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ABSTRACT

Purpose: Sargassum horneri (S. horneri) is a species of brown macroalgae that is common along the coast of Japan and
Korea, The present study investigated the immuno—modulatory effects of different types of S horneri extracts in RAW264.7
macrophages. Methods: S, horneri was extracted by three different methods, hot water extraction, 50% ethanol extraction,
and supercritical fluid extraction, Cell viability was then measured by MTT assay, while the production levels of tumor necrosis
factor—a (TNF—a), interleukin—6 (IL—6), and nitric oxide (NO) were measured by enzyme—linked immunosorbent assay and
Griess assay, respectively, The expression and activation levels of inducible NO synthase (iNOS), mitogen—activated protein
kinase (MAPK) and nuclear factor kB (NF-xB) were examined by western blot analysis, Results: The three different S. horneri
extracts were nontoxic against RAW 264.7 cells up to 50 ug/mL, among which treatment with hot water extract (HWE) of S,
horneri significantly enhanced the production of TNF-a, IL=6, and NO in a dose—dependent manner, Hot water extract of S,
horneri also increased the expression level of INOS, suggesting that up—regulation of iINOS expression by HWE of S, horneri
was responsible for the induction of NO production, In addition, treatment of RAW 264.7 macrophages with HWE of S, horneri
increased the phosphorylation levels of ERK, p38 and JNK. Furthermore, the activation and subsequent nuclear translocation
of NF-kB was enhanced upon treatment with HWE of S, horneri, indicating that HWE of S, horneri activates macrophages to
secrete TNF—a, IL—6 and NO and induces iNOS expression via activation of the NF-xB and MAPKs signaling pathways,
Conclusion: Taken together, these findings suggest that HWE of S horneri possesses potential as a functional food with
immunomodulatory activity,
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M| =2 HH 2F

St M| 32328 (KCLB, Seoul, Korea)of|x] RAW264.7
a2 AAM ZE FoF Hho} 100 unit/mL 2] penicillin &
streptomycin, 10% fetal bovine serum (FBS; Gibco BRL,
Grand Island, NY, USA)7} 7}% Dulbecco's Modified
Eagle's Medium (DMEM; Gibco BRL, Grand Island, NY,
USA) HjA| & AR3}] 37°C, 5% CO, Z718}ol| 4] wjoFat
ek

MTT assay

TS Aol AW 2550 APof uhE o4
MZO] H3E AEEL F7tsH7] ¢5te], RAW 264.7 cell
< 96 well plated]] 3 x 10" cell/well ] S =2 B3} 5
37°C, 5% incubatoroj| 4] 12A|7F =9t vjokslHA AEZE
e8] F2A7|aL, BAgo] At &4 (HWE, EE,
SFE)2 Z}Z} dimethyl sulfoxide (DMSO, Sigma Aldrich,
St Louis, MO)°J| 100 mg/mL2] 5= 8-3}5}] phosphate
buffered saline (PBS; Welgene, Namcheon, Gyeongsan,
Korea)o]| 3]45}0] 12.5, 25 & 50 pg/mLe] HE==2 247k
Eol H2] sFrh. Welld 20 pLo] 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide; thiazolyl blue (MTT;
Sigma-Aldrich) MTT &0 (1 mg/mL)S #7}5te] 44|17k
% o} ukSA|ATE MTT AleFe] H7l2 A7) formazans
=0]7] 934 DMSO (Sigma-Aldrich)E 100 puL® 7}
3131, 1A]7F & micro-plate reader (Epoch, BioTek, Winooski,
VT, USA)E ©]&35te 517 nmoA F3=S S45HA S
i, Control (medium only)®] 4% S 7|£0 2 AE

BEEE HlLsHL.

Nitric oxide (NO) assay

48 well plateo] RAW 264.7 cellZ 5 x 10* cell/well 2 X
F8F 2 37°C, 5% CO2 incubatorof] 12A]7F &-<F njjokst
HA AZE A3 H2IR] 7] a1, PBSo]| 3]4 % HWE, EE,
9 SFE =252 717} 1.5625, 3.125, 6.25, 12.5, 25 4 50
pgmlLe =2 A5k, A Zel lipopolysa-

ccharide (LPS; Sigma-Aldrich) 3t 1 pg/mL =2 *| ]
Bt 2447 Zob vjokst T w{joF AFS NS Haaieich
Hal=El vk A=l 100 uLﬁ] =2F0] Griess (Slgma-
Aldrich) AJoFS A 2]sto] 1042 52t aollA ¥REAIX £,
micro-plate readerE ©]-83}0] 517 nmoj| A T4 =5 &%
3T NO9| 5=+ sodium nitrite (NaNO,, Sigma-Aldrich)
S ARgst] de #E AAF vlaste] AhEstiTh

