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Abstract

The objective of this study was to evaluate the antioxidant and anti-inflammatory activity of vinegar with added
sea tangle (Laminaria japonica) (VAST). To determine the antioxidant activity, DPPH and ABTS radical scavenging
activity, reducing power, and total polyphenolic and flavonoid contents were evaluated. The anti-inflammatory activity
was determined using lipopolysaccharide (LPS) induced macrophage (RAW 264.7). Finally, the antioxidant and
anti-inflammatory activities of VAST were compared with those of vinegar without added sea tangle (VNAST).
The antioxidant activity, total polyphenol content, and total flavonoid content were all higher in VAST than in
VNAST. Moreover, neither VAST nor VNAST displayed toxicity toward RAW 246.7 cells at up to 200-fold dilution.
In LPS-induced RAW 264.7 cells, VAST treatment significantly decreased the production of nitric oxide and
inflammatory cytokine (TNF-a) compared with VNAST treatment. Overall, VAST showed exhibited superior
antioxidant and anti-inflammatory activities compared with VNAST. These results clearly indicate that VAST has
the potential for use as an anti-oxidant and anti-inflammatory agent in functional foods.
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Ao Aot A7l thgh Am|af Q12 Wsle] wE A&
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uhg-22 7140 A A EFQ] RAW 264.7 cell& ghAl
FFL2(KCLB, Korea cell line bank, Seoul, Korea)©l] 4]
Eofitol ARgatglom, A wjetkE €18l 100 unit/mL
penicillin 3 100 unit/mL streptomycin®} 10% Fetal bovine
serum(FBS)Z ¥3}5}+= Roswell Park Memorial Institute
(RPMI) 1640 ¥} 2] (Life Technology, Carlsbad, CA, USA)S
Argslgl o, AEe 37C, 5% CO, incubator(Thermo,
Carlsbad, CA, USA)°l| A ujj oFa}$i ).
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RAW 264.7 cell2 96-well plate©l] 3x10* celljwell®] 5=
2 B33 & 37T, 5% CO, incubator(Thermo)©l| A 124 7+
B R A A XS s FAA 1, AIRE A
7171 13k 120CA 1083 H2et & 022 M ZE 2
712 VNAST % VAST 4% €92 PBS(Phosphate
Buffered Saline, WelGene, Daegu, Korea)©l] 3]sl 34
H (200, 400, 800)E A 55 *2]slaL 24411t &1t ] 5)
At Welld 30 pLe] 3-[4,5-dimethylthiazol-2-y1]-2,5-
diphenyltetrazolium bromide; thiazolyl blue(MTT; Sigma-
Aldrich Co.) £(5 mg/mL)< 30 uL ¥ 7}sle] 4413t B2t
S A AT MTTA 2Fe] H7t2 FA " Erbzk(formazan)
< =o]7] 9314 dimethyl sulfoxide(DMSO, Sima-Aldrich
Co)E 100 LA H7Fsbar 1A1ZF &, microplate reader
(Epoch, BioTek)E ©]-8-3l°] 517 nmol|A] S =5 %3}
3L, 2T (medium only)] 3% S 7|TO2 Al
AE&S vustdth

Ato|E712l ZH| XS Bt

HiFstAA ME2E @8] F2A|7)a, PBSel
VNAST % VAST 4] % 995 PBS(WelGene)ol| 3]4]3}]
3] 24 ull-&-(200, 400, 800)H A|EE A z|sto] 24417t F<t
v st v < e EEletith wElE g A
oA A5 Al EFIQ] TNF-ao] 35 Sttt Aol
E71Q1 382 ELISA kit(eBioscience Co., San Diege, CA,
USA)= AH&st] =743k

MstEs Bu| xS F}

471 AgelA ZFelE wiF &S 100 pLell FFe
Griess(Sigma-Aldrich Co.) Al¢FS ] 2]3te] 1048 B<t vHe-
AlZ1 3 microplate reader(Epoch, BioTek)S ©]-8-3}o] 517
oA FFE=E YA e Ao FEE sodium
nitrite(NaNO,, Sigma-Aldrich Co.)Z Al&3le] A& F =
T4} vwete] A=ttt

