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ABSTRACT

The previous extensive in vitro studies on the antioxidative activities of a number of Korean grains, vegetables, sea-
weeds and mushrooms, and the various combinations of these food source exhibited a wide range of antioxidative
activities, and four food mixtures composed of 5 kinds of foods (5A, 5B, 5C and 5D) were designed from 16 selective
foods showing high antioxidant effect, in vitro, to find the good combinations for the meal planning. Mixture 5B or 5C
contained very high levels of total flavonoid and polyphenol, and ethanol extract from 5A, 5B or 5C showed very
strong inhibitory effects against in vitro Fe**-induced lipid peroxidation and ethanol extract from 5B or 5C showed
remarkable DPPH radical scavenging effect and lipid peroxide-protein conjugation inhibition effect. And in vivo study
was also carried out with two mixtures (5B, 5C). Powders (P5B, P5C) or ethanol extracts (ESB, ESC) of these
mixtures were supplemented to Sprague-Dawley rats fed on high fat (15%)-high cholesterol (1%) semipurified diet
for 5 weeks. The total antioxidant power in serum was significantly higher in P5B, P5SC, ESB and E5C groups than in
high fat control group, and ascorbate-Fe”*-induced TBARS was significantly lowered by ESB supplementation in rat
liver. In liver. tissue, Cu, Zn-SOD activity was significantly higher in P5B and E5B groups than in high fat control
group, while catalase or GSH-peroxidase (GPx) activity was not changed by any supplementations. In kidney, Cu, Zn-
SOD activity was significantly higher in P5B group than in high fat control group, while GPx activity was not changed
by any supplementations. Taken together, mixture 5B and 5C showed very strong antioxidative effects both in vitro and
in vivo. Therefore, the ingredient Korean foods of 5B and 5C could be recommended to take a lot together for preven-
tion from age-related chronic diseases. (Korean J Nutrition 38(5): 352 ~363, 2005)

KEY WORDS : food mixture, ethanol extract, total antioxidant power, ascorbate-Fe**-induced TBARS, lipid peroxide-
protein conjugation.
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uric acid7} AUl FASAI AR wl- FQF AT
3 33k

28 Bol kit AaF L FE Fol Bol 59 e
phytochemical®} tjekst AelBda50] % ghaiyel u
2t A AAF R AFoA FEshe AESC dE #4
7 At FE ga Qo Foll gol FiEHY e
isoflavone ANAERZAF FARE A%& A o} A
o] A7) FAE 93l IESE Ak Aos
2 4EA 9on? ET9 resveratrol g 3=
Az g @ A ptEs Vel 139 o
= capsaicin® FAHsbsol loH H|RkelA|E
7, gdzhg 9 PEgg Holn " H3pe] e &
A9 epigallocatechine gallate (EGCG) = d3PAAA s}t
el graaE® tumericell FrEo] A& curcumin®™
7} A7) gingerol $°V& A INE Vehl= AoE B
3 =it

SR A 20~3087 A8 A% ATEE
279} AAFE HFES AEA AFY MHe F2de
Al BEAAE AHE A FeI o, AaAEe]
AFHe 22 vha 7k L JIARE AFe] AFH7t 24
Z7\5to) whet v)at 9 T E g A go] FASHA STkt
I Qo] Azke AEEAZ oFE T ok Tu 2
THIAIUNE Tolste] A%sHA 2 F AU AT
ol g FAlo] wilg FolAA JF/, Ak, AL Tl ol
& AH7L Z718ka e FAlolth

olo] HZolE W, =, AANE 7RO I A=Y
E 939 Ut ATl Ado] wig- FFI 274
olghi= AMIE A ALA HYT, ol uet AFHOoR
AFHeE ¢ajo) dA S| gt HBEE A
2 uslgs A7) 93] A3 Yok AeAY =
U BES ks, A%, 150 2 PR ANE
H]%ﬂ_ i“i%,zs,z&‘?o) 316-112_[_'31‘32) i]_'33.34) 7‘:!2]35.36) %oﬂ ‘9]
3 ghAtgl, rEaido) 2 3k Sy, FAFTHAHEA
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AEo T AE s FYLER AT TER0IE,

ALEY, w2, polyphenol AE, Afra S0l S
A 715& vEpE Zog delA kT B AT
AS guIAPE S Fael AR, FF, AXF, F T
oA g YFAHoR Yy AHshe AFEH} B
71 &l FANAR o] FrEAFo2 AFS
HF 4094%] thato] in viro FUSHEAE 2R
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a-d, $29 AAE FeE F/7E F
A BAS 3 QFHshs Aol 7120]7] o
shte] EAE FQstAT o] 7K AEFE %A 74
slo] Mgt she A £=3 Wi F
t} uebd B d7He Ag A TE E 7 Us
o8t AEMES A}, Au|AHelN in vitro FASHE
H7t Hold 16%F (W%, &4, &%, U, 249, & %
7% g8, 2oive, & g8, 2, 9A, HY, 7
H2) 9 AZ ZoX ITH 1F, AMaF 2F, dxZF 1F,
WAF 152 A3 uixste] T2 EFAEAE A
31 in vitro AT EIE SASIGITE B AToxE 1
ZolM &I 7P SR 471 EFAFAR BA, 5B,
5C, 5D)& AAs 3 1 % F flavonoid ¥ polyphenol
ko] W 271 EFAEAIR (BB, 50)THE AdEsio
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1. 48R ¥ AE2FEEY N2

A A%, &7t £, BUE, A9, &, X1F, de
g, Eulug), &, 9, 21, 9A, Y, 75, 55 F
AAZS T Bste] —20ToIN FFRANHA AEE
AMgEITh Ao E e THY Aliel Hlste] A
%S AFe, S0t FANRE It oz HFst
AFo| oAk £ AFelAE DesiAA ERAE

