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Effect of Grape Intakes on Lipid Metabolism of Rats during Aging*

Um, Min Young' - Kim, Mi Kyung
Department of Food & Nutrition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to see effects of whole grape, grape pomace or grape juice intakes on lipid metabolism during aging in
old Sprague-Dawely male rats. One hundred twenty rats of 13 months old Sprague-Dawely were blocked into eight groups
according to body weight and raised for 3, 5 or 7 months with diets containing 2% (w/w} dried powders of three different parts of
grape and 0.02% (w/w) CdClL. Body weights of Cd groups were lower than Cd free groups. Kidney and spleen weights were
increased with age, and EFP weights of Cd groups were lower than those of Cd free groups. Total lipid, triglyceride and total
cholesterol concentration in plasma increased with age. Whole grape, grape pomace or grape juice intake lowered plasma total lipid,
triglyceride and total cholesterol concentrations, and especially grape pomace lowered them markedly. Whole grape, grape pomace
or grape juice intake decreased liver total lipid, triglyceride and total cholesterol concentrations and increased fecal lipid excretion.
Grape diets decreased and Cd administration increased TBARS concentration in LDL fraction. In conclusion, grape diets were
effective in decreasing lipid levels of liver and plasma, TBARS in LDL, and in increasing HDL cholesterol. The grape pomace was
most effective among three grape parts. It is plausible that grape might be recommended for the treatment or prevention of
cardiovascular disease and delaying aging. (Korean J Nutrition 35(7): 713~728,2002)
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lyphenol& %9 ER3Q) RO ZA 3t oz
7 242]A catechin ¥ flavonols (quercetin, myricetin,
kaempferol), antocyanins §% $#3tz glom Exoj
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Flavonoidse 939 A2 50% methanolE 718}
o &5 35T AL Y Agshs 459 WS Agst
%t} Beta—carotened Nelis®) W3 o2 HPLC (Wat-
ers 2690 separations module, Waters)E o]-83tc] &
A3igict. wiEl Cl gL My Po) ojsto] A3
o} HERl Ex AOACOIM 398 WH™o= HPLCE
o]83ld £A43t & 1 AFE a-tocopherol equivalent
(a-T.E. =1 X a-tocopherol+0.5 X B-tocopherol+0.1
X y-tocophero) 2 st el 2oldf= AO-
AC 391 H9 Lee 59 Wi™g o] &3lo] AFaldrt.
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3l 0.4% EDTA (ethlylenediamine tetraacetic acid) &
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Table 1. Composition of experimental diet (g/kg diet)
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Group” C

) w P ) cdC Cdw cdp cdj
Ingredients
Corn starch 700.7 680.7 680.7 680.7 700.5 680.5 680.5 680.5
Casein 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0
Corn oil 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
Soybean oil 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Mineral mixture” 35.0 35.0 35.0 350 35.0 350 35.0 35.0
Vitamin mixture® 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Choline chloride 2.5 2.5 25 2.5 25 25 2.5 2.5
L-Cystine 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Grape Powder 0 200 20.0 20.0 0 20.0 20.0 20.0
Cadmium chloride 0 0 0 0 0.2 0.2 0.2 0.2
Total 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

1) C : Control diet (Grape-free diet)
W : Experimental diet containing whole grape powder
P : Experimental diet containing grape pomace powder
) : Experimental diet containing grape juice powder

CdC : Control diet containing 0.02% cadmium chloride (CdCl,) (Grape-free diet)

