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Flavonoids¥ 3, 2%, tea, &3, #HEF T 2= 934 == =&

Aol g MamAw EART. AstzalelAl flavonoids7t FHE AE

Exsez <ls] A oA free radicalsoll 2|3 2tEd &4 HA LS
T A mEkA 2 Ao s AAVIES dFAske fAFdA HAd T HE
F = $H, @43 PRPoIA 2 TBARS A4, 28] 8% x4
= o8] vit. E¢} flavonoids®] #H717F ojwgk dFS FEA dotr izt 4
7+ vit. EE 23 A7l 88 Sprague Dawley =52 ZF o 9ul&]l# U+
2} lard ¥ o] 41 A

2 A vHa, ARFHATES vit. E 23S g2 2R 39, vit. E
A7V, hesperidint, quercetint”, AJFdujFoez FA43H Y. LardT 3
vit. E H7Fol+= vit. EE 50 IU/kg diet H7}3+ 1, hesperidina 3
quercetini™= 2z} 05%E, AJFEuaol = 10%9 HAJQGLEv] & 2ol
of H7tsle] 453k F oIttt

DPPH radical &~ 23 ZA3}ol <t 2o]eo] a4 4tsls2 quercetin
2lo] 7} 148002 7} =31, vit. E, hesperidin, A& Fw] 2oj= z}zk 122,
155, 501tk X9 xvd, FFd~HE 183 SAAAYE AJFdATE
o] lardwell H]3] oA o=x FASAT (P<0.05). T ZUHES A%
dufjto] & oFAATE vlE FoH R sk
< vit. E F7kto] el ow Frkskdtt (P<0.05). d4a¥d S8 2 e
2 Fe A e, AAVIE A ot &8 BaE dEhuA] 2%k

23l hesperidini*& F oA o)A = &AW initial slope®] 7} @

1, HDL-Z ¥ ~H =

H
K



maximum aggregation®] 7} =A e AE G 833 PMSHE A 9
g AP UEF 52 4 253 #oA Zelrt gl e, vitt E "7kt
hesperidini¢] & Hlu o] H3| T4 A & 5 AJY. A3 PRP
ol o] TBARS AL t& o FAFFE 48] vit. E 23+ ¥ hesperidin
ol FelFer Frhsa (P<0.05), 2] Aol wE TBARSHAH 2 vit.
2 FF3 HAS zole gldrk.  LDL-Oxidation ®¥F8 3 agarose gel
electrophoresisol] A flavonoids®] LDL A3} oA &3 Aol dn) o e3>
Eo] 7} =kom quercetin hesperidin®= t4 A &7 Ao}

2 A AT} vit. E9F flavonoids®] @48t & 3+ free radical &~ &4}
YHI FHdAAE e AeR Heolw, vit. E9F AJF A= A el A

A F3 ad=S etk



2 At A BE wAel IFHL Ak (HFAQBADRR A,
2000). gtell olojA Aol Ha gl w@IA AT F8 AL )
Bstzolnl, EURETe Ade FUrHE FEol ¥ AP WHE
=ee @ gelQ Aotk Bl o] FelzE B FES Aol e 2

W=t} (Herold et al., 1986).

-~

Eicosapentaenoic acid (EPA, Ca5)9} Docosahexaenoic acid (DHA, Cog)

0-374] 1= FE3t AWtES g FRcha e AdVES AH7E B

flo

PUFAZ} @344 572 #iA7 1, HDL- 2d202e Z/AQ00 2R
7S 7F v BaE el (Dyerberg et al., 1975;
Simopoulos, 1991; Harris, 1989). AX7]&l A= 034 AWAik2 IFelA

A7 & =974

l‘l

k<)

1‘
o,
Mo

2 HE = A4 ANES garzlozi VIDL A4 #Eej3Es "ojr
At} (Clarke et al, 1988). 1¥]il koAl FH~eHlE &S 951 o
=

T sHRol=e] WATES o] FomA dddle] ZelE

E
ftlo

A &A1 71tk (Simopoulos, 1991). H®3+ HDLS] 9% 7|5S Hrtl &45A1A
Fo=x g  fFa FuHz"HE FHFESE FFL FAg ZUHEQA
HDL-ZFd =H &S =Tt (Harris, 1989).

EPA+= cyclooxygenase$}t lipoxygenase®| 2|3 Thromboxane As (TX Asj)

¢} Prostaglandin I3 (PG I35 S @At A8 S3stE 28-S 3 TX

Ags @Al EH T PG L d9e 84471, AA44e Ades Fen
&7 #go] kvl weld EPAE 2e F8w 283 daw oA Ad 2
ol o8 FRPsFe dsAY AmsE Zasb gk (Samuelsson



1978). ey ol AAVIES Bl AAL A5 AXETES ofF= AAA
Fol nxe BEspAMAe R FAEA HH, olx s JAAH F2 A
oAl oixtAge] s A free radical®] F24S A Wol s o=
A AAAAE T S8 Vs Aol E=v A H AL A whEo] A& X8
H o 2 H superoxide, hydrogen peroxide, hydroxyl radical #2 Z}4+3}lE 3}
free radical> AU DNA, @iz slikso] 32 HE 4 7 9kg-slo] & Qb
A% radical2 FA 3t} (Esterbauer, 1993). ©] 3t radicalsoll 2|3 A3 dto]
U mEFZ=gol, gad T v xR FxvF M, AlEUele] &=
Holsoly AxT 7|5l 433 &S VM-S A (Wiseman, 1996).
w3 free radical@} o] WHgo 2 of7|H = DNAQ ZAFo] W3] EFHX &
o Aol E<¢dE DNAZE F4 i o] zlo] wstel A HaPg 2o
F23 9ol & 4 vl (Hori et al, 1990). &1}, A el o] & free
radicalZ= 58 AMExT7 A¥xg EAHS HFSE superoxide dismutase,
catalase, glutathione peroxidase®} #Z2 At3 F A Eo] glom oL <o)
A de] kst RE AlxEdto] Bt (Harris, 1992). o]9oll= &4kst &
29 7es wa, Ea Al A Ao s EREH Axs BREd 5 e &
Abst Z-de tig A7 AEFEA olH AL dew, vit. E, vit. C,
carotenoids, flavonoids &< Ad&Eeo] &4tst ER-=2A A U XA E
o} (Wiseman, 1996). o] FolAH= &
2la = B3] flavonoids®] th.
3= flavusol A e 22 Z8ES
V| xR zte AEMAE dFdow Ty Blekvlolgt a4 HIER P s
HERICY FsaadE 7HHo siA vlewl Ceebale gtk (Roger, 1988).
Flavonoids© Al &9 do|i} 3 duj, B, &7] S o] 5o o, 2}
55, B, A 58 T8 F= AHS Adu (Bravo, 1998).
Bioflavonoids® <& %] ¢+ flavonoids= polyphenolic compound® 4] 3}3s}t
A Tz uwE}t flavonols, flavones, flavanones, catechins, anthocyanidins,
isoflavones, dihydroflavonols “L2] 1 chalcones® T# ¥t} (Cook et al., 1996).

Flavonoids# €] dwt& el F+z2+&= figure 1) 3 Zo] CAIES i/l =2 sl F

-2 -



7§e]  aromatic ringE°l A3 Ce-Ci3-Ced HAFATEZRZE Ho A=
diphenylpropanes®|™ (Bravo, 1998; Cook et al, 1996), ©]Z¢] rhamnose,
glucose's 2] e FFot olvl= 23S Fafl vidAe] = ESAst= 457
2} (Kana et al, 1998). Flavonoids&7F #4tstx] A o] S gyx oz o
Ast7] i E FRH o2 C-ringoll ~-OH7F EA13loioF 3Fal C-ringe] C-2
2} C-3A}o] o o]z A3 o] glojof 3 (Mora et al., 1990), A<} B ringe] -OH
o] 7} 47| o] dolojof sty & A (Rafat et al, 1987), 3t8t4 F+x2+= 15
o] Ayststa gdo] JIFES m v oA

Flavonoids®] #4tst &3 7] d& oz At Wa A AA= FAR, o
stz A} (Renaud et al, 1992; Hertog et al, 1993; 1997)¢} in vitro <7
(Mora et al., 1990; Morel et al., 1993; Viana et al., 1996)& &3 flavonoids
7V sakst 29 E yeidleE e dEth Flavonoidsi= 49 French
paradox®t A= vl o] EFHAAEo HHSE=E Wine 52 &= AHFH7)
DA S 3o Frhi= A7 Z3 (Renaud et al, 1992)& &
3] A el Aol LA, Zutphen Elderly Study 23} flavonoids 233 ¢} &
AAGEZ AR E Afolol= o] AV EAg AL W AT (Hertog, et
al., 1993; 1997).