AIO|EFIQI 2H| RE5 HIt

48 well plate®]] RAW 264.7 cell2 5 x 10* cell/well 2 &
31 & PBSo] 3]A% HWE, EE, ¥ SFE =52 77+
3.125, 6.25, 12.5, 25 2 50 pg/mLe] S =2 7] 591,
ST 2] LPS EZH 1 pg/ml HEZ X 2|sho] 24417
o} ujorst I wjok AFS oS Halslelc) Haw ujok
A=l ) Alo]E7lel skeke ELISA kit (eBioscience Co.,
San Diege, CA, USA)S Alg-3to] A3l o, ojuff A}
O|E71R19| Flei= kito]] Z3tE|o] Q= FEGHOZRY
A= REFACRRE ALEA

Western blot analysis
RAW 264.7 A A|ZE 6 well plateo] 1x 10° cell/well
ko] 12417 59 @b 8] F2kA]7] AL, PBSO| 314
¥ HWE 2252 12,5, 25 9 50 pg/mLo] =2 g
sk, oFAYz7ol LPS E3F 200 ng/mL SE& g
Sl9ick. 304 HES 3s}e] PBS 33 AlMe the,
NE-PERTM Nuclear and Cytoplasmic Extraction Reagents
kit (Thermo Scientific, Rockford, IL, USA)E A8-5}o] A
27} o o] BEe sxHoe Belsich Helw
2.2 BCA protein detection kit (Thermo Scientific Inc.
USA)= ARgsto] Thld ks AAISH o, welld 20
pg 9] cell lysateS 10% polyacrylamide gelo]] Z+Z} loading
3}o] SDS-PAGE=Z Al E2]3}%it) o]Z poly-vinylidene
difluoride membrane (Millipore, Merck KGaA, Darmstadt,
Germany) 2.2 transfer 3}%1 17, membrane-2 antibody 2] H]
Eo)& AeS ®R|3}7] Y3 blocking solution (skim milk
5%) 20 mLof|A| 247t FQt W53t o]% TBST (20
nM tris-HCl, 150 mM NaCl, 0.05% Tween-20, pH 7.5)=
024 33] M35} 21, phosphate(p)-p38, p38, ERK,
p-ERK, INK, p-INK, 1kB, % NF-«xB&| AT 4517
38l 12} A (Cell signaling Technology, Danvers, MN,
USA)E 1:1,0000.2 3|45}o] 4°Cof| A overnight A]7]aL
TBSTZ 1027+ 33] A|Astiet. 0|5 22} 4| (abeam,
Cambridge, UK)E 1:5,0000 2 3]s}t 2417 F2F Hk-3-
Al7]13L, TBSTE 1083t 53] A& 5}3H, electrochemil-
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I HSRE S Hlow FA4FEEY 49 TNF-a9
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A Aof Toldl= INOS & A== 7_}7_} Gr1€ss‘ﬂ~‘ﬂﬂr
Western blotting© 2 ZASIGETH FAATIZ¢] LPS &
X2l A NO Rpel A F7I5He A PHE 4 U
o} (Fig. 3A). gtd, sgAfo] mapt dpssias A
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ATk EZF Ao BAWE deEE A9 Al INOS W
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w > @
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Fig. 1. Effects of different types of Sargassum horneri extracts on the cell viability of Raw264.7 macrophages. HWE, EE, and SFE were
freated at the concentration of 12.5, 25, and 50 pg/mL and LPS (1 pg/mL) used as a positive control. After 24 h, cell proliferation was
determined by MIT assay. Results are expressed as the mean =+ SD (n = 3). Statistical analysis was performed using Student's two tails 1-test
with a significant level of "p <0.05 and " p < 0.01 compared to control (CON) group. HWE, hot water extract; EE, ethanol extract; SFE,

supercritical fluid extract
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Fig. 2. Effects of different types of Sargassum horneri extracts on the production of TNF-a (A) and IL-6 (B) in Raw264.7 macrophages. HWE,
EE, and SFE were treated at the concentration of 3.125, 6.25, 12.5, 25, and 50 pg/mL in RAW 264.7 cells. LPS (1 pg/mlL) used as a positive
control. After 24hr, cytokine productions in culture supematant were investigated by using ELISA kits. Results are expressed as the mean

