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Effects of Hesperidin and Naﬁhgin, on Antioxidative Capacity in the Rat

Sohn, Jung Sook - Kim, Mi Kyung - ,
Department of Food and Nutrition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to investigate effects of hesperidin and naringin on lipid peroxide
formation and antioxidative enzyme activities in rats. Thiobarbituric acid reactive substance
(TBARS) concentrations were measured in plasma and liver. Catalase, superoxide dismutase,
and glutathione peroxidase activities were measured in erythrocyte and liver. Forty-nine male
Sprague-Dawley rats weighing 275.3+3.3g were blocked into seven groups according to body
weight and were raised for four weeks on diets containing 0.25, 0.50, or 1.00%(w /W)
hesperidin or naringin. Food intake, weight gain, food efficiency ratio, and weights of liver,
kidney, spleen, and epididymal fat pad were not significantly different among groups. In 0.50
and 1.00% naringin groups, plasma TBARS concentrations were significantly decreased with a
dose response pattern. In 0.25, 0.50, and 1.00% hesperidin groups, liver TBARS concentrations
were significantly decreased without a dose dependent pattern. Antioxidative enzyme activities
in erythrocyte and liver were not significantly affected by type and amount of dietary bioflavonoid,
but in the 1.00% hesperidin group, catalase, superoxide dismutase, and glutathione peroxidase
activities in liver showed a tendency to increase. In conclusion, naringin inhibited lipid peroxide
formation with a dose response pattern in plasma without changing the activities of antioxidative
enzymes. Hesperidin administration, regardless of the level in the diet, inhibited lipid peroxide
formation in liver. (Korean J Nutrition 31(4) : 687~696, 1998)
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Agozy AAIISZRE ATE BIsh=t] Hof
Y. oj2igt P FAE ool i3 2
T3 free radical®] 85 dAA7= $a3 98
< 38, 53] 29l = bioflavonoids7} SHAEH dHAL
3 B2 & BYe Ta o

Bioflavonoidse ©34, T+ =34E W1 &
A 23R 2 A AdeA {2738 (aglycone) & ZA]
371 = 3t di7lE rhamnose, glucose, rutinose ¥
o] g3 Al vlFA (glycoside)) FEHE A2 4]
Bl EAste 2o geiA U, o]} o] biofla-
vonoidse {17+e] 2jojell F8g JEo|Agk AE
gl gt 79971 ofF] R-FHdlo] 31T 3 AlEG
A3 8} bioflavonoidse] ] 23mg' A58 1g"”
WA 2 g?71x| 2 thekebAl 85 3 gl

HZ X e 2 vt & AE F Ul
bioflavonoidsell thg A7} @8] o] Fojx 1 gik
B0 53] $e Ut nf 27 22T 2 vy Y
9} flavonoids 33 ZAlA hesperidin® naringin®|
749 flavonoidsZ ¥ A", ZH 73 U2 hes-
peridin® d738t 237} 12m™® naringin® %
Z28o] o] RaH UG,

Bioflavonoids®] &tsld €4& sisls 9t
ZAP} in vitro @TFPE Bo] PaldA g} &
¥ French paradoxe} 43+ vle} o] EEA] Q€]

A#3k= wine 59 alcohol 43 4] coronary
heart disease(CHD)®] 18-S @3] £¥"?& A
flavonoids®¢t flavonol®e] 4% %3 CHD A14&
Atolell= G#A) EAdchs d8 AL AR Eo] W
FE= A} In vitro A7l A& bioflavonoids7t A& o}
A5 ® Jow density lipoprotein(LDL) AH3®® &
2% 3 ¥ Z2]3 cyclo-oxygenasest lipoxyg-
enase®] B4¥¥& JAthe 2HEL Basied),
o]2{g bioflavonoids®] ¥4} 2Haol Y& in vivo &
T A9 o|FAA] ¢z et

b 2 A7olxde A8 stressE 1ok 2
’dZ249A, bioflavonoids$! hesperidin® naringin
o] Alo] Wy 0.25, 0.50, 1.00% =EolA & <] Ao
A #kst A A AT} gakst B4 AlAIL B4l of
W g GG XA ol At Tt
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1. MUFEY NS F A9

