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Antioxidant and Anti-inflammation Activity of Red Cabbage Extract
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Abstract

This study investigated the anti-inflammatory and antioxidnat effects of red cabbage extracts on RAW264.7
cells. Cell toxicity was determined by MTT assay. We evaluated the anti-inflammatory effects of red cabbage
extracts by measuring nitric oxide (NO), inducible NOS (iNOS) production, and cyclooxygenase-2 (COX-2)
expression by Western blotting. Ethanolic and water extracts (0.25, 0.5, and 1.0 mg/mL) significantly
suppressed LPS-stimulated production of NO. Two kinds of extracts reduced the expression of iNOS and
COX-2 proteins. The present results show that red cabbage extract has potent anti-inflammatory effects on
RAW264.7 cells. In addition, two kinds of extracts as well as various antioxidant activities such as
2,2'-azino-bis-(3-ethylbenzo thiazoline-6-sulfonic acid)(ABTS) radical scavenging activity, ferric reducing
antioxidant power(FRAP). The total polyphenol and flavonoid contents of the ethanolic and water extracts
from red cabbage were 18.699 + 0.87 and 11.174 + 4.86 mg GAE/g extract, respectively, and 7.782 + 2.23
and 15.608 + 3.54 mg CE/g extract. The ABTS radical scavenging activities of the ethanolic and water
extracts and BHT were 0.269 = 0.12, 0.212 £+ 0.22 and 1.235 + 0.07 mM Trolox equivalent/mg extract,
respectively. The FRAP values of the extracts were similar to those of BHT, which were used as a positive
control. Therefore, red cabbage extract is considered as a good food material of functional foods for

prevention against various diseases.
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mL, 10% Aluminum nitrate(Yakuri pure chemicals
Co., Ltd., Osaka, Japan) 0.ImL % 10 M
Potassium acetate(Junsei chemical Co., Ltd.) 0.1
mL, 75 28 mLE 2 £ F A2 402
7+ AXskaL UV/Visible
(UV-2550, Shimadzu) & A3t 415 nmel|A] &
FeE St A Al 2N e S
Tkt FAE S 7% 10% Aluminum nitrate
0.1 mL W4l SHF 0.1 mLE 7Fetda ol
quercetin(Sigma)< ©]-&3F &4 quercetin®]
#HFEEH0, 1, 5, 10 pgml7t =5 slef ]9}
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7.0 mM ABTS$} 1.0 mM AAPHZE 150 mM
NaCle] ©3&]Zl 100 mM phosphate buffer(pH 7.4)
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6. FRAPZ 0|88t & sl =8

FRAP assay©l|l AH8-H A]2F2 0.3 M Sodium
acetate buffer(pH 3.6)2} 40 mM HCIZ £-3|A]7]
10 mM TPTZ, Z18]31 20 mM FeCl; solutionS Al
S5tk vl AlZE sodium acetate buffer,
TPTZ & FeCl; solutionS 242} 10:1:1(v/v/v)e] H]
&2 Z3sle] 37CoA] 10-1553F incubation A

71 FRAP reagentS H]3}91t}. FRAP reagent 1.5
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=
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8. MIE M= 2M

A Zo] YEEL 3-(4,5-dimethylthiazole-2-yl)-
2,5-diphenyl-tetrazolium bromide(MTT) 2+ #
HE o] &3] =33tk AlEE 24-well plates
o 5x10* cells/mL == 1.0 mL¥ 331 5 24
AIRE B wiFsta 2 AERE HFT SR,

0.125, 025, 0.5, 1.0 12l 3L 2.0 mg/mL)7} | ==
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Aol Helste] 244]3F F}F vl kst o]+
MTT £(5.0 mg/mL)S 7}akaL 37 CollA] 4413t
= Hjgste]l MTTS $HAAIA B4 ¥E formazan©]
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DMSOZ 200 L EF3lo] 208 H¢F £33 &
540 nmel|A FFE=E 5S4 SIATHSECOMAM,