SAHIXE

A oA Aojxl A= Statistical Package for Social
Sciences(SPSS, 10.0, IBM, Chicago, IL, USA)E ©|-&-35}<]
one-way ANOVA test= 41319 o, Al5 7+e] fro]d2
Student’s t-test® *p<0.05, **p<0.01 F=Fol|A] H] W 3}S

gl J&

N =
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chAloF Eotoll e Alxe| 2lHE &AHs vl

ChAlvl 7} 2 20 ghatal g4 #slo] Frtslr] 9
stod, At H7F 2 2(VAST) B oAl 7+ 37F 2%
(VNAST)ol] #3l] DPPH 2 ABTS 2z 27455 =73
S} THFig. 1). VNASTS} VASTS] 3] Aul£2.5, 5, 10, 20
2 1008] 3]4)E DPPH &tz &7 gel #ate] At
A, T A5 BFA s|Aul&o] 7} &5 DPPHE
4 7S 7HAsela, 2,50 S| dellA 71 =2 g
4 2% FAE YERIATE F A8 19491 Aol
108 o]ate] 3] oA eSO (10, 5, 2.54])(p<0.05),
108 3] AW Zkzk A|5o] gl &7 2= VNAST
55+1.4%, VAST 16.4+0.8%°]1, 5uj 3AAxE
VNAST 11.4+12% 2 VAST 24.6+1.7%°] 11, 2.54) 3] 2]l
o A= VNAST 21.141.0% 2 VAST 52.8+1.6% %, VAST
oA DPPH g}t &7 50| fold oz J7ts e 3oz
H2 = 2 thp<0.05). VNASTSF VASTS] 3] Au)£(2.5, 5,
10, 20 2 1008} A ABTS ]z 47 %ol Bato]
H23 A3}, VNASTSF VAST 2504 8 2uj&o] F7}
45 ABTS gitZd &7 5o] fhashes 2oz #a=
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Fig. 1. DPPH and ABTS radical scavenging activities of vinegar
added with sea tangle (VAST) and vinegar non-added sea tangle
(VNAST).

VAST and VNAST were diluted at 2.5, 5, 10, 20, 100 fold. Results were expressed
the radical scavenging activities as m}nbmon percent. Statistical analysis was performed
by unpaired Student’s t-test within “p<0.05, "p<0.01 when compared to the VNAST

group.
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A2e] e swy SgRel 4 Feol 20| Fe?

o flslo] TPTZS Aqeke] 2L 7M1 BEA
2 4ot 9212 ol &3 WHoR BANTE 5o
AUE A% o BaEo] Be FRES ek
s, Balsle] 345 DYULE ARG o)
el B} Qo) o] & BAUAGE o) 871

7} At}

ThAlm} 7 2 20] 3aks} e of] ¥ stel] dste] o}
H7] flsted, vAmt A 7F 2 Z2(VAST) 9 ohAlwt 7+ 347}
2] Z(VNAST)9] 3Hd3 -8 =% 3519th VNASTS} VASTS
B MuE25, 5 2 108 3]A)E gkl o dsto] FE)

A3, F AR BFA sMuEo] TV S gkl o]
astian, 2,50 A oA 7HF i%% gz 2%
F215 YEAtHFig. 2). F A& I 24 (p<0.05,
p<0.01)¢! z}o]&= 5uj ©]3le] 4*4@‘4011*1 LHER O H (5l
2 2.5u)), 5u] 32 Aol A= VNAST 022+0.02% = VAST
0.30£0.02%°] i, 2.58j9|AE= VNAST 0.35+0.03% %
VAST 0.58+0.03% =, VASTel| 4] g2 o] 522 (p<0.05,
p<0.0n°.Z F7IEQUTh & AT Ao W2 W, thAlw}
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Fig. 2. Reducing power of vinegar added with sea tangle (VAST)
and vinegar non-added sea tangle (VNAST).