CdW : Experimental diet containing whole grape powder and 0.02% CdCl,

CdP : Experimental diet containing grape pomace powder and 0.02% CdCl,

Cd} . Experimental diet containing grape juice powder and 0.02% CdCl,
2) AIN-93M mineral mixture (g/kg mixture) . Calcium carbonate, anhydrous 357, Potassium phosphate, monobasic 250, Sodium chloride 74,
Potassium sulfate 46.6, Potassium citrate, tri-potassium monohydrate 28, Magnesium oxide 24, Ferric citrate 6.06, Zinc carbonate 1.65, Man-
ganous carbonate 0.63, Cupric carbonate 0.3, Potassium iodate 0.01, Sodium selenate, anhydrous 0.01025, Ammonium paramolybdate, 4
hydrate 0.00795, Sodium meta-silicate, 9 hydrate 1.45, Chromium potassium sulfate, 12 hydrate 0.275, Boric acid 0.0815, Sodium fluoride
0.0635, Nickel carbonate 0.0318, Lithium chloride 0.0174, Ammonium vanadate 0.0066, Powdered sucrose 209.806.
3) AIN-93M vitamin mixture (mgfkg mixture) - Nicotinic acid 3,000, Calcium Pantothenate 1,600, Pyridoxine HCl 700, Thiamin HCl 600, Ri-
boflavin 600, Folic acid 200, D-Biotin 20, Cyanocobalamine (vitamin Bs;) 2,500, Vitamin A (all-italic-retinyl palmitate) (500.000 1U/g) 800,
Vitamin D; (Cholecalciferol) (40,000 IU/G) 250, Vitamin E (all-italic-a-Tocopheryl acetate) (5001U/G) 1,500, Vitamin X 75, Powered Sucrose

974.655 g

e, AN FYLEE 45 R (corn oil, AYAID) S
%% (soybean oil, ALADE ARG on, G
YL =2+ casein (edible acid casein, Murry Goul-
burn Co-operative Co., Australia)S AFHESIITH #71
A3} BelY] EFEL A FFY FI1AF vERES A}
£3le] EF A (AIN-93M)™& 77} Ao] £719) 3.5%
o} 1% FF0Z Holo) Ao FF3IHh = A8 AE
< ZZt Ao] A9 2% FEOE Aold Ao FHHA
t}. o] FES B ApAddA FE Fuiat A& A A
24 "ol A3 AT EANA Y ABHI FEU 4~5%R
Bo sFoz B AT Y 2] A7 gEn
A& At Ak, JI=FS Ak ~Eg 28
7] $18t CdCLE ol-&3t 2lol¢] 0.02% (200ppm)
o2 FFIAL. £ AFHANA #dzt Aol FAY
04% FFo2 A7Rl] ARE3I oy & At w2 4
£ o= A7k 23 A¥ojgke AS AR 0.02%
FEoE F78IAH.
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cage)oll A 12A17H4 23] AA 244]7F B2t WHE AH
3=, ol Aojo) o] We] Aol 2FHE AL &
7] $18te] Ao} aR& YolFA &Y. °] 7|FE = (B
ol FFHF)L AT flo] FF3F e AFHI A FA
g 233 F -207ToA ¥F 2H3ch A3l F
59 AYUETEL 1247 A7) F diethyl etherZ v}
FAXNA AEE F 10 ml FAPNE o) 83t HRA Fo
& AR AT YL SaHEe AL WA A
3} heparin (25000IU/5 ml)°] i3l 9A& A &
o} jce bathol] 2047} ®x 8k ¥ 2,800 rpm, 4TellA 3087t
LA EY (Refrigerated multi-purpose centrifuge un-
ion 55R, Hanil, Korea)dts @19l 838 £l
ot 84 W Ao 23 LDL W & e FHake
ZA37] A8 E2 o] LDLY X A3betE s
A8 FA FA}Y 3, YR L 70T deep freez-
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& AFHF F 7+ ice bathdlA ZA] #lo] ice cold
salineol] A|A & ths X2 E7]8 AASIA FAE 54
31 HIZ -70T deep freezerol Boste] xAe] &
ZAsk=t AN 1 9 A, v, Radix) ke 7
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1) 8%, U R BY XY F

g9 % A% FEE Fringsy” o= 245909, 2t
3 ¥l £ A4 5= Blighdt Dyerd® oz 2431y
. 39 34 Ay FH2HE v E2YE 0%
& 24 kit (F5AL)E AHESt Bl F slgon,
HDL-Zd2HE ¥%+ LDL ¥ VLDLS HAAZ &
axgog 2AsHs B kit ((PHAIP S o] &ate] w)A
A st 7he e A4 Ay FYAHE TR Y
oA &3 F WS methanol® o FAoxe} B2
o2 kitE o] 438l 2433,

2) Low density lipoprotein fraction® Thiobarbituric Acid
Reactive Substance &3

Low density lipoprotein (LDL) fraction2 KBr3}
NaCl& 9H= density solution ©]-§3te WEE w3o]
YAE3E A3 lipoproteine]l #a]¥E ultracen-
trifugation®ol| o|3) E2Jslgict. Bl Do g dge A
AEE ¢ vield 8FozE RIS 71 £ ¥ BE
9] 938 dA A 2o} poolingdte] LDL Eald] AR5}
At 3% LDL fractiontl thiobarbituric acid reac-
tive substance (TBARS) &% Chiu 57 Whgoz A