Ales, Z&2)(Lee SJ 2012).
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(4C, 12,000 rpm, 20 min) A X% JEES A7
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assay = 7 ol e, 20 pLe] ©A-S 10%2]
SDS-PAGES ©]&sto] 7] d&g F, PVDF
membrane®l| &7 70 VoA 2A]3F ©]4d transfer
S} tt. Transfer’} E1bH ponceaud] B ¥
bandE 215} TBSTE 53] o] A2 & 7|
WA 5% skim milk® overnight A]7] ﬂlﬂ«] v E
ol A3t AAAA, 53] washing F 13} an-

tibody(1:1000)2 147} E<F w3 AP'J = oA
22} antibody(1:1000)2  Wk2-
kit(Amersham Pharmacia, England)E ©]-83}<]
W 3RS 73191 th Band density= LAS-3000
(Bid-rad, America)2-% 2}Q13}0] Image gauge®
A2k
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<Table 1> Total polyphenol and flavonoid contents of red cabbage extract

Total polyphenol (mg GAE"/g extract)

Flavonoid (mg CE”/g extract)

Water extract
Ethanol extract

11.174 + 4.86"
18.699 + 0.87°

15.608 + 3.54°
7782 + 2.23°

Yoallic acid equivalents
2) - .
catechin equivalents

"Means in a column by different superscripts are significantly different at the 0.05 level by Duncan’s multiple range test.

He- FE50] 7.782 + 2.23 mg CE/g extract® &
T FEEC] B2 TS RISkt Bridle
P-Thimberlake CF(1997) Aol Al =
thgo 2 e QPEAlOPIAG Aol &l 2]
FoAlA g ksl 2k o}t Fadh
A 2 AHgE eItk Husiith a8y o
21gk 7150l FAEHASAE &
o] A< Aldle vEe AR &
AT Arhs AFFH o T ARE AFTY

Ao AR,

Yo

Hel sl TEACH-S
Miller ‘5o] 7i&g Wi o =X YA kst
gyt oy el A &4 3}eHEA (phytochemicals)
o] gakst B3t Sl AR 7P e A
253 =T (Ku KM et al 2009), o] HHe
ABTS7} ol et Zd& &LAs= ks 59
S 718K Lee MJ * Moon GS 2003). & |5
o] JetE 9 G FEFEEE s BHE
w3 A7} <Table 2>9} o] 5% 248 e}
wilon, oeks —?%%0“7\1 Trolox equivalent
ol =4 vea FAe des FEE
0.269 £ 0.12 mM Trolox eq./mg extractE 213}
At w3k A =259 A5 0212 + 022 mM
Trolox eq./mg extract® H| w0 2 A3t 314

8
ot A
FRAP assay= o] 35 = gitsle S =74
3F=tl, pH 3.6°14] ferric (Fe3") TPTZ complex”}
ferrous (Fe2") FE 2 92 u] Aol = 4=
5 593nmelA] S5l S Alele WY
o= gzt A WA e] tst Sy o
& MAYUSS bzt SHReltkLlee MI-
Moon GS 2003). <Table 2>%} Zo] ogh2 2 &
2 2zE pe ko 3o slolalglon Aok
w5 ollehe 2% 0311 + 0.17 mM
FeSO, eq./mg extract$] o™ A4 FEE2| 7
0.201 = 0.09 mM FeSO, eq./mg extract= 51'01 O]—
R BT o2 AR 9 H4kskA ¢l BHTS
ZA3}7} 1.084 £ 0.16 mM FeSO, eq./mg extract<}

FEE 7

TGRS W B AP SR AFLA
k) Bl B wel B RS Bl W gA

3. NI M= =H
2 gl =2 %# 2 of|ErS- FEES o] 835)¢]
nt3 2 9kR] A E<Q1 RAW264.7 3] A E

=
E [e]
54& St A MTT assayE 49319t 5

<Table 2> ABTS radical scavenging and FRAP activity of red cabbage extract

TEAC(mM Trolox eq./mg extract)