2% FU% ng2 EP8IAch 559 HELE T
g 5A (A7, &7 &5, 3, 21), 5B (&
,BUE Ay WY, )8 5C (& 1%, 7, FE,
1), 5D @&, Bulud, 94, 713, B E FH3]
Bapel 2 AMsAY, e FEES 47) Ssled £
A& 100 gl 2 LY 95% ol&+g (Ducksan, Korea) &
7¥sto] ALolA] stirring MM 24417 B 28 HHg
Z2Z3lo] Whatman £°] (No. 6) 2 %3t § oA
40°ColA Rotary vacuum evaporator (EYELA, Japan)
2 7PsEsle] YERT S0t ARSIt

2. in vitro BrefEat HAY

1) R} ofRaa 57

Antonella £23} Gotteried$®} Dunkley ] ¥l u}

g Fe ol 93] =9 linoleate®) IpAk3le] tidt A
A< TBA (Thiobarbituric acid, Sigma, USA) 2 24A]
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354/ AEANE W) astaz)

A S35t DMSOo) %9 AeF2A 5 S srde
3A3te] 20 ¢19F 10 ml¢) 10 mM linoleic acid £34<
A2 F 37TColA 1212 <2t shaking incubation A7),
7]ell 0.05 M FeSO, - 7TH,0 20 pl& 91 37CeA 2
Azt <k shakingdle] #EsHE A %, 800 pIE
F3lq 4ColM 1087 temperingA17]1 2 400 212 TBA
reagentE H7}3t TS boiling water bathol|A 1583 7}
e F YAAFG A E AAIABES n—butanol®
F%3]9] spectrophotometer (SpectraMax 340 pc, Mo-
lecular Devices, USA) Z 535 nmolA E4EE =43
F ARl g A A AL Al on,
AEEES JAE 7k #AIE UehEs wgae 38t &
50% AAEE YERlE A18Y £5 (Cy) S Atsisich
AAE (%) =

(272 F3% - A8 H8 5%35)
gz F4=

X 100

2) DPPH 203t A =t 27y

A1£.9] DPPH (1, 1—diphenyl—2—picrylhydrazyl) &}
U2 &4 a7h= DPPHel ois §93og 243k
gL FFES DMSO0 50 s 543 A2 10
119} ellghgol %<1 200 #M DPPH (Sigma, USA) 190
pIE AL F 37T 307 5 ¥heAZ ohg ELISA
reader (SpectraMAX 340pc, Molecular devices, USA)
E ol83l] 517 nmelld FYEE Ssle] izl v)sh
of Z4d FRE2RE ST AALS AT, ICs
g N8 FEE ARXEIIcH

3) AERAIED DA Mot ofN R

£ ATHEEL Park™ 9] Wlol we} oln] MY )4
IFsHEo] ¥ Gy Agehs S AR &
HE Yobr] Y519 malondialdehyde (MDA) 2} bovine
serum albumin (BSA, Sigma) & ©] €3l 7)9% uhy
= a3k 73] sk BSA (2 mg/ml) 100 1,
MDA (20 mM) 100 gl°] 0.1 M PBS$} #&X82 o
2 FEZ EH F 37TCAA 2447 HEgA7) T &
&9 500 p#1Z Centricon (Centricon YM—10, Amicon)
o ¥iL, 1,400 X gollA] 2717 Ft L8] MDA-
BSA Z¥EE FEd F, R 89S AAY] g5 =
T 700 p1E ¥ thA) 1,400 X gollA] 2A4)17F E9F 94
a3tk FFr= 33 B8 AlF8 § A8E 01 M
PBSe|l ¢ Bradford ¥* 02 @wla Rty 12%
acrylamide gelell 4% @A AL FA3}A loading 3t

¥ (running buffer) 120 Vel 217t 3083+ A719%
(SDS—-PAGE) & o} gel AW 1A7F 3¢t Cooma-
ssie B43l] MDA-BSA A¥E9) bandE densitome-
ter (BIO-1D Image Analysis, Vilber Lourmat, Ger-
many) 2 F%30 24 A AnitetEn) ghilg o) Al
&2 AXkISith. MDAE Gomez—Sancheza®” 2] HH o]

w2k QYU D Azsle] AHgBIATH

3. ZPNE 3 Flavonoid2 polyphenol &3 3%

AEFAE2] ¥ Flavonoid$t polyphenol &g =33}
7] 9181 Lee 5 W) w2} 541z N8 1 ¢
°ll 50 ml¥] 75% oleh&-S 7kt 18413k Sk Wl &
2 9g Whatman paperg o#4t th& 75% ojere g
50 mI7kA] 9 ¥ S £43990) % flavonoid $% &
& Davisl& B ol wet ARsich olgkre
% ¥ 400 plol 90% diethylene glycol 4 ml& 37}
8131, ThA] IN NaOHE 40 #1& Y3 37C water bathol)
A] 1413} &<t incubationdt F spectrophotometer 2 420
nmolA EFEE S8k FFAEO 2L rytin (Sig-
ma, USA)& AH-3133t}. % polyphenol &8 Singleton
T ol wWEF? oghg 22 AW 400 plel 50 19
Folin—ciocalteau, 100 #1¢] sodium carbonate (Na,CO,)
EFHEAS Y1 429 147 W8 & spectrophoto-
mter2 725 nmollA FREE S ZFEAdo g
+ tannic acid (Sigma, USA) & AR-slsic)

4. JEEE R AEAO|

E5E FEdol 13797 HA ¥ AFE S35 9
LAY HIRIEEE 310 7rlEd 67) 2oz Hed &
Z¥zke] Ag2olE gheo] 557k ZF38Ielct (Table 1).
5 AETEL © AAYAlF (LF: 10% fat Kcal), @
LAY FH2HE2 ol (HFHC: 30% fat Kcal), @ i
AL Z a2 E40] + EFEUAFEB 2ol (P5B), @
FAYAZYXAEHE2 o] + EFRUAR5C 2lo]F (P5C),
© AL TFYAHEA0)+ o FEESB Ao (E5B),
® LAY R EZHXAE|E20] + ogh2 S 2E5C 2o (E5C)
o= BeFged, ARl E 25% S45T71E+2.5%
=g sk, DAL RZYAH B0l 25% 54
718 +125% B= + 1% ZHAHES 5352 us
on, IAYuZYAHSEA0|S )1B o7 PSRRI P5C
T Aole TFFLAEE U2 2o)12 A9 5%E 4o
e oW, ESBTH ESCE Aol 5% F%e] Takput
AERHE AL AREFEES EE351] Table 13