#F skl
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2 A7 AgAAE A4 AVEE TRt A¥7E 3
3 FELAE AN R, d9uA BARNS 3 &
o = 0.055F94 Duncan’s multiple range testZ z}
AYT BEXLY 73S A5 T3 I E Ho)9}
FI=ge 39 A, 2 4338y 794 AAS dsty
o= 0.057FNA oldulx] EAHEA (two-way analysis
of variance)< 3L, % Aol9] TF/, JI=F I7 o+,
dggo] mXE FgT 2] AT AL a=0.05 =9
A AHelR] B4HEA (three-way analysis of variance)&
3l frA AAE 319Y). Low density lipoprotein frac-
tion W TBARS #32 7} #9| A¥ &9 d38 94
4 o} (pooling) SA3I57] W&l FIE AT
= §lo = JERRA
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1. ZEANgY flavonoidset B3 HIED R AO|H G9f
a3

£ AQolM AHeE Z42te] X5 Als ol o] e
flavonoids9} @418l w]EITIQ] beta—carotene, HIEFT C,
HIEF E 9 2lo]d-f-9] $3R& thg Table 29} 2ith
¥I% N8 £ YT} 13.33%. ¥4 20.34%.
EeFE 10.07%02 Xxuko] £=go| 71 =9t &
flavonoids®] 42 FEXEE 3.63 mg, EEL 552 mg,
EEFL 261 mgo 2, Xxutd Bo] 450 ggon
IR E FIE IEFY $£208 A JElgd. ¥

Table 2. Yields and contents of total flavonoids, beta-carotene, vitamin C, vitamin E and dietary fibers in grape powders

Constituent Whole grape Grape pomace Grape juice
Yields (%) 13.33 20.34 10.07
Total flavonoids (mg/g powder) 3.63 5.52 2.61
Beta-carotene (ug/g powder) 7.64 13.29 1.72
Vitamin C (mg/g powder) 0.60 0.50 0.59
Vitamin E (o-T.E." pg/g powder) 72.58 138.34 17.92
o-tocopherol (ug/g powder) 59.44 115.23 14.40
B-tocopherol (ug/g powder) 12.1 20.55 3.59
r-tocopherol (ug/g powder) 71.01 128.38 17.27
d-tocopherol (ug/g powder) 6.29 6.17 1.12
Total dietary fibers (mg/g powder) 193.78 323.73 43.23
Insoluble dietary fibers (mg/g powder) 173.22 289.59 11.71
Soluble dietary fibers (mg/g powder) 20.56 34.14 31.52

1) o-T.E. (a-tocopherol equivalent) = 1 X o-tocopherol+0.5 X b-tocopherol+0.1 X y-tocopherol
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E=F uld 7P A st Ao Eolde AeE v
%o (Table 2).

2. 4YUTEA ¥T

1) 4o HATYU HF

A4 B2 35 FTF o] HFFLS Table 37 &3t}
o] AAHFE BE YHNA [ zpolr} vhehtA] &gk
gk 189 HA 2o] axr} Jeht gzl vlste £
= o] 4FFo] i & AAHE B E3 Jl=F
FFo 2 Aol YehA ggtom Yol FIETE
Gz} 2o] HF ko] ZAAEE E 4 KT (Table 3).

AR7) 7t Fete] HFL Table 4, Fig. 19 AA&40
7t Az ARE 168HAN T& Ho|FEe] T
Br} e AFS BYPor) 18, 208HAME AFol 7t
st i FlE o2 QI3 g3k 18, 20¥ A 3
st e, H7IERTES B 49 A5 HgtE 29w
9 = 7B 29 AFHEE Rd AF FaUt JE
stk 53] £5 4o)7} A7) St=F AR b AT T
A5 9 Raigct 183 9 BmE AF A= F

Table 3. Food intake in rats fed diets containing different parts of grapes with or without cadmium”

Group 16 month (g/day)” 18 month (g/day)” 20 month (g/day)”
C 22.8 + 0917 19.3 + 0.65™ 176 + 058"
w 20.1 + 0.48® 231 + 147° 18.3 + 0.95
P 19.3 + 1.88% 200 + 0.48% 18.1 + 0.64
J 212 + 1.36® 173 £ 1.04° 194 + 0.89
cdc 19.7 + 0.56® 184 + 147° 17.7 + 0.51
Cdw 184 + 1.06° 19.1 + 081" 179 + 1.49
cdp 209 + 1.54% 221 + 1.03® 178 + 1.37
Cd) 230 + 1.52° 200 + 1.73* 188 + 1.92
Significant factor (2-way)” A, A*B
Significant factor (3-way)” C, A*B, A*C

1) Mean =+ Standard Error (n = 5)

2) Values with different alphabet within the column are significantly different at @ = 0.05 by Duncan's multiple range test.
3) Statistical significance of experimental factors was calculated based on 2-way ANOVA.