FRAP (mM FeSO; eq./mg extract)

Water extract
Ethanol extract

0.212" + 0.22
0.269° + 0.12

0.201° + 0.09
0.311° + 0.17

“*Means in a column by different superscripts are significantly different at the 0.05 level by Duncan’s multiple range test.
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Cell viability (% of control)
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7} 7tk WhA, LPSeF Aokl E &
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e FolalthFig. 2). Al 025 ~ 1.0
mgmLe] FEoIA £2]42)(p<0.05) FolE 1}
BRI 1.0 mg/mLe] 1FEolA = oF 70%°]
& NOE Afialaitt. oghE FE2EcA = o]t
fAE ANE FRlsgon a5 F2E) By
Hohs Be Al G5 e F 238
b & Aol Atk 71| Gamet-Payrastre L
5000/ & APFTE Sae AAeT} Aol
Al WA= anthocyanin, indole-3-carbinol, sul-
foraphane °] %<& A4S Uehditta 21
9T ol ¥ AT AQFEIE FERA
ol 2 246t A7 2o Aow wdt

it
0;

%ﬁ =4
Aa7tA o] AE vl 2 A FE25
o] NOAA el 9e-S v|x]E iNOSSH COX-29)]
A Tl g odAof #3F E4dS western

B Water extract
OEthanol extract

0.5 1.0 2.0

Concentration (mg/mL)

<Fig. 1> Effect of red cabbage water and ethanol extracts on cytotoxicity in RAW264.7 cells. Extract was
treated with various concentrations in RAW264.7 cells for 24 hr. Values are mean = SD of
determinations in each case.
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<Fig. 2> Effect of water extract from red cabbage on NO production in RAW264.7 cells were treated with
0.125, 0.25, 0.5, 1.0 and 2.0 mg/mL Values are mean £ SD of determinations in each case.

bloto 2 WA ABI T AR S| A2
o] LPS(100 ng/mL) T 2|3} A 5 A
2 ghe F2E 1.0 mgmLS o] A2]ste] ul
Falls wll 4 FEEC] INOSE oF 15% A3

F=E0] oF 25% Al sk th(Fig.
3). T3 COX2&= G F=&°] 2F 20% Alafa}

iNOS BE—
actin
LPS (100 ng/mL) - + +
Water extract (mg/mL) - - 1.0
300
=
) 250 #
2200 H
g
E 150
o
£ 100
=
& 50
0
LPS (100 ng/mL) - + +
Water extract (mg/mL) - - 1.0

=5k 2% ek SAw Frbdoz 2

(o]
T
W e Aol Elele 2Asks T8 x|

iNOS

actin

LPS (100 ng/mL) - + +
Ethanol extract (mg/mL) - - 1.0

300
250 L
200
150
100

50

0
LPS (100 ng/mL) - + +
Ethanol extract (mg/mL) - - 1.0

<Fig. 3> Effect of extract from red cabbage on LPS-induced iNOS expression. *(p<0.05) are significantly
different as analyzed by paired #-test compared with LPS-stimulated group.
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COX-2 ——
actin

LPS (100 ng/mL) - + +
Water extract (mg/mL) - - 1.0

300
250 1
200

—
W
S

100

Relative intensity (fold)

wn
(=)

0
LPS (100 ng/mL) - + +
Water extract (mg/mL) - - 1.0

COX-2 ———
actin - _—
LPS (100 ng/mL) - + +
Ethanol extract (mg/mL) - - 1.0

300 #
250
200 *
150
100
50

0
LPS (100 ng/mL) - + +
Ethanol extract (mg/mL) - - 1.0

<Fig. 4> Effect of extract from red cabbage on LPS-induced COX-2 expression. *(p<0.05) are significantly
different as analyzed by paired #test compared with LPS-stimulated group.
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