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Abstract — The antioxidative activities and anti-inflammatory effects of rice bran and wheat bran were investigated. To deter-
mine the antioxidant activity, total phenolic content. DPPH reaction, ABTS reaction and FRAP assay were tested. To investigate
the anti-inflammatory effect, the inhibition of NO production, IL-6 production and TNF-a production were observed. The total
phenolic contents were 46.4 mg/g in the BuOH fraction of rice bran (RBB) and 69.0 mg/g in BuOH fraction of wheat bran
(WBB). EtOAc fraction of rice bran (RBE), EtOAc fraction of wheat bran (WBE), RBB and WBB showed high radical scav-
enging activity at a concentration of 5 mg/ml. Scavenging activity of DPPH radical were 89.04% in RBB and 91.53% in WBE.
Scavenging activity of ABTS radical were 88.53% in RBB and 90.39% in WBB. In case of FRAP assay, RBE reduced
0.805 mM/mg of Fe*" and WBE reduced 1.521 mM/mg ofFe’". RBB, RBE, WBB and WBE showed concentration dependent
inhibition of LPS induced NO production (RBE: 57.38%, WBE: 76.85%), IL-6 production (RBE: 92.08%, WBB: 92.57%),
TNF-o production (RBE: 86.33%, WBE: 85.05%) at a concentration of 100 pg/ml of each fraction. These results showed that
RBB, RBE, WBB and WBE have strong antioxidative activities and anti-inflammatory effects and show the possibilities of a

new natural antioxidants and anti-inflammatory medicines.
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Zre]l AEE 80% ethanol(v/v) & AME-3te] 3AI7H 33] &
Z3lo] HA FE2ES AU ©1= n-hexane, ethyl acetate
(EtOAc)2} butanol(BuOH)S o]&3fo] 914 13 F33}o]
rice bran extract(RBX), rice bran n-hexane fraction
(RBH), rice bran ethyl acetate fraction(RBE), rice bran
butanol fraction(RBB), wheat bran extract(WBX), wheat
bran n-hexane fraction(WBH), wheat bran ethyl acetate
fraction(WBE), wheat bran butanol fraction(WBB)2.2 &
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ol ¥ Folin-Denis*] 2F(Sigma Co., St. Louis, MO, USA)
100 mks H7iete] 2 E9aie] 387 Ao WA 2%
Na,CO;(Sigma Co.) &< 80 ulE 7Fst & 1A17F w212
5 725 nmo| M FF=E SH 5t 23
acid® Mg AAdste] A58t
9] tannic acid®] mgZ YERJATE

Etsts &8 - kst &4 542 DPPH 22 &4
28251 ABTS' 2]z 24287 2 FRAP assay’ 'S =
A &F31 k. DPPH(1,1-diphenyl-2-picrydrazyl)2bc] 2 272zt
&9 242 Blois®] WS st AAsIATE 02 ml
°] A189} 0.8 ml€] 0.2 mM DPPHA| S &33}ed 37°C
ol 3027 WHgAIZ § 517 nmellA FREE
t}. ol HZEZEE 1 mM ascorbic acidS A
o A3E AFEE AR &2 F(Blank)ell ek it}
S %= BASIITH ABTS' ez &7 zke-2 g
%ol ABTS7} ABTS|[2,2'-azino-bis(3-ethylBenzthiazoline-
6-sulphonic acid)|2 gHd o] SAHs}ol| 7|23 vhg-
ot} 7mM ABTS®} 2.45mMe] K,S,04(1:1)E &5 5 4
2, oA 16A17FERt WAIsle] gfr]ze] S fegh
T ABTS 2z 448 734 nmollA] F3% ghol 1.2~13
Aot HE= 845k AME-SISITE 980 ule] ABTS'S} Al
T 20 uE EFS F 37°C, 1587 vESAIZL 3 734 nmol)
A FREE S8 ol ti2EAE= 1 mM ascorbic
acids AH&-stlom Al5E A28k %2 w(Blank)l| o
3 FastsS %E EAEATE FRAP(Ferric reducing/
Antioxidants power) assay= Fe''S Fe’'2 $al= 59
S SA st FqatstsS S5k W olth 24,6 tris-2-
pyridyl-striazine(TPTZ)°] Fe*'¢} complex 33 593 nm
NN FBE7E STk mEbA 3= Sk AldEE
9] gkslzol vldslA| €T}, Reaction mixture [0.3 M sod.
acetate(pH 3.6) 25 ml, 10 mM TPTZ 2.5 ml, 20 mM FeCl,
2.5ml, H,0 2.5 ml] 970 ul¢} A5 30 plE
olA 3087 Whg F 593 oM FFES 3
FeClLE ETE4E olgal] 2t oS 2Hdstar 7t
AES] FBE @S Ao st &
< st 7t A|59] dMtseS S35