A © Effect of Grapes was significant at a = 0.05
B : Effect of Cd was significant at o = 0.05
A*B : Interaction of Grapes and Cd was significant at o = 0.05

4) Statistical significance of dietary factors was calculated based on 3-way ANOVA.
Significant factor notations used for 3-way ANOVA means as follows :

A : Effect of Grapes was significant at a = 0.05

B : Effect of Cd was significant at o = 0.05

C : Effect of Age was significant at o. = 0.05

A*B : Interaction of Grapes and Cd was significant at & = 0.05
A*C : Interaction of Grapes and Age was significant at o = 0.05
B*C : Interaction of Cd and Age was significant at o = 0.05

A*B*C : Interaction of Grapes and Cd and Age was significant at o = 0.05

5) NS : Not Signigicant at o. = 0.05 by Duncan's multiple range test.

6) Daily food intakes are calculated by dividing total intakes for 3 months (14~16 month) with 91 days.
7) Daily food intakes are calculated by dividing total intakes for 2 months (17~18 month) with 62 days.
8) Daily food intakes are calculated by dividing total intakes for 2 months (19~ 20 month) with 60 days.
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Table 4. Body weight in rats fed diets containing different parts of grapes with or without cadmium” (unit : g)

Group Initial 16 month 18 month 20 month
C 5340 + 129 598.84+ 412 616.1 + 25.9%% 588.5 + 33.9%
w 536.8 + 149 547.7 + 215 651.9 + 23.1° 596.6 + 34.3™
P 535.4 + 13.1 548.9 =+ 34.2 618.8 +12.2" 638.2 + 11.3*
J 540.8 + 13.8 5835 + 25.9 574.8 + 30.4 688.7 + 28.2°
CdC 538.1 + 14.7 535.6 + 28.1 534.8 + 26.8“ 519.7 + 21.5%
Cdw 548.8 + 14.4 541.1 +19.9 516.6 + 22.8“ 487.4 +16.9°
cdp 5399 + 124 5423 +27.8 4996 + 11.6° 527.1 + 26.9%
Cdj 532.2 +12.6 520.8 + 256 467.6 + 16.6° 522.2 + 24.4¢"
Significant factor (2-way)” A B - B
Significant factor (3-way)” B, A*B, B*C
1)~5) See Table 3
Aldl
— 3. YA
g 125 / 1) 9% Y NE 5
2 150 A\ / A8 §89 F W F AW F=T Table 63 23ttt
~ - =7 =
g s /X F Ao A9 E& AEE AHT T xRy @
s P AN stom 53 16939 =8 FIT F T8 4ATO|
® 110 _
: /%1 g7l vjF] fFHes de FE Btk £¢ 72+ ¢
oo
i M B EF 7l=g 37 7o 9%E wol S=F vIFE
g oo S S 3 o] FFTERT £/ UEbh Awrd oz A¥o) 3]
5 A T By .
2 o e e ¥ 42 Z/19E 49 non] ¥E Ao HHTE|
3 o Gzl Msjel woted 58 EEe g wsky
, < , (Table 6).
B nitial 16 month 18 month 20 month Age A U FA Xu 2= Table 79 AA5HE0E 25
—o—C —Oo0— W e P ey | 2 = =2 =3 = o
e W T, L, YT ) )5 T= AEE AAT 250 B

Fig. 1. Relative body weight in rats in rats fed diets containing dif-
ferent parts of grapes with or without cadmium.

o] Yeh}x] gt} (Table 4, Fig. 1).