¥ 479 Sprague-DawleyZ 7 87 49u}8)2
TFHstd AF AR A 157U 23w AR (GEAL
2)2 AZAA. 48 713 F A Fo] 275.3+3.3g€
FAES AFl "t D (randomized complete bl-
ock design)ell o3| 7HlE)H o2 BHEA 473

Table 1. Composition of experimental diets (g per kg diet)
, Groups” C LH MH HH LN MN HN

Ingredients
Corn Starch 698 695.5 693 688 695.5 693 688
Casein 150 150 150 150 150 150 150
Corn oil 100 100 100 100 100 100 100
Bioflavonoids -

Hesperidin 2.5 5 10 - - -

Naringin - - - 25 5 10
Salt mixture? 40 40 40 40 40 40 40
Vitamin mixture® 10 10 10 10 10 10 10
Choline chioride 2 2 2 2 2 2 2

1) C : Control none flavonoid group
HH : High(1.00%) hesperidin group
HN : High(1.00%) naringin group

LH : Low(0.25%) hesperidin group
LN : Low(0.25%} naringin group

MH : Medium(0.50%) hesperidin group
MN : Medium(0.50%) naringin group

2) AIN salt mixture(g/kg mixture) : Calcium phosphate, dibasic(CaHPQ,2H,0) 500, Sodium chloride(NaCl) 74, Potassium
citrate, monohydrate(K;CHsO;H,0) 220, Potassium sulfate(K.SO,) 52, Magnesium oxide(MgO) 24, Manganous car-
bonate(45 - 48% Mn) 3.5, Ferric citrate(16 — 17% Fe) 6, Zinc carbonate(70% ZnO) 1.6, Cupric carbonate(53 — 55% Cu)
0.3, Potassium iodate(KIO;) 0.0, Sodium selenite(Na,SeO;5H,0) 0.01, Chromium potassium sulfate(Crk(SO.), 12H,0)

0.55, Sucrose finely powdered, to make 1,000

3) AIN vitamin mixture(mg/kg mixture) : Thiamine.HCl 600, Riboflavin 600, Pyridoxine.HC! 700, Nicotinic acid
(Nicotinamide is equivalent.) 3,000, D-Calcium Pantothenate 1,600, Folic acid 200, D-Biotin 20, Cyanocobalamine
(vitamin By;) 1, Retinyl palmitate or acetate(vitamin A) as stabilized powder to provide 400,0001U vitamin activity or
120,000 retinol equivalents, DL-a-Tocophery! acetate(vitamin E) as stabilized powder to provide 5,0001U vitamin E ac-
tivity, Cholecalciferol 2.5(100,0001U, may be in powder form), Menaquinone(vitamin K, Menadione) 5.0, Sucrose fine-

ly powdered, to make 1,000g
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Aaole] @488 FHo2E S44 HAE(corn
starch, AEHE, AP FEo2e S5+ (corn
oil. AYADE At e, did FYEE ca-
sein(edible acid casein, Murray Goulburn Co-
operative Co., Australia)& AMH&3IAth. 77123 ¥
B SRS Al F2 AMES 42 & 2o] FAl9
4%. 1% +=Fo2 718193, flavonoide hesperi-
din(Sigma H5254)# naringin(Sigma N1376)&
z} o] BA9) 0.25%, 0.5%. 1% T2 2o] W
Ao FHFsIA

o] A e dFDel 33 LA Azl FPR
I, AFe A5 13] e Al STt Aol
HHGA o &2 AF) wige 2] sl A
% 27 2N 7 Ao Ao] 2FE W FAT.

ol oA 243 2o] AF P AFE o83l 4
3 A 71zt AF F71e e 716 AT 4ol
2o 7 1}xo] Ao F&(food efficiency ratio, F.E.
R 4&E3t9th

2. B 39 M

4877t € AFFEL 1247 FZ F die-
thyl ether® niA1A AEE F 10ml FAP|E °1&
slad AAolA AL AF s olw FAIE 43
=2 34 Ao 3.8% sodium citrate £ 0.1ml &
T2 coatingA|A AHREIITH AFE AL SaHE
AL wA5l7] 98l EDTA(Ethylene Diamine Te-
tra Acetate)7t 50131 polystylene U4E2]Tl
2o} ice bathol 2087 BXF F Y4l E7](Sor-
vall, RT 6000B)Z 2.800rpm, 4ColA 30%:3¢ £
Ba)3l] ol#l&9] red blood cel(RBC)# d4& £
2etn gL 4y FatalEake] 23E sl -0
€ YWEael Basiych

