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ABSTRACT

This study was performed to investigate the effects of hesperidin extracted from tangerine peel on Cadmium(Cd) and lipid
metabolism, lipid peroxide formation, and antioxidative enzyme activitics in rats. Forty-eight male Sprague-Dawley rats
weighing 158.31 3.5g were blocked into eight groups according to body weight. Rats were raised for three weeks with diets
containing 0 or 0.04%w,/w) cadmium chloride and 1%(w/w) extracted hesperidin from tangerine peel, commercial hesperidin
or naringin. Food intake, weight gain and food efficiency ratio were significantly lower in the Cd-administered groups. The Cd
concentrations in blood and liver and the Cd excretions in urine and feces were significantly higher in the Cd-administered
groups. Among the Cd groups, blood Cd concentrations were decreased, fecal Cd excretions were increased, and Cd retention
ratios were decreased by feeding flavonoid diets. Plasma total lipid concentrations were significantly lower in the exrracted
hesperidin group, plasma triglyceride concentrations were significantly lower in the extracted hesperidin and naringin groups.
Plasma HDL-cholesterol concentrations and HDL : total cholesterol ratios were increased by feeding flavonoids. Among the
Cd groups, liver total lipid concentrations were decreased by feeding flavonoids. Fecal total lipid, fecal cholesterol, and fecal
triglyceride excretions were significantly higher in the naringin group, and they were increased by feeding flavonoids among Cd
groups. Thiobarbituric acid reactive substance concentrations in plasma and lLiver were higher in Cd groups, and were
significantly decreased by feeding flavonoids. The actvities of erythrocyte catalase, superoxide dismutase and glutathione
peroxidase showed a tendency to increase by feeding Cd. Among the Cd groups, erythrocyte glutathione peroxidase activities
were significantly decreased by feeding flavonoids. The activities of liver catalase, superoxide dismutase and glutathione
peroxidase were not significantly affected by administering Cd or flavonoids. In conclusion, all flavonoids that were used in this
experiment inhibited lipid peroxide formation in plasma and liver, but this effect was not caused by the increase in the activities
of antioxidative enzymes. (Korean J Nutrition 32(2) : 137~149, 1999)
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Tahle 1. Composition of experimental diets (g per Kg diet)
|l
. Groups C ccd  EH  EHCd  H H Cd N NCd
Ingredients
Corn Starch 698 697.6 688 687.6 688 687.6 688 687.6
Casein 150 150 150 150 150 150 150 150
Corn oil 100 100 100 100 100 100 100 100
Hesperidin - 10 10 - - - -
Hesperidin - - - - 10 10 - -
Naringin - - - - - - 10 10
Salt mixture® 40 40 40 40 40 40 40 40
Vitamin mixture” 10 10 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2 2 2
Cadmium(0.04% CdCl, of diet) - + - + - + - +

1) € : Control group(none flavonoid — none cadmium)
C Cd : none flavonoid - cadmium group

EH : Hesperidin extracted from tangerine peel -
EH Cd : Hesperidin extracted from tangerine peel -

none cadmium group
cadmium group

H : Hesperidin purchased from Sigma Chemical Co — none cadmium group
H Cd : Hesperidin purchased from Sigma Chemical Co - cadmium group
N : Naringin purchased from Sigma Chemical Co - none cadmium group

N Cd : Naringin purchased from Sigma Chemical Co - cadmium group

2) Salt mixture(g/Kg mixture) : Calcium phosphate, dibasic(CaHPO,2H:0) 500, Sodium chloride(NaCl) 74, Potassium citrate, monohydrate(K
sCeHs;O,H,0) 220, Potassium sulfate(K:50.) 52, Magnesium oxide(MgO) 24, Manganous carbonate(45 —48%, Mn) 3.5, Ferric citrate(16 -
17% Fe) 6, Zinc carbonate(70% ZnQ) 1.6, Cupric carbonate(53 — 55% Cu) 0.3, Potassium iodate(KlO;) 0.01, Sodium selenite(Na,5eQ;5H,0)
0.01, Chromium potassium sulfate(CrK(5Q.);12H,0) 0.55, Sucrose finely powdered, to make 1000 gram

