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<Abstact>

Comparison of Biological Characteristics and Immunomodulatory Effect between
Purified Polysaccharides and Water Extract from

Laminaria Japonica

Jiamei Cui

Department of Food Science & Nutrition Graduate School
Jeju National University

Supervised by professor Yunkyoung Lee

Inflammation is the complex biological protective response of body tissues to
harmful stimuli, such as pathogens, damaged cells, or irritants. Prolonged low-grade
inflammation results in chronic diseases including diabetes, obesity, inflammatory
bowel disease, pulmonary disease and cancer. Pharmaceutical substances have been
used to treat such diseases however there have been a wide range of side effects.
Therefore, not only to minimize the side effects but also to positively regulate
inflammation to prevent the chronic diseases, compounds from natural sources/foods
have drawn lots of attentions. Seaweed has been one of the attractive materials,
which with potential to be exploited in human health applications. Laminaria
japonica (LJ), a brown seaweed has served as a source of food, medicine, pigment,
and livestock fodder with various essential nutrients and biological activities including
anti-inflammatory, anti-oxidant, anti-proliferative, anti-tumor, anti-diabetic and others. It
is well-documented that components and functions of extracts are highly dependable
to its solvents. In consideration of potentially bioactive components in seaweeds,
seaweed-derived dietary fiber has been intensively examined due to its richness,
various forms, and functionalities. We hypothesized that polysaccharide purified from

LJ (LJPS) is a responsible component contributing the beneficial effects of LJ,



especially its anti-inflammatory property. Therefore, in this study we compared water
extract from LJ (LJE) and LJPS on their anti-oxidant and immunomodulatory effects

by using in vitro model.

Total polyphenol contents were measured using Folin—Ciocalteu method.
Antioxidant activity was evaluated using the ABTs and DPPH assay. Cell viability
was measured using MTT assays in mouse macrophages, RAW 264.7 cells. Nitric
oxide (NO) assay, ELISA, and real-time PCR were performed to investigate the
immunomodulating effect of LJE and LJPS in LPS-stimulated RAW 264.7 cells

treated with LJE or LJPS.

As a result, we observed that LJE had a stronger ABTs radical scavenging activity
than LJPS. Cellular toxicity of LJE was comparatively higher than that of LJPS in
RAW 264.7 cells. LJIE showed cellular toxicity from concentration 10 pg/mL, and no
significant cytotoxicity was observed with LJPS upto 50 pg/mL in RAW 264.7 cells.
Moreover, LIPS itself significantly enhanced the production of NO in RAW 264.7
cells. On the other hand, both LJE and LJPS reduced the production of NO, tumor
necrosis factor-a (TNF-o) and interleukin-6 (IL-6) expression by LPS stimulated

RAW 264.7 cells.

Taken together, it was confirmed that polyphenols were lost through polysaccharide
purified from LJ. Based on the antioxidant activity of LIJPS, we were abel to
conclude that the antioxidant activity was not the main biological property of LIJPS.
LJE appeared to have an anti-inflammatory effect, whereas LJPS had a biphasic
immunomodulatory effect in RAW 264.7 cells. Overall, LJE and LJPS presented a

promising natural source of food additives to regulae immune responses.

_iv_
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DPBS: Dulbecco’s phosphate-buffered saline

FBS: Fetal bovine serum

IL-6: Interleukin-6

IL-10: Interleukin-10

IL-1B: Interleukin-1§

IBDs: Inflammatory bowel diseases

LJ: Laminaria japonica

LJE: Laminaria japonica water extract

LIPS: Laminaria japonica derived polysaccharides

LPS: Lipopolysaccharide

M1: Classically activated macrophages

M2: Alternatively-activated macrophages

MAPK: Mitogen-activated protein kinase

MCP-1: Monocyte chemotactic peptide 1
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NO: Nitric oxide

NF-kb: Nuclear factor kappa-light-chain-enhancer of activated B cells
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Agow®er oy Y $8, AR A7, WE,

FHASA AFEH I A} [17, 44, 45].
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Figure 1. Potential health-beneficial effects and various applications of
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(Table 1) [14, 67].

Table 1. Mineral contents of Laminaria japonica (mg/100 g dry weight)

Mineral Contents (mg/100 g dry weight)
K 1300-12600
Ca 500-3000
Mg 500-2000
Na 900-6000
I 200-1000
P 150-800
Fe 4-80
/n 0.6-1.82
Mn 0.29-11.1
Cu 0.1-1.4

Data collected by [45, 68-70]

Aol o2 d2FAdE #7138 (GEF, 28, 9, 24, vtadls, 3,
: 9. =9] skeko] 200-1000 mg/100 g dry
matter= E} slZFET A ¢ & FAE UERAT [68].

THAIvHE 1,400 58 Tl A o shaol A 7] 55 o] Qlal Z1ell 487 &
=A Frtetder [71]. tArbE 2 A% SAlEA A, dle AW, B3
91 A3, Ad B FE ¥ T AFE S Asadrt Aok A Ak

[54].



Table 2. The potential health benefits of brown seaweed, Laminaria japonica

Biologically .
. Extraction . .
Active Model Treatment condition Activity/ Results Ref
method
Substance
Crude Laminaria ¢ Activity: immunostimulant activity
. . 50, 100, 200 and 400
japonica ¢ NO, TNF-a, IL-1B, IL-6 and IL-10 7
) RAW 264.7 cell Hot water pg/mL [25]
polysaccharides ¢ Translocation of NF-xB, p65 1
for 20 hr
(LIP) ¢ Phosphorylation of IxkBa, ERK1/2, JNK1/2 and P38 1
AGS gastric * Activity: anti-proliferative effects
Glycoprotein cancer cells, HepG2 Wab ¢ Inhibited the proliferation of several cancer cell lines in a
ater
from L. japonica liver cancer cells, tract 50 pg/ml for 24 hr dose-dependent manner [72]
) extrac
in (LIGP) and HT-29 colon ¢ The expression of Cdk2, cyclin E, cyclin D1, PCNA,
vitro cancer cells E2F-1, and phosphorylated pRb |
* Activity: anti-inflammatory activity
L. japonica
Ethanol 5, 10, 25, 50 pg/mL ¢ NO, PGE2, TNF-a, IL-1b, and IL-6 |.
n-hexane RAW 264.7 cells fract for 25 b [73]
extrac or r . _«B inactivati inhibiti
fraction (LHF) Regulated by NF-«xB inactivation through inhibition of
IxB-0, MAPKs, and Akt phosphorylation
) ) 0.1, 1, 10, 50, 100 .. .. .
L. japonica Ethanol ¢ Activity: anti-inflammatory activity
. RAW 264.7 cells rract pg/mL [66]
roots extrac . - - .
X for 24 b NO, IL-6, TNF-q, and IL-1p |