RBOE Waewe] AE4E Hristd d4Ee
712 2.800rpm, 4TI 1083 AR MH7
& 3t utEslo] A3¥ RBCE ¥t ©] RBC
2 cell®} 0.9% NaCl bufferd] 2|7} 1:10] HE
2 843} 50% hematocrit suspension(RBC sus-
pension) g THE ¥ ikl gho] L FHIW
AMA -70C BEad 2R

ol g A3 T ZA] 74 wo] WAL Re] AEHd

B2 %8 4 ik 31(4) : 687~696, 1998/ 689

2o Yol AHE T WS AT w2 -70C
YETo] nasl] HAsEdD 1484 FH0 AL
a9, AT 0%, EasAEe dolq g
233199

3. Yooy 24

1) "% M9 Thigbarbituric Acid Reactive Sub-
stance(TBARS) &3
g7o) TBARS 33 Yagi™el < o83l &
a9 1,1,4.4-tetramethoxypropanes EF-8%
o2 3] TBARSYS luminescence spectrometer
(Perkin Elmer, LS50) £ excitation 515nm, emiss-
ion 553nmolA] & kATt
7+ TBARSE Buckingham®™-& ¥¥3l spec-
trophotometer(Milton Roy, spectronic 301)2 532
nmellA 8|4 A

2) HERe o P 2L BY Y

el EAF0A B AH)AE superoxide an-
jong AA3H= superoxide dismutase(SOD)%+ hyd-
roxy radical@ A AR catalases} glutathione per-
oxidase(GSH-px)e] 4& ol 37 di= &)
3 YT dglF 7oA ST

AT catalase BA-E Johansson¥} Hakan Borg®
Wo) 2)8k spectrophotometer® 550nmellx &%
2 233 ¥ formaldehydeS EFENCE 3o
de i3 TAoaRE 29 &4 Al

HYT SOD B4 Folchers™# Winterbourn
=®9] Hh g AFPsla} 34381t Xanthine©l xa-
nthine oxidase®] 28 o} superoxide(O * &
A4 8}3L o] superoxide?} ferriccytochrome C(Fe™
*)& ferrouscytochrome C(Fe*)Z $HAl7|EH ©]
w SOD7} &A8hH o] Hkgo] A=l e &
std 23319}, Cytochrome C(Fet* )<l ggol W
#5E =2 spectrophotometer® 550nmellA 7
slgom, cytochrome C(Fe**)9) &4-& 50% 43k
8H= SODEE 1Unit2 8l B2 84 F=E Ueh
et

YT GSH-px 24 Paglia®®e 47 Flohe
Z00] wg o]g3l] Z35 vl spectrophoto-
meter® 340nmollX £33k ¥9 sk NADPH
¢} nmol& e

} catalase S Z35h7] 945k 2t 0.2g2 20H)
2] 25mM KHyPO,- NaOH buffer(pH 7.0)2 23}
A)713r 9o buffer= 608} 3143 F ice bath “3Ehol
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Al ultrasonicator(Heat System-Ultrasonics. Inc.,
Ultrasonic Propessor W-385)% 1524 23] w3}
o sonication® ¥ HYF|A 9} 2w oF cat-
alase 84 2313}

7+ SOD 42 2t 1g& 10vol.2] phosphate buffer
(pH 742 @337 F 10.000xg, 4Tl 2083
HHEAA 4L 33d F UHE sonicator(Heat
System-Ultrasonics. Inc., Ultrasonic Processor W-
385)E 3024 23] ultrasonicationAl) ¥ (.4u}2)
chloroform# ethanol®] ¥-¥u}7} 5: 30] HE& gt
< 89 Jleted 283t ZAehAl EF F 20.000%g,
4Tl 2087 dAEAA D2 F59E SOD &
2oz 3o HYTForMe FLT Yoz 23}
At

A 10,000x g2 A3l SOD &8& =33}
7] f8le] ARgstm e AEde oA 105.000xg,
4TAA 5083t LA, o] P& AFEdg 7H
©] GSH—px A&YoR o83}, 2t GSH—px &
4 %3 L YoM} Tdsh e Al
t-butyl hydroperoxide ™4l H,0,& AM-819 % cat-
alase®] ZH8-& AJAst7] Y18 1mM sodium azide
€ A7teith.