2) 3

49 89 B A% H%, R AW FAs
Table 59} 23ttt 7He] A= X5 Ao]2 7k S-97 0l
AolE HolA] ggkor} Fl=f FF F-F S o}
=g FEwel Bteh v, A% FAE Zhze 99
TN EE o), Fl=F FF F79 FH 9ol B
AR @AA W AP o] TS E & HFES VeI
Ur g Rl‘ﬂ—— 2090 & 2o)e] Fake uko} 7}

HlZ 32, T3P X o] AT S| YxZH

r;].\il-),l-oq;c:ﬂ T 559 93x wo} FFTo] H]

TEHTRY @9kt) (Table 5).

A Hoy FoU IE Alg7) 3 Zole I
t}. 22l 16, 189FeIA FH=F v 2R ES0) FH=E F
FTERY & FE& U 207434
Ho)z] kATt FI=F B TF o) thd B FFE G
o} g8o] T/ 5 €F U T4 A% v EA8H
%7138t} (Table 7).

Ay FE9 €3 Y F Zd2HE, HDL-ZH2HE
& 4 HDL-Ze2eE7 & Y 26E2 v&L Table
8.9, 103} At}

A & FY2HE $5E 16, 18230 vjslo] 20€3
oA 8 W FH2EE FE7F TV, g
oA E& Ao] HHZ sl F ZH2HE Fol AstH

)=
2=

don dA A FXE, IREFIAM S RolAh
Ft=g FH0 BE A @2 168F AT FFHAG

(Table 8).
7 ] HDL-EH2HE v+ 16, 18834 ¥
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Table 5. Organ and tissue weights in rats fed diets containing different parts of grapes with or without cadmium” (unit : g

Age Group Liver Kidney Spleen EFP
16 month C 13.5 + 0.83®? 3.3 + 0.15™° 1.0 £ 0.10® 121 + 2.42°
w 13.0 + 041® 3.3 + 0.09 0.8 + 0.04° 7.5 + 0.60°
P 12.8 + 0.70® 3.1 + 023 09 + 008* 94 + 1.71*
) 146 + 0.84° 36 + 0.14 1.0 + 0.07° 88 + 1.42*
CdC 122 + 0.84° 33 + 0.23 0.8 + 0.03* 6.8 + 0.81°
Cdw 133 + 043® 33 + 0.15 09 + 0.05® 79 + 052°
Cdp 12.7 + 0.88® 33 + 023 09 + 0.07* 69 + 1.10°
Cd) 144 + 0.39* 32 + 027 09 + 0.08* 57 + 1.03*
Significant factor (2-way)” B
18 month C 142 + 0.58* 3.4 + 0.26"™ 1.3 + 0.20° 140 £ 1.43°
w 14.6 + 0.56° 36 + 0.09 1.0 £ 0.10® 149 + 1.22¢
P 141 + 0.84* 34 + 023 1.0 £ 0.10® 123 + 1.00°
J 12.8 = 0.88* 34 £ 01 1.0 + 0.04% 115 + 0.85®
CdC 125 + 0.60® 33 + 0.21 1.0 + 0.08" 86 = 130
Cdw 122 + 1.02° 3.2 + 0.23 1.0 + 0.03® 85 + 1.19*
CdP 129 + 0.35® 36 + 012 1.0 + 0.04° 74 + 101°
Cd) 123 + 0.82® 31 + 020 09 + 0.10° 79 + 1.26™
Significant factor (2-way)” B
20 month C 134 + 095™ 3.7 £ 011%™ 09 + 0.09™ 12.8 + 3.04®
w 142 + 1.03 34 + 0.28 1.2 + 0.09 83 + 1.31™
P 151 + 034 40 + 0.25 13 + 016 115 + 0.77*
J 148 + 1.05 3.5 + 031 1.0 + 0.08 151 + 1.96*
Cdc 126 + 082 35 + 020 09 + 008 9.3 + 1.42%
Cdw 13.9 + 0.51 36 + 029 12 + 017 7.0 £ 0.92%
cdp 13.5 + 0.82 34 + 028 10 £ 0.10 8.7 + 1.20°
Cd) 13.2 + 045 35 + 0.15 1.0 £ 0.13 7.5 + 1.03*
Significant factor (2-way)” A, B, A*B
Significant factor (3-way)” B C C B, C, A*C A*B*C

1)~5) See Table 3

Table 6. Plasma total lipid in rats fed diets containing different parts of grapes with or without cadmium” (unit : mg/dl)