Table 1. Diet composition (g/kg)

LF  HFHC P5B P5C ES5B E5SC
Corn starch 575 475 425 425 475 475
Sucrose 100 100 100 100 100 100
Casein 180 180 180 180 180 180
Corn oll 25 25 25 25 25 25
Lard 25 125 125 126 126 125
a -cellulose 40 40 40 40 40 40
dl-methionine 3 3 3 3 3 3

AIN vitamin mixture 10 10 10 10 10 10
AIN mineral mixture 40 40 40 40 40 40

Choline chloride 2 2 2 2 2 2
Cholesterol - 10 10 10 10 10
5B, powdered - - 50 - - -
5C, powdered - - - 50 - -
5B, EtOH extracted  — - - - 38" -
5C, EtOH extracted - - - - - 3®

3870 4370 4170 4170 4370 4370

Fatenergy (Kcal%) 11.6 309 324 324 309 309
LF: low fat diet (5%), HFHC: high fat (15%) & high cholesterol
(1%) diet, P5B: HFHC + powdered 5B, P5C: HFHC diet + pow-
dered 5C, E5B: HFHC + EtOH extracted 5B, ESC: HFHC diet +
EtOH extracted 5C.

1) Ethanol extract weight from 50 g of powdered mixture 5B

2) Ethanol extract weight from 50 g of powdered mixture 5C

Energy (Kcal/kg)

2 2o F ZAIF] Yt 1~2 A} AEA &
FHAL AP FESAA Aol E& A4 HIloH,
ARS71E B9t 15390t} AFS S8 AR
22~25T, #% 50~60%, 12217t dark/light cycles
=331t

5. NEAY % TARY
59 AW FEY W FP FAL FUE F o
&g oo BEsle] o e F 4 ARl 3

A
Asti, AR E E7)E AAT F F
ol BA A} AAALE FE BFA FH -70Cel
B gL Ao 1A7F A= ¥x]st & 3,000
rpmellA 2087 A4 EElEte] 9 XS eppendorf
tubeol] B35l —70°Cel] B3}t 38, B¥eE T 319
@ 7k} AL 1 goll 271 homogenizing buffer (1.15%
KCl, 50 mM Tris—HCl, 1 mM EDTA, pH 7.4) 10 ml
o] Teflon homogenizer (S63C, Tri—R, Instruments,
USA) 2 4CellA A3 F, 4T, 800 % gollM 10£3F
A4 st AFd (S1 28) & do] d¥+= -70Tel
W53 1, Y= thA 47, 12,000 X gollA] 3037 ¥
AReste] FSd (S2 £8) 7 59 (mitochondria #

BESELEE 380) :352~363, 2005/355

&) & 7tz =70Ce aliquotdtel ¥ER# 331t
6. in vivo BMetza} HA

1) g% 33Nes 2%

AV FFALs2 A Z30lA ferric ion©| ferrous
2 3959 TPTZ (2, 4, 6—tripyridyl—s—triazine) ¥ 2
3k} ferrous—tripyridyltriazine 2] ¥HAEA-S PAsh=
A& 0183 Benzie 5 Wl wel Hold &4
313ch EFAROZ troloxE 04315 FAksle tr-

olox equivolent® EAISHAT)

2) TBARS &%

37 7 9 A% 24N AN HEE asco-
rbate—Fe* &) slol X8 v]aAd ARt} S
E3 A EHE AABANEES] FEE Millerd #Pel u}
gf? 2480k 8% == 249 S1 £3 100 gl 50
mM potassium phosphate buffer (pH 7.4) 250 pl& ¥
< % 37T FxelA 583 F3Ut7} 50 #M FeCl, 50 ¢l
9} 0.1 mM ascorbic acid 50 plE €2 F 37T =
A} 603 o FAEE F =8tk 20 mM EDTA 50
plE 92 3 2899 100 pl& FHsty, 93714 1.2%
TBA 500 ¢1, 8.1% SDS 100 g1, 20% acetic acid 750 g1,
DW 550 p#18 ¥ ¥ 100T F30A 3087 Uit
WA 2% & 532 nmollAl TBARS (thiobarbituric
acid reactive substance) ¢l 2|3t FFEE EH3IACE £
Z Al2k% 2 malondialdehyde (MDA)E ARELslo] 5
Mg e, 23 S1 #89 9ld F5E Lowry
P o g ZAs], A7 TBARSY 55 3L nm-
ole MDA/ml, ZAA|&¥E nmole MDA/mg protein® %

FASF3ITE

3) gL oy &

Catalase B43-2 743} A% Z32]9) mitochondria ¥
A Aebi®] W@l ma} 240 nmellA 183 H,0,Z A
Ask= £ 2 £43519] nmol H,0,/min/mg protein 22
EAI5I3t) GPx (Glutahione peoxidase) &} GST (Glu-
tathione S—transferase) 842 1t} A1 229 S2 +
Bl zHz} Tappel?] 4™ 9 Habig 52 W& o]
g3lo] EAsI3ich GPx 84 542 0.1 mM EDTAS
Z35F 50 mM Tris buffer (pH 7.6) 9] 0.25 mM GSH,
0.12 mM NADPH, 1 unit®] GSH-reductase &<l
1 mg ©Ag F3sh= S2RES Y3, 37CoM 5837
H2-A17] ¥ cummen hydroperoxide® @& }HAF 340 nm
A FFES W3 283 ST GPxY 84L&