Zt 3] dAFEL Lowryd @ o2 EMet).

4. Ng N3

2 979 BE B4 Agce 4977 #37d B2F
LAE AelEa, a=0.05 &4 Duncans mu-
ltiple range testell &J3le] 2} A¥7o] A7k &
o) 3E AR s

oy 3y 9 o

1. 48 824 4%

1) 40 83T, N5 313 L Ao 28

AY T8 55 it Ao] A F AF ZUMgy
o] 2 RE] A4Het 4o] &S Table 20 A3t}

M5 FJd o] AP ANF ZUHE o|2RE A
At Ao B&e AF 3t folAQ Alo]E HolA|
%o} bioflavonoids 7 2 40| Ul 54 2l3le] o
3 WA it

w2}A hesperidin® naringing 2] ¢ 0.25,
0.50, 1.00% TF2 & A7}d ZAS- 879 A &
IS MAA] gethes 2S¢ 5 U

Bioflavonoids® $E&°IA T3 o1& ATy E
ol Al AE B 4= e Laura 592 4

X 2le] Yo catechin® tannic acidE 2% 5%
o2 Hrleld 33t 3 Wistar £2] 8HE AH83
3F Aol AAFH A EA F2HQ o)7L ATk
1 2339t} 28l2 2% tannic acid 9L 283
2 A9} guineapigsolAl FF3HA 1892 264
&t AHSE Moulay 5*9] A#telx A8t}

a8y Santiago® A7-®elM & tannic acidE 2.
5%} 3.0% o2 H7IRE dol2 40~50g9] FA
7} U7k White Leghorn £9] Wola]E 4997 A}
3 A4 o] AAFL FEAdedx BPsln A
o] AdHUky Byl T3 Musha 59 4
T9) M= tanninsg 4%9 6% TE22 HII3 4
o]2 115~125g9] A7t k= %3 albino 9 &
FE 1547 ARSE A F o] o] A= AA A
ol A=A Bt 1822 flavonoids
7t Aol AH e} ARl wX= Gl sl goz
o dF3lof & F el vkm Alg gt

2) 3 2H

A TELS I £ S T, A v 2
A ] A= Table 35 29)th.

A% e E A AW S3e NER AR
HF-ugAe] 2A+ bioflavonoids 27 2 4oy 4
Z 93 2] zlo]E ehlR] ¥urh.

weba] B Aol AHEE F9] hesperidin® na-
ringine #F 9] A¥HAQ A5 FHET opel 4 2
ol W& AW Y HFHd = E Y XA ¢
= Ao 5P},

2. e oA

1) E3Y M NERMAE BY
33 7o) AAFdsE FF(TBARSE) S Table

Table 2. Food intake, body weight gain and food effici-

ency ratio
Gro- Food intake  Body weight gain Food efficiency
ups (g/day) (g/4 weeks) ratio

C  "2265+0.46™? 121.97+4.90™ 0.215+0.008"%

LH 2261+0.70 121.80+6.58 0.215+0.010
MH  23.09+0.63 118.10+6.45  0.2041+0.007
HH  23.304+0.64 12291+7.38  0.210%+0.008
LN 22.0410.43 107.341£6.88  0.1951+0.012
MN  23.15+1.15 111.43+£14.03 0.190+0.017
HN  23.10+£0.68 112.97+9.66  0.19410.012

1) Mean +Standard Error(n=7)
2) Not significant at 0=0.05 by Duncan’s multiple
range test



Table 3. Organ weights

A R 8e s 314) : 687~696, 1998/691

Groups Liver(g) Kidney(g) Spleen(g) Epididymal fat pad(g)
C "10.10+0.34"% 2.52+0.09™* 0.64+0.02™* 5.30+0.36™*