in

vivo

Male C57BL/6N

* Activity: anti-diabetic effects and anti-inflammatory effects

¢ Inhibited a-glucosidase activity in a dose-dependent

mice, 5% freeze-dried LJ or
. Water manner
Water extract mouse derived fract HF Phosohorvlati c _ B and AMP-activated [23]
extrac . -
C2C12 myoblast for 16 weeks osphorylation ot protein kinase an activate
. protein kinase
cell line
¢ Glucose uptake 1, TNF-a |, (IL)-6 and IL-10 1
) ) Female Kunming
L. japonica . .. . .
} mice 50, 100 or 150 mg/kg | ¢ Activity: anti-tumor activity
polysaccharide . Hot water [22]
wIP) The murine H22 for 14 days ¢ IL-2 and TNF-a 1, serum VEGF level |
hepatoma cell line
Fucoidan Mal * Activity: Hypolipidemic effect
) ale
polysaccharide 0.03, 0.1 ,0.2, 0.4 g/kg | ® TC, TG, and LDL-C concentrations |, HDL-C level 1,
) ) Sprague-Dawley Hot water [74]
sulfuric acid (SD) rats for 28 days the activities of lipid metabolic enzymes (LPL, HL, and
ester (FPS) LCAT) 1
Group LDP, 100 * Activity: hypolipidemic activity
The crude mg/kg/day, . . . .
i ¢ Total serum cholesterol, triglycerides, high density
polysaccharides . group MDP, 200 ) ] o )
Male Kunming Methanol lipoprotein-cholesterol, low density lipoprotein-cholesterol
of . fract mg/kg/day, ] [75]
mice extrac
L. japonica group HDP, 400 m serum |
. - .
(LP) me/kg/day Serum lipids level and enhancement of serum antioxidant
for 12 weeks enzyme activities |
L. japonica .. . . ..
¢ Activity: anti-obesity activity
Areshoung Male Ethanol 100, 200, or 400 mg/kg * Bod oht eain. food intake. linid levels i 4 | 21
ethanol extract Sprague-Dawley rats extract for 6 weeks ody weight gain, food intake, lipid levels in serum an

(LE)

liver, and size and number of adipocytes |

_’|0_




in

vivo

Zebrafish (Danio
rerio) embryos
The

0, 1, and 2 mg/mL

* Activity: anti-tumor effect
* Suppressed activation of MAPK and PI3K followed by

Fucoidan MDA-MB-231 and i . for ;82 hr/ . thibition of AFIITI-\Ilend NF-kB signaling in triple-negative [76]
, 1, and 2 mg/m t
HCC1806 human £ reast cancer (TNBC)
for 24 hr ¢ Attenuation of invasiveness and pro-angiogenesis in
breast cancer cell
li TNBC
ines
* Activity: anti-hyperlipidemic and anti-arteriosclerosis
activity
L. japonica Male Ethanol 200 mg/kg * Total lipid and triglyceride levels in the serum |, total (7]
ethanol extract | Sprague-Dawley rats extract for 6 weeks cholesterol and low density lipoprotein-cholesterol levels |

¢ The atherosclerosis index and superoxide dismutase in
blood lipids |
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@) TAlnkel el g

tAlate] Wzt &4, & S, F9F, & G, IR 2 <l
N A3t o uekst AeSAd in vivo S} in
vitro EE& o]&3% AFES F3 B FHogr [78]. olEg tA|nbe

Aelgdd dd ddATES HME APy 55 Aoz E7/{3te] Table 2 ¢

= AYdA

Jing Wang ¢ (2010)= whAIvte] §-9], F=dbs EA% A7), @ik

ol et gArt f FE=Y AbstE duZd AAS, @83l positive
correlation s A#EA &5 Aol7t S BAFIAG [79]. dE =
oAmE FE A EAE fucoidan & X A fucoidan o] Bl ¥ A

o] zpo]lE HWPom A FEAF fucoidano] AT FF ZL I dHAZA o]

s
Z7F B2 fucoidan ¥ Hwsle] o $L3ttn RuEkglth [80]. thA b

S8 tEEol fucose = TRAlule] Malw) oo 1 ko] T won, =3 3,
44 F3gE gAul A FElE fucose S A WA e Ao

e 2 ol S7hvhal Hars i [81

AR} ol SEsel me g AddTse] wuHol S HAs) 4o
A A fucoidan & FAFsE, 95 a7F gdstH, ol EAR] o&
A AAGel o A ARE wAd 820 BAE fe Fe4 #A BRR
water—soluble homogeneous polysaccharide (LJP-31)+ nitric oxide (NO),
tumor necrosis factor-a (TNF-a), interleukin-18 (IL-18), interleukin—6
(IL-6) % interleukin-10 (L-10)¢] A4#FS A 5 AL toll-like
receptor 4 (TLR 4)E %3] mitogen—activated protein kinase (MAPK) %

nuclear factor kappa-light—chain—enhancer of activated B cells (NF-kb)

NE A" Ao BHHE 5@ 94BYe fEsn [25] =@, Al

4 fucoidan & 300 mg/kg ©.& Wistar ratoll A& & w, =Aglo]
TAYZS At 32 29 [83]. ¢Eo] fucoidans & A

_12_



Staphylococcus aureus (S.

bt
B} o} AAw ©
% T

Laminaria japonica Aresch® A

(E.

Escherichia coli

P A 24

Y

= oA

%
Al f-28 el &714E (Alginic

A}

3

A &

ki3

aureus)?] 2o of

=
-

ol
=

Y

acid)<

3|
pul

ot

3FetE o] & F=E calcium alginates & @202 &4

B ASA A,

vl
T

]

’

Xl om

d GgRE 75 )

[e)
T

= A

cpA

H7t AFEH AT [85].

=
;Q_#

-
=y

Hlo

FAA QA A= AFSS A o [87].

<

Ak 299 ALl

&2

7 A

94 <)

st}

Aols B

A &

7}

Tzl

9l
-
[S)

F ol ~HZ 15H

F5

IrkstE By 47

Fge
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_ﬂo

NP

ATt

4 A

4 7HH7t el
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o

SaRe AE o

2
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f
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=<
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=
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z27 AxYE 9 9 &z ggFe AH BE 714 ol og
adzk Aok [88]. &5 10\7del v & A4 S, 3 A5l W
i vk [89, 901. Aol wet Ficus

%)
I\
N
9
I\
h
o)
=
E.
E
iw)
ot
4
o

I
=
T AT E FEIRY 49
7k

radical ¢ 2}tz

alginates, carrageenan, fucoidan, laminarin < 3X3tsit}t [93]. ZxH+=
T alginates, fucoidan, laminarin &< XY, 5ZF+= F= ulvan =

x3lslal, $XFE 2 agar, carrageenan, porphyran < X3F3kt},

e

HE Pt A8 A g Folal uronic acids

o

Alginate & ZZF2 Al
70 (&, B-d-mannuronate (M) 2 a-l-guluronate (G)E FAHH, o]l5&
A2 o3l blocks 2 FAE wjEHY [94]. Alginate 9 fucoidan &

=3 chelation & 95 3t} [53].