du A

ot
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nmole NADPH/min/mg protein® & ¥AJ&13ith GST &
A Z4& 1 mM GSH 1 ml# 1 mM DCNB (3, 4-
dichloronitrobenzene) 1 ml& 41& F 25T XA 2
Bzt =9oitkzt 0.1 M potassium phosphate beffer (pH
6.5) 450 p19} S2 #3 50 p1& 718t ¥ spectrophoto-
meter® 340 nmellA 2837 FFEF FA8 1E ¢
o] E3t o] W32 BE] nmole CDNB/min/mg protein®]
w2 ®AIEKITE Cu, Zn—SOD (Superoxide dismut-
ase) AL 7} A% 249 S2 EEeA superoxide
dismutase?] 843 Misra®} Fridovich 5 & o]
2319 A3tk ¢ 2 mg protein/mlg] FEZ 344
71 S2 83 50 plo| 0.05 M sodium carbonate buffer
(pH 10.2) 1.4 ml& ¥o] 30T FxelA 383 FUh
3714 0.01 M dl—epinephrine/0.01 M HCl (pH 2) 50
plg& ¥ 3 spectrophotometer 2 480 nm, 30CeIA]
487 FFEE A5k EPE HsE ALE F epi-
nephrine®] AEAEHE 50% JAAZ WE 1 unit® 3}
o APstgdet. 7+ 2Fo)A 2] XO (Xanthine oxidase) &
A8 Stirpe$} Della Corted] ¥WHH™ ¢ w2} xanthined 7|
Az slod 30TANM 10%7F ¥hgAIA A€ uric acidd
292 nmol¥ FFEE 335t 1229 A 1 mgo]
157 wresle] 7)1A=RE A uric acid®] ¥E nm-
ole 5 BABITE 2AA 8 @A B42 Lowry
o] WP 0 2 ZAEict

7. WM R 24

ATATE= SAS T2 IR oLt} FEAY BEL
A2 Jehhgle, 7 A8 3H Hlas ANOVA-test/
Duncan—testZ A3l FHEE2] {4 Aol HF
3t3ict.

4 4

1. ERRFEEY in vitro B4R
371X wHoz AN st a9 AREEFE A

Table 2. ICs of ethanol extracts for in vifro antioxiative effects

2 ogre F2E9 IC, w3 1o sk AxFAE
Table 29} Zt} AAFIeIAET 54 2% oge F
259 IC,,= 5A 66.44 pg/assay, 5B 113.74 pg/assay,
5C 192.33 pg/assay, 5D 1487.97 pg/assayE 5A7} 7t
A 22 JAEHE BPT, 1 Tl 5B, 5CY £l
3, 5D 7P &3} dekth 8, DPPH gtjZ AAL
ol that ICs= 5A 182.33 pg/assay, 5B 148.76 pg/
assay, 5C 79.97 pg/assay, 5D 6797.83 pg/assay®
5C7F 7H axAdolgly, 1 thaol 5B, 5A% &0l
5D 7F¢ 537} R9tth MDA-BSA ZAlEv= 5A
116.88 mg/assay, 5B 34.40 mg/assay, 5C 20.06 mg/
assay, 5D 320.01 mg/assayE 5B} 5C2 &3} wi¢-
o239lq, 11 theol 5A, 5D o)tk AR
Ay Al vkl thdt Axk= Fig. 164 & & 9
%0] 471X EPAE BT Fo 57t 7185 MDA~
BSAS Ag W=7} RS FAg 5 ANTh

2. ZEHZAEY 3 flavonoidt polyphenol B3
A2A AFE Fo3 FasEIZ 4w F flavonoid

Mix 5A
abc de f

g h

7

Fig. 1. Coomassie staining of 12% acrylamide gel from SDS-PAGE
of 4 mixed food extracts with MDA and BSA. BSA and MDA were
loaded 0.2 mg/iane and 2 zmole/lane, respectively. a: BSA, b:
BSA + MDA, c: BSA + MDA + extract 1.25 mg, d: BSA + MDA +
extract 2.5 mg, e: BSA + MDA + extract 5 mg, f: BSA + MDA +
extract 10 mg, g: BSA + MDA + extract 20 mg, h: BSA + MDA +
extract 40 mg, i: BSA + MDA + extract 80 mg.

Lipid peroxidation inhibition

DPPH radical scavenging effect

MDA-BSA conjugation inhibition

Sample 95% EtOH ext. (zg/assay) dry wh. (mg) 95% ETOH ext. (xg /assay) dry wt. (mg) 80% EtOH ext. (mg/assay) dry wt (@)
5A 66.44 0.49 182.33 1.34 116.88 0.77
5B 113.74 0.68 148.76 0.90 34.40 0.23
5C 192.33 1.156 79.97 0.48 20.06 0.09
8D 1487.97 9.71 6797.83 44.37 320.01 2.09

5A: mixture of dried Ginger, Crown daisy, Job's fears, Sea lettuce and Lentinus edodes, 5B: mixture of dried Pine needles, Sedum,
Perilla leaves, Buckwheat and Seaweed fusiform, 5C: mixture of dried Mugwort, Green pepper, Sorghum, Sea lettuce and Lentinus
edodes, 5D: Parsley, small water dropwort, Youngzee mushroom, Prosomillet and Seaweed fusiform