3) Vitamin mixture(mg/Kg mixture) : ThiamineHC! 600, Riboflavin 600, PyridoxineHCI 700, Nicotinic acid(Nicotinamide is equivalent) 3000,
D-Calcium Pantothenate 1600, Folic acid 200, D-Biotin 20, Cyannocobalamine(vitamin B.;) 1, Retinyl palmitate or acetate(vitamin A) as sta-
bilized powder to provide 400,000[U vitamin activity or 120,000 retinol equivalents, DL-o-Tocopheryl acetate(vitamin E) as stabilized powd-
er to provide 5,0001U vitamin E activity, Cholecalciferol 2.5(100,0001U, may be in powder form), Menaquinone(vitamin X, Menadione) 5.0,

Sucrose finely powdered, to make 1000 gram
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Table 2. Food intake, body weight gain and food efficiency ratio

Croups Food intake  Body weight gain Food efficiency
P (g/day) (8/3 weeks) ratio
C "M3.50£0.75 85.82+5.69° 0.303x0.010°
EH 15.10£0.88" 100.08+7.48* 0.315£0.012°
H 15.954+0.66" 110.33£6.01° 0.329+0.006"
N 15.33+£0.38" 107.32£5.25% 0.333+0.008"
Cccd 9.80+0.70% 5.55+5.18" 0.0180.027*
EHCd 10.30+0.40° 12.28+4.96° 0.053+0.022°
HCd 8.10+0.50" ~1.93+4.78° -0.020+£0.029°
NCd 8.67 +0.49 4.6247.72° 0.014+0.042"
S]gmfz():ant A A*B A A
factor

1) Mean+Standard Error(n=6)

2) Values with different alphabet within the column are significant-
ly different at =0.05 by Duncan’s multiple range test

3) Statistical significance of dietary factors was calculated based on
2-way ANQVA

A : Effect of Cd was significant at =0.05

B : Effect of Flavonoids was significant at 0.=0.05

A*B : Interaction of Cd and Flavonoids was significant at ¢=0.03

Table 3. Cadmium concentrations in blood and liver

Grouns Blood Cd Liver Cd
P ©g/100 ml) (ug/g wet wi)
C 10.06 £0.02% 0.30£0.11°
EH 0.05=0.01¢ 0.28+0.17°
H 0.07+0.01° 0.08+0.04"
N 0.05+0.01¢ 0.14+0.07"°
ccd 55244472 47.08+2.11"
EHCd 40.5345.05° 48.66+3.02°
Hcd 43.40+2.60° 49.64+2.37°
NCd 46.40+2.35" 45.50+3.72°
Significant
factor’ A A

1) Mean +Standard Error(n=6)

2) Values with different alphabet within the column are significant-
ly different at @=0.05 by Duncan's multiple range test

3) Statistical significance of dietary factors was calculated by 2-way
ANQOVA(See Table 2)



142 /7473 Hesperidine] 24} Cadmium B)A} 3 8h4k8l5o))

FEFTEDOE 2 Aol7F vehA] @gkx2 HCdz ol 7}
F Rsi.

2. MEE oM

1) @} 1k Gd Bk
%1} 7¥9] Cd X Table 391 vkt vlg} 7o
79 GEE o} Cd FFTEC) B ESFTE Hs)
-rr-"f]’i'l._i =4t 7he] Cd 358 Cd 3FFED A
o7} gleyt, 8y Cd vEE Cd FFTE F fla-
vonoidsE A7 FEo] BET(CCA)el vls) frojze
2 9 Vel

Table 4. Urinary and fecal Cd excretions, and Cd retention ratio

i=]

Grouns Urinary Cd Fecal Cd Cd retention ratio®
P  (ug/day) (ug/day) (%)

C %0.174+0.11%2 0.66+ 0.09° -

EH 0.160.11° 0.51+ 0.09° -

H 0.02+0.01° 0.58+ 0.14° -

N 0.07+0.04° 091+ 0.10° -

CCd 19.34:£2.08" 845.95+21.50°  31.1£1.65

EHCd 18.06+1.27* 1035.06+21.61° 16.1£1.72°

HCd 18.39+2.74°  932.15+38.91° 24,2+2.94"