LH 10.39+0.39 2.40+0.04 0.61+0.03 4.93+0.50

MH 10.60+0.42 2.57+0.06 0.69+0.04 5.18+0.65

HH 10.45+0.23 2.50+0.05 0.73+0.03 5.78+0.48

LN 10.08+0.46 2.52+0.06 0.62+0.03 4414043

MN 10.3940.59 2.47+40.10 0.67+0.03 5.12+0.59

HN 10.40+0.55 2.58+0.10 0.64+0.06 4,934+043

1)2) See Table 2

Table 4. TBARS levels in plasma and liver

Groups Plasma Liver
C 132,59+ 1,402 27.33+0.83*
LH 33.70+1.64° 23.40+1.37°
MH 30.26+0.80* 23.12+1.12°
HH 30.40+0.66™ 22.65+0.89°
LN 29.39+1.30" 28.51+1.47°
MN 26.62+2.00° 25.544+1.61*
HN 20.78+1.23° 24.67+0.98"

1) Mean = Standard Error

2) Values with different alphabet within the column are
significantly different at «=0.05 by Duncan’s multi-
ple range test

49l AN AL

Aol AN FFL bioflavonoids®} F7
2 o] Y 2o 28] A Xol& WERAUT.
Hesperiding 4]o} W4 0.25, 0.50. 1.00% FEoZ
A71AS AS A9 AAIREE Tk foF
9) 3L "X A= &gtent, 0.50, 1.00%FEAN=
g7 AFIEE 50| tha BolAE ZAFe] AN
t}. Naringing 0.50. 1.00% FF2.2 4]0} el A7t
& ALoEe e ANAFIEE FFo] folHos
ol on, 05048 1.00% s34 83 X4
T3S ke o WolAt) o|2RE ¥R XA
38 438 F3EHE hesperidin2th naringin
o] f) &#Aol¥ naringino] 4ol Well 0.50% °l1&
H7ME AL A7 $F0] 2EFE ¥ AFINE
B £32 U8 B Frhe A& ¢ 5 U

7rel A\ AFHasE g bioflavonoids 27 2 4]
o] Y £ &) F2A AolE JYeERAATE. Na-
ringing 2]e] Wel 0.25, 0.50. 1.00% F&22 A7t
89 AS el AAIEE o] folH T
& nxR] ggok 0.50, 1.00% FFolMe i v
olx| &= 7 gko] Ut} WA hesperiding 4o} Ujel

A7 E ASe e AAFISE o] FolF
o2 YoldEd, 1 58 0.25%°014 0.50, 1.00%
2 Z7WA il s 209 AARNEE ol &
9H oz o RolAA & Yottt 2 EZ o] AAH
A58 43¢ F3Ede hesperidin®] naringink
t} o] &7#Ho]n hesperidin® o] Wi 7t FFl
o2 o]}t g Ao 2 Mo} hesperidin® 0.25%9]

& A3 $EIME e JARIE FEE U
el agxolge A ¢ F I

tjokst 289 flavonoids7t AAIIEE BAAS
oA sHs Aol thated B2 in vitro FFEC] P
Aom»PRMe B opol KA AFE Bt
Nishiyama 52 97} g2 2] 42258 £2jd
isoflavonoid F=A2! 2" -O-glycosyl isovitexine
Fxo vidsld XA At A== carbonyl co-
mpounds AL ARt BudtF o, Santus
=82 flayone diosmin 90%% flavanone hesper-
idin 10%2 7A€ Daflon®°] A4l ejaf f=d

2} A 224319} plasma membrane £42 A5

TBARS #5& Y30 Fidn 2adgct =3
Jadwiga 5& quercetin® myricetin®] #F¢] li-
ver microsomeol 213 malondialdehyde(MDA) 3
AL JAgttn Ragla, Igor F°% lecithin lipo-
somes® 8% 7+l microsomedl ferrous ion, NA-
DPHY} OCLZ A3Ad £48 71894 4 rutin
quercetine] kol ®lFsld MDA #4& At
3 B335t} £3%] Maridonneau-Parini %2 er-
ythrocyteol phenazine methosulfate$t diethyldi-
thiocarbamate® 434 £48 7151%9€ o narin-
gino] Alxute] x| atsts EHAH0F APt
BuEsed, ol¢ 4 naringin®l plasmaclis =
AR A AL RS the £ A2 o} nar-
ingin°] ¥3¢] A A #4151 E dAshed 83 AT
& & Ao Algdth
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Bioflavonoids?t #H¥3A1A #4& AAske 71
o daixe ZA F 7 ZE A= 1 Ut

A AA JiEE S3A713, hydroxyl radical
& AN E 48T freeradical €449 &4 84
A 2 deje] A 3] ©]2*% bioflavonoids7t
chelating#e 24 A4 #3318 JAxE § Utk
Ro|tH®4 Bioflavonoidse} ol21d F& o9 &
e Hgstng® o] 7|de] 7158 4= AUttt

E4= bioflavonoids7t free radical& 23 scav-
enging¥lo 24 X A#tste AAAZIvhe FolopP®
|V 2 hioflavonoidst A2l phenolic hydrogen
£ free radicalol A8l free radical F4 W2
_“%_%_ f'; ?\1‘:}'47)48)52).