9} polyphenol®] 33& &A% A= Table 37 Zth
5A, 5B, 5C, 5D9 % flavonoid $#& A% 74 g2 &
7} 1.23 + 0.23 mg, 5.39 £ 0.53 mg, 6.59 + 0.95 mg,
6.17 £ 0.38 mg2 = 5A7} 713 W¥8ka, 5B, 5C, 5D+ H]
=3 0]31t). BA, 5B, 5C, 5D9 % polyphenol &%
2 742} 9.29 £ 0.52 mg, 43.49 £ 1.08 mg, 35.84 +
1.57 mg, 9.33 £ 0.50 mgo & 5A ¢}t 5D7} viszahAl Wk
1, 5B8} 5C7} B3l & 090t 47HK] EFAR
£ v|ws By, 5B} 5CE flavonoid$} polyphenol §
o] B "lsslA ko, 5AE flavonoid®t polyph-
enol o] BF uf$- W3ty 5D flavonoid gk 5C
9} vlsAl ¥ 24 polyphenol 882 5A %) H|&3 5
o W EAE Bilch

o2 in vitro A8 A3} 3717 HolA 2] aksta st

Table 3. Total flavonoid and polyphenol contents in mixed sam-
ples

Total flavonoid content  Total polyphenol content

(mg/g dry wt) (mg/g dry wt)
5A 1.23 £0.23 9.29 + 0.52
5B 539 =053 43.49 = 1.08
5C 6.59 + 0.95 35.84 = 1.57
5D 6.17 £ 0.38 9.33 = 0.50

5A: mixture of dried Ginger, Crown daisy, Job's tears, Sea let-
tuce and Lentinus edodes, 5B: mixture of dried Pine needles,
Sedum, Perilla leaves, Buckwheat and Seaweed fusiform, 5C:
mixture of dried Mugwort, Green pepper, Sorghum, Sea lettuce
and Lentinus edodes, 5D: Parsley, small water dropwort, Young-
zee mushroom, Prosomillet and Seaweed fusiform

GRS EZ e 3805):352~363, 2005/357

T 578 B2l F flavonoid$t polyphenol $&o] %
5Bgl 5CE AAsl TEAEE T UsEHE ¢

skt St

3. ApFEC NiFHo X M AT

A7 55 BA AFF7RE AFT ol FAF A}
o]7} QASith (Table 4). 3+ 2F 74 & AFof g 3
A v&S AXPAT (LF) e vjst] nduZdiaw
E4olF (HFHO oA 23kl Rou, 1A gnFas
H22olo] EFAXAE = AHLFEAEE 4o §
Q) A9olx HFHCT# Blasle] #93k Ajolx= it
(Table 4).

AFFAY AFel gt AFFA vE&E APFE 7l &
oJ% 2po] 7t (ATt (Table 4).

4, 83 NS YT X FBNIS

3 = ascorbate—Fe*’of 2J3lo] njgizoz AA
5 AAEE2 LFTel Hlgte] HFHC oA 23t
Al w5kt (p<0.05). 22d, EFEEAEY EEFE
AlEe] AHZ A FoF Wz ST (Fig. 2A). 3HH,
Aol A A3 F3AEe-2 LFT) H]3te] HFHC Tl
A FoEtA 7aEe BYEd (p <0.001), ol 1AW
2lo]e] AHH7T Aelld AAIPIEE A FIRIAL o]
2 QA AsHE AEYAZRE AAE Bosl] fsl] A
Y FAsER e A5t TS iR R Belvk £

Q rjo g

Table 4. Body weight gain for 5 weeks and liver and kidney weights

BW gain (g) Liver wt (Q) Liver/BW (%) Kidney wt (@) Kidney/BW (%)
LF 206.1 +£13.1% 124 £ 0.6° 339 +£0.10° 2.72 +0.30™ 0.75 + 0.09™
HFHC 221.0 + 209 18.4 + 2.3° 4.83 + 0.46° 275013 0.72 £ 0.04
P5B 2242 + 10.6 182 +1.4° 475+ 0.76° 279 £0.21 0.73 = 0.05
P5C 2162 £13.5 18.8 £ 1.3° 5.01 +£0.24° 2.82 +0.26 0.75 £ 0.02
E5B 207.2 £ 190 18.3 + 1.3° 491 + 0.20° 2.69 £0.25 0.75 £ 0.05
ESC 218.1 £16.0 17.56 £ 2.6° 476 + 0.50° 269 £0.12 0.72 £ 0.05

NS: no significantly different among groups.

a,b: means with different letter within the same colume are significantly different from each other by ANOVA, Duncan’s multiple

range test at p <0.001
Lipid peroxide Total antioxidant power
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Fig. 2. Nonenzymatic Lipid perox-
ide level (A} and tfotal antioxid-
ant power (B) in rat serum. a—c:
means with different lefter are sig-
nificantly different from each other
by ANOVA, Duncan’s muiltiple ra-
nge test at p<0.05 (A) or p<0.001
®).
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Fig. 3. Nonenzymatic ascorbate-
Fe* induced lipid peroxide level in
rat liver (A) and kidney (B). a-c:
means with different letter are sig-
nificantly different from each other
by ANOVA, Duncan’s muttiple ra-

LF  HFHC PS5B P5C ESB ESC

nge test at p<0.001 (A) or p<0.05
(B).

P5B  P5C  ES5B  ESC

Table 5. Catalase, superoxide dismutase, glutathione-peroxidase and xanthine oxidase activities in liver

Catalase Cu, Zn-SOD GPx X0
(nmol/min/mg protein) (unit/min/mg protein) (nmol/min/mg protein) (nmol/min/mg protein)
LF 1748 + 23.1° 200 £ 7.7° 170.3 £17.1" 11.20 £ 2.92®
HFHC 149.3 +24.7° 149 £ 4.4 169.7 + 42,5 10.93 + 2.81%®
P5B 1458 + 15.8° 218 +£7.2° 153.4 £ 16.2 13.36 + 3.30°
P5C 149.9 + 20.2° 17.5 + 2.7% 1748 + 23.9 13.34 £ 2.65°
ESB 130.4 + 22.9° 224 £57° 157.8 = 354 9.70 + 3.58°
ESC 135.1 £ 13.2° 19.6 + 2.4 161.1 £ 223 9.07 £ 2.67°

NS: no significantly different among groups.

a-c: means with different letter within the same column are significantly different from each other by ANOVA, Duncan’s multiple

range test at p<0.05

P5Bellx= HFHCZ el Hl8t] F3itslsol B 47%
Ax A5slgon, P5C, ESB, ESCTolAE HFHCZo|
Hjaled 24z} 143%, 154%, 76%% S-2J8tA A5std], o
Agraole]l E5HAE 5B} 5CE BEHF A9 1A
Aoz Qg Y F3lsteo AAE A= &y
£ gdo AAAeIFRY ¥ 2 5§ Y= 8
e} (Fig. 2B).

