FEo Advka dHA JThKim et al, 2014).
ECE-JLS100 ¥ ECE-JILS3009] & &2 ZHZ 31.82+
1.73, 35.83x1.74% o1, & Zg|dE e 7217 15641+

1.15, 166.16+2.27 mg gallic acid equivalent (GAE)/gl =
Uebgt) B3, ECE-JLS100 ¥ ECE-JLS3009] ZhH -
ol e 7}7} 343.76+2.40, 373.90+£3.67 mg quercetin
equivalent (QE)g2. 2 E}THTable 1). Chan et al. (2015)
e FEF E FEE F w3 FER0lE R
7z} 6.06 mg/g 2 22.14 mg/g)§ ZAYSFSE 2™ Farasat et
al. 2013y Zu MeE FE2EY T fs ¥ SgE:
ol FHF(F 1.37-4.47 mg/g 92 7.96-45.58 mg/g)S EL
6}013} ol gk Ao} ¥ wat3lS wi, ECE-JLS7} B &
T Ty SERwolE S e Blo s ‘/]’ﬂ'”"/]’
TS Lee et al. (2013b)e] A7 wp= HkA 9]

< 8= 3 Ay FEE9 28.67+1.4%
= %F/Ml%z‘— TS 477 mges Y, & FEER
%%%H—’F% 01%@ e FE=0] Fe s ¢

2 e

==
T

Eq__a =
rge

SOD, CAT A 24

SODE Aol 33 superoxideE H,0,2 H3A|Z &
catalase®l| 93| HFTHoZ B} AT HIA|A A4
A2RREH MEE BEse= &8t §49|tH(Choi et al.,
2009). SOD % CAT Al &4 superoxideE A7de] 4F

A% ATAD FE gort HeHL dAsel AAE B
34 SgozyE B¥ & e 249 AL oJn)a

t}. ECE-JLSS] SOD % CAT?| A} 845 #4138 Az},
ECE-JLS= £%3ll4 A=l 2d#§lol 31.25-2,000 ug/mL
o] WA FEE FE7F F71Eel wek SOD ¥
CAT A} &4 +F& T7M7]= 22 Y th(data
not shown). 53], SOD A} &42] EC,& ECE-JLS100
2 ECE-JLS300°] ZHz} 166.94£17.21 2 116.39+£24.88 g/
mLE UESte ™, CAT fAF 49 EC,> ECE-JLS100

Table 1. Extraction yield, chemical properties and antioxidant related enzyme activity of ECE-JLS

Total polyphenol

Total flavonoids

SOD*-like activity CAT"-like activity

Extracts Yield (%) content content o)
(mg GAE/g)” (mg QE/g)” (ECs,” pg/mL) (BECy, pg/mL)
ECE-JLS100" 31.82+1.73 156.41+1.15 343.76+2.40 166.94+17.21 214.59+4.93
ECE-JLS300" 35.83+1.74 166.16+2.27 373.90+3.67 116.39+24.88 187.20+10.55

ECE-ILS, Ecklonia cava extract using Jeju lava seawater.
YAll values are mean£S.D. (n = 3).

IGAE, gallic acid equivalent.

9QE, Quercetin equivalent.

YS0D, Superoxide dismutase.

SCAT, Catalase.

9EC;, value, effective concentration at which antioxidant related enzyme activity was 50% obtain from linear regression analysis.



2 ECE-JLS300°] Z}7} 214.59+4.93 2 187.20+10.55 pg/
mLZ e, ECE-JLS100:2.t ECE-JLS300°] O &2
242 BTH(Table 1). o]# 3§ A= ECE-JLS100%
ECE-JILS3009] & 2|5z 3 SThiiol= el xpol
o IS WS F o= AckET
2iCiZ A~ &Y
st oy Aol A9 AdHE A guEE
st &Aooz HH iiéﬂ—%\:}(Devasagayam et al., 2004).
DPPH 2] 2% 54& o shgEe] a8 &
5o mew pusn Al 249 + don, 4F
- 59l s B Wpsl] 19 el AL
I o] tH(Marinova & Batchvarov, 2011). Lee (2013)
,fr%% 2 U EFE o83 enxp FE 9
7hgE Aol wE=H, ryldrE o] &
%59 DPPH £&71%°] VJ El:—% Z\Ei B
Hol vk B3 &7, 52F % 2xF[ 5 o9 &
Z5F9] ksl Hrb AFoA] dxF Fucus veswulosus,
Fucus serratus®} Ascophyllum nodosum®] 7} 5%k 4F

@A)
140

120
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80f
60f

DPPH radical
sacvenging activity (%)

40t
20t

0
NAC (mg/mL)
ECE-JLS100 (mg/mL)

©
120

100}

80

60}

401

Hydrogen peroxide
scavenging activity (%)

20p

0
NAC (mg/mL)
ECE-JLS100 (mg/mL)

0.25 0.5 1 2

N
N
i}
1o
i
W

<]

