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Anti-inflammatory Effects of Fermented Laminaria japonica and Hizikia fusiforme Water
Extracts with Probiotics in LPS-stimulated RAW264.7 Macrophage Cell Line

Yeon-ji Hwang, Insook Chae and Yunkyoung Lee'

Dept. of Food Science and Nutrition, Jeju National University, Jeju, South Korea

ABSTRACT

This study was conducted to investigate alterations of seaweed composition upon Lactobacillus rhamnosus GG (LGG)
fermentation as well as potential anti-inflammatory effects and mechanism (s) of water extracts and fermented water extracts
of Laminaria japonica (LJ) and Hizikia fusiforme (HF) in lipopolysaccharide (LPS)-stimulated RAW264.7 macrophages. Total
polyphenol, total sugar, and reducing sugar contents were measured in LJ and HF water extracts before and after fermentation
by LGG. Alterations of inflammatory cytokine levels in cell culture media were measured by ELISA, and levels of
phosphorylation of c-jun NH2-terminalkinase (JNK) and extra cellular signal regulated kinase (ERK) were examined by
Western blot analysis. LGG fermentation of LJ and HF altered total polyphenol and sugar contents in water extracts of LJ
and HF. LPS-induced production of pro-inflammatory cytokines such as IL-6 and TNF-a was significantly reduced by HF-f
compared to control in RAW264.7 cells. Consistent with reduction of anti-inflammatory cytokine, interleukin (IL)-6, and tumor
necrosis factor (TNF)-a levels by HF-f, HF-f also significantly reduced phosphorylation of ERK and JNK in LPS-stimulated
RAW264.7 cells. In addition, LJ-f and HF also significantly reduced phosphorylation of JNK and ERK induced by LPS in
RAW264.7 cells. Overall, our result suggests that HF-f among the four tested seaweed extracts is the most potent anti-
inflammatory agent, and its mechanism of action is partially mediated by reduction of JNK and ERK phosphorylation as well
as IL-6 and TNF-a production in LPS-stimulated RAW264.7 cells.
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buffered saline)ol] 3]4]s}o] o]3}stk 3]1, Adof Al83FATH
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Fig. 1. A flow diagram for preparation of Laminaria japo-
nica and Hizikia fissiforme water extracts and their fermented
water extracts.
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Ao thalnleh Bl UE B
28 thnke 2o %

FZE(LJA, HF-H)o 3% &
FZE°] LGG(300 billion CFU/g,
Chr-Hansen, Denmark, "I¥-FA4(F) SFATa0NA AF)
powderE 2 g/100 mL(w/v) =& H7lste] 37T wjgF7]dl
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HES-AlF 720 nmol|A] &3 =(Molecular device, CA, USA)S
=739tk A& 229 galic(gallic) acide] A F54E
ga) ARl Beeke Sods satee) BUe 27
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=% O]-M__UJ](Wolfrom ML & BeMiller JN 1963),
A& 10 pLell 5% phenol £ 10 pLE 718 3 50 pLe]
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RAW264.7 QXM E S=iA| 52304 okwlol AL
45199 2™, 10% heat inactivated fetal bovine serum(HI-FBS),
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7718+ DMEM(Dulbecco’s modified Eagle medium) Hj*| &
0149_“3}04 37C, 5% CO, Z71A vl g3ttt Seeding il

£ serumS <1 ¥lX]Q1 1% HI-FBSE &3 DMEM B %]
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S5 (LI T Weissella sp. SH-1, Lactobacillus casei)
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3 thKang B 5 2014; Kwon MS 5 2015). LJ, HF, LJ-f
52 HF-fZ 100 pg/mL =2 A 2]skaL, 3A1ZF & LPS(200
ng/mL)E A 2lste] 244)3F FRt v gsisieh. A R|7F i Al
X = DPBSZ MAH3 & lysis buffer(100 pL)E ©]-8-3te] &
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A =70Col| Bt 2 Adol AMgE Tl 2kt
western blot assay 'H-2 Hwang YJ(2016)°l #}A3] 7]&F]
o] 9lom, 7ts] AFshH t2-3 2t} Bradford 'HE
w2 He-S AAIZE 3 10% SDS-PAGE geloll 50 pge] th
A& 29ated 80 VellA] 1413, 120 VollA] 1AIZHERE %171
%4%5& 2 A)8}aL, nitrocellulose blotting membrane(Amersham
Co., Germany)2-2 transferAlZt}. 3t AIZF B2t 5% blocking
buffer(Bio-rad, CA, USA)ZE blocking= 3+ &, 13} 3HA|(p-INK,
JNK, p-ERK, ERK(Cell signalling technology, MA, USA))&
5% blocking buffercl] 1:1,0009] =2 3|43l 4TolA 12
~24A|7F Tt vk Al AT TBS-T £9(0.1% Tween 202 &
& TBS)= o|-&3te] 1024, 33] AlH g F 22 A anti-
rabbit IgG, HRP-linked &4)|(Cell signalling technology, MA,
USA)E 5% blocking bufferel] 1:2,0009] F=2 3|3l A
2ol A 903 FF WA Z T WA Ete. 2 TBS-T &9 ©]
4321 33] washingdt ¥, ECL kit(Enhanced chemilumine-
scence, Cyanogen, Bologna, Italy)E ©]-8-3}l%] Fusion Solo
(Marne, France)E 53 =735
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tha kel Eo| B FEE(LJ, HR)F HEE FE2E(L,
HF-f)o] LPSe] A=) oJs] A== IL-18, IL-63} TNF-a
o] WA n e ga9=s =337 Ysle] RAW264.7 T
2 EZ 1x10° cells/welle] F=2 6-well platec]] ¥F3F 5
1% HI-FBSE 3-r&F DMEMeIA] F 24417k 52t vl Fak3d
th 471 FEE Al5E 424 Agsta, 3413 5 LPS(200
ngmL)E A elsto] 24413 FRF v F, A2 HOW" T
sto] A4 EeE] IS AR Ao 4o AA1d w7
—70Cel Rt wixe] Ale]| B9l F= =% & ELISA
kit(IL-13+ R&D system, Minneapolis, MN, USA/IL-6)<}