T2 free radical® SUAIFIEA A3k flavon-
oidsE ascorbic acid7t B9A1A 1% CuClel 9
8] LDLE A2 o flavonoidsE mediume] A7}
3 vitamin E7F &¥]E= 22 AAA71EA LDL
o] AaHe AL A AT Ruduct. 22y
d¢k LDL ¢te] vitamin E7} 4815 1 W Foil= fla-

. vonoids7} LDL A¥8H8 SAA1Z 4 giichn Bas)
Qe v 2® flavonoidsE ©HE di1siAlet AEES
3l A4 e A 5 rka AR

Flavonoids®] 4RHHQl T+2& Fig. 13 #ov, &
Zh= g4 912E vehdd. Flavonoidse polyphe-
nolic substance®A 587 Fzo @} flavonols,
flavones, flavanones, catechins, anthocyanidins,
isoflavones, dihydroflavonols, 18] chalcones®
FEEPD o121@ flavonoidsel 3EE T2
B9l Ageta gA4d JFE nFickn Eu*Eo]
Rong FadtA oAz '

Z flavonoids7} 9 71AE& B3 X4 HslE o
Adhs A& 259 724 A I3 9% Tevt
32 B n5o] grpe® Plavonoids7} X2 #4t3lg &
HHod A A aFHe FIRA AR
£ C ring®) &4 3 91X} hydroxyl group®] &4}3}
oo} 3t C ringe] B4 29} 3 Alo]d] o] F A

Fig. 1. The generic structure of flavonoids.

o] glojol 8™ A9t B ring?) hydroxyl group ¥
7} 47) o] &olojol &1 flavonoid glycoside HEAE
t} aglycone FEHE EAstdof gk RA® Fol A
t}.

a3y hesperidin® naringin® 2% flavanoned]
&3P hesperidine &4 59 3ol hydroxyl groupel
xetn &4 T8 4 YRl 22t rhamnose-glucose
9} O-methyl groupe] X1&=o] 9lo™ naringine &
2 73} 49)) hydroxyl groupel $1X5taL ¥4 5 Yol
O-rhamnoseglucoseZ} X&50] 3loiA™ 9 =AE
< 234 Z39). 284 hesperidin® naringin®
A 3ELE gAske ZEEolA] ¢E Ao o
AR, B A7o)M T flavonoids7F 22 7k @73 )
o] A e 55 o 3o Fo 1
guz 24 Pl gdos A5 A% 72
A 2A5S 732 B3 flavonoids® A 34eE
JAl3h= AE-S & 5 Uttn R 9o AAE A
A e dAske 724 28T Yo be 819
UE Ao Algd)

ZulAske] W& ZA S| o8 free radicals?
AA iyt g7 sle] WA el Fa3 48S
& Aoz 7FsAe] AtE o] StTh. In vivoelA A
A ilste AAZ dojvn Hdstd Ade FAA
3} 2o AP, agz isld fa] APt
o] Ay FAMA] endothelial cellsdl £4-& FA
1% B 3¥9en flavonoids AF 7t THA3le @
Be JAAZE F e 7Fedol dovt o] BHEAPe
obz] o} A= ojAof gt :

2 A433 e 29E A A= sled,
Mora 5%€ 8% 719 microsomesollA FeSO.% cy-
steinedl] 28] F-=2 A& k3ol thg in vitro @
T4 hesperidin® naringin 25 A 2A3aEE o
Asted E Az giicte Bagoh aein A7
o Agta &L 78IRS 9 ruting AETe] A)F
}eLE Ak A7t 2™ myriceting 23]
2 A4 32 7M7) 2 morind &0l wel A
A F3E FAANIIE st dAAI7E she o
3 244 v Ra¥x ik

ey B AFoAE hesperiding 2]o]e 0.25. 0.
50, 1.00% TE22 H7ltAE 745l 25 FolA e
AAasE A4S JAEE I, naringing 4ol
0.50, 1.00% FTo2 A7IBIAE 2o oA
A A2 P& AR

o]AoZ Z& flavonoids®! 79 FXx. 23
in vitro®} in vivool @ekA bioflavonoidse] 34tsl
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AY7s el EAlSe FAsA HLEC] BH2
Table 59 Table 69 27 ERASITY