NCd 17.91+£2.35° 955.79+48.20°  22.949.33"

Significant A A B, A*B B

factor”

1) Mean +Standard Error(n=6)
2) Values with different alphabet within the column are significant-
ly different at @=0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by 2-way
ANOVA(See Table 2)
4) Cd retention ratio(%)

=tube administered Cd(pg/day) -
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Table 5. Plasma total lipid, triglyceride and cholesterol concentrations
Pl total Pl HDL- HDL : total
Plasma total lipid Plasma TG asma fola asma tota
Groups (mg/00m 100mg) cholesterol cholesterol cholesterol
me/100m (mg/100mg (mg/100ml) (mg/100ml) ratio
C 1243.26+10.01% 64.73+6.10° 75.12£5.34" 27.404+2.42% 0.37+0.02°
EH 21581+ 5.96 34.56+5.52° 74.5447.40" 28.07 +2.62¢ 0.39+0.03°
H 319.88% 7.35° 60.36+£5.80° 73.87 +6.50" 36.61+5.49° 0.51+0.03°
N 24821+ 6.86° 46.54+4.08" 79.06£9.08" 43.94+5.20° 0.56+0.03"
CCd 202.22+ 9.97¢ 34.18+4.31¢ 69.93+6.58% 22.28+4.77 0.33+0.04"
EHCd 206.38114.74 28.74+4.07° 72.30+£5.93* 28.84+3.56° 0.414+0.03°
HCd 188.92+ 7.19° 30.55+3.82° 56.4235.99° 28.07+6.73% 0.50£0.02°
NCd 189.47+ 8.16° 33.70+£5.22¢ 56.20+5.04° 29751413 0.53£0.04°
Significant A A B, A*B A A B B
factor”

1) Meanz Standard Error(n=06)

2) Values with different alphabet within the column are significantly different at @=0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by 2-way ANOVA(See Table 2)
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Table 6. Liver total lipid, cholesterol and triglyceride concentra-

tions (mg/g wet wt)
Groups Liver total lipid Liver cholesterol Liver triglyceride
C 27.08+1.27% 2.50+0.25* 4.39+0.33°
EH 26.98+2.49° 2.50+0.23* 4344071°
H 23.63+£3.63° 2.74+0.17° 5.10%0.63°
N 24.174+2.94° 2.78+£0.12° 5.04%£0.76™
Ccd 53.70+4.25% 1.95+0.14" 1.98+0.77°
EHCd 23.75+3.10° 2.06--0.13> 2.11+0.55%
HCd 43.70-+3.93" 1.83+0.08° 1.94+0.19"
NCd 40.28+3.73° 24440.12% 2.73+041°
Significant A, B, A*B A A
factor”

1) Mean+Standard Error(n==6)

2) Values with different alphabet within the column are significant-
ly different at @=0.05 by Duncan's multiple range test

3) Statistical significance of dietary factors was calculated by 2-way
ANOVA(See Table 2)
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Table 7. Fecal weight, and fecal total lipid, cholesterol and triglyceride excretions

Groups Fecal weight Fecal total lipid Fecal cholesterol Fecal triglyceride
(g dry wi/day) (mg/day) (mg/day ) (mg/day)
C "0.31+0.05% 27.32=4.02% 1.63=0.09% 1.61£0.11%
EH 0.24+0.02° 21.55%1.53 1.24+0.04° 1.48+0.07°
H 0.29+0.07"* 23.43+3.20¢ 1.73+0.08™ 1.71£0.15°
N 0.44+0.06" 46.89+£6.22" 3.17+0.11° 2.534+0.20®
CCd 0.3140.05® 29.4643.71 0.90£0.07 2.34+0.15
EHCd 0.39+0.04° 51.704+3.84° 1.83£0.06° 2.62+0.10°
HCd 0.33+0.04* 40.36+3.31° 1.26=0.05° 2.63£0.16°
NCd 0.33+0.01* 44 58-+5.61" 1.460.06° 2.45=0.10%
Significant factor” A, B, A*B A, B A B