M= B} —RAW 264.7 Al Z = 10% FBS(fetal bovine
serum, Hyclone, Logan, USA)®} 1%<] penicillin(10,000
units/ml)/streptomycin(10,000 pg/ml)2] A4 -8 (Hyclone)
o] Z3¥ DMEM(Hyclone) HiA] & ©] &3} 21, 37°C,
5% CO,2| Z7ellA vl

MTT Assay — P73 271&9] 7 29 F559] A2
=48 =437 918l 96-well plate(Coming Inc., NY,
USA)l RAW 264.7 cellS 2x10° cells/welt¥) E-5=310] &
A Z(cells only), ¥4 tHZT(LPS only), 24625~
100 pg/ml F=2] 7+ 83 AlF)S 37°C, 5% CO,8 A&
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FAS FHA s 9w FekATE 2 mg/ml FE2
MTT A|F[3-(4,5-dimethylthiazol-2-y1)-2,5-dipheny] tetrazolium
bromide](Sigma, St. Louis, USA) 50 ul& 3 7}ske] 44]7¢
F7F MY 3t F, ZF welld dimethylsulfoxide(DMSO,
Sigma Co. St. Louis, USA) 150 ut= 2o} A= (formazan)
< 8308l 540 nmellA FEEE ST
N|tr|c Oxide(NOYdd Axlsel & - LPS Azlol| <3l
TEE RAW 264.7 A2 NO A4¢] ZH A|g5e] 23
“ﬂ]QL e SA37] 93 96-well plate®] RAW 264.7
AZE 2x10° cellwely BF51a &4 U2 A 2T
*3 ﬂ%&%t RAW 264.7 Al¥o]| 100 ng/ml 5%2] LPS
= Agsan Ad+S 100 ng/ml =2 LPSS} $H)
6.25, 12.5, 25, 50, 100 ug/ml9] =2 A8E 72 *2|st
T, 5% CO,, 37°Ce] Z71olA wi sttt 16~18417F vl
& 7, 4T 100 pls FHE AN Z 2 wellel]l B3 F
Griess reagent(stock I: 0.2% n-l-naphthylene diamine
dihydrochloride, stock II: 2% sulfanilamidein 5% H,PO,<]
EE)S SFA00 u) A2 F 540 ol FF=E 4
E35A=3
UEY AMO|EFIQl WM £F —LPSe ¢Js] 454
RAW 264.7 Al 3] g 7} & %% RBE, RBB, WBE,
12 0] A5 Bes A Slsl 95 AlolE
}°1° IL-69F TNF-0.8] 4 &S S48kt 12-well
plate(Corning Inc.)°ll RAW 264.7 Al L= 5x10° cells/well
A Bl & kg U2 ZE 100 ng/ml 552 LPSE
A et AF 7S 100 ng/ml F=2] LPSS} $H7 6.25,
12.5, 25, 50, 100 pg/mle] FE2| A FE zHzt 228 &,
5% CO,, 37°Ce] Z710lA Hlj sttt 48 A7+ 5, IL-6
ELISA kit(eBioscience, SanDiego, CA, USA), TNF-a
ELISA kit(BD Biosciences, San Jose, CA, USA)S ©]-&3}
of AFsIoH, 540 nmelA FHEE SABIGAT
B M2| - ZE A7 FA 42 SPSS(version 15.0,
SPSS Inc., Chicago, Illinois, USAYE AFE-3l] AA|515 2,
EATA e HaexEixtz 34 sileh Ao A8ES