Fucoidan & &343t shaloid {2 opedst Zdx7Fo Axy 7] do|A 2w,
w3k Fucoidan &  1-fucose ¥} sulfate ester L
vitro¢t in vivo @A AEZ APES L, 3 A A, el del

AA 58 Fo] HiHAtt [95-97].
Laminarine ¥ &34, (1,3) - B -d - glucopyranose residues@
T/4%°] o™ 6-0-branching® (- (1,6) - intrachain links& $re

T2 545 7k [98].
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f

A om AMEAIZ|AL, AT AelEFRGlIE EH|ske] M A o
s =< 4 du [105]. vk tiAAEQ] RAW 264.7= 95 5%
oANA Bo] o]&¥aL St

WA A EE 1 A-e] whe} I A classically activated macrophages (M1)3}

alternatively-activated macrophages (M2)= uy¥tl M1 A EE=E AXE

ZAS AdAstr x2 £A4E doym dFA AE (pro-inflammatory
cell9)2, T &4 (tumoricidal activity) F&-& 7FIth gk M1 A AxE=
T helper 1 (Thl) A¥ wrs A3 IFA Alo]E7FS] (TNF-a, IL-1,
IL-6, IL-12, toxic nitric oxide (NO), Type I IFN, CXCL1-3, CXCL-5 ¥
CXCL8-10 &)< Aitstt). zaglste] 95 He=2 ¢ w2 WMidgE 2ysta
AT HE TG wHel, M2 dAMEE AE F2 8 24 HTE
Fxstal 24 S FAskeE dEs o M2 diAAMEE A JAAE
(immunosuppressive cells)® helper 2 (Th2) ¥F$-S X3 A, 1L-10 &
gl =A Alo]E7Fel ¥} trophic polyaminesS ®o] W33ttt [106-110]. =,
M2 tHAAMEE A5S A7 A4S B (repainE w0
WA A E7F 2SS wobr] (o] EH &3 ) nitric oxide (NO),
monocyte chemotactic peptide 1 (MCP-1), =+ 954 Alo]E7}Q1, tumor
necrosis  factor-a  (TNF-a) A F71  (interleukin-6  (IL-6) H
interleukin-18 (IL-1B) & 954 AAES A W& w50 [111-115]
4. qAAEANA ] T AR R dF HAHE =
Lipopolysaccharide (LPS)&= =%  (endotoxin® A &3} COHEF=E
TAEE A Aot LPSe MR dFs =T F dn
FSANTTIAES GAHsE A F dorE dSves AT W =5
Abg-E T
- 16 -



Nitric oxide (NO)o| A4 g4 =d 34, 55 o], 945 2 199
24 Fa% 9IS gt ZfiEE AEd EAE

(nitric oxide synthases, NOS)o| 9&l|lx FA3d11 3FF isoforms
(endothelial NO synthase (eNOS), neural NO synthase (nNOS) % inducible
NO synthase (@(NOS)7F &&A Ut thAAFEolA HdY= FH JH+=
INOS o]t} v]AdA el AsolA NO Y 7t dAl 24 &4 728 +
AThE A= gEA Aot [116]. §895, 9 S & AW dAAE 22
DS AEZ7F BAsE NO ¥ Aol Utk ZLgiA iAo NO B4

AAlsh= A2 A5 AHE ARs= Aol de =wol 2 5 At

o) gl 2 )32 ¢ o2 TNF-a 9 [L-17F 9t} Sd=4 Alo]EFSl S
HAxd Bat=z [L-4, [L-5, IL-10, IL-11, IL-13 So] g9} [117].

TNF-a& tE 29 d5A4 Alo]EFRl oz 2 d5A Alo]EFFel (IL-1la,
IL-1B, IL-6, IL-8)9] FEE& &3 95 =dd & kS gk [118].
LPSe AFoz thaMEE TNF-aS ®H|stal, o] IL-13}
[L-62] #H]E A58t [119]. &, TNF-a& LPS9 22 U54a 279
wj 7| Afe] 3w o] W 7]oldd 4= 9l

o

18
ol
I~
|

rir
A
Wi
B
lo
b

9 IL-6%=  uEA (pleiotropic)

(=]
-
AbolEFFel o 2 AZAy dd=A gyrt E% 7HATE [120].0 =, IL-6&

At o [L-6v 9S4 ARIEIIRICR AgapAwr, ZHoM= &5oR

o183 IL-67F Hx= 4 Ak [121]. 25 AlfoA %o oaix A=



zAoA AAD IL-6 A7 £& JFS =
Fo] IL-6, TNF-a, IL-1B9} Z& 934 Alo|E7ele] A9 F7tet
Aol EFFel oAz} (IL-1ra, sTNF-rl, TNF -r2) % a4 AQlE7I
(IL-10)¢] APHER= S/ =, 5d3 AlolE7RRlolgte 54 =

FEel wet FdsH AT VIdE E3 Y WY 74¥s AT F

Atk Ae & v [123].

[L-10= dutHom FAFA AolEriqlos dufA AL ffoA AFE
IL-69F o] 54 AlEIQIeR &8 7IXe dude] e Bt

AT =, IL-10= T AXE, 935 3 giAxe] dA4gdss oAgth

MAD Mgz EsRT GEFNE TN F4B
-6

]
5 434 AAEANL qA AU

o de=H, o= H Tilgel 16919 d7ddelr HoE mpel ko] IL-105
o] &34 Crohn’s disease (CD)E A&

AAEAS A A muHe wd, Fryl g oW 03y Jais
sttt [127, 128]. o]¢f o] A& thided we & AW n&

ARAHRE o F7] AL AolEstele] Fue AHs o] Aol &

Monocyte chemotactic peptide 1 (MCP-1)= C-C chemokine family%

NE

stU= F2 #HE WA AE (alveolar macrophages, AMs)¥ TAHEZE 7+

9% w9z mAd JTe @k [120]. AFel MCP-1g¢e] Z7b= A

ol
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m a4+ We X 44

1) ARt & F&E (LJE)Y A}

Ao A AFEE YAIml (Laminaria japonica, 1.J)¥= 2016 3-49¥€ A|FA|
AEA oA Fhste] A, g9 2 T2 HAxste] -80T R#A3SISIT
=Rl

- (30 g5 1 L9 32 SFFo E3ste] 24 2447
wHE A7 E A AHBE A 05 L7 2 WA EE=AHT (62 ).

HAZzHoxw LJEY %3¥ LAS ZAAZ  A7)a, o]= Dulbecco’s

FZ=% (L] extract, LIE)9] A& AZ AL Figure 29 2t 54
!

phosphate-buffered saline (DPBS, Gibco, Gaithersburg, MD, USA)9
&l -l Fsto] AEAFA AHEES

2) gAE Fd 937 A (9 AA AAR)

ggdiF FES A3 gAvlE 20199 5¥ g% FYAA FYEHY
cm ZAolo] ZZow FA i 65 TolA
LE-HAxAZAY. AAT [ frdl wdF (L] polysaccharides, LIPS)
Al AL Figure 3 ¢ Zrh Alxd AES vlo]A 1t 30 (vt v, LJ
U9 SHM HEE EFsta 4 hr B9 #d F ydE HA (0.2 cm
mesh)®  oj¥}star, ofgele] 1/4 Hylm FIHAZGY. P Fo =9
o] 7}M 3} trichloroacetic acid (TCA) €< (5% concentrate)sS 1:2 (vi v,
filter liquid: TCA)] B2 st @MidE AARAE AT 2 hn).
A E &g = (3,000<g, 10 min), ASHE 4v) Fo F g
&5E  (ethyl alcohoD)& E38te] 4 °Col 12 hr AXA3sF  crude

N

4

>,
=

W)
o
2
ol
R
w

A
oy
o
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polysaccharides (PS)E HAAA A2 33lvd (3,000<g, 10 min). ¢
HgS Fll B5F crude PSt SHFO RAMAIA REFIAEE (3,500-MW
cutoff, Beijing Solarbio Science and Technology Co. Ltd. Beijing, China)<
o] g3te] 12 hr mith @ WA FRAE wASH TS Adst 4 °C, 48
hr). 94 (3,000xg, 10 minE A, FFNe 40 $]o T4 od
AL EFAA 4 °Col 12 hr A AANE dAEH sSih