1) Mean = Standard Error(n=6)
2) Values with different alphabet within the column are significantly different at 0=0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by 2-way ANOVA(See Table 2)



144 / 7427} Hesperidine] A9}z Cadmium HAF 2 EF4kESel] v] 2= oF 5

Table 8. TBARS concentrations in plasma and liver

Table 10. Antioxidative enzyme activities of liver

Plasma TBARS Liver TBARS Catalase”™ Superoxide Glutathione
Groups . . & . 7
{nmol/ml plasma) (nmol/g wet liver) (n mole Dismutase Peroxidase
Groups . .
C 2 98+0.07% 9.38+0.21° formaldehyde/mg (unit/mg (unit/mg
EH 2.5240.14¢ 7.854+0.30° protein/min) protein/min) protein/min)
H 2534015 6.95+0.21 C 1705.16+£43.39™" 18,7240.65""  43.89%1.40™
N 2.3610.09° 7.17+0.21° EH 703.86£51.41 20.34+0.78° 43.15+1.10
H 720.32+52.95 17.894+0.69° 43.40+1.72
CCd 381018 9.92+0.28° N 716.74£40.19 19.08+0.6T* 4427 +1.42
EHCd 2.63+0.15™ 8.65+0.14"
HCd 2.70%0.13" 8.52+0.22" CCd 701.10x£32.91 20.64+0.73% 45.67+1.23
NCd 2.68+0.13" 7.98+0.24™ EHCd 704.42+44.23 18.83+0.85® 44.62+1.35
Significant A B. A*B A B HCd 634.851£35.63 19.55+0.59* 45.75+1.69
factor® r ’ NCd 667.76 41.34 19.60+0.97%® 45.82+1.33
1) Meanz Standard Error(n==6) Significant
2) Values with different alphabet within the column are significant- factor® A

ly different at @=0.05 by Duncan's multiple range test

3) Statistical significance of dietary factors was calculated by 2-way

ANOVA (See Table 2)

Table 9. Antioxidative enzyme activities of erythrocytes

Catalase” Superoxide Glutathione

(n mole Dismutase™ Peroxidase®
Groups formaldehyde/m {(unit/m (unit/m

y B g g
protein/min) protein/min) protein/min)

C "234.30+14.04°Y  12.24+0.53  27.23+1.07¢
EH 239.40+£12.63° 12.00+0.63" 26.53+1.84°
H 238.09+13.13°  12.06+£047¢ 24.78+0.95°
N 236.98+13.28"°  12.08+0.55¢ 22.70+1.17¢
CcCd 251.69£14.39° 12.68£0.60° 54.75£2.23°
EHCd 244.18+12.74®  12.6340.57* 38.99+1.36°
HCd 248.941+13.69* 12.594-0.54® 34.02+1.19°
NCd 242.57+13.33°  12.44+0.48" 42.64+1.61°
Significant A A B A B, AYB
factor”

1) Mean =+ Standard Error

2) Values with different alphabet within the column are significant-

ly different at &=0.05 by Duncan's multiple range test

3) Statistical significance of dietary factors was calculated by 2-way
ANOVA(See Table 2)

4) Catalase activities are expressed as n moles formaldehyde utiliz-
ed as standard per mg protein per minute

5) Superoxide dismutase activities are expressed as units per mg
protein per minute(T unit is defined by the inhibition of cytochrome
C reduction by 50%)

6) Glutathione peroxidase activities are expressed as units per mg
protein per minute(1 unit is defined by disappearance of 1 pmole
NADPH)
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1) Mean=+Standard Error

2) Not significant at @=0.05 by Duncan's multiple range test

3) Values with different alphabet within the column are significant-
ly different at 0,=0.05 by Duncan's multiple range test

4) Statistical significance of dietary factors was calculated by 2-way
ANOVA(See Table 2)

5) Catalase activities are expressed as n moles formaldehyde util-
ized as standard per mg protein per minute

6) Superoxide dismutase aclivities are expressed as units per mg
protein per minute(1 unit is defined by the inhibition of ¢cytochrome
C reduction by 50%)

7) Glutathione peroxidase activities are expressed as units per mg
protein per minute(T unit is defined by disappearance of 1 z mole
NADPH)
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