TNF-a= BD PharMingen(San Diego, CA, USA)Z ©]-&3}c]
Azd Ao uet Agsigon, TFTE 4502 540
nm®l| 4] microplate reader(Molecular device, CA, USA)E ©]
gt skt
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PH+ETL x}(SEM)E FA8H o,
o7 zlo]o A2 rtest T2 ANOVA £S5 AA
ATt o4 2ol AFE p-value<0.05 ol A AASHA 1,
AP FAA 2 Tukey testS AME-3F THGraph pad Prism Ver-
sion 6.0, San Diego, CA, USA).
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Table 1. Total polyphenol, total sugar and reducing sugar
contents of LJ and HF water extracts and fermented water
extracts

Total polyphenol Total sugar Reducing sugar

Sample contents (ug/mL) contents (pug/mL) contents (pug/mL)
LJ 2.57+0.37° 3.74+0.37° 4.56+2.22°
LJ-f 1.83+0.06" 5.96+0.98" 226.78+2.22°
HF 6.44+0.08° 2.26£0.37° 12.33+1.93°
HF-f 2.30+0.06" 11.89+1.28° 309.00+3.85

* Values are the means+SEM of three independent experiments
(n=3).

* Values that do not share the same superscript are significantly
different by ANOVA (p<0.05).

" Abbreviations: LJ (Laminaria japonica water extract), LJ-f (fer-
mented Laminaria japonica water extract), HF (Hizikia fusiforme
water extract), HF-f (fermented Hizikia fusiforme water extract).
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= Ade 7t

LE e ekl & FEEY F v ST
ol Wshdy, o] F & & 3.74 pgml, L= 5.96
pgmlE IR § F o gio] Fkele e Bolon,
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=733t A3+ Fig. 29+ 2t} LPS AH=22 57138 ERK2)
Qlaksh= 350 el =5 A X|(LPS+LJ/-f, LPS+HF2} LPS+HF-f)
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Fig. 2. Effects of LJ, HF, LJ-f, and HF-f on phosphorylation of ERK abd JNK in LPS-stimulated RAW264.7 macrophages.

" Values are the meanstSEM of three independent experiments.

" Values that do not share the same superscript are significantly different by ANOVA (p<0.05).

* Abbreviations: LJ (Laminaria japonica water extract), LJ-f (fermented Laminaria japonica water extract), HF (Hizikia fusiforme water
extract), HF-f (fermented Hizikia fisiforme water extract); RAW264.7 cells were incubated in serum starved media for 24 hrs and then
treated with 100 uM of the extracts mentioned above for 3 hrs prior to treating LPS (200 ng/mL) for an additional 24 hrs.
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e Ato|E7el

—

FEE0| RAW264.7 CHAIMZ S| S
ddoj njxj= I

LJ, HF, LJ-f, HF-f7} LPS9] A}=Fo =
RAW264.7 thA A Lol A A 8= 57 Aol &
1B, IL-69} TNF-a2] Aol mx]& ko ﬂ%?‘é} Z 3= Table
29} 2t} LPS Aol 93] RAW264.7 thalA o] 534
Alol 2711 IL-18, IL-6, TNF-a2] Tz]f LPSE A 2]3H+]
22 tl 2T (negative control)ol] B]3| fo]H o2 Fr1elRi o
o, 4%9] S| Z2F FEE F, LPS+HF-f77o] IL-69} TNF-a
o] #2]& LPSwol| Bl3l 94 o2 FHAA|Z th(p<0.05). At
o] &7}l IL-1B, IL-6% TNF-a & 45HHe-S 3151 )

AAZA, AGAE BHSE 5 FF0S 24, AU =
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B AN B @g FEE(HF-H)S LPSY Aoz A -
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Table 2. Effects of LJ, LJ-f, HF and HF-f on cytokine
productions in LPS-stimulated RAW264.7 macrophages

Sample

IL-1B3 level IL-6 level TNF-a level
Treatment LPS  (Mg/mL) (ug/mL) (ng/mL)
Negative ) ND' ND ND
control
Positive 182.25432.75 1,170.12+9.08° 2,684.29+306.55
control
L] + 155.75+19.25 1,195.81+5.69° 2,753.54+325.67°
LJf +  216.00£54.00 1,190.114.41° 2,781.04+293.69°
HF +  209.25+34.92 1,216.28+3.39° 2,777.96+373.02°
HF-f  + 17258+ 3.75 1,071.84+7.75" 2,514.67+292.45

* Values are the means+SEM of three independent experiments
(n=3).

* Values that do not share the same superscript are significantly
different by ANOVA (p<0.05).

" ND: Not detected.

* Abbreviations: LJ (Laminaria japonica water extract), LJ-f (fer-
mented Laminaria japonica water extract), HF (Hizikia fusiforme
water extract), HF-f (fermented Hizikia fusiforme water extract);
RAW264.7 cells were incubated in serum starved media for 24
hrs and then treated with 100 uM of the extracts mentioned above
for 3 hrs prior to treating LPS (200 ng/mL) for an additional 24
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