H g9 (pure PSE

Arde $A02E Fd 4

sAven Hsd PAEA s

il

o=
g3ttt (Biosafer-10A, Biosafer, Nanjing, China). & #%2
Dulbecco’s phosphate—buffered saline (DPBS, Gibco, Gaithersburg, MD,
USA)ll &allA|7]aL o dtato] Aol AFg-&Fi).
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Laminaria japonica fresh ]—)[ Lyophilization I—)[ Fulverization ]—)[ Extraction }

= Washing = Extracting with distilled-water
— Desalling (24 b, RT) (3 g/100 ml)

. - . . | Vacuum |
_{ Filtration H L}rﬂp"“lﬂﬂ.hﬂﬂ ](—[ Concentration filteation )

= Dissolved in DPBS = 62 "C, until half-volume

_ Millex Samplicity Filters,
0.20 pm

o] Seaweed water
“1__extracts (LJE)

Figure 2. A flow diagram of LJ water extract preparation
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[ Laminaria japonica fresh H Stove dry ]—{ Boling, filler ]4)[ Concentrale ]7

- X _ Distilled water boiling
Washing — at65°C (1:30)

= Desalling ~ Keep faintly boiling (4 h)

| Pﬂl}'E::::ﬂridf I(—I ]"rm:ipi.tale ](—[ Supemalants ](—anpmleinimﬁﬂn J(—

Precipitate 'S with absolute ethyl alcohol

. : - — Deproteinized by 5%
— Re-dissolved in d-H,O (S: ET=1:4 v/v} 12 h at 4°C ot e redel Sy
= Centrifugation (3000 g, 10 min) — Centrifugation (3000 g, 10 min}

}{ Dialyze ]——)[ Lyophilize ]——-)[ Purified PS powder

Dialyze by semi-permeable
membrane 3500 D MW-cutofi

— at4°C,48h

Figure 3. A flow diagram of Purified LJ polysaccharide preparation
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1) Al £E23% AlE TR olaety A4

1) & Eg¥=s &%

LIE 2 LIPS FE&59 % Z##ls %3S Folin-Denis W [132]&

olgsiM FAHAG HdHxF = FEE 52 dxF wd dEdF AE @8

[

mg/mL) 50 pL¢et 1 M Folin—Ciocalteu’s phenol reagent (FMD Millipore
Corporation, Darmstadt, Germany) 50 upLE 96-well plateo] ZH7}3]A]
Ao 6 min S WHEAZ)AL 2% NapCOs; solution 100uLE 3 7}aiA]

kAol A 30 min T WHEA]ZTE Gallic acid (Sigma, MO, USA)E A}-&-3}o]

=2

=4S ==39 . ELISA Microplate reader (Molecular devices, CA,

j
USA)E o]&ste S3EE 720 nmolA SAHI A= gallic acid

concentration equivalents (GAE)o] ¢l&jA AAFs}S ).

ABTS #@dZ &7 &4 [133] ¥l galx 45 Jn. ABTS
(2,2'-Azino-bis  (3-ethylbenzothiazoline-6-sulfonic  acid) diammonium
sal)> 32 SHRTE ol&dMA 74 mM FEE W53 T 2.6 mM
potassium persulfate (1:1) &3t3fe] <oFAo] A&oA 12-24 hr WA s
ABTS stock solution® A}R&38kith, Wx]®l ABTS stock solutioni= 735
nmell A FFE7F 1.40-1.50 °] HE% 32 FHRTFE AT f2F Alm
LJE, LIPS+ %% (8 mg/mL, 1.6 mg/mL, 0.8 mg/mL, 0.4 mg/mL, 0.08
mg/mL) 25 pulL.¢} 3]A% ABTS working solution YW Ds (background) 175 pL

96-well plateo] A7}star 2204 30 min ¥X 3t} 735 nmol A Microplate

_24_



readerE ©| &3l SHEE =43 IL, Ascorbic acid (1000 pg/mL, 200
pg/mL, 100 pg/mL, 50 pg/mL, 10 upg/mL):= positive control® A3t}

o A2 ol gald AnE At

ABTS radical scavenging activity (%)
= [1_ (A sample A sample blank/A control)]>< 100

A sample: optical density (OD) of sample (sample + ABTs solution)
A sample blank: OD of sample only (without ABTs solution)

A conrols OD of control (ABTs solution without sample)

@ DPPH @tz &7%5 &4

DPPH #HZ &£7% 42 o5 WS ol&ste S48 dlxF A=
LJE, LIPS %% (8 mg/mL, 1.6 mg/mL, 0.8 mg/mL, 0.4 mg/mL, 0.08
mg/mL) 25 ulLet 0.2 mM DPPH (2,2-Diphenyl-1-picrylhydrazyDt}t DMSO
(background) 175 pLE 96-well plateo] #H7}8lar A2o4] 30 min X 3t}
Microplate readerE ©]&€3}o] 515 nmolA 3 E=E =H3F3 L Ascorbic
acid (1000 pg/mL, 200 pg/mL, 100 pg/mL, 50 pg/mL, 10 pg/mL)+

positive control2 ARE-3TH T 2S5 o] &3l AASE AL

DPPH radical scavenging activity (%)
= [1_ (A sample — A sample blank/A control)]>< 100

A sample: OD of sample (sample + DPPH solution)
A sample blanks OD of sample only (without DPPH solution)

A conrors OD of control (DPPH solution without sample)
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2) NE WY

A M, RAW 264.7 cell (TIB-71, BALB/c miceol* @], Abelson
murine WX HlolPlA FEdteE T, EHF)T America Type Culture
Collection (ATCC, Manassas, USA)A Fulstsitt. AlxZe] wlef2 10%
fetal bovine serum (FBS)®} 1% penicillin/streptomycin  (P/S) 3X3H%
high—-glucose Dulbecco’s modified eagle medium (DMEM-high glucose)
AE ARESEL 37 °C, 5% COgollA wigdeh. A¥Es 7 025 x 10°
cells/well ¥ 1.0 < 10°ells/well?] FZ=Z 6-well plate 2 24-well
platel sl 1% FBS, 1% P/S *%3%¥ DMEM-high glucose BIA]ol|A uf3lT}.
o 2A3%lo A RAWAHELE passages 30 o]tz AFg3sion] AHXE o
A} EE A|°FS Gibco (BRL, Gaithersburg, MD, USA)o|A -ujj3}o]

Ag e,

o
)

ofo
off

3) AT AEE 34

Tetrazolium salt (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide, or MTT)E AH&alIA Ao AE=ES SAAT. RAW 264.7 Alx=
24-well platesel| A wjFsle], s|x=F A5 F=H& (1, 5, 10, 25, 50 ng/mL)
A At (37 °C 24 hr). A7} wpFg] ®@ A[HoA 40 pLe] MTT solution
(5 mg/mL in PBS) #7FiA 3-4 hr F7F sjatqlet. 1 o 45 Hs AA

o
3}l dimethyl sulfoxide (DMSO)E H7}alA A% formazano] FE35

=
op

M
ANy

2 ¢ AEZE shake AlAHTE 96-well plated] ] &3 ® A 50 L=
3 4] Microplate readerZ ©]&3t 540 nmoll A FF=E ST}, AE

o vhe 42 ol gsA Au,

X
rhN

Cell viability (%) = (OD of sample/OD of control) X 100
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4) Nitric oxide (NO) A =A