Student’s t-testol] 2J3l p<0.055=ol A 53T
Z7 Y D&

# ot Sl %% ’5‘45\—, Zoh, Hes AROE He &2
= Ae)dol oal wAshe St 55 AlASE Al

WolE2d 2 thaFsl 129 23S 7FX1 polyphenol&
free radicalo]u} W34 kA (Reactive oxygen species)
A stE s akslsg »}E}Lﬂ—t— Ro JEHG?, 2 4
Yol ARE3 m A BI1E FEES] s ARl #
A 8l5tEe] e BAE Axl= Table 13 2t} w7k
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Table 1. Total polyphenolic contents of rice bran and wheat
bran

Samplel) mg TAE”/g of Sample
RBX 26.8+0.8
RBH 20.8+1.6
RBE 44.8+0.4
RBB 46.4%1.0
WBX 18.6+0.7
WBH 24.8+1.2
WBE 59.4+0.8
WBB 69.0£1.0

YRBX: rice bran total extract, RBH: rice bran n-hexane
fraction, RBE: rice bran ethyl acetate fraction, RBB: rice
bran butanol fraction, WBX: wheat bran total extract, WBH:
wheat bran n-hexane fraction, WBE: wheat bran ethyl acetate
fraction, WBB : wheat bran butanol fraction.

TAE: tannic acid equivalent

o] Beke B350 HEelake 464 mg/gol L, L8] H
e B350 HEdEe 69.0mg/glE n7t E nr)
B RERe BY3oA Zojussiae] 7MY B S &

Q3T Woos V2] Aol waEm Ao Zeju|s afo)
3.47~5.66 mg/gQ 2 HIE] 01} o= =4 E A FHE
stgo g2 ZEYed F2 v o shEe] A
32 5 glom o] gatksl Eo] F2 uSl EAg
O A7 Adeks IS,
gtsks 8 - 71 59 i85S DPPH, ABTS 2}
A 42757 FRAP assays AA| 0}04 gelstdct. 7
£3)E0)| U3l DPPH 2tz 47152 RBB> RBE> RBX>
RBH By=0] o7 ByOH B ZoA 714 =4 g
3 (Table 1) B7] 23& oﬂx% WBE> WBB> WBX>
WBH 1320 f_é EtOAc #8354 74 =2 DPPH
Pz 2A%S BT TH(Table 1I). 7]7+] DPPH 2]
4 Al ﬂ%ﬂ 71&9 AFE2 ¥ Ohse E5H Ul
7+e] DPPH 22 2752 d&e F5E2 I mgml &
oAl <k 90%= R I3, Jeon®S-L o EhL %%% 0.5
mg/ml F=0A 94%2] A7 5] Tkl s B A
TFolX= 7ol FERE #8321 RBBE9 5mg/ml 5%
oA 89.04%= A AFE RIS $HH U789
DPPH 0] &7%ol that AFolA Gas™e 4%
EtOAc +3 %4 5 mg/ml TN 61%% B3R

B ool A4 91, 53%& glolx|dth. ABTS &HHZ 424
Rl PARUL “‘7 1€-0] 2% BuOH>EtOAc>Total Ex>Hexan
3= 202 el tt] BuOH #8304 w|7ke] 735
88.53%, B712-2] A% 90.30%= 7 953 2ir)d 27
53 HoFEItK(Table 11, I1T). FRAP assyoll 2J3F a2als
£ n7z 4718 2% EtOAc>BuOH>Total Ex>Hexan &
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Table II. Antioxidant activities of rice bran

concentration

Sample” (/) DPPH(%) ABTS(%) FRAP”
RBX 5 27.70+1.48 27.4550.22 0.529+0.012
25 17.63+1.52 16.99+0.04 0.344+0.014
125 ; 8.64:£0.46 0.234+0.007
0.625 - 6.49+0.99 0.140+0.003
RBH 5 11.41+1.48 19.7340.08 0.509+0.008
2.5 6.071.51 14.80+0.80 0.352+0.008
125 - 6.96+0.52 0.26120.004
0.625 ; 5.48+0.00 0.144+0.007
RBE 5 85.63+0.74 87.85+0.46 0.805+0.066
2.5 62.37+£0.30 75.0041.67 0.544+0.025
125 34.2240.29 52.1540.56 0.349+£0.003
0.625 23.1141.62 37.14%1.73 0.20140.004
RBB 5 89.04£0.00 88.53+1.71 0.708+0.068
25 85.19+0.60 80.23+0.72 0.503+0.097
125 69.78+1.78 61.59+1.90 0.41140.075
0.625 39.5641.26 43.55+1.40 0.224+0.022
Vitamin C 1 mM 93.63+0.44 99.87+0.58 1.356+0.008