[o

In vitro Aol A flavonoids+ superoxide anion radical, hydroxy radical®}
peroxyl radical 5& AAsE S 7FX 3, Fe- CusS  chelatingslH,
B Arsl §49 FAHS Z=UMA R o =4, lipid peroxidation, low density
lipoprotein(LDL) oxidations wWX]gtttar & A Adrt (Cook et al, 1996;

Rafats et al., 1987). 3] flavonoids® peroxy radicalE A7 4

rr

—

phenolic hydrogen< 7}F#]3L 217] W&ol peroxy radical®] AH¥H&S A&
T d= drsAEA 28T F Ak (Cook et al, 1996).

AdAA A3 Fao PdA] FNAEsTS A Fo 4ksE low density
lipoprotein (LDL)Z} &&A €. ¥4 F<9 LDLY o] BolXH, LDLS Wol&
ol FEAVE HFsAY A EHo LDLe] EFol FZH=A o ol
LDL-& endothelial celle] Y} macrophage “L2] 322 smooth muscle celloll A A4 =

= free radicals®l <J3] *| & 3Aksl7E dojdr}. 4FslE LDL2 macrophage 2

-3 -



sHe] iAol 25 o] Ad foam cello] @A = =dl, ©] foam cello] 7] %
WA A HZo] FHiglo] #ol FuAs 7 dojuA Hvk. wEbA free
radicalsoll ¢] ¥ LDLE A A AAkst A= A4 3ds ol s

=23ttt (Morel, et al., 1984; Henriksen, et al., 1983).

1988 ¢l Rankin et al.°ll ¢]&ll flavonoids”} in vitro Aol A LDL] 4tst&
A = A= B3 ol = LDLIF flavonoidse] A& 2F8-of tigh Ao &
7} 22 91t} Frankle et al. (1993)2 wineoll 5] 3=Z 3} phenolic compound”} T+
ol o8l ZFxl® LDL AtstE gAst=d E37F AAvar B sl ow,
Leake et al. (1990)< macrophage°] <¢]3F LDL®2| AF3}= morin, quercetin,

o fdast=d

fisetineo] AT 332, Hiroshi et al. (1999)= =}9] flavonoids”}
macrophage®} endothelial cellsell ]t LDL 4tstE g3 4oz Ao
B 313k

2~

A3t o] red wine AFHE 423 RS FAAT I, BN LAINS

1Z21tt 2 R 15 Atk (Renaud, 1992). @4 o thdt flavonoidse] <]
A &= dLTo A9 arachidonic acid tHAFSF thromboxane A4 53 ##H

2

H

O
~

[e)

). E3], cyclo-oxygenase®} lipoxygenase? 48 A &5l (Laughton et
al., 1991; Schewe et al., 2002), & A& 3ol A 2] hydrogen peroxide A& < A+
oZA Ao 71%ES AFA It (Pignatelli et al., 2000)3 X 313} tTh
Flavonoids©™ 4% 753 #dHE o8 A2 &S v 4 d5H 945
el ™, o] 24 flavonoidst ¥4 A F A3 sl A4S 45 184 55
dutsli= Aoz A A At (McGregor, 1999; Anna, 1995; Demrow, 1995).

A RS A ek Vel 7HE T8k, dAEE BE T V2 R
£ Pt Oxygen radicals 78 32 Ul o stubzb Alzw 144 o] &
olgt= AL oA AX7F glom, Ay X def Aiksg2 Ad
aho] bR Tsol ZA FEFS w itk T A A HikstE A sk 3}

i

=2 oxygen radicalsoll o3& %= Wests AGES oWets o4

—

ofj

]

fot

=S W3 gtth. Red wine, tea, AbY, 3k Sol Wol 3-F¥ quercetiny}
myrecetin  #Z2 flavonoids+= A& #AksE oAttt GH A

(Wiseman, 1996). GSH7} 2% mouse HETZ A3tA ¢} v dAIH S o

-4 -



quercetin ¥ 7} ironS chelatedtal, 48798 FyggozHn X @Ayilslel
SHEZREEYH AEXE Ro3tvun 2xs9 Y (Ferrali, 1997). Flavonoids© Al 3
Y9 qE (JFAES)A EASHEA A AL 2] EA A A 2] oxygen

=

radicalsE A ASEar, AlETto A dAxkst 288 3= a-tocopherole] AH]E 9

=

ob=t} (Junji, 1994). Vit. EX= peroxylradical® ## 3k 714 732 3k akshA) =
A radical®] sA o 2HEH Ay Ao XS M & B AA W A
2 A= peroxyradical®] 4S8 Wol u]g <bA 3k XA YL ES A,
o= ME FERE £AZA & JdEd, vit. EE $4 3% 0 & peroxylradical®} ®F

3}l tocopheroxylradicalS &/ 3 X9 flavonoidsell 2]3f vit. EZ A A4

o},

o =4 3l= flavanones¢! hesperidin< vit. P9 @A & 71X v, AAH
A EAEH FHAAES FAst=d 28k Ao YA a7t dvka
B3 e (Shon et al, 1992), A &2 ZFo|i} Hujjo da X U=

flavonols¢! quercetin= A& 3} ascorbic acid®] A A= dHx Az
(Hollman. 1997), &¢#8-3 gEdwolz&x oy B AT (Kang,
1997). 83 ‘Mdzx’gta dH A A= A u = phenolic compound®t
flavonoids”} °F 5%78 %= 3Hrdtil o] (FAIFT s37I=AH) kst g3
7F ¢astkel et ol dE T

2 AN E 1 SxAINS FRete AAVIES T2 dA e

aelar BAA7IE AFA AAHEe] BExstert Eobe wat 1x]H o] kst
7b AAl A o] &2 Qs MaEdre] Eo] dojd = =], ol g =1
st Al Alazdte] 7)E, AlEZuee Edols, daw SHAY 8 Y
TBARS®] Ao o3t vit. E9} hesperidin, quercetin, A<l njol 3+Ak3}
el disiA Lolr iz skt






1. 28 A=

oA olul gt
S 479 AT 90~120g AF°] Sprague Dawley =5 54nte]l & 2 o] A
WoHE el whet 9vbe] o] Lardw 3 45vhel o] offA AT ER AA drdth
ada AAVES FEYs 23E Aded AFEH de vit. EE LEAY)
2

71 fal vit. E A3 AolE 453 el A Aol wF 457 F AA

%

71% (Menhaden oiD& FHWE 250~300g ©F-9 853 53 45vd] & vit.
E A+, vit. E 37k, hesperidin®®, quercetin®, 18] 3 A0gdwat2] 5
Aol Z4zE 9mbE] A vl vk
Stainless steel cage®lA] 453+ E&] - AFS3loH, 55 ASA
715 124137, &% 202509 5 40~60%+= dAdstA FA=EEs =43t
At AF VI Ft =3 Aol FAeE FFHAT
>

71E AF 2ol AIN-76S =2 3te] <(Table 1

o o
ol
12
ol

53 E FY9o 2= sucrose?t corn starchEs, @2 F YO 2= caseine,
AH FRo 7= lardir2 lard (9%6)2} corn oil (1%6)S oFHFHTEL fish
oil (9%)3 corn oil (19%6)& A3t} AA7]ELS v Omega Protein,
Inc. oA Fa¢2 A3 sE 2o]8 ARBP menhaden oilE AF&3F3th. o
FAATES Nx9 vit. E 29+, vit. E - # 7k, 05% hesperidin 7+ &
© quercetint 183 10% AJAFLEuare] 5 Hluao R AolE ZAFAH.
AjFgdr] BE2 AT w9 Ve AT AHANA FPske] Ab&sAh 7t