_L4

NO A% 542 Griess Reagent system™HS o]&34 AU, 4
RAW 264.7 cells 1 X 10° cells/welld] =% =2 6-well plateo] 16-18 hr #]<F
T, =7 AR 1, 10 ng/mLe 2714 =5 H7belA 6 hrE vl 5ol LPS
100 ng/mLE H7FlA & 24 hrE ¥lFAIZH. A8 A5 50 pLot &%
Griess reagent (Sigma-Aldrich, St. Louis, MO, USA)E 96-well plateol A

Ao A 10-15 min Y¥H$AIZ T Microplate readerE o] 839 540 nm=

N

EAe=2 =43} Nitrite YA FS sodium nitriteS o] &4 T T+ =4

2 olgste] AMSIG oM, LPS A FAUYETLOR AHEAT

Y

l

2

5) RNA E3&-AA¢ reverse transcription-polymerase chain reaction

(RT-PCR)

Trizol reagent (Invitrogen, Carlsbad, CA, USA)ES A}g&3lA RAW 264.7
cellsel] RNAE F=3sglon, E& 23S RNase-free 71 Sl A
o]Fo]xt}. NanoDrop (Nano-200 Micro-Spectrophotometer, Hangzhou
City, China) 7]71E °]&314 RNA A%& k. mRNA & 2 pg £ kit (ABI
High Capacity cDNA Archive kits, CA, USA)E o] &34 20 plLE WEo]A
25 °C 10 min, 37 °C 2 hr =+ 85 °C 5 min°ll4 ¢cDNAZ 34 dlth. RNase
Free Water2 cDNAE 5¥l& 3A3v. 25 pl cDNA, 5 ulL SYBR
(Bio-Rad®, CA, USA) % 1.6 um9¢ forward ¥ reverse primerE 411 &
10 pL %2 A real-time qPCR (CFX96™ Real-Time PCR Detection
System, Bio-Rad, CA, USA)E °|&3te] PCRE AAIe3ith. ol PCR =72
50 °C/2 min; 95 °C/2 min; 95 °C/15 s % 60 °C/1 min 403]. HZF
extensioni= 65 °C/0.05 solA4] Roche Fast Start Universal SYBR Green
MasterES AFgalA 2 A3ttt RT-PCRoA] AF8% primers Table 33 7t}
mRPLPO (36B4)+% internal control® AF&3th Delta Ct WHoO= FHAA}
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e
[..‘811
filo
2
>
52
)
e

A& e AFE3FE= PCR primers:= Cosmo Genetech

(Seoul, Korea)oll A -uf it}

Table 3. Primer sequences for RT-PCR

Target genes Primer sequence (5'-3")
F: GGATCTGCTGCATCTGCTTG
mRPLPO (36B4)
R: GGCGACCTGGAAGTCCAACT
F: GGCTGCCCCGACTACGT
mTNF-a
R: ACTTTCTCCTGGTATGAGATAGCAAAT
16 F: CTGCAAGAGACTTCCATCCAGTT
mll-
R: AGGGAAGGCCGTGGTTGT
18 F: AAATACCTGTGGCCTTGGGC
mll—
R: CTTGGGATCCACACTCTCCAG
F: AGGTCCCTGTCATGCTTCTG
mMCP-1
R: GCTGCTGGTGATCCTCTTGT
110 F: GCTCTTACTGACTGGGATGAG
mll—
R: CGCAGCTCTAGGAGCATGTG

Abbreviations: RT-PCR, reverse transcription—polymerase chain reaction;
m, mouse; F, Forward primer; R, Reverse primer; mRPLPO (36B4),

internal control.

6) A5 Apo|E W4T 24 (ELISA)

AEA AlolETFl WA LS ELISA assayE AFE3te] 23tk RAW 264.7
cellse= 1 x 10° cells/welld] %2 6-well plated] 16-18 hr wjFgct.
o] Zo dxF A& 1, 10 ng/mLE H7IsiA 6 hrE 8 Fo] LPSE

A7veA & 24 hrE WARH AR SIS 7siA ELISA kit



(TNF-a, 1L-6, IL-10: BD PharMingen, San Jose, CA, USA)E o]&3}¢]
protocolol] wa} A&S Pt 96 well plateo]A] Capture Antibody=
TNF-a, IL-6 % IL-10 (Anti-mouse) & (Capture Antibody: Coating
Buffer= 1: 250) 100 uL #H7}ste] 4 °ColA overnight coating Al F Th.
t}e-do 96 well platex wash buffer (1X)® &3}l Assay Diluent 200
puL 1 hr blocking A%t Wash buffer® A% 3 %, Standard &3} #jeF
FENE 100 mLE 9 A2oA 2 hrg WHSAIZ T 98 3 Al Al H 3
Working Detector (Detection Antibody: Assay Diluent= 1: 500, Enzyme
Reagent (Sav-HRP): diluted Detection Antibody= 1: 250) 100 pL % 7}3}¢]
A2 1 hrE RESAIH T TNF-a9 745, Detection Antibody (Detection
Antibody: Assay Diluent= 1: 250)& #7}sta2 1 hr ¥& 5, AF3ta
Enzyme Reagent (Enzyme Reagent: Detection Antibody= 1: 250)&
A7kt 30 ming WHSAIAT 1 Fel=, Al AlFSEaL,  Substrate
Solution(A: B= 1: 1) 100 pLE& #7lste A2o]A4 30 min &9 HAolA
HES Al FTE. Stop Solution® WSS F5A71 % 30 min ¢t Microplate
readerE ©]&3F9 450 nm% 570 nmolA FFEE SAHIATE AHE WG
52 centrifuge 14,000 rcf, 4 °C, 5 min Al7]aL 919 HAE 7} Assay
Diluent® 3|4t} (TNF-a: 500W; IL-6: 50u) 841 ; IL-10: 2w} 34,
Standard® ®E  ZEFHNE F3 TNF-o, IL-6 % IL-10 AAAZFS

A8

3. A

S|
A

i

BE do]E+= one-way analysis of variance (ANOVA)S E3] #Adc)
GraphPad Software, Prism 8.0.1 (San Diego, CA, USA)ZE ©o]-&3al|lA] analysis

of variance (ANOVA) one—-way multiple comparison (Dunnett’s or Tukey's

|

multiple comparisons) T+ t-test (P <0.05)E AA|sAY. BE k2 Hf

(mean) + SEMS & et

ol
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D tArt & FEES oA0 ) 9379 & ZY¥s 3

ATolA B = FEE3 gt fd UdR FEE T Eeds
F219] A= Table 494 2k 9] A HAA 7]sd vhel o] Gallic acid
concentration equivalents (GAE) 7|22 Alg9 ZgdsE FAE
AArbstgler.  LIES] % EgdlE FXx+ 2.163 ng GAE/mg, LIPS
Eo¥lE FA= 0 ng GAE/mg Webwtth, LIE= LIPSEG & Z2]ds Fakol

frejHo s gokon, thdFo] AAARAGAA FeuEe] &2ES AT
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Table 4. Total polyphenol contents of LJE and LIPS

Samples Total polyphenol contents (ug GAE/mg)
LJE 2.163 + 0.105
LIPS 0

Asterisks (*) indicate significant differences of p <0.05.

The concentration of samples was 2 mg/mL.

The data are presented as the mean = SEM, n = 2, two independent
experiments.