5. Qtop MRS AZRMSE WY &7

2+ &M ascorbate—Fe’Z HE® AAIIsE
9] A& HFHCHo] LFE9] 2v] AEZ ¥kod (p<
0.001), EFAEH7I 5 ESBTHOl HFHCEl vlsh

of B 23% oA ZaSHE AHE B (Fig. 3A).

Ao ME ascorbate—Fe”Z FEH X|Aai1s1E2] A
/4& HFHC#o| LFel gt 62%4 #3tou (o <
0.001), E4EE 7Kt PSBFL HFHCT ®lslo
AAIIEE FE7} 43% Fashe 29E BT (p<
0.001). 18)1, P5C, E5B, E5CTHE% HFHCZ) H|3}
o FASHA= kot oF 20~40% AE ZAdH= A3
& B9 (Fig. 3B).

6. I ZAPINY FrzaAo &Y W Xanthine oxidase &Y

ZHM 9 catalase A2 HFHCE) LETo) Hlsl] &
A (p<0.01) ZaH o, EFNEAEE Hrlst A

Table 6. Superoxide dismutase and glutathione-peroxidase acti-
vities in kidney

Cu, Zn-SOD GPx
(unif/min/mg protein) (nmol/min/mg protein)
LF 252 +2.4° 157.1 + 324"

HFHC 21.0 £ 2.4° 189.1 £ 31.6
P5B 24.3 £ 3,9° 199.0 = 34.0
P5C 221 £23® 166.8 + 39.8
ESB 225+ 22%® 146.3 + 34.8
ESC 229 + 2.4% 1925 + 18.1

a—b: means with different lefter within the same column are
significantly different from each other by ANOVA, Duncan’s mul-
fiple range test at p <0.05.

NS: no significantly different among groups

P2lo|& BF HFHC ¥ 2107} ISith (Table 5). Cu,
Zn—SOD ¥4 T3 HFHCF°] LFZHt} 4931 w3t
21}, P5B, ESBT2 HFHCZEET 242 46%, 60%7t &
7¥ete] f-oekAl Eobxl Higte Bl (p<0.05), P5Ce}
E5CT-& HFHCT# 23t 21071 ¢iglt). Glutathione
peroxidase (GPx) A& BE 2o)|F 7h §-93F xjo)
7} 99213, xanthine oxidase (X0) 8AJL HFHCS} v
Al EFEDAEY CREEFEARY A A /T
H3k= glolon, 5B. 5C BF olghg 38 A3
A EE T2 A 2RO F5A R gHL B
%t} (Table 5).
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ARz A 0|A Cu, Zn—S0DE} &3 TolM 9} o] HF-
HCFo) LRl 8)3}o] -84 wkort (p <0.05), PSB
T-& HFHCZ viste] #2384 ot LFEH 5U§
F3& B9tk P5C, E5B, ESCT2 HFHCT I ujsted
ES AL BPoy FAFR Fogt £EL o
(Table 6). &8, AAIM 2] GPx 4L 7+ A A%}

upR7 A 2 Alo|Z kol §-2)8k o)z} 92lt} (Table 6).

a1z

Ax9) s EAE HAsHe wos gukdor |
g o] g5 AdIsdA gzt 3l DPPH 2H# &A%
olglell £ AFelr F7He T el Whie olv] A4
AABEEo] Gl A WS dAlBK: a3
E doliE Rolqth. tlEAA A3t AHER! mal
ondialdehyde (MDA)¥ ¥ 7H¢] aldehyde”]€ 21 31
o) BebAale] Fel @A Y] opu|wAl I71E A
olojlAq B gk oz} R AR F7] Atolof =
232 (cross—linking) & 4o F Utks AL ol
2 gy glod, Al e AAdsEo] od
A9 AHA 71 54 AL ABAITIAY #SHA
oM AYS FET = ¥, T DNAHOIE w73t
A3 e i3T50 Bojsie ahd &S F0
9 oS fd $E gickn delA ok oo # dF
M oju] AARE A FAtsEo] AT vhg AEEt
= AL 4FY EFNsERE 9L oekg FEANTT Y
AND F JQEAE in vitroolN 53] HAsl] dES
°] MDAS$} bovine serum albumin (BSA)e| A& &%
Wz Yrsle] A7|9% § MDA-BSA 2359 H4E
Guh} 7HAA)F1ER] Coomassie BAE F31o BR1EHA
ot AT A3} AAFASE AAlshe a3 5A7F 7HE
Egtot, ol AAE xAztsEe] A} Adshe
S-S A= &= 5C7 7FE B2 AolE B

EIAEAIR 5A, 5B, 5C, 5DEHE 4L eSS
o) 93l Fe?2 SEH in vitrro ARAIIZ) A g
IC2 71728 & w 5A7} 718 E9ko, 5AE ¥ fla-
vonoid 337} polyphenol &3] 5B 2 5Cel| vlsle] ¥
A ggtovg 5A9 93 Al A E = flavo-
noidt} polyphenol®] ohbd TR A2l o FF
o] IA g3 Ao Az A AFPH ] wp=aE®
Faksta sl 23 1659 AF FAME AL flavo-
noidt} polyphenol &go] GO % 7 oe&FEE

GEEESEHE 3805 :352~363, 2005 /359

g AT} 7P FUARE Ho R n|Fol
Bo} 549 Hojd A A7k} Asade] dFE A
7ol 9% Ao Azbgct 3, DPPH #)ZaA&s
9} MDA-BSA AgdAl&3= flavonoid®} polyphenol
3rego] ¥9kd 5B} 5C7) 5A ¥ 5DEcE AR 94t o
2}4 DPPH iz a2A &9 X AzilsiEe] gias
o] ¥reAl S oAl &¥= phytochemical®] %7
BEAo] A& Aoz et FFA 0L Z/HS DP-
PH c)zZAA&FH7} flavonoid HF FAFHSE 79
314 o] Esithn Bwdt bf Qlck