Zrol Ao wE e Zo]i= corn starcholl Al B A S| FAT)



Table 1. Composition of experimental diets (%)

Fish oil
Ingredient Lard
Vit. E def Vit. E Hesperidin  Quercetin Cactus
Casein” 20.0 20.0 20.0 20.0 20.0 20.0
L-methionine” 0.3 0.3 0.3 0.3 0.3 0.3
Lard” 9.0 - - - 9.0 9.0
Fish oil” - 9.0 9.0 9.0 - -
Corn oil” 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride® 0.2 0.2 0.2 0.2 0.2 0.2
Vitamin mix’-VitE 1.0 1.0 1.0 1.0 1.0 1.0
Mineral mix® 35 35 35 35 35 35
Sucrose” 20.0 20.0 20.0 20.0 20.0 20.0
Corn starch” 40.0 40.0 40.0 39.5 395 35.0
Cellulose’ 5 5 5 5 5 -
?Ct;;l;f copheryl o) - (5010) - - -
Hesperidini) 3 = = 0.5 - -
Quercetin” - o = L 0.5 -
Prickly pear cactus’ = - - - - 10
Total (%) 100.0 100.0 100.0 100.0 100.0 100.0

¥ Teklad, Harlan Madison WI, USA

b) Samlip Yugi Co.

© Menhaden oil, Omega Protein, Inc. (Reedville, VA, USA)

9 Jeil Jedang Co.

¢ Junsei Chemical Co., Ltd.

P Vitamin mixture(mg/100g) : Thiamine HCI 60.0, Riboflavin 60.0, Pyridoxine HCI 70.0, Nicotinic Acid
300.0, D-Calcium Pantothenate 160.0, Folic Acid 20.0, D-Biotin 2.0, Vit. By» 0.1, Vit. A 80.0, Vit. Ds
0.25, Vit. K 0.5, Sucrose 99247.15

# Mineral mixtuer(g/100g) : CaHPO; 50.0, NaCl 7.4, KsCeHs0; - HoO 220, KoSOs 52, MgO 24,
Manganous carbonate(43-48%Mn) 0.35, Ferric citrate(16.7%Fe) 0.6, Zinc carbonate(70% Zn) 0.16, Cupric
carbonate(53-55%Cu) 0.03, KIOs 0.001, NazSeOs - 5H20 0.001, CrK(SOy)2 + 12H:0 0.055, Sucrose 11.804

W Samyang genecs Co.

¥ Sigma Chemical Co., USA

Y Cheju ATI
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2. Alg+F

A7 F5 Aol 16 ARFE AAA71AL ether®= W AIZ] $-) cardiac
puncture® heparin®] =°] J+= vacuum tubeo] XS ANHFAY. dALFH
S 33} Na-leak, A&+ &8 173 Hematocrit =HL A =A] #E=2
AAH AT A "2 1000xgoll A 153 P4l Eelste] S st
i, 99, FZU2HE, HDL-Zd 2" &, 4R #4443, MDA 4S5 9
3] -20C Ws Lol B #IsAT

3. AEEHN

1

1) DPPH Radical 4~HA %

Flavonoids®] 3akst &4 A M-S DPPH (2,2 Diphenyl 1-picryl hydrazyl,
Sigma-Aldrich)& ©]&3te] A% radical 27 &35 F43t= DPPHH S
o] &3%ttt. DPPH+= 2 A5F4S yetiiy set= il 24 T4 9] radical®=
radical d=A+e] H] AAste] o5 FAstE 9] radical® A gtk 0.3mM
DPPH W&t & 05meel ole &9 A8s & "Wes &< 1mlEs A7t
o= DPPH HFT s X 0.1mMel wigh F3r=9 2SS S517nmelA 574

oy, AR 98 =7]+= radical &

mﬁ

4] (scavenging activity. SCsp) 2
%= A SCse DPPHO 5%7F 50% #Asted agh Alge] FRw
Ueldltl (Brand-Williams et al., 1995).



2) 4% £ 3% (Whole blood platelet aggregation)

7 2R e HAHESE o] &3 impedance WH S E Chronolog Platelet
Aggregometer (Chrono-Log 500-CA, Havertown, USA)E o]&3l =H =S
ot AE A AdE 500 5N (isotonic saline)e® A AA (1:1) &
I 5 400,000/pbE FZAZI T 20 wo ImM ADP (adenosine
diphosphate) & 2ol HZF % 20uMo] =HA 3o &S FEstdom, 33

wEe A S A e

78 €] platinum electrodes Ale]ol e E impedanced] A4S A s =)
© 2 recorder responses 20Q°] ¥ Al impedance gaing %WFo] & Ao|t}
o] WH L2 AM3 A S AFESt] A Y g2 B =4 stelA SAHSH

v, wu AeAgl A daw SHAdS sk Aol Atk

3) Na efflux =4
(1) AE7 &4 FH]
doll 2mE 2709 tubeol ZH2z ¥l 1709 tubeol = HF 5%=7F 0.5mMY
7l phenazinemethosulfate (PMS)* 2] & 3dlar 1083+ 37Col A incubation 3}
ATk 550xgol Al 10&E3F ¥4 &g 5 43Fe PRPE Aol HdT &
cold isotonic washing solution [150mM choline chloride, 10mM
Tris—4-morpholinopropane sulfonic acid (MOPS) 4C pH 7.4]2. % 5 A&
t}. AHIFE thA] washing solution® & 3] A 8Fo] hematocrit 40-50%2] Z
J gdo] HA ZAH3I F hematocritE A3t HIAF & 50 W= 5
ml2] 0.0296 acationox (metal free detergent, Scientific Product, USA) ¥ <&
2 © 2 intracellular Na& =3 - €9 15m2 Na leak SHo A
&3t A

(2) Na leak (Na passive efflux)
Na leake Na-K ATPase®} Na-K cotransports %3 EFLFE Na efflux

E 2d3l7] 98] ouabain¥ furosemide”} ¥ medium 4o A4 AT v &

_10_



Agggd 15mE 30m2 medium 4 (150mM choline chloride, 10mM
glucose, 1mM ouabain, 1mM furosemide, 10mM Tris—-MOPS 37C pH 7.4)°l
Qo] 42 F 10719 test tubeo] TLEA ®#Hlste] 0, 10, 20, 30, 40+ FH S
2 37T shaking water batholl Al w3t FA] 48 £ 2 %A Na effluixE
THAIZL -, ATOA f4 ZFYste] ZSdS e E8E 4S5
Na &% E atomic absorption spectrophotometer (AA6701F Shimadzu
Corporation, Japan)< ©o]&3ste] A5t 7]1€7] (Na pg/ml/min)E %
S % medium F 7127 39 HolZRE old ¢ o] Na leak S T35t
t}. (Smith et al., 1984a : 1984b)

ARk

[Na pg/ml] [60min]  [umole] [31.5-(1.5xHCT)]  Na pmole/mérbc/hr
[min] [hr] [23pg] [1.5xHCT] (Na mmole/ ¢ rbc/hr)

Intracelluar Na :

[ Na pugl [umole] [101]
[ml] [231g] [HCT]

= Na mmole/ ¢ rbc (Na pmole/mérbc)

A 838 HE+= Draper et al. (1969)2] autohemolysis S <k

A2l Buckingham (1985)¢] W& Farste] SAstadvh. Hd 79 &3

=3
oftl

i)
fo

Heparin A g]¥ dHE Q8 =4 200 WA saline-phosphate buffer (pH
7.4) 5méoll FAFA| 71t} Saline—phosphate bufferi= phosphate buffer (0.1M
NaHPO,, 0.02M HCD®} 0.89% NaCles TFo=z EFste] Azt
Saline-phospate bufferol]l #AFAIZ1 8RS 1200xgol A 10E3F 44 EE 3519
AEde Y oS g7 BRETES oA 5mle] saline-phosphate buffer-&

of BAAIZIY. T e AldHo] ZH7] 4mle] saline-phosphate buffer ¢ =
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-