Abbreviations: LJE, Laminaria japonica extract, LIPS, Laminaria japonica
polysaccharides.
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2) BTk B 283} DA e GFFY Fae w3

@® ABTS Az &A%

ABTS &%t 275 A3+ Figure 49 2tk LIE ¥ LIPSS] ABTS gtz
A2ATE YA ET (Ascorbic acid, AA)I} Bt YUoky FEEE ABTS
gz FA% Friete A3 JErEth LIE, LIPS 1 mg/mLe] &EolA
ABTS @z 27% Axde ZF 50.5%, 21.5%% YeElch ABTS oz
27%%S LIPSEY LIEAA o A Yerwth 200 ug/mLFH LIJE, LIPS7}
Fro]Ho® xpo7b LpERRTE
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Figure 4. ABTS radical scavenging activity of LJE and LIPS

The data are presented as the mean = SD, n = 2, two

independent
experiments.

Statistical analysis was performed using one-way ANOVA.
* p <0.05; *#* p <0.01, =+ p <0.001, **** p <0.0001

Abbreviations: LJE, Laminaria japonica extract, LIPS, Laminaria japonica
polysaccharides; AA, Ascorbic acid.
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@ DPPH #9Z £A4%

DPPH #vZ 27 % A3+ Figure 59 #v}. LJE ¥ LIPS DPPH zht)zt
A2AGTE A ERT (Ascorbic acid)¥ H]nste] Yoty == DPPH
gz =A% S/t Z237F JElE Y 1 mg/ml =74 LIER LIPS7F

DPPH #tt]Z &7 %0] §l&S gRlstgit
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Figure 5. DPPH radical scavenging activity of LJE and LIPS

The data are presented as the mean = SD, n = 2, two
experiments.

Statistical analysis was performed using one-way ANOVA.

* p <0.05; #x p <0.01, #=*+* p <0.001, ***x p <0.0001

Abbreviations: LJE, Laminaria japonica extract, LIPS, Laminaria japonica
polysaccharides; AA, Ascorbic acid.

independent
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2. AR & FEEFR AT 3 987 AESA

Alul A8 2% (LJE, LIPS)7} RAW 264.7 AE¢ AES vX= 3¢S
MTT assayS £l 321dt9th RAW 264.79 aZHF FEES x93 (1,
10, 25, 50 pg/mL)Z2 H A5t d2F FEE FAXA AlE 548 &9l

A3+ Figure 69F 2t}

&

ol

izl Hste] LIEE 10 pg/mL o]ie] FZolAds AlX AES
FYAA AAE DA LIPSY Agodle BEE AA oA dgixatd
Hlalsle]l frelxow Zolzh gldulh. 2@y LIPS 25 pg/ml, 50 ug/mL
AAPE W AE AEES 4Z 13%, 19%7F #F2EHAY. weEbd 2
2 FF EE RAW 264.7 AEE |83 UArl AEEEE

LIE®} LIPS B5olA 13} 10 ng/mLe =2 ZAAste] HaPst ).

i1k
o
my,
_g
=
)
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Figure 6. Cellilar toxicity of LJE and LJPS in RAW 264.7 cells

Cytotoxicity of LJE or LIPS on RAW 264.7 cells determined via an MTT
assay.

The data are presented as the mean £ SEM, n = 3, three independent
experiments.

Statistical analysis was performed using one-way ANOVA.

Asterisks (*) indicate significant differences of p <0.05.

Column of grey, control without samples; Column of black, LJE; Column
of pattern, LJPS.

Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; LJE, Laminaria japonica extract; LIPS, Laminaria japonica
polysaccharides.
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3. BAlFt & FEE3% vAR 73 B3F77F NO B4 A= 9%

LIE®t LIPSO @495 axes A7istz]l 9siA LPSE A5S F%3 RAW
264.7 AXZAA FEF FEE NO APHF dAaxs 490 LIE (10
pg/mL) ARl A Rz B folFo® 22 NO AAZS B, LIE (1
pg/mL) AA 2 LPSE FE¥ NO AAHFS Fodoz AT (Figure
7. Panel a). H]x23 F®o] LIPSolA®= #zHAoHw, LIPS (10 pg/mL)
Ao g gzTrRtg Fo9doz ¥ NOE Asksldla, 13 10 pg/mL

E

XA}t (Figure 7.

Lo

LIPS A& LPSE F%3FH NO HAHS F9zo= 7+

Panel b.).

_38_



120 B LJE (ug/mL)
100 *

80
60—

40

NO production (%)

20

0-

LPS 100 ng/mL . - = + + +

120

00 LJPS (ug/mL)

(v}
o
|

7
|

/
s 1)

0 1 10 0
LPS 100 ng/mL . - u +

NO production (%)
3
|

NN

N
o
|

Figure 7. Effect of LJE and LJPS on nitric oxide (NO) production
in RAW 264.7 cells

Panel a. Nitric oxide (NO) production treated with LJE 1, 10 ug/mL
with/without LPS in RAW 264.7 cells. Panel b. NO production treated with
LJPS 1, 10 pg/mL with/without LPS in RAW 264.7 cells.

RAW 264.7 cells were pretreated with indicated concentrations of LJE or
LJPS for 6 hrs, then incubated with LPS (100 ng/ml) for another 18 hrs.
The data are presented as the mean £ SEM, n = 3, three independent
experiments.

Statistical analysis was performed using one-way ANOVA.

Asterisks (¥) indicate significant differences from control, and hashtag (#)
indicate significant differences from LPS (p <0.05).

Column of black, LJE; Column of pattern, LIPS.

Abbreviations: LJE, Laminaria japonica extract, LIPS, Laminaria japonica
polysaccharides.
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4 AR B FEEF D4R 49 ORRY 93 B 4A% 2@
EEERE

Figure 8-12014 X.o] 2 mpe} o] LJESF LIPSS d5xd 599 71d&
odolw 7] e, vt d5BH Alo]E7Fel, TNF-q, IL-6, IL-1B, MCP-1
2 IL-109] mRNA ZdS F<e3itt.  TNF-a mRNA®l 3¢ LIE (10
ng/mL) ARl A diza Huh fo]HoR & TNF-a AHFS B,
LJE, LIPS (13 10 pg/mL)E X3 ol LPSA=Fol o8 TNF-a
AAREE o7 Aol7t Atk (Figure 8). IL-6 mRNA2l 7-%-, LJE, LIPS
(13} 10 pg/mL) BT oA iz o4 ztel7b §lglar LPSAb=of o g
-6 AAFE F94 ol7t eldtt (Figure 9). IL-18 mRNA®9 %, LIE
(10 pg/mL) HXL LPSTY IL-18 AAZEI nlmsle] Hojdo=w
AaAAY LIPS (13 10 pg/mL) Aol LPSA=l 98] IL-18
TS FolA  zpol7t gttt (Figure 10). H]==3k  #jgle] MCP-1
mRNAO| A= LJE, LIPS (13} 10 pg/mL) RE oA tiza3t 9% zto]7}
AL LPSAFT 93] MCP-1 A= Fo]4 o]zt gt (Figure 11).
IL-10 mRNA®] Z$-olli= LPS#3 Hlwste] LIE9 LIPSS F7HA Fkof A
IL-109] AP =S FoA o=z AU (Figure 12).

_40_



TNF-a
3,
S I LJE (ug/mL)
[ =
(=]
5 6—
wn
3 2
=
Zz X 47
F <«
=z
X 2-
£
0_
0 1 10 0 1 10
LPS 100 ng/mL - g - + + +
b
TNF-a
B_
- LJPS (ug/mL)
o
®
w
3 2
' o
3
F <
=
04
£

LPS 100 ng/mL

Figure 8. Effect of LJE and LJPS on LPS-induced TNF-a expression in
RAW 264.7 cells

Panel a. Effect of LJE on LPS-induced TNF-a expression in RAW 264.7
cells. Panel b. Effect of LIPS on LPS-induced TNF-a expression in RAW
264.7 cells.