2 gz §4%3 DPPH &4 848 Yeptha B
o] QltH(Wang et al., 2009). ECE-JLSS] Fxo] w2
DPPH 2t]Z 9 hydrogen perxide 22745 A Ui+
91 0.25 mg/mLe] NAC (ZHz} 96.5+0.1, 82.1£5.1%)° H]
3 A=A 2 &4 YEPIth(Fig. 1). ECE-JLS100 ¥
ECE-JLS300% 0.25, 0.5, 1, 2mg/mL2] sXolA ztzt
85.4+0.1, 95.5£0.3, 96.7+3.3, 109.2+8.5% 2 82.8+0.1, 96.4+
0.3, 96.3+1.5, 101.2£10.6%2] =2 DPPH Uz &A%
< Ve thFig. 1A, B). ECE-JLS100 2 ECE-JLS3002
0.25, 0.5, 1, 2mg/mLe] FEolA Z}7t 823+0.4, 93.9+1.1,
97.542.2, 100.9+1.8% = 80.7£0.2, 94.0+0.2, 101.0+1.8,
102.5+1.0%] hydrogen peroxide 47 iﬁl"q—o— Hlon Fx
ol o7 BAo] 71t AL s thFig. 1C, D).

ECE-JLS2| MEZ=M

MTT assay= MTT A|efo] AEZ W2 F4Eo] HEla o]
A L2 vl (formazan) -2 AT & v EFZEE| o}

- =& 344 AHEHE

=223t v o=, ME A&
1 W o|t). ECE-JLSS] A2 574 ZA3= Fig. 29

= ek e
B ox 0130
i) ﬂiIO oX,

o

vl

®)
140

120

100

80

60

DPPH radical
sacvenging activity (%)

40

20

0
NAC (mg/mL)
ECE-JLS300 (mg/mL)

D)
120

100 *kk

-2 [~
o (=]

Hydrogen peroxide
»
>

scavenging activity (%)

N
(=]

0
NAC (mg/mL) 025 - - - .
ECE-JLS300 (mg/mL) - 025 05 1 2

Fig. 1. DPPH radical and hydrogen peroxide scavenging activity of ECE-JLS with reference to NAC as positive control. DPPH
radical scavenging activity of ECE-JLS 100 (A) and 300 (B). Hydrogen peroxide scavenging activity of ECE-JLS 100 (C) and 300
(D). ECE-JLS, Ecklonia cava extract using Jeju lava seawater; NAC, N-acetyl cysteine. Data represent the meanstS.D. from

Hok

triplication. "P<0.05, *"P<0.01,

P<0.001, when compared the NAC with the other samples.
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150 150
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g 100 g 100f | o+
z z
= 75 ‘% 75
X )
o o
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25 25
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ECE-JLS100 0 25 50 100 200 ECE-JLS300 0
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Fig. 2. Cytotoxicity of ECE-JLS in Vero cells. ECE-JLS100 (A), ECE-JLS300 (B). ECE-JLS, Ecklonia cava extract using Jeju lava
seawater. Data represent the means+S.D. from triplication. "P<0.05, “P<0.01, "“P<0.001 when compared with non-treated cells.
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Fig. 3. Effect of ECE-JLS on ROS levels in H,0,-induced Vero cells. Cell viability, ROS generation of ECE-JLS-pretreated H,O,-
induced Vero cells. Cell viability of ECE-JLS 100 (A) and 300 (B). ROS generation of ECE-JLS 100 (C) and 300 (D). ECE-JLS,
Ecklonia cava extract using Jeju lava seawater; ROS, reactive oxygen species. Data represent the means+S.D. from triplication.
'P<0.05, """ P<0.001, when compared with H,O,-treated cells, “*P<0.001, when compared non-treated cells with H,O,-treated cells.
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Fig. 4. ECE-JLS protects Vero cells against H,O,-induced apoptosis. The apoptotic body formation was observed using Hoechst
33342 staining method under a fluorescence microscope. Non-treated cells (A), H,O,-treated cells (B), H,O,-stimulated cells treated
with ECE-JLS 100 (C-F), 300 (G-J). ECE-JLS, Ecklonia cava extract using Jeju lava seawater.
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Fig. 5. Effect of ECE-JLS on cell viability and NO production in LPS stimulated Raw 264.7 cells. Cells were pre-treated with 25-
200 pg/mL of ECE-JLS in the presence of LPS. Cell viability measured by WST assay and production of NO was measured in the
medium of Raw 264.7 cells. Cell viability of ECE-JLS 100 (A) and 300 (B). NO production of ECE-JLS 100 (C) and 300 (D). ECE-
JLS, Ecklonia cava extract using Jeju lava seawater; NO, Nitric oxide; LPS, lipopolysaccharide. Data represent the means+S.D. from
triplication. "P<0.05, "'P<0.01, ""P<0.001 when compared with H,O,-treated cells, “*P<0.001, when compared non-treated cells with
H,0,-treated cells.
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Fig. 6. Inhibitory effect of ECE-JLS on TNF-a production in LPS stimulated Raw 264.7 cells. Cells were pre-treated with 25-200 pg/
mL of ECE-JLS in the presence of LPS. ECE-JLS100 (A), ECE-JLS300 (B). ECE-JLS, Ecklonia cava extract using Jeju lava
seawater; TNF, tumor necrosis factor; LPS, lipopolysaccharide. Data represent the meansS.D. from triplication. “P<0.05, ~P<0.01,
“"P<0.001 when compared with LPS-treated cells, **P<0.001, when compared non-treated cells with LPS-treated cells.
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