YRBX: rice bran total extract, RBH: rice bran n-hexane fraction, RBE: rice bran ethyl acetate fraction, RBB: rice bran butanol
fraction
Jequivalent mM/mg of Fe**

Table III. Antioxidant activities of wheat bran

concentration

Sample" P DPPH(%) ABTS(%) FRAP?
WBX 5 47.98+1.01 26.11+1.54 0.327+0.014
25 31.05+1.02 12.1541.08 0.198+0.009
1.25 19.36:0.41 1.27+1.02 0.090::0.004
0.625 13.51+1.81 ; 0.054+0.003
WBH 5 43.3540.61 14.48+1.37 0.274+0.012
2.5 22.18+0.00 4.95+0.44 0.219+0.006
1.25 9.68+1.38 ; 0.11840.021
0.625 0.40+1.42 - 0.0530.006
WBE 5 91.530.00 87.28+1.52 1.52140.07
2.5 90.93+0.20 73.98+1.87 1.015£0.075
1.25 81.86+1.21 48.73+0.86 0.582:£0.068
0.625 62.10+1.42 27.17+1.47 0.338+£0.015
WBB 5 84.48+0.20 90.39+0.29 1.115+0.067
25 84.07+1.00 84.45+1.45 0.875+0.037
1.25 82.46£0.20 61.46+1.02 0.5890.063
0.625 73.19+1.02 37.56+0.90 0.354+0.031
Vitamin C 1 mM 98.16:0.00 91.940.12 1.52120.019

YRBX: rice bran total extract, RBH: rice bran n-hexane fraction, RBE: rice bran ethyl acetate fraction, RBB: rice bran butanol
fraction
Yequivalent mM/mg of Fe*
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Fig. 1. Cytotoxicity of Rice Bran (a) and Wheat Bran (b). RAW 264.7 cell (2x10° cells/well) were treated with different con-
centration of Rice Bran and Wheat Bran in the LPS (100 ng/ml). Cell viability were determined using MTT assay. The results are

reported as meantS.D. of 3 independent experiments. **P<0.
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01, *P<0.05 compared with LPS only based on Student’s t-test.
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Fig. 2. Effects of Rice Bran (a) and Wheat Bran (b) on NO production in RAW 264.7 cells. Cells were treated with different con-
centrations of RBB, RBE, WBB, and WBE; nitrite concentrations in the culture media were determined using Griess reagent assay.
The results are reported as mean+S.D. of 3 independent experiments. ++P<0.01 compared with cells only based on Student’s t-test.
**P<0.01, *P<0.05 compared with LPS only based on Student’s t-test.
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ml =0l 92.08%, B 74| EtOAc ¥ 100 pg/ml &
oA 92.57%=E 71 -FatATE TNF-af] A4 &
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Fig. 3. Effects of Rice Bran and Wheat Bran on IL-6 production in RAW 264.7 cells. Cells were treated with various concentrations
of RBB, RBE, WBB, and WBE The supernatants were collected, and the extracellular levels of cytokines were measured in culture
media using cytokine ELISA kits. The results are reported as mean=S.D. of three independent experiments. ++P<0.01 compared
with cells only based on Student’s t-test. **P<0.01, *P<0.05 compared with LPS only based on Student’s t-test.
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Fig. 4. Effects of Rice Bran and Wheat Bran on TNF-o production in RAW 264.7 cells. Cells were treated with various con-
centrations of RBB, RBE, WBB and WBE. The supernatants were collected, and the extracellular levels of cytokines were mea-
sured in culture media using cytokine ELISA kits. The results are reported as meantS.D. of three independent experiments.
++P<0.01 compared with cells only based on Student’s t-test. **P<0.01, *P<0.05 compared with LPS only based on Student’s t-

test.
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