ALAY Argke} 7)Aol ascorbic acid, vitamin E, ca-
rotene, Se, glutathion, phytochemical 2] H]|&4A &
2322 superoxide dismutase (SOD), glutathione
peroxidase (GPx), catalase 9 &4 59| oy, =
AEAR, oFE, FA, $742¢, IE F ojd A3y AE
A ZAsIA F71E ROSS Feletdzde Axd 72
wla, g4 AEEE o]F= AP RNA, DNA &
T A3t A8 2 cleavage, cross—linking, modification
52 FEsl 7% o, 23 &4 Y s
ZsA BTk Aol ARSI AUXA F7E
= 2] $54 7 membrane potential QA Hi, ©]
2 Fido] F71EY Ax AEUT A He, 8% AY
T Xgd (LDL)o] ARIHYE FAAs EE7] 92
o AAIIEE JAskE AL g FIEP 2 A
Fole EFAZAZ ] g AU A3t A a5
2 sl st Bz Aoy AR ascor-
bate—Fe™Z 37}8lo] ascorbated] 23l wW2A A5
A3t @ Fe'7} A A3z} uke-g A= Y& §
slod A€ TBARS %2 E33eich AgA7 vA1
Y AHSZA o] AF el st dA3 7+ A, AR 27
B2FoA XAsHEo] ARAo|Te vlgled #2sA
Z713He ohA] A BRIE1T, o|2K Ak A% 1A
kAo A=A 7k Qi 2o AsEs A4y &
o E3| 22 AUE 7o) 3] $HHA & F
gle}. w3t 7ellAe) TBARS ¥% % XO (xanthin oxi-
dase) 84 Z29E B4 EFETAE HFHET S F
ZEAFH A o 22 RaAE U A2 ¢+ A
t}, o]2|g lolo gt o] {FE AB3] AME &4 A
Fofl gk et A 58 vES Bk A9E A+
7} Fesldoy JekeEE Ay 2ddHelArRT
AR FAkEEAL] AU FEAold ol8% 9 B4R
¥7) o] opdr} Bzt PAE TE? HAS o]
f3l0] A AL & A FEFEE YH T AEA

n ok
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HZEG 7k 2Fol AU Fakstas 84 2o}
F2 L 1300 old el oghe FEEo B
< 8134 flavonoid7} AR EA8H= flavonoid?] +Z
o vl AlelA o AoA Farstareg s 3 2
tha A bl 9o

Ut o2 Alsla XEHAI}L F7sha ol Holsly)
S8t Al FasEAES] 2577} Fulele] A ) o
9 =T AR adA 2o oebx 3 galsiea
o FERZH: 7% U Aol Akl AEg A |
EE ARBEYIE 3R, H2os 718l g0 A
A keSS PHEC] EHo] olgFHn ¢}
oo ol EAshe tluAd FAEAZE biliry-
bin, uric acid, ascorbic acid, @ —tocopherol, carotene,
thiol-protein 3= ¥3h9, =3 AR-L Mshirgoan
E] 21d3h= ceruloplamin, transferrin, Fe—scavenging
protein F°] $UTk* B AFoME HHYA)E7} FerS
Fe”2 guh} &30 7 N7t Sshs uprge
£ olgat] AU FFelsS Frislgich 482 5B
9} 5CE BTV HE R3S EAHE 43 A 82 2
Fitsbsol FrofehAl F7IEIGE), o5 EFAESY T
o] gHrEle] 3l flavonoid®} polyphenole] A 248
& 0% AZAEH A&F o o] AFEL HHsy A
W S A4 FAANZ 5 S Ao Ay

S, BA oA BoZg gAjehs vheA 29 sht
o] #o{3k= xanthine oxidase: purine, pyrimidine, al-
dehyde ¥ heterocyclic compound 59] tjrle) o3}
= H501H 8424 A4 YoM F2 purine] At
AHE<l hypoxanthine xanthine© 2 A#A|7]3, & ot
A] xanthine uric acid® AFAA QA A= wF
o2 Fullshs 2H8-5 shetl 1 FelN ghdigo] ANE
t} o] F4E S0J3AE xanthine dehydrogenase (XD)
¢} xarrthine oxidase (X0)9 2714 ez A5 &
7ol wet A2 wgho] 7hs1ol Y AaeeE A2
7R XD Hel2 EAsh} Alsl AEgAv) Z7)s)
© XX XD7F X072 Wggogxn we gous
A e o8 Bael] 9EPEY® flavonoidsE XO
o] 4& Adgdn LA e, B AT og
EFEES AFA E5BY ESCEME 29 XO
o] sl ZaHA o, PS5BS PSCEAE 2ha
2] oot e FEE AFE A 99 2okt
B2 4Fg B$HEY # flavonoid$} polyphenol 3k
o o] TR ANe Aog WZAHI] wjFo) o5t
SFEEUY 4 FAEAES] A | olg5 1

B

Y57 FRAEAEED O 5UAY, B BUR R
FAsEA Y F5u A48 Welshs Bdo) &A1 b
AE gk

Cu, Zn—SOD+= ME2] cytosololiX superoxide radical
& $4AA HO.2 AN E 42 3, HO= ca-
talase®] Zgol 25l H,0E AgPoan AAS Akx
iyl o3t &Aoo RE BIsh= Ao A LA
Atk ojg Baeld A Fg FudR)A® Hapd
cateching 712t W& ) 7+ T FITFX SOD
o] F7HETka s1gick Glutathion peroxidase (GPx)
£ AAeIA H0.$} glutathione (GSH) 2 2%¥ H,0¢
A3+ glutahione (GSSG)S AAIsH= vk} 71} It
8= (ROOH)247E 43& (ROH) I H,05 AAA &
O2H A AEYAE A2AI|E FEE L0 B
A 8 AellA TAFuZ A EA)E AHAT) 73
F AR BA0lE AT AL vimaiA 2 gz oA
9] Cu, Zn—-SOD9} #Ao] 74819 o}, P5BS} E5BA
olE HAAHE ol 7Hask] oo} 3] 5B A=
A3 AEY 22U FrtEE ZASIME SODEAE A
FHo2 FARIESF = 8 A EAHE Bk uk
H, GPx9 4L dAYNZYAEHE Ao} AY o]
of A Fogt wisyt BAHR Pktk Bare] oJAP
- FQ3 gt sz AgdE SODE w3hs}
A -2 2R 1 AT} wHo] ZHAashs bk,
GPx8] 847 dee Wi} gtk sk