Group 16 month 18 month 20 month
C 329.05 + 32.33*? 347.60 + 39.49° 455.17 + 19.29°
w 267.32 + 33.87° 300.91 + 24.78® 404.74 + 18.99*
P 279.22 + 34.13* 288.64 + 20.95™ 37199 + 10.14°
J 28891 + 19.8* 299.64 + 9.37® 393.73 + 35.71%®
CdC 299.98 + 44.55° 296.53 + 23.75%® 365.32 £ 20.16°
Cdw 272.99 + 28.44® 264.76 + 21.75® 347.35 £+ 20.17°
CdpP 182.05 + 17.21° 264.92 + 15.37% 343.58 + 21.27°
cd) 257.07 + 6.92® 217.77 + 16.76° 350.54 + 18.28"
Significant factor (2-way)” A B B B
Significant factor (3-way)” A B, C

1)~4) See Table 3

HAZE) 2ol Hste] folF o2 Boka 53 FX
=] 71 BT ST 208FINE EE Hoje] o
e e Qe SR G veht 16, 2094

NN A=F WTFEES A AT FFTl HS] &

o} 18¥HANE = FFo wWE Zol: AN
71l W FFL B fERTAAE 20980 16, 18€9
¥ Hoh %3 Xk o] HTEY BHE X A8
o whe} o ztol7t QIR oy A A 0= Frlshe AEgS
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Table 7. Plasma triglyceride in rats fed diets containing different parts of grapes with or without cadmium” (unit: :mg/dl)
Group 16 month 18 month 20 month
C 62.23 + 13.51*” 119.78 + 4.42° 143.32 + 41.09™7
w 4062 + 647* 9529 + 6.88 113.86 + 3.27
P 39.61 + 7.21* 73.52 + 18.71° 11049 + 476
) 39.29 + 6.03* 67.53 = 6.15° 131.22 £ 1017
cdC 36.99 * 13.92* 86.25 + 20.82* 118.55 + 30.39
Cdw 3572 + 1.41° 65.19 + 13.35° 9955 £ 7.18
CdpP 23.06 + 3.47° 7110 + 3.81° 97.03 £ 19.61
CdJ 3215 + 342° 62.24 + 13.34° 10891 + 1.42
Significant factor (2-way)” B A B
Significant factor (3-way)” B, C

1)~5) See Table 3

Table 8. Plasma total cholesterol in rats fed diets containing different parts of grapes with or without cadmium” (unit : mg/dl)

Group 16 month 18 month 20 month
C 100.55 + 11.55** 87.25 + 3.10° 124.25 + 5.05°
w 87.69 + 11.69° 75.81 + 5.80™ 103.55 + 5.28°
P 82.34 + 11.62% 64.36 + 4.76% 105.58 + 1.96™
J 90.53 + 7.67° 76.97 + 2.99™ 117.11 £ 3.05%
CdC 88.75 + 12.03* 83.89 + 2.89" 121.82 + 4371°
Cdw 61.44 + 10.14> 73.32 + 3.72% 101.67 + 1.42°
Cdp 48.51 + 10.09" 71.11 + 2.28" 104.24 + 5.02*
Cd) 60.31 £ 3.06° 58.69 + 4.91° 11219 + 3.66™
Significant factor (2-way)® B A
Significant factor (3-way)” A, B, C, B*C

1)~4) See Table 3

Table 9. Plasma HDL cholesterol in rats fed diets containing different parts of grapes with or without cadmium” (unit : mg/dl)

Group 16 month 18 month 20 month
C 2297 + 2.957 20.87 + 4.42% 3399 + 1.63*
W 33.22 + 4.82° 34.12 + 3.95° 36.84 + 3.26™
P 3203 + 6.16° 24.65 + 3.77°™ 42.89 + 5.49°
J 23.95 + 558" 23.12 + 2.56™ 39.12 + 2.99®
CdC 1296 + 1.84° 17.65 + 3.52¢ 24.74 + 1.39°
Cdw 28.31 + 2.51% 31.32 + 3.95® 25.76 + 5.41°
cdp 18.35 + 2.22% 23.65 + 3.89° 27.61 + 1.83*
Cdj 2264 + 141%™ 24,68 + 4.23"™ 31.74 + 3,07
Significant factor (2-way)” A B A B
Significant factor (3-way)” A B C

1)~4) See Table 3

Bd Fc} (Table 9).
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Table 10. Plasma HDL cholesterol: total cholesterol ratio in rats fed diets containing different parts of grapes with or without cadmium”