T2 Y2 us AE B E 2med Yol EFsta vplE 3 % 37Tl

] 4A1%F incubation$tt). WG A S A 3] ol R EE HS A2 F 10

Hu

>

TZd2dHE, HDL-=#d=®HE, 8 SAAAE]  AEEA

als

commercial assay kit (ASAN Pharmaceutical Co., Ltd, Korea)E& A}-&3}%t}.
TZU "= TAEAAY FHd= @ 20uS AFESER AL, HDL-2d 28 =
o] EA = 200uls Ab&ste]l 7 wkEow gttt T EHE
HDL-ZF# 2" &2 500nmell A4, A2 550nmel A spectrophotometer =

FEEE 57833t  Atherogenic index+ & @ ~®Hl &3 HDL-Z#H ~HE

F2E o]&3le] [(T-cholesterol - HDL-cholesterol)/HDL-cholesterol] =

-
e
o
&
il
S
>
oo
_0|L
2
v}
Mo
>

Al " 2005 AF-83F9 3L, spectrophotometer =

on ¥ wEow s

o
S
S
5
3
=2
X
ool
o
k1
il
i
ox
of
Ol
32

7) &%, PRP] TBARS 74

4 dAES 550xg= WA #EEg & AFHS PRP  (Platelet Rich
Plasma)®] TBARS (Thiobarbituric Acid Reactive Substance) 3% Yagi
(1976)°] WS olgste FAHSAUT. A /12N 34F 4wt 10%
P gk & 2200xgoll A 10E37F 94

o
=
o
wn

o
=
Q
e
e
=)

0q
w0
=
o
Q
Q.
(o
o
(o]
=]
ISS)
il
ol

K
(o]]
Mo
i

iy

Este] Ao Hgz JAEN 1/12N 32F 2mee} 10% phosphotungstic

acid 03n0E W1 919 e HFL oA oW wBagL. o 3 F A
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AL 2200xgol A 151 AAlwE e = AT es FHsHA
1,1,3,3-tetraethoxypropanes T &g H o7 3lo] A= ¢l TBARS %S
Spectrofluorometer (Kontron Instruments SFM-25)% excitation 515nm,

emission 553nmeol A A= 31

8) LDL Oxidation =7
(1) LDLe] #¢

LDL2 <Figure 2> ¢ *#o] Alge dAS  sequential discontinous
density gradiente] % Q4 F2 FAHS W& A (Fisher, 1983; Basu
et al., 1976). $7, NaCl= A}l#re] @4 HUEE 1.063g/m= =g & A4
2 (150,000xg, 4°C, 20A1%F)3}le] plasma chylomicron, very low density
lipoprotein (VLDL)¥ LDL fractionS HDLZ¥ lipoprotein deficient serum

(LDS) fractionoll Al #g3ldtt. =g]a LDLeo] 49 E fractione L= E
1.019g/ml = ZA3Fe] YAEZ (150,000xg, 4C, 20AH)3F Fof A=HEH o]

chylomicron/VLDL fractions A A3t YA =R EL t3A NaCl=

=}

EE5 1.063g/m= xAsla g2 wioe=z A4 #8ste] LDL fractions
F EYstach 8" LDL2 4Tel A 0.154M NaCl, 0.01% EDTA buffer
(pH 7.4)2 24X T35+
(2) LDL2] 4k3}

LDL (0.15mg/m¢)¥ CuSOs (5pM)e] A F-37F 500p07F = == F/109] =]
(pH 7.4)Z 21°] 5% CO. incubatorol Al 37°C= 24413k wjekall om njoko)
i 5 40mM EDTA 25u0% CuS0,8] b3S o A sk},

M

(3) Agarose gel electrophoresis

2mM vit. E (0.86mg/ml), 2.5mM hesperidin (1.5mg/m¢), 2.5mM quercetin
(0.85mg/me) H AJFLuf olghs& FEE (1.5mg/me)e] LDLAFSLO] w2 = <
S dolH 7] 93] agarose gel electrophoresis® A AT 0.7%
agarose gels Ab&3sto] ol s FAHSAT.  AREHH FA AR
LDL wiFolsS 20l R3S 3 1356mve] = o2 pH 86, 0.05 M barbital
buffers Ab-&3to] 7 Z T
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PLASMA

+NaCl (d=1.063)
150,000Xg (5°C), 20hr

HDL, LDS VLDL, LDL, IDL
VLDL,
LDL, IDL yellow
+NaCl (d=1.019)
150,000Xg (5°C), 20hr
Clear
LDL VLDL, IDL
HDL, LDS yellow VLDL, IDL white

NaCl (d=1.063)
150,000Xg (5°C), 20hr Clear

LDL

LDL Dark yellow

LDL Dark yellow

Clear

_

Figure 2. Preparation of low density lipoprotein (LDL)
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4. SAAZEH

L

one-way ANOVAZS Al&3le] &

Duncan multiple range testoll ]

®oagel A Bt
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m. 23 9@ 3z

1. 218 24 Radical 274 %9 #Z

DPPH¥H ol 9]&ll vit. E€} flavonoids®] free radical 2274 &43& 43191,
o] k& 7HAaL Aol Fikstss FAArt. 1 A= (Table 2) o A
Al = At

Vit. E®} flavonoids®] free radical &4 &A <4+ quercetin>hesperidin>
vit. E>AFdn] &8 =02 quercetin®] 7FY =& radical &7 A4S
vheF o

0.5% quercetin, hesperidin, 50 IU vit. E, 10% <17 uj Yol H7hH

A

2lolo] Fatsts s FAG #X= 22 1480, 155, 122 18]l 53tk ol
gk #k& flavonoids”t free radicals A4 AP =M AAAASE AT
T Atk dlid sholl AlatE XA o]t

In vitro ATl A Igor et al. (1989)2 A o]0 2|3} lecithin liposomes2]
A A kst ol NADPHSF CClell 23t rat liver microsomes®] =] & 3}Aks)=
rutin® quercetin® FH7lel o] THHoE AAFJgriar Fol o] A2
flavonoids€] &< 0] chelating 53 3 free radical &4 Aol 2l x4z
AstE A EA A S o2 AAE F AdSS AWE Frh =, rutindd
quercetin< A & 34+s}l A A o A superoxide anion, hydroxyl radicals =L
2] 3L lipid peroxy radicals A4S AT & J5& BT

Rafat et al. (1987)2 in vitro A 7-°l4 flavonoidsi= ¥*-& hydroxyl radical
a7 A4S THAI oerng AAIGAN A AAHLstE AT ¢ vk
w3l vk, 19 32 hydroxyl radical 27 &4 £ A= myricetin>quercetin>
rhamnetin>morin>diosmetin>naringenin <°|J 1, oJz3d 27H AL
flavonoids€] aromatic B-ring®ll X]&-%¥ hydroxyl group® <ol we} F713}F

ATkl ®H 18k
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Flavonoids 9] free radical 227 42 1A LS9 35tz 3o 93] IS
Wh=thar gtk Flavonoids7F Al A #4kstE G3kxlo g oAt r] S8 =
TZzAH o2 C-ring® C-399* ] hydroxyl groupe] &A3Fo]oF 3}lar, C-ring
o] C-2, 3Ateldl o]FAdo]l AdoloF s (Mora et al, 1990; Bors et al.,
1990), A¢} B-ing® hydroxyl group =7} 470 o]Xitolojof 3ty WE &) T
(Rafat et al., 1987). =3} lavonoid glycoside @& B XE.t} aglycone & Ej = &)
stofof ghrhar skt (Ioku et al, 1995).