AP FAEA} BAhEG 8432 bioflavo-
noids®] 89 o] A7t 5ol A8 FAHA Aol
2 yolx] st} 1822 hesperidin® naringin&
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Table 5. Antioxidative enzyme activities” of -erythrocyte
in rat” L , %

Gro- Catalase Superoxide Glutathione
-ups Dismutase . Peroxidase

C  2363.66+22.10™7 5.29+051™ 148.38+3.65"*

LH 3123643075  4.88+0.40

147.90+1.83
MH 3222841048  498+040 146.45+4.23
HH 3173212163 466+0.46  152.71%+3.52
LN~ 378.69+27.20 5034039  155.04+3.09
MN 309.48+18.74 4624029 - 146.61+3.80
HN 326.66+16.19 476+054 - 143.53£5.30

1) Catalase activities are expressed as nmoles for-
maldehyde utilized as standard per minute per mg
protein. Superoxide dismutase activities are expressed
as Units per minute per mg protein( Unit is defined
by the inhibition of cytochrome C reduction by 50%).
Glutathione peroxidase activities are expressed as
nmoles NADPH oxidized per minute per mg protein

2) Mean = Standard Error
3) Not significant at =005 by Duncan's multiple
range test
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209 AL catalase, SOD © GSH-px S0ITF. Ca-
talasel= hydrogen peroxide® A Ashe Haols, 2
e zx9] peroxisomesolA BAL 1Y, SOD< su-
peroxide radical® E4A1A HO0.= Gl B EARR=L
NAECERE YA HEsE Hholt Ia
GSH-pxe A4 WellA H;0,% 893 glutathione
(GSH)e.232E 483 glutathione(GSSG) & 2<
M= wes) 7e FAsE (ROOH)Z GSHER
Bl GSSG, alcohol(ROH) B &< BAsE B
zo) gos 22 s &3 YA A&
comsady

Julio S2¢] in vitro B7ol|A} (- )-epicatechin, lu-
teolin, quercetin, (+)-catechin, delphinidin. kae-
mpferol, apigenin 12)3l naringenine 9] flavo-
noids7} glutathioné peroxidase 84l vlxl& %
o] thate} Lolrgtw, oj2l@ flavonoidse GSH-
px8 BAL AIA7NA FRM AAFREE AA
AZIThe 2 AY A dXske 238 AR
281} bioflavonoids7h cyclo-oxygenasest lipoxyg-
enase®] 842 94AA)7) 29, xanthine oxidase®|
AT AT 5 o A8 aaEe] 84 o %4
82 n]Ache in vitro @7 BELEE ST

FUolA in vivo ATE °] §9] &I FA, F
22 9 E3-289 235 AA 2 A% A4 sl
By, A A8 28 F catechin FZ
714 B =47} cadmium FE2E A g4do] A
a9 7r W FAsA 549 SODS GSH-pxdl €4
o soFoz ZA 3t A AAIIEE T
2 2o] & £ cadmiumE U IS &8
2 AZNZIE AR AN S, A stre-
ss7h 711 AgolA flavonoidse Aol Adtd &
A BASO BAS AAEFOR A, 24
o s &4% AMANZ 4 Aoka AR 18
W 2 Agoxe} ol A8 stressE 7HHA ¥

Table 6. Antioxidative enzyme activities of liver in rat”

Gro- Catalase Superoxide Glutathione
ups Dismutase Peroxidase

C  7724.98+164.35" 7.89+0.59"> 393.06::28.61""

LH 74493%+155.27

7.30+0.42  378.55%+33.90
MH 7417919428 7.10+1.04  396.37£2095
HH 898.96+133.85 8.95+1.01  420.80+19.96 .
LN 721.274+108.12 7.86+£0.63  393.92+17.23
MN 724.57+164.85 8.194+0.66  399.85+14.86
HN 978.70%267.18 8.39+0.63

372.01+22.50
1)2)3) See Table 5 :
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