RAW 264.7 cells were pretreated with indicated concentrations of LJE or
LJPS for 6 hrs, then incubated with LPS (100 ng/ml) for another 18 hrs.
The data are presented as the mean = SEM, n = 3, three independent
experiments.

Statistical analysis was performed using one-way ANOVA.

Asterisks (%) indicate significant differences from control (p <0.05).
Column of black, LJE; Column of pattern, LJPS.

Abbreviations: LJE, Laminaria japonica extract, LIPS, Laminaria japonica
polysaccharides.
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Figure 9. Effect of LJE and LJPS on LPS-induced IL-6 expression in
RAW 264.7 cells

Panel a. Effect of LJE on LPS-induced IL-6 expression in RAW 264.7
cells. Panel b. Effect of LIPS on LPS-induced IL-6 expression in RAW
264.7 cells.

RAW 264.7 cells were pretreated with indicated concentrations of LJE or
LJPS for 6 hrs, then incubated with LPS (100 ng/ml) for another 18 hrs.
The data are presented as the mean £ SEM, n = 3, three independent
experiments.

Statistical analysis was performed using one-way ANOVA.

Column of black, LJE; Column of pattern, LJPS.

Abbreviations: LJE, Laminaria japonica extract; LIPS, Laminaria japonica
polysaccharides.
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Figure 10. Effect of LJE and LJPS on LPS-induced IL-1B expression in
RAW 264.7 cells

Panel a. Effect of LJE on LPS-induced IL-1B expression in RAW 264.7
cells. Panel b. Effect of LIPS on LPS-induced IL-103 expression in RAW
264.7 cells.

RAW 264.7 cells were pretreated with indicated concentrations of LJE or
LJPS for 6 hrs, then incubated with LPS (100 ng/ml) for another 18 hrs.
The data are presented as the mean £ SEM, n = 3, three independent
experiments.

Statistical analysis was performed using one-way ANOVA.

Hashtag (#) indicate significant differences from LPS (p <0.05).

Column of black, LJE; Column of pattern, LJPS.

Abbreviations: LJE, Laminaria japonica extract; LIPS, Laminaria japonica
polysaccharides.
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Figure 11. Effect of LJE and LJPS on LPS-induced MCP-1 expression in
RAW 264.7 cells

Panel a. Effect of LJE on LPS-induced MCP-1 expression in RAW 264.7
cells. Panel b. Effect of LIPS on LPS-induced MCP-1 expression in RAW
264.7 cells.

RAW 264.7 cells were pretreated with indicated concentrations of LJE or
LJPS for 6 hrs, then incubated with LPS (100 ng/ml) for another 18 hrs.
The data are presented as the mean = SEM, n = 3, three independent
experiments.

Statistical analysis was performed using one-way ANOVA.

Column of black, LJE; Column of pattern, LJPS.

Abbreviations: LJE, Laminaria japonica extract; LIPS, Laminaria japonica
polysaccharides.
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Figure 12. Effect of LJE and LJPS on LPS-induced 1L-10 expression in
RAW 264.7 cells

Panel a. Effect of LJE on LPS-induced IL-10 expression in RAW 264.7
cells. Panel b. Effect of LJPS on LPS-induced IL-10 expression in RAW
264.7 cells.

RAW 264.7 cells were pretreated with indicated concentrations of LJE or
LJPS for 6 hrs, then incubated with LPS (100 ng/ml) for another 18 hrs.
The data are presented as the mean = SEM, n = 3, three independent
experiments.

Statistical analysis was performed using one-way ANOVA.

Hashtag (#) indicate significant differences from LPS (p <0.05).

Column of black, LJE; Column of pattern, LJPS.

Abbreviations: LJE, Laminaria japonica extract, LIPS, Laminaria japonica
polysaccharides.
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5. tAlvt & FE=3 tAlvt #Fd ORI 854 AIEIND A mAIE

I

qMzF FE== LIESH LIPSE 717t 1, 10 ng/mL= A X|ske] df2] A 3ol A
LPSE §E%¥E TNF-q, IL-62 IL-109] A= mxe= og3Fs selg)

-

- B

(Figure 13). LPS A=l 9Ja F7Fgk TNF-a % IL-69] A ZFS LIE
pg/mL, LIPS 1, 10 pg/mLE AHAg oA TNF-a¥ [L-69 =S
oA or ZAaAZY. =, LIE 10 ng/mLe® AL LPSe A=o=®
¥ TNF-a 2 IL-6& #aARAL, 1L-109] Sl LPST9 IL-10
A= wlawete]  LJEQ LIPSY  F7bA FwolA  IL-109 AAHS
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Figure 13. Effect of LJE and LJPS on inflammatory cytokine production in
LPS-stimulated RAW 264.7 cells

Panel a. Effect of LJE and LJPS (1, 10 pg/mL) on LPS-induced TNF-a
expression in RAW 264.7 cells. Panel b. Effect of LJE and LJPS (1, 10
ng/mlL) on LPS-induced IL-6 expression in RAW 264.7 cells. Panel c.
Effect of LJE and LJPS (1, 10 pg/mL) on LPS-induced IL-10 expression
in RAW 264.7 cells.

RAW 264.7 cells were pretreated with indicated concentrations of LJE or
LJPS for 6 hrs, then incubated with LPS (100 ng/ml) for another 18 hrs.
The data are presented as the mean £ SEM, n = 3, two independent
experiments.

Statistical analysis was performed using one-way ANOVA.

Asterisks (*) indicate significant differences of p <0.05.

Abbreviations: LJE, Laminaria japonica extract; LIPS, Laminaria japonica
polysaccharides.

_47_



-0,
oty
o
)
A
oX,
o
i
=
_OL
K
o,
iy
Lo
(2 M
18
BN
il
fol
A=)
il
=
1>
X
He
=
\]
NG

LIE % LJPSe olsteh® 54 &4 Z¥, & Z99s 3% LIES 2.163
ng GAE/mgZ YEbgtoy, LIPSOA+= FdEe] HEsA Zsuch o=
ChAjute A gd/is B AAsE FHdd 71d 2 43 58 A
Zoldizo]l £4xE oz A" Min Joo Bae ¢ (2015)+ ¢
mg GAE/100 g2 HoJFow ol R el n|=3h
I AlAdgk oxmbE A=A o LIE= s 41%=2 A3gda

LIPSt €3dx= g, W43 2 (2019 ©AlvbzE 70 C, 5 hrollA]

i
<
|
2
2
—
w0
~

AT 12 F T As5TZFE 50974 Foe AS IS o o= thA 2
A7 F Edde 9% Z2yE S 5 Ay [135] vAvt =& Uy
2o wep Eol = F EYdlE dFel eS¢ 5 vk Afd 9
(2017 FEWHel wet s=f FEed Ao Hass EoFd