Flavonol®] €<l quercetin® Tx4 C-2, 3Alole] olFAIS zta Q)
a1, B-ring® 37, 47 ¢ X hydroxyl group< ztil ¢lo] (Cook et al., 1996)
Holwt radical &4 AL 7FR Aoz Btk Flavanoneo| £3:E
hesperiding &2 5¢ 3’ o hydroxyl groupe] 91X8}iL B4 73 47 9 Xl
z}+z}  rhamnose-glucose®t O-methyl groupe] X3tz o] 1ol A (Cook et al.,
1996) $1¢] =HES z2FA Fagens v radical 27 E4<S UEH
o w AZtE o] Xt}

aH Y in vivooll A = flavonoids®] radical 227 &7} s4kst =83
gt AV glenE F 9 B2 invivo 2SS Fd #AHAAHLS JTEok

3 Aol
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2. A% 3719, N HAFH o] & &

>
o
s
L
)
&l
e
e,

2d FAEF (ADG), Hat 4L HolAd3=F (ADFD 2 2

o] &8 (Feed Efficiency Ratio)2 <(Table 3> ol AA| = At}

4530 A9 T2 F ddewe AL S 400~450g B on, it
dd FAFS vit. E FHIbol fFelHow M =i, vitt E Agad
hesperidin o] fYFHoezm XA e (P<0.05). Hesperidint*,
quercetin”, AJGA o= AF Fas YERGA] ko, o= 2ol

A7FeE flavonoids®] ol Al TS T4 k= A= Aoz wHAG
Gy A Aol dHZFL vit. E 7o) vit. E 23 3 hesperidin+®, A<l

ddmatel vl folHom =okvh (P<0.05). Vit E H7Fatd lardwto] 2
=

o] 5/ WAl o3k Aol AHH HAve UAA Aoz Az

Hesperidin, quercetin, A Qgd 2] A o] d3H FL quercetin®] tAh E7]&

AR, oA glem R A9 flavonoidse] Aol Tk So] 2] o] A F o
F =S gl o= HRIT

Vit. E #H7kee A, HolAdAF N A =2 Holae&s yvEdWlaen

rir
of
o
ﬂ
o{l
9

AojA ko] wWE Aolags&S HY, AXAVIES HAAS vitt E H7kto] lard
o Hls] o] E&o] Fog¥or A yERWTE (P<0.05). Buckingham
(1985)< Sprague Dawley ratsoll Al E3}X] W2l larde} EX3E7F =& HE
A 71ES AolAWer st 1673 ¥uetds W, + 151 ASe A=
el x] &kektiar gtk Fremont et al. (1998)& 2lo] xwlo g vrd B E 3}
A Ako] B Aolet v Exs AAte] dFE AeolE TES S
HoldHAZFH ATl d Zpolrt gldvkar v w2 o] A wbe
Estert g Ad AR =4 =
Sh= 2 BEo] 9 Ao

=
Vit. E H7bEE vit. E Aol vl fFejH o Holago] w24, o=



]_

rlr

o s

ol

AA7155 AHAE A5 vit. Ex AFAS AWS AdEe= A8

E AFHA flavonoidsE FH 7} Aol E FolA hesperidini=e] 2o &
o] oA vrl= AR 2 AEF3E fol A zbole gk whEbA 05%
A E 9] hesperidin® quercetin®] 7} 183 10% AJdEw] H7te= 2H 9
Aol & AFE MAA FgTE AS & 7 AT O E AFoAE o]
A FARS A3 ES 2 4 %li=tl, Manach et al. (1995)2] Aol A= 2] 9]
Wl 05% quercetin® 1% rutine % 7FA1#A 104 3F ratsoll Al F53F 2% 2
ol FH FH AlFTT7hEN FeAQl Aol b gtk ¥ skl
H ¥ Sprague Dawley <=3 ol Al 4F3F 0.5% hesperidin® naringinS 22t A
AN A HoldA G AGEAE E Hol7F gl B3 sohn et al.
(1998)°] Aot A= gk,

Flavonoids7} & =9 A4l o JaFw v A#] gevtes 285 W7l

de o 2e A7 Bastele AzE,

—

|
L)
!
N
N
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3.3 ¥=x 9, Y 2HE, HDL-Ed 2" E 2 SAAE

el

s =

H:

T3, FZUxdHE, HDL-ZFHxHEZ3 FAAAY S+ 2
atherogenic indexi= <(Table 4) °l A A] = A}

Lardw* 2 T2 offHluarEel Hls] 84 x4 5o fFHo=w =
e T (P<0.05). ©ol= AstzAbodA], AXAVE HAAS} 8 229
= ko] AABAES ztE=tlE Bjerregaard et al. (200009 Ha1etE AddbE =
A5 vebdlth. 12y Kuda et al. (2000)+= mouse®] Al 2lo] Ao =2 1%
9] corn oil¥} 9%2] Menhaden fish oil2 AFHAIZ 2%, 10%2] corn oil¥}
1% corn oil + 9% beef tallows HAAAH S wjrtt o] xEd FX|71 O
A vUEstt . B askdvh ol o w Hol AMAVIE ol HAHS} € =
ge] AAdAA s F 9 e A7 27" Hesperidint 2 o

o] frutell vl =2 9 A& YEMRIAL, quercetintt FojH o=z o
Fe FFAT (P<0.05). zEar At lardtell H] S
el Coldiron et al. (2002)=2 streptozotocin®. & =%
AF o 14¥€2r 10mg/kg/de] quercetin A8 &= F

AnR
Acka she] ¥ AW B AnRE waustgch B Al A%

gl

il

< v
Tol thE o FHATE wal FoldolAE @AW ve Y et
Ae QG Folalt £84 Aol gelstslo] TEF F4E AANA

o HAATFLES FX7F oF 50% H= HasATE oA AAVIE
¥ EPA®F DHA #& v5 EXsAAe] dF AHe F+& oAz =
A& G A HoFa glom, ol |
t} (Simopoulos, 1991; Harris, 1983).

TZUEES AdFdride] e oFAdATE HlE FoHoew JH
ol g€FAnt (P<0.05). ol AAZIE d3F oleel, Adddw] £Foll g
% o] 2d+= polyphenolic compound®] 2]3F hypocholesterolemic & o] Ay A

gl 4% AAN FHE F84 Hol HF9 pectine o3 TIHY b5

o,
i
H
i
S

d
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ol k. AR, MAGNA FED pectin® EIHE VAP A7l ola

W, 0.25% Zel=ElEo] e Aolol &4 1%°] A1 pecting H7Fg A

o= 26% A= FoHoz dFPJtr v}t (Fernandez et al, 1992). <
£4 2o] Mo Fu e E As &3+ bile salte} A3ste] bile acide]

24 Fd="HE9 Al 57 dellEr] it o = sl A w e
H Ao A flavonoids 4 FH ol o3t FZe=HE A4 a39= FEHI A W
Elvlx] k=4, o]& flavonoidse] AFH R AAVIE AFH 93t J&FS ¢

o)
A
e
o
2 o
X
o
lo

A ol flavonoidsel o3 &S WA Xohr] wEdd Aow AzHEn
Basarkar et al. (1983)2 1%°] FHZHES H7Es 2olE 125 &<t 5o
rato] A def B 3k o] FZeHlElE ol quercetin Hololl ofa FFATES]

tha B aEel om, Bok et al. (1999)2 1%°] Fdl=dHZo] H7ld 2ol& +
o]3l= ratoll Al 22 H| & 9] hesperin+naringin £ %S 0.1g/100g diet= X
S ol @] FUzulE o] Zasta Basigleh. olel g Ay
B flavonoidsE AU o] cholesterol 3o W37t veElE o,
b3t oz B7Ho] Xt
< ofr AATE FTAAAE TRV sl
flavonoids& H71g 5 FodA= HAA&dduiate] 7Hd A UEhw
Kaku et al. (1999):= Sprague Dawley ratoll Al querceting 2} o]l 7}t
A3 83 FAAL o] txdtel vl wdktial B skt
B Ageld HDL-Zell=eEe vit B d7bite] o offtSel
d fFoHdeoz =A dEigern (P<0.05), sHAEste fI=E e =
atherogenic index = Fod o= Y7 velykth (P<0.05). AMAXdAud T
& " FFUHES F9HeR BFa HDL-ZFH~HES vgdo
S7HAIA s A ske] AW EATE e Aow AR ETU