A9l g FEEL 53] SODMAIEAEE} o
1 BEEAL Ao dRo= A% BT 7
o By Hglon® sasix AN A ads) Q=
RNog A Uk &g Burs A HHFAA
= ™ 837 el AAAEE BaATE a3t 9
Adoem™ 7 ogkg #2522 DPPH )z oAzw7}
FTAR2T REg U oHE F2EL HFHA 71
2] SOD 84g 4sAZThe Bl Qnh ™™ 2 52
AdelX Ftstanizl 713 Holidd 5B FAA1EQ 7
A7 £99] F flavonoid®} polyphenol 3& B35 2
3 ALL AZFA 1 g F 42} 34.29 mg9} 52.51 mg,
U2 247 14.99 mgst 57.71 mgd g HE phyto-
chemical®] &2 Welilo] PSBE3} ESBZolA VeRd
P FAstadel A £Yo] 7jjd wppt 2 Ao
E Bzhdr}

¢, £ AFelA EFAE A2 ASZIR= 7uist
9] AT ZYAHE AolE Hel gz ujste 7

&38R sk, ol 1 AH7kRe) 5%2 ATl Jue



Z g FET gl oMAd Aoz Azt

AE AR Base] 78 ATE VAo E
¥ gad doju, BN E FEHS AEFES A
AFeh Qe RS At B o & 79 Aapd skl
S oARAl 3] AF el m AAl Yol A<
5 va 22k FE S AoE AZgrh o] &
ol Ik yolM e AFgRolehe TE ARESlo] o
2g o] #8451 YA B B A ow FF
g Argo] o]Fo|R)A] ok ot wbA, ZF AFe] i@
A& e AF 433 S kit A
AaRE pdslo] B HigAd a8 48 e A
78 dEiME B & 348 7k B dert ok
ol o7 7H] AEE Efel Y A7 SARES
B a7elx e Zo] 43 AFAE Xeh=t oA Hil¢
2 ojg#o] glthe Zoltt. o] FEdf tislois oz B
o AAZo 2 Q] AT EEo] sfgHolok ah o] F
] g2 AvAEy) #d% ARst g7

Of

SRA AR T B E I 93 1659 AEE
oA 27, ALF 2R vAAFT FoF S
ke 5%9] AFoRE 7Y 47 EF4F (BA, 5B, 5C,
5D)ell thigte] AA#EIAE, DPPH 82 4A%,
AAIEET S A Al 59 in vitro Ak
daAE EFs] F7F $9819 flavonoid$} polyph-
enol 3o =& 5B} 5CTHS AAES] in vivo TEA
& 2133}, Sprague—Dawleyd HFHAE 14310 1
A EHAEHEA] (30% fat Keal) & 71802 5% (w/
w) 8 EFEEAEE 4ol FAY (P5B, P5O), 54
FORRE] FET OGS FEES Aolo 4o} (ESB,
E50) 557 A4 il 1 A Agg 289
in vitro AAIPIEAAEIR= 5A, 5B, 5C 22 953}
%1, 5D ¢ 23tk DPPH 27 AlA&R9) x4
e G Al ayhs 5C, 5B, 5A €2
2 933l 5DE uig Rtk EFAFAEY F fla
vonoid &R 5C, 5D, 5B, 5A £2 7 Z}7} 6.59 + 0.95
mg/g, 6.17 £0.38 mg/g, 5.39 £ 0.53 mg/g, 1.23 +0.23
mg/g °131 29, F polyphenol %<& 5B, 5C, 5D, 5A9)
£oF 747} 43.49 *+ 1.08 mg/g, 35.84 *+ 1.57 mg/g,
9.33+0.50 mg/g, 9.29 +0.52 mg/g °1At}

$HH in vivo FAMEA T A3 A} Horj ] FAis)
T2 TAYRFH LB EA o] AXFAo| ] 48% F

BEBHESB e 38(5 352~363, 2005/361
TOZ vy W3te) EFAF AH7kE<l PSB, P5C, ESB,
E5CE BT o] & F3stsd AstE AAlste] A=A
ol ZAY o & £EE AEE 3t g4
A] ascorbate—Fe'?o] 23] # =¥ AAAIEE-2 A
B E84o] AA g folgt ¥Msy) (Y v, 3t
oA AAIAEE FEE ESBTOA A ast
%o, Cu, Zn—SOD &/Jo] P5BS} ESBiolA 2]t
Al S7¥8I3t) Aol A= PoBERlo] A AIAELE f
o7 JAAZ]E FA9 Cu, Zn—-SOD XS 7 A
tl, o]5 5543 ANE EdE FF Bd TFAE
5B 5C 27 itstaiyt 9431l ot 5B7t 5CHTt
ot o st ARS Bty & 4 Qluh wehd, 5B
o] FAAERY £9, BYE, AY, AY, 3 5C9) 4
AEA &, FuF, o, FEl, T8 3 HFE 5
= AARAQ WiE st FEs) AFs A g
Ahsg FHAIA F Q& AeE Y€k

m N 2

2 AT 20039 FYY FUINLATHA AT
v} Al 3t 9 AZAIEATAE] XA Hae
e ATAIEY A% Aoz Sumgion of
of ZHe =g
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