2 Ao AlRe] %= 10 ng/mL-1 mg/mL7bA AHE L bl TS
=48t LJE, LIPS 1 mg/mLe wxoA ABTS @z &27% 2
50.5%, 21.5%% LJE7F LIPSHY ¢ %< Z3r7F yext. LIE, LIPS 1
mg/mLe] ¥%=7kA DPPH &tz &A% §15S &8stk Wan Peng 9
(2015)= wHAukE ol&8iM 37k+ Wer vERE FEIaL 3TF TV
el O (1 mg/mL) AXdolA ABTS &z &A7so] 20% B%
UElstal DPPH #toZt 7% o] 5% ©]st® yeRRtth [137]. o]& & A<}
Y3 Ays el mm3, B dAfelq ABTS, DPPH radical &A%

als
S

Ll
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A wHow ZAsdn FaE wwel AxeA @k oRe 7 Pz
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o]t} Paraskevi Kouka ¢ (2017), Raj Kumar
Salar ¢ (2011) AFdA%E SALHA wet Fikst a5 Aol th=2+
A37F YERsTE [138, 1391.

izl Hsle] LIEE 10 pg/mL o4 FZolAde AxE AEE
Fo] Al AE BESI A RAW 264.7 AlXA Ao & e Al
LIPS o] ZAf-olle Re AHA sEolA 5o veuA 2$es g9
T2y LIPS 25 pg/ml, 50 pg/mL AP wf AT AEELS 13%, 19%
Zaste]l LIPSO HAwEE 1, 10 pg/mL 2 AR LIE S LIPS =
Hlwek7] 913 10 pg/mL F=olA HA4o] Yt o= Fro] AR

Preliminary data®# LPSE %% (10 ng/mL, 100 ng/mL, 1000 ng/mL),
A2V (0 h, 6 h, 18 h, 24 h)& RAW 264.7 Al¥°] x84 NO assay,
MTT assay @ 9Z4 Alo]E7FSl (TNF-) A ZHS &2ldla o] preliminary
data A3l 9JsA ® AFdME LPSY %2 100 ng/mLE XA} (data

not shown).

LIPSE 10 pg/mL HAZ @ NOo| AAZFES FoJHo= Frkete A&
I8ttt o9k 2 AdeE AEA 9 (2018)¢] AFelA = sxF mA
FEE> RAW 264.7 A AxdA A9Edst @37 B33 Sang Chul
Jeong ¢ (2015)¢ AFolMe= ZAxFA £ Fd tdH= RAW 264.7
AL AgeAst avt= BTk [140, 141]. ¥whde] LIE 1 pg/mL, LIPS
1, 10 pg/mLE LPSE A X3 RAW 264.7 A¥old 9% 37l B2
ek LIEZF RAW 264.7 celldlA @95 5345 7He 2S¢ F don
LIPS 7F RAW 264.7 celldld ¥z <5 x4 &3 (biphasic

immunomodulatory effect)E 74 &= A& & = U}

LJE, LIPS7} LPS A=o.2 3] F71st 954 Alo]E71el (TNF-a, IL-6,
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Yok, LJE, LJPS 1, 10 pg/mL =
o= Qlal F7ksk FATA AtelETR (IL-10)9 Zd o
FoHoR Hard RS AT B Aol dFPE mRNA #E A
A= vE dTZAdes vdE2A vewd. oS &9, Jing Ye € (2020)
AellA oAb 8 fucoidane LPS A=o2 s F7keE 954
ALl E7FQ] (TNF-a, IL-6, IL-1R)2] wdo] Folxoz 7FAAH T [142].

ELISA ¥4 Ao LIE (1 pg/mL), LIPS (1, 10 pg/mL) A A+ LPS
FEHE RAW 264.7 A Fo|A TNF-a, 1IL-6, IL-109 BAHFS Fodoz
ZaEAq0. LJIE (1 pg/mL), LIPS (1, 10 pg/mL) AX& RAW 264.7
AzlA FdFds Z3rt B9tk Park 9 (2013) LJE (10 pg/mL-100
pg/mL)7F LPSE X3 RAW 264.7 Al¥o|x TNF-a, IL-18, IL-69
AFS Ao E Ao 9% A%E vERin [143].

rh
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iin)
::l,
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i
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rlr

o
RAW 2647 A% melod % Age Zdsts olawale 927 thy)
&l LIES LIPS7F ©idolx Asfazrt B mRNAoIA
A&7 Jeb A ket wetA LIE 2 LIPS7F AAF 34 (transcriptional
leveDoll Al ZH3st=%], W 34 (translational leveDolA ZH3}=A]

Felstel 77 A7} Bag,

_50_



VI 2.9 2 AE

B oAFoe dxF7 A vl (Laminaria japonica)E ©]83te] thaln} &
FZE (LJE) 2 tAmt fd b (LIPS)E F=1A i AE RAW 264.7
AEZE o]&dlA LIER LIPSY o]s}st 54 (F ¥+ &%, ABTS, DPPH

m}kl

B 2A% 3H) o n#@y FAF 2HE £ AEA 29E vusia
a2 7)Ao el Atel Bzl Sk o AdE the) o] 2okt

1. LJEY & ZydE %S 2.163 ng GAE/mge] A4k, LIPSO+ =A%) A
Lotk tAluboll A O RFE FE AASE HFAHAA Zgdsol &AES

5]

215451t

fo 52

2. Mol EAE FEsk @e sRdAe LIEY kst advl AA
(Ascorbic acid)¥ Hlaaj A B&atA]= gFakth. webs LIESH LIPSe] &H4ksts
Ao & Qo] ksl vAlnt fHl vddFe FE AYSHS
obds Sl

3. A AMEQ] RAW 264.7 MEAA LJE, LIPS7F 1, 5, 10, 25, 50 pg/mLe]
=2 X3 Az, LJE 7} 10 pg/mLolAo =z g dto] AE SA4S vers:
LIPS7F 50 pg/mL7bAl A2k oA MxE S45 veuA skt LIEZF
LIPSE T ta Ao A F Aoz & AE 54& BETh

4. LJE 1 pg/mL HA|To] LPS A=5202 3] S7Fe NO AAAHS Foxoz
waAE F9F EAE BRAYT. EE LIPS (10 ag/mL)AAT]
2R NO AdHES Fg49e= F7dla LIPS (1, 10 pg/mL)7F LPS=

¢ 58 NO A4FS fO908 Pastc s} uebkeh %, LIPS

= RAW 264.7 cellodlXd dHZA dFx4d a3 (biphasic immunomodulator



5. LJES} LIPS} LPS A=o& <& Z7}gk TNF-a, IL-6, IL-18, MCP-19]
mRNA e wA= Gds fFoAeolx skth &, fd7 TdS g9l
AEA Aol EFES & LIES LIPS (1, 10 pg/mL)E LPS Ao 7 sl 713
[L-10¢%] mRNA #do] FoAo g Ad S Flsdit.

o o

6. LPS®E 9% =¥ 7 AAMEAA AT FE Al EFISI
TNF-q, IL-6% IL-109] @98 AAFHFS SAHg A7, LIE 1 pg/mL, LIPS 1,
10 pg/mL7} LPSS A-=o= Qla] Z7}s TNF-q, [L-6% IL-109 =S
Fodoz e

ol4be] Axg FTFsI B talutelA OEdRFE FE AAse A4S F9
Z8|dl=o] EAHM, LIESH LIPS ditstks AdolA & = ko] aHitslsol
thalul fE oERe] FE AgEde ofdg #ldn. LIEZF LIPSHEU
WA A ZA A FAo R =& AlE 545 ®Belew, LIPS LIES d5x4
717e) ztolE Hol= AS & 4 9tk LIEE RAW 264.7 2 A2e] HA4o]
S TEolA FdF a¥E HolARH LIPSE 54 Fkol wEl RAW 264.7
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