JstxAbe] ostd flavonoidse]l HF S7HF EF ALY FE& S0
CHD®9 ©ol3&S dEvxm &8 dor} (Yusuke et al., 2000), £ 23 o] A

= flavonoids®] H7Fell 23k E3= FElshA A FH A= &gt

ofj
ol

il
il

hypocholesterolemic &%=

AN mm

= AEA SRR =

ol
o
o

t
roh

oAY A5 AAVE AL dele] AASES wFed Fad qus
sdglor, vit. B A93dn Ak g AW £EL 0w

=
olmel T TL @e Fm Aty AzHol A,
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i S tig 23t= (Table 5> o A A= At}

427 SF oA initial slope’®} maximum aggregatione & F-7tel] H-<9
2 zpole gtk AAVIES AAF™ A9 BAVIE TFREH de 1=
XA 2o w dyte] gHEH I AAEE A i $F

M
2

A& EH7F Yot dE A ot (Simopoulos, 1991), & A& A lard
ol o watitel Ay - oAsE B UEA ekt

flavonoids A #e] wW& A $H A3 3= YEYR LZdoewy

t
ro

, maximum aggregation< 7}%

M
r o]
o
o
=

[y
=N
@8,
o

o

@]

r

N
-~
5
AL
R

hesperidin
= yElbstth. A3 5 < hesperiding 2 4% $3 F dissociation©] U-E}
3l & o] hesperidin¥ ©& &2
o] Zs zgel o3 ARA T 55T 38t Jrxol ofsiA doju= A
Ao i = F ol Aatsl B Fert dvka AZEo X
Flavonoids?] 4% 5 JA &3 += Ao A9 arachidonic acid A}
¢} thromboxane A ¥ 2 4kstd 2<E53 #H=E 4 tl (Laudolfi et
al,, 1984). Petroni et al. (1995)+= in vitro Q7oA 28 B2 phenolic
ol dAave] Ve 3 TB Xoo AAHdS #HAAA collagenel oJ& =¥ &
A% $3ES gyHoR AAsY v HusHrr.  E3E Laughton et al

(1991)& 2ol A arachidonic acid tj] Aol o3l = =

a
cyclooxygenase®} 5-lipoxygenase? &4 S flavonoids”} Ao =4 AF
SRS gAY Basdth. Pignatelli et al. (2000)2 quercetin 10-20p
mol/L+i= collageno. 2 fFx¥ A4 ¥ g Fa F2E JAS

25umol/L catechin®} bumol/L quercetin &=3& 3k collagen® & %

_L_
dow eA7 dawel 2o FHS F o ASA oAl F

it

=
AU A G35 RBo FAva drh o] EFELS B FEHos =
hydrogen peroxide & Z3tAl ARt st o= Ao §F
& ¥%= hydrogen peroxide A S ©it)A sFHA
Aow ®Welth ey ol d in vitro 2E AB}ESo] IR in vivool

Q2 M Lo
2 rot

ol
ol
r 1r
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A A=A o s KHolok & Apglojt

McGregor et al. (1999)= 90% diosmin® 10% hesperidin®] 3%/
flavonoids& ratell Al & 53tRS W ADPel 93] F=d diad S
collagenell °J3] #F=¥ dav SHES FIHo= AAsAtta A
Janssen et al. (1998)2 in vitro A4 =53 querceting PRPe o1& &
%= (0, 0.25, 25, 25 250, 2500umol/L)& #H7}3}e] collagen® ADPZ $3H &
A5 vr2 Tk (0-250)0 M= S Al & rE |91, 2500umol/L 2]
oA SRS FHe=m AAATta st 2y, A4 9] W
9™ o] oMol A 114mg quercetin/d (220g <3/d)S HHAAZD S
plasmac°l 41 2] quercetin %=+ 15umol/Lo]laz, olw] dA4ad 3 A5
= gtz Raustgnh. 71 B in vitro Aol A 9] flavonoidse] &3
A &%= in vivodl A 7IdE F gle =& sEE AP wEd AL
2 AZrE S A In vivo ATl A flavonoidse] &-8-F &= AA ol A
flavonoids ¢} th& =@ o] s 2H&, flavonoids®] FF % So] Lz ¥ o]of
sk Zlolt}.
Flavonoids®] &4~

EgZ st o e in vivo A7t o] FolXof & Zlo|th

of o
ko
ot
o

o
o

S3 9A 2HE Loty AdAM = in vitro 2F S

us]
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5. Hematocrit®} I+ €3

dulEzee sA9 487 88 A% ABE  (Table 6> o A4 =20
dulEzee At 72t A Tael Fo4 Aol Jeux ergkort, lard

AdT &9 =3 2 253 7o Aol gllon, vit E Agae] &

AP §F A ADT whe] gyo] o) A$HmM, FATE A
Aol ars g ure] Aol = JFL WAY WA £ ARE

QtolE Tee (1998)2] A& A= oil typeol Whal o3& o)== A, B
TE 2A%kel g Ml gE S A vit. EE &g ol wlE) vit. E A E a9
gl =4 YHEsta gk

Buckingham (1985)2 P/S ratio® €& 3t AHolE FFWL rate] JEFE
saline-phosphate buffer (pH 7.4)ol 231 20A17F wjsl S w 2ol P/S
ratio 7} =& %9l 40, 100 IU/kg diet =<2] vit. E 52 ¢ 50% 7%

ru

89 dAYe oAstant Haus ot AT §F AYS A e
del vit. E7b $o% 982 dn e & 5 At

B A3 ol A hesperidin
FAR, AT &F FX 7 o
3]

=

BydE Za de =422

HJ
i)
i

flavonoids =] 2] ol M]3l f-2]% o] =
YA vtebyrth.  Hesperiding 3 73

e
wel Fay fAe ® Wed Hrom

hesperidin®] 1 E}9] flavonoids®+= A= ©E AYd 7|8 21 & -
Jlomz & ¢ B Aygs FI #Es B ey Qo

A Aol A Do} lipid peroxidatione] ™3+ flavonoidse] 3+-4k3l &3
erolr 7] 93 AT =2 Igor et al. (1989)2 quercetin¥} quercetin—-3-O-
rhamnoglucoside, 2] i1 rutin®] free radicalsS 27 3% 2 &4 phosphatidyl

choline liposomes®} rat®] liver microsomal membranes®] lipid peroxidation
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S AEelA JAstE 2345 FAYL AT Morel et al. (1993)2 rat<]
hepatocyte ® %ol A catechin, quercetin, —L2] 31 diosmetin®] A F*H s &3}

£ catechin, quercetin, diosmetin <2 % Z3¥7}F JqATr B I3

‘_‘

Kostyuk et al. (1997)2 Ag|7le] 3] FE=5& ME =4S quercetin?
rutino] SAEFA =, ol= o]y =
chelate $to. 24 7I53et A2 oJAXY. 18y quercetin®] radical 4~7A

g8 F718w] oA A3 3L, phoshatidyl choline liposomes©l] A

A Eo] radical® A73%t311 ironE

quercetin®] WA 28-S 33 A vit. E7F 3akst Z8S st Aow v
A flavonoids7} A& o] I3tz RE M ¥uS HIsE ZES vit. E9bs
= Aotk (Junji, 1994). =, vit. ET AXET Yo EA3HEA
peroxylradicalE® ™% 53] ¥%3}o] lipid hydroperoxide2] <149F-8-S df
o} =X Tt flavonoids= A E =] F ol (MEWL S RFAFE)d &= X35}o]
T84 radicalsell &3t A AL E WA DACNA BHAH O R Holgo g

mlo

M ovit. EE ZHefelF+= 9SS o). w3k vit. E7F peroxylradical® ¥F-g-3}
o] A% tocopherylradicals vit. EZ A A 3f=d] =+&ghr}.
2 A vit. E A9 A &80l A =7+ shaAR, gE
W EH FoF Zol7b gl =T, ol 453 1
<k Aol = vit. ES] n@AETE =4 @Udd Aow AzEy. o
1 vit. EZF AW E=3= 2 corn oil¥} fish oile] A2 S 8] 2]+
A a7 EAUE vit. E7F @R - o R o] &xo] AXxTS BRI #
oAstds Ao=m AzhE ozt