+SD (n = 3). Statistical analysis was performed using Student's two tails -fest with a significant level of “p < 0.05, “p <0.01, and " p
< 0.001, compared to control (CON) group. HWE, hot water extract; EE, ethanol extract; SFE, supercritical fluid extract
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Fig. 3. Effects of different types of Sargassum horneri extracts on the production of NO (A) and iNOS expression level (B) in Raw264.7
macrophages. (A) Dose-dependent effect of HWE from Sargassum horneri (3.125, 6.25, 12.5, 25, and 50 pg/mL) on NO production was
determined by Griess reagent assay. LPS (1 pg/mL) used as a positive control. (B) Effect of HWE (12.5, 25, and 50 pg/mL) on iNOS
expression in cell lysate was investigated by westemn blotting. Results are expressed as the mean = SD (n = 3). Statistical analysis was
performed using Student's two tails t-test with a significant level of “p <001, and " p < 0.001, compared to control (CON) group. HWE,
hot water extract; EE, ethanol extract; SFE, supercritical fluid extract
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Fig. 4. Effects of hot water extract of Sargassum horneri on MAPKs phosphorylation (A), cytosolic kB and nuclear NF-«kB expression (B) in
RAW 264.7 macrophages. HWE of Sargassum horneri was treated at the concentration of 12.5, 25, and 50 pg/mL for 30 min. LPS (0.2
png/mL) used as a positive control. MAPKs phosphorylation, 1kB and NF-kB expression were evaluated by westemn bolt analysis using specific
antibodies to p38, phospho-p38, ERK1/2, phospho-ERK1/2, JNK, phospho-JNK, kB, NF-kB (p65). HWE, hot water extract
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A% AGAEA HAMEZE BASAA A Eof| et
=4 9 o e ERee AFHS SAAALT o
27 9lch*? wheba] TNF-adl IL-69F 2+ Ao E711 9]
W1 NO 2228 ailzoz ZAsH= AL tlNZo]
B5kE ST HxAo vl Fasto] ojof gt thek
3 Bae] AlRigA A Be) AT Ik

2 Aol A BHlstlSze] RAW264.7 "41“’\1]55011/\1 37}

A AR T2 2ao] thE o] mApl 22EL 217]

S YRS Bl 1 F “4\4—%%9 Xﬁﬂ“ %!
© TNF-02} IL-1§ ©] Hu)um
NO #H|50] the F5=9 HlOH AR 3] ?ﬂﬂ% e
WY S U5 g 29 2) ol B i 95
22m0] thAAEE] Ao]Erkel Bl
NO &H] 5715 &% HoN=ZE & *éﬂ
Ao 7HRe oulsi},

o A1) 3zEtof| 2AY5= Toll-like receptor (TLR)= Al

el A% Al ATkl AL ks 4
53} 22 Bol

|4 ol E3] TLR4S] 7<$ LPS °
# =S Q1A% T MAPKs % NF-kB 53} 7+ Al
el Ale s ehs Fol theeh dAelAEel

SR 2 aAl
HA Yk MAPKs=
AL LFEL AT AL
B2 A &) H|3Lo]| A TNF-0, IL-69} 22 Ao]E7}R1ZF NO
o] WS EHste] jaA o] Bzt Fast S
She AlZAY HRo|th ® o2 W AsHg
FA1Ql NF-kB= LPSQ] =] 2]s) &dst=|o] iNOSH
TNF-a 5 9| fAxE3o] 583 2432 2g3hch”
B odtof A= YAYo] ma &5 2gt MAPKs
A AG7 2 g o] Q1) 7kt NF-kB2] p65 whl
Aol 8 Yol Holfes 2RIg 4= 9llem (Fig. 4)
olggt Aik= Aol 4] YA o] mARE GFEE
o]3t TNF-q, IL-6, NO Eu]% Z7}o] Hzz 7]Ho]
MAPKs A& AG7 29} NF-kBE 243519]S oju|gich
PYAo] mAE FEEFof gt APt oJstH WA
o] mAWE &E0] 53] Aol F3HE-S ke Ae
2 B aEo] 9lr}. Yamaguchi®] AA-tol oJshH FAjo] =
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