VAST and VNAST were diluted at 2.5, 5, and 10 fold. Results were expressed the
radical scavenging activities as inhibition percent. Statistical analysis was performed

by unpaired Student’s t-test within “p<0.05, “p<0.01 when compared to the VNAST
group. n.s means non-significant.
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CiAloL H7toll mE Ax9 & Ed|Hz ¥ & S22
O|E &% Hlu

Felslsy e Behuols SR e FE A
q2Alo) Qo) $EH 3 ook 25 G8H T} v
alo] 28719 Ehel Wekd 75el 9FS F How

g A 21.0.7(29,30), 4 Fell A2t fz}—% Folahn kst
Y, AEH A oo oA Ve ke e E 4y
A UTH31,32).
ohAlul b 2 %0 ksl G4 Ftel digh o] f
Hste] golr 7| fJste], ThAmfF 7} 21 Z2(VAST) 2 THA|
np 7 H7F A Z2(VNAST)ol| #ate] & Eejols 3 3
ZFT FotE ol o st 433 th(Table 1).
VNASTS} VAST?] g o sl @t 2y, &
Z2)9 =2 32 VNAST 9.12+0.15 mg/mL 2 VAST
15.7+0.75 mg/mLZ T}A] U} = 7} A ZzoA FoHoR =
Al BEE Q) oW (p<0.05), F St o= S VNAST
1.3540.15 mg/mL 2 VAST 3.58i0.23 mg/mLE ThA]n} H
7 A oA foH o m w4 YEETHp<0.05).
Z¥E 2 SR wol=E 7 ks E44(30,32)
= 7KL glo, g ZE aRH o2 A At o] 3
Aol JgS o1, A AF A HHg-5 Holu, oM
329 A= Zl | #Asta vt Hawoj Xt whet
A 2371 Adol|A] gael 8 2] X4 DPPH, ABTS 2}t
Z 2% 72 e Sk gAeE b e A%
o] T Zovls 9 T St o= e STt e
2 Algdrh

Table 1. Total polyphenolic compounds and total flavonoid
contents of VNAST and VAST

Total polyphenol content

Total flavonoid content

Sample (gallic acid, mgfmL) (naringin, mg/mL)
VNAST 9.1240.51% 1350.15
VAST 157120757 3.58+0.23"

DVNAST, vinegar non-added sea tangle; VAST, vinegar added sea tangle.

MWValues are expressed as meantSD. Statistical analysis was performed by unpaired
Student’s t-test.

I'p<0.05, “p<0.01 when compared to the VNAST group.

CiAlOF Mol e A|X9| HN=Z MEE
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sto], iAol gk halmf H7F A% 9 B3V A 25
Aglste] Az BEEol Bte] S thEg. 3). vH2
frefel A Ml EFQ RAW 264.7 Aol 3] 21 ul-8-(200,
400 2 800HH) VNASTS} VASTE A28t A3}, RE F&o
A MEEGE AR okt whehA VNASTSF VAST
o] Al WA EQ] A2 MEZAol J&FS v|H|
2 = Aoz AR, 23 VNASTS VASTS] &7}
LPSE =¥ A5 ZdoA Ao EFIR] H AFsta 429
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AAllsol ofw gt FF& v|AEA] Foprr] 9jsto] VAST
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—
2
=)

—
o
=)

s = 5

0
S

s
S

RAW 264.7 viability (% of control)
[53 (=3
(=3 (=}

CON LPS 800 400 200 800 400 200
Faganl

VNAST (Dilutios fold} VAST (Dilution fold}

Fig. 3. Cell viability of vinegar added with sea tangle (VAST) and
vinegar non-added sea tangle (VNAST).

VAST and VNAST were diluted at the 200, 400, 800 fold and treated on RAW 264.7
cell. Cell viability was measured by MTT. The data represent the mean+SD (n=3).