R
=
lo
|

—t
o9
i)
',
o>
o,
i
oK

rr
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6. Na leak

AT "re] Na efflixe= Na-K ATPase®t Na-K cotransport 183l
Na-leak & 37F4] FEl= o] Fojxlth. & AF| A= Ouabain? furosemide
2 ZI7Z} Na-K ATPase®t Na-K cotransportES 2}ek3k Arefoll A 2] passive
Na permeabilityS YEIH = Na leakS 43532, =2 23 = <(Table 7> ©l

A AlsFA . Na leak¥ intracellular Nae] H$E5 EE g F3rolA 93
7

zkel7F yEtuAl gkou, AAVIES AFAAZ ZEe] lard ol HlE| tha
2 FAE HEAT. o= AAVIE #id = EEIA Ak o] s

o] fFEAlo] ZHrlEolA 2 Ao=m AZHATE  Intracellular Nas intact$!
Aol ma PMSH el o8] %o X7} vpgkth.  Intracellular Naol A &=
intact?l 4+ L3 oA Aol UEuA 2Fskony, PMS A Ed ¢
o= lardioll H]3| quercetint 3} AAFAuto] Foygdoz =A e

AEee] 7lse ofe] 7HA] Gl 2d S o8 ¥WskdE & An 2

StUE radical S 93 AL8EE PMSE @A HdF3es B4 &
lar AlZWol A NADH #A] 3loll oxygen—free radicalsE A 3dktl. whalA
PMSE A#lst= 4 9] AdAirstrr Al&siA g, o= e A=
o] £AS X oA HW, o] passive K permeabilityE 7} Az}
(Maridonneau, 1983).

2 AdelA AdFol PMSE A# g 29 Na leake A& -3F 9
ol = YEN}A ko) intact?]l A g-o Hl3| FUIs AL =
aL, vit. Exteo]l PMS A glol] tigh 43S 7P A A
quercetin’=. PMS A g tist Wo] g37F v A= Aoz yErydt. Vit
E= AMxETo] =A35tY peroxylradical®} ## 3k 7 =3k aFAFshA] 2 4
radical®] Ao =R E Axuts 7B 2 Bogith, Alxvte] EAstE vit
E¢t= &2 flavonoids= Al3Ee] HFAFEo 1At A E WLl free
radicalsE A7 %tt}. Maridonneau-Parini et al. (1986)= PMS®| <2Jal] <=4

2
{
>

© ™ hesperidin@}

0

H o HE AN K loss® H =4, kaempferol, naringenin, apigenin,

naringin<> ©|& 9e}l=%1 3, myricetin, delphinidin, quercetin> PMSe] 2] 3]
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A 71 oxygen radicals®] A4S FZIAA F7FAIFH 2, catechin, morin

FEo ugt ZUIAZIAY "ottt B auEtdth. o] 7)1 A] free radical A&7
grdo]l #Holw quercetin®] PMSe] 23t K lossE 9AISHA] H39 3, 22

flavonols &9l 3193+ kaempferol, myricetin, morinE°] A|X % H 5o

tistel zb7] tre Z3E vetiar vk webA AlEEre] i gk flavonoids

Zaksl kg2 flavonoidse} Al E9ate] 553 Fo2§S Fall o] FolxaL
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7. @73 PRPe] TBARSS %

243 PRPolA ] TBARS® 4457l et A7E  (Table 8> o A4
stgieh. 2 AdelA @ga PRPelAel TBARS #Habe FistEdel F7
of weh G Wi o vehgh

Atk Lardv2 7 AdE FFo]l o vlude] HE] w2 FAH o
TBARS Aol @2 A2 F3ANS AFHAF 22N free radicalsell 2] 3t
27 @ dojyks Aolgl AZHErk w3 vit. E 7] TBARS A
o] lardw ¥ Hl=étth= A2 vs
S AFHYHEE FAFAE FUIE FES) AFHSHA HW, free radicalsol 9]
gk abshA &S A YERE o

o= AFE AFA w5 Fo vit. E ®7Fto] vit. E Ag el ]3|
fFreld o2 TBARS T2 3913 (P<0.05), quercetin 3 A1 %A uj =
o4 Zol= FAAT, TBARS S tha AAlst= BaFS Hola 9l
18]} hesperidini-ol A= TBARS A4 A 37 gle Ao =2 ey

PRPoI A= o AHATFE £ vit. E H7FE, querceting, A%< nf 9]
vit. E A3 el W] TBARS /gl fFeldeow vHA vewd (P<0.05).
18 PRPAI A% & Ao A9 7= 2 hesperidina& 3413t & 37} e}
WA ek k.

Flavonoids®] A& #4ksl A &3ell gk B2 in vitro 17 A3} 5] &
¥ E3 Ak Morel(1993)2 Feol £+ # 9 hepatocyte ¥l o] 150uM

X35t AYAtel wol FidE AAVIE

1t

o
o
i)
e
o

catechin, quercetin, diosmetinS 3 7}3le] 24A413F B2k vt S W o=
°F 40%<2 MDA AAS JAstI vt B 3stsd a2, Kostyuk et al. (1998)2
rat 592l macrophageE asbesto (¥ Aol =EFA1FHS W rutind
quercetin®] TBARS AL ddAstdcta B austHth  Santus et al. (1991)
2 flavone?l diosmin 9022} flavanone?! hesperidin 10%6%= T4 ¥ Daflon®]

Zpe) el ols] =¥ A AF}akstel plasma membrane A4S 9 A&}
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TBARS AATELE 3o Fotu 3} a1, Igor et al. (1989)% lecithin
liposomes®} rat liver microsome®] & o], NADPH, CCL=E 433 £4S
7}et 9 S W rutin® quercetin®] %o H #H st MDA AL A a
B stttk In vitro A@olA Boxl olyd A= A AAqks JHAl
Al A flavonoids’} 4 &34 22 chelating 3t3l free radicals® &3
st AAe] Akt E Ao wA Jhestel gt e

In vivo 234 Shon et al. (1998)2 453 Sprague Dawley ratsel 7|
hesperidin®} naringing 0.25, 0.5, 1%% Z}Z} 2ol H7lsle] F53 -3,
47 TBARS A4+ tHxzael Hl&| hesperidinel A= 2 27F glod o,
naringin®ll A = 0.5, 1%l A Fold oz AAstdtial Busdv. g
31 Fremont et al. (1998)2 tsEx3st AWibs AHASa A= ratsoll Al
rats®] VLDL+LDLS 12

flavonids (quercetin+catechin, 2:1)& 333 %, =1
ol e w AEP e, 2447k Hi

AlZF i FElS o TBARS &4 &
]_

AT AHE R o] B querceting vit. E¢F & flavonoidsel] Hl 8} 71 =&
gAS ztau 9d wrel, TBARSS AA oA &3+ vit
Eol B3] wrktl. 18] 3 free radical &7 Aol 7FF okl A<t

= H % o2 TBARS AAAS dAsA Y. wrEkA] flavonoidse] #] 4 9]

free radical & A

it

TALEE oAl radical 27 4§ ofUet U AYH GPe Wi Ao
Apss

B oAgelA AFe] gars avtE dolmy] 918 Holel ArtE AAgd
Wi TBARSS A4S aabfow oasigoms $5d as AFow
Mg HsAel dvki AzselAH, oled Fu: AAddulel Faw

phenolic compounds®l] &3t AUAA = R ET},
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8. LDL-Oxidation

At Eof] w2 LDL¥EW 9 chargeW 3tE agarose gel electrophoresisel A
9 olFT HAEE s TSR =], oo gk AUt (figure 3) o YERLE
ATh  Niki et al. (1991)2> LDLeo] AFst= = s<tel] apoBeol §&3, @3t 1
2]aL (-)charge® <7} 5ol AAAFs} Aol Aol ASFS WAt

Agarose gel electrophoresisolA] 4F3l®l LDLS (-) charge’} S7F€ 2

o

h
2

(+) charge® o]&3l=d], & AFA o]# g (+) charge= 9] o]l S o= 4
=5 oA E=AE BHRToZA vit. E9F flavonoidsell w3k &2k3F TS
A

2mM tocopherole FH7FA171 749 LDLE CuSO4& AF3}Al 71 controlell W] af
(+) charge® 9] o5& AUt AJAGdr] o&E FEES 1.5mg/m e
FEE HIMAZ A§ =3k controlell Wls] LDLE AtstE AAst= &3t
A= Aoz YEFY Y. Quercetin® hesperidin Z=3F (+) charge® 2] °| &
controlell M3 A A 7|}, FAFE AR 282 tocopherolol W& LDL 43}
AAEH= A vErsth

Viana et al. (1996)2 anthocyan, catechin, chalcone, aurones ¢ A &#o| 3f
% flavonoid-rich extract®] agarose gelol A1 ¢] LDL o]&& FXol ul dst
o ARt R stk Hiroshi et al. (1999)% =3k2] flavonoids”t
LDLe] AtstE AAA R ®Bastgloh,  z2elal S22 Foll theaflavin
digallate’} macrophage°] 2|3+ LDL 43S Ao 2H agarose gel

electrophoresisol| A1 ¢] ol & ZAAAHTT 399ttt Frankel et al. (1993)2

A ¥ =] phenolic compounds”t 2ol ¢]3] AFstE = LDLe 4tstE A
313 ar, o] H 3 AL phenolic compounds”’} &2 electron donor®ZA ¢l &<

g QoA eI xE mEavegtan BRsg . =3 Anderson et al.

3l polyphenolics”} in vitrod T4 LDL oxidation

, ol dEs FEEAdE 3 T/ ol flavonoids7F df-E o] S
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A

A: Native LDL, B: LDL incubated, C: LDL+Cu2+, D: Tocopherol (2mM),
E: Tocopherol (4mM), F: Quercetin (2.5mM), G: Hesperidin (2.5mM), H: Cactus (1.5mg/mé)

0.7% agarose gel eletrophoresis (0.05M barbital buffer)

Figure 3. LDL - Oxidation
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3] o] A¥S Fy3AUT. AT 85  Sprague DawleyAl =FHE Wi
©F lard ¥ (1% corn oil + 9% lard)ol 50 IU/kg dietd vit. EE H7}st
a, AFAAFHT (1% corn oil + 9% fish ol AW vit. EZF 284 8F%H =
g dde® vitt E AYaS txwozste] zb 2ol 50 IU/kg diet]
vit. E, 0.5% hesperidin, quercetin, 10% A <¢1&dujE 2o H7tsle] 453 2

Fatarh. AsE sorstd Bt gk

1. 2ol9] vit. E¢F ZeFH zo]=9] gAksls-S quercetine] 1480°.= 713 =
A YeEb o vit. E9, hespridin, 28] a2 Ae1gdufz zhzr 122, 155, 52
L ERSE T

2. ZA, AolAAL, Aolase vit. E Hrbwo] o wel vl feldo
(P<0.05), Algdnze A 2o JAFo] 7hg wgkor} A%

an
FAZE A=A vEbd o)A Zpol= fiAIRE Holago] A “ERET

3. Lard ¥ 8% XL 9, ZHHE, TAAY FFo] AAVES FILS
oo g T (P<0.05). ANFduiLe I F=F

%
&2 fFoAem g3 (P<0.05), o9k Hld 4 es HDL-Zd=H &2

-
&2

4. AFHATE] lardel W8l Ra $HS AASE £t GEUA
th. 1831 flavonoids®] &3l wE A $F JA 3% YEUA 2

s
kTt  Hesperidina-©] 74 -5-o <] Aol A= &A%t Initial slopes 7}g il

i
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maximum aggregation< 7F& =4 eyl

5. Vit. E9} hesperidin2 /2 & o]z X7 hemolysisE & Ast= E37F

AT,

6. Lardi*> o2 o2 Hluol v PMS AHz®H AHEG9] intracellular
Nag Fodgo=z IFEAT (P<0.05). Vit. E #7F3  hesperidini <
intracellular Na¥} Na leakel loJA PMS Aol <3t &4 71 AA &
kT,

7. Lard & plasma®} PRPol Al TBARSS AAGFFEo] o] F9 thE v w9
Hig) vkt dFol A= o fuluatE FolA vit. E H7kate] vit. E 4

of ¥]&l TBARS®S AAFTTS Fodoz w5l (P<0.05), PRPoIA = vit.
E 7}, quercetinyt, AJdAvjao] vit. E Aol H]3] TBARS A4
=5 Foder GG (P<0.05).

8. LDL-Oxidation %8 & agarose gel electrophoresis®l] A flavonoids®] 2+3}
A A &I+ quercetin hesperidin®l] W& Ao o EHSF

=
gl o] MoFgduje] o] flavonoidse] AU X] &35 FAHIT = g}

32
als

B Ad Ao 9Bl in vitro Aol A flavonoids® free radicals &7 &
Ao AA YolAe gatstsy Oz #dAV = oH$Y, vit. E9F A

Qui= QA WA frold A BY AL s Aow oAAL.

d
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Abstract

Antioxidant effects of flavonoids on erythrocyte Na efflux,
platelet aggregation, TBARS production and
LDL-oxidation in Sprague Dawley Rats fed fish oil

Yang Hee Kim
Department of Food Science and Nutrition, Graduate School

Cheju National University, Cheju, Korea

Flavonoids of about 4000 varieties are present in plants such as legume,
grape, citrus fruits, tea and garlic in form of water soluble yellowish
pigment. Epidemiological study showed that the incidence of cardiovascular
diseases 1is inversely correlated with the consumption of flavonoid
containing foods. Flavonoids in vitro study prevent lipid peroxidation and
platelet aggregation by way of their radical scavenging activities. Fish oils
are known to have beneficial effects on cardiovascular diseases by
decreasing plasma lipids and thrombosis. However, consumption of highly
unsaturated fish oil may lead to cellular damages because they are more
susceptible to lipid peroxidation.

The purpose of present study was to investigate the antioxidant effects
of quercetin, hesperidin, vit. E and prickly pear cactus in Sprague Dawley
rats fed fish oil by examining erythrocyte Na-leak, platelet aggregation,
TBARS production and plasma cholesterol. Diet mix of 0.5% quercetin and
hesperidin, 50IU tocopheryl acetate and 102 of prickly pear cactus had
comparative potencies of 1480, 15.5, 12.2 and 5 respectively in DPPH radical
scavenging test. Plasma glucose, total cholesterol and triglyceride were
significantly decreased (P<0.05) in rats fed fish oil compared with rats fed
lard. Total cholesterol was decreased significantly (P<0.05) in rats fed
prickly pear cactus and HDL-cholesterol was increased significantly

(P<0.05) in rats fed vit. E compared with other groups fed fish oil. Fish oil
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itself did not affect platelet aggregation, but fish oil with hesperidin
decreased the initial slope and increased the maximum platelet aggregation
although no statistical difference. Hemolysis and increase in Na leak after
PMS treatment were lower in rats fed vit. E and hesperidin compared with
other groups. TBARS production in plasma and PRP was significantly
increased (P<0.05) in rats fed fish oil without vit. E or with hesperidin, but
there was no difference between rats fed fish oil and lard. Extract of
prickly pear cactus had more antioxidant effects than quercetin or
hesperidin in LDL oxidation which may be associated with synergic effects
of the extract flavonoids.

In present study, antioxidant effects of flavonoids and vit. E were not
well correlated with their radical scavenging potencies, and vit. E and

prickly pear cactus had consistently favorable effects in biological system.
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