CHAlOL A7tof| e AlZxe| MstAElA 2H| 9FS H|W

H| 50l ghele] Yo ofs] L/dstd tiAxe <
= F26ta, g Higt F RS FHAGREGAA Fd
q&-E st TAI A AR AlEej7RA W82 S-S
FEgt) g Huhg(ES) wHeAl HEAdshd B
A7} Ex)ehe Absld A L-arginine & 258 iNOS©||
olal IF AHM, A7 AstH e A W AAS
dodle e THH O AT 5= YRR Hke] At}
Aie EE 435 e AT IE FHo R ALLH]
o, 27] 4% Wk3 Al AbstA a0 HHl5E A5 249
=

83k AEE ARSETH3E3).

TAlel A7) 2l xe] a5 Aol #Aste] LolEy] ¢
otod, thAlmE H7F A Z2(VAST) B oAt 737 A%
(VNAST)l #ate] LPSAE] A5f= tlAAE ZdloA
LPSe] 2J8fl f=%]= NO 4| A5l #slo] S
CHFig. 4). VNASTS} VASTE 3] 41u[-8(200, 400, 800,
1,600 31243 LPS(1 pgmL)®t 541 A2dk 23, 7 Al
oA g Mu)&o] 7HAaTSE NO wH|7F JA| == 3
© 2 VeI, 2000 S]AH A2l Te| A 7HE 2 NO®
H|5o] #AE AT F A|83F FolZQl zto]= 800H] o]}
3] A Hof| A} LEFSE 1 (800, 400 H 2008H)(p<0.05), 800N
3] A el X VNAST 19.0+1.0 tM 2 VAST 15.9+0.8 1M
o] 11, 4008 ol A= VNAST 17.6+1.3 M 2 VAST 14.0+0.6
IME 2= Q] o 2008 o A= VNAST 16.0+0.8 1M 2
VAST 103+1.1 iMZ, VAST A 2]ol|A] 935 vkg- A] £H]
= NO9| #H|7F fro] A o2 24l Th(p<0.05).
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Fig. 4. Inhibition of nitric oxide (NO) production on vinegar added
with sea tangle (VAST) and vinegar non-added sea tangle (VNAST)
in lipopolysaccharide (LPS) treated inflammation induced RAW
264.7 cell.

VAST and VNAST were diluted at the 200, 400, 800, 1,600 fold and treated on RAW
264.7 cell. After 24 h, NO production in culture supernatant was estimated by Griess

reagent assay. The data represent the mean*SD (n=3). Statistical analysis was performed
by unpaired Student’s t-test within “p<0.05, “p<0.01 when compared to the VNAST

group.

CiAjob Eotoll mE AlEe| ASH AlO|EFIRI XS Bl

Q% whg A AEABA olo) PR3k 2EAM T
ArshA ARt oy gl WA 3t Fo g wrlete
Wik 2Aae 9B ek 954 Aol =kl
TNF-q, IL-6 % IL-1B 52 #H]3K7). ©] & INF-a(F<F
IHARIZhE 95 =22 LPS7F taA 2] Ax 3
toll-like receptor 4(TLR-4)°l| ZA3g8le] F =% & txAQ
pro-inflammatory Aol E7}QIC 2 W] k-5 Lo 7| x

3,000

” BVNAST BVAST
2,500 ns
2,000 + e *
_I_ *k

TNF-o. production (pg/mL)
g g

w
S
S

0 CON LPS 1,600 800 400 200
1 pg/ml

Dilution fold

Fig. 5. Inhibition of cytokine (TNF-a) production on vinegar added
with sea tangle (VAST) and vinegar non-added sea tangle (VNAST)
in lipopolysaccharide (LPS) treated inflammation induced RAW
264.7 cell.

VAST and VNAST were diluted at the 200, 400, 800, 1,600 fold and treated on RAW
264.7 cell. After 24 h, TNF-a production in culture supernatant was estimated by ELISA

kit. The data represent the mean*SD (n=3). Statistical analysis was performed by unpaired
Student’s t-test within p<0.05, “p<0.01 when compared to the VNAST group.
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