Group 16 month 18 month 20 month
C 0.29 + 0.02°? 0.33 + 0.07** 0.30 + 0.02*™
w 031 + 0.05* 0.47 + 0.04® 0.36 + 0.03*
P 0.27 + 0.05® 0.37 + 0.08™ 0.34 + 0.05™
J 0.25 + 0.04* 0.23 + 0.02° 0.40 + 0.04°
CdC 0.22 + 0.01° 0.25 + 0.05* 0.24 + 0.01°
Cdw 0.40 + 0.06° 0.37 + 0.02** 0.24 + 0.06°
cdp 0.39 + 0.08° 0.31 + 0.05™ 0.26 + 0.02*
Cd) 0.26 + 0.04* 0.49 + 0.13° 0.28 + 0.01™
Significant factor (2-way)” A B A*B B

Significant factor (3-way)”

A, C, B*C, A*B*C

1)~4) See Table 3

Table 11. Liver total lipid in rats fed diets containing different parts of grapes with or without cadmium” (unit : mg/g wet weight)

Group 16 month 18 month 20 month

C 48.16 + 4.25*7 35.86 + 4.12% 316 + 1.98°

w 40.78 + 2.54* 35.60 + 4.16 28.36 + 2.02°

P 4298 + 2.13% 30.06 + 2.91 28.88 + 3.55°

] 3412 + 2.01% 30.82 + 1.07 26.16 + 2.92°

cdC 35.30 + 2.47°° 30.70 = 1.97 49.78 + 5.01°

Cdw 31.46 + 2.03° 30.57 + 3.39 31.22 + 5.97°

cdp 34.67 + 0.84™ 26.45 + 1.94 21.36 + 3.96°

Cd) 34.32 + 3.13% 29.61 + 0.96 26.78 + 6.13°
Significant factor (2-way)” A B A, A*B

Significant factor (3-way)”

A, B, C, B*C, A*B*C

1)~5) See Table 3

Table 12. Liver triglyceride in rats fed diets containing different parts of grapes with or without cadmium” (unit : mg/g wet weight)

Group 16 month 18 month 20 month
C 12.94 + 1.21°% 16.57 + 2.68° 16.87 + 2.63°
w 9.36 + 091~ 14.71 + 3.47% 1391 + 332®
P 9.81 + 1.32* 11.61 + 3.65% 1491 + 3.40®
J 8.01 + 1.07° 15.24 + 3.51® 15.21 + 1.66™
CdC 6.51 + 0.63* 959 + 1.81™ 11.04 + 0.64®
Cdw 5.84 + 0.83¢ 7.83 + 1.47% 829 + 1.62°
cdp 6.58 + 1.51% 6.41 + 0.73° 8.61 + 1.59"
Cd} 564 + 1.11¢ 7.44 + 1.73% 9.81 + 1.46°
Significant factor (2-way)” B B
Significant factor (3-way)” B, C

1)~4) See Table 3

FEAEE B IR BFE &

2) It AA &
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= 1t} (Table 10).
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Table 13. Liver total cholesterol in rats fed diets containing different parts of grapes with or without cadmium” (unit : mg/g wet weight)

Group 16 month 18 month 20 month

C 3.99 + 0.54%? 3.56 + 0.83° 3.50 + 0.19°

w 3.29 + 0.38% 293 + 0.31* 142 + 0.25°

1 3.57 + 0.30® 290 + 0.34® 3.15 + 0.34°

J 245 + 0.33° 3.09 + 0.26® 3.40 + 0.30°

cdc 518 + 1.64° 223 + 023* 3.67 £ 0.23°

Cdw 230 + 0.17° 2.15 + 0.38* 3.26 + 0.49°

cdp 2,64 + 0.29° 1.99 + 0.18° 3.41 + 0.24°

Cd) 270 £+ 0.59° 2.05 + 0.13® 3.24 + 0.51°
Significant factor (2-way)” A B A, B, A*B

Significant factor (3-way)” A, C, BxC

1)~4) See Table 3

Table 14. Fecal total lipid in rats fed diets containing different parts of grapes with or without cadmium” (unit : mg/day)

Group 16 month 18 month 20 month
C 45.46 + 2.25"” 40.90 + 6.76° 44.73 £ 2.74°
w 4516 + 1.60° 50.68 + 1.41% 4555 + 5.17°
P 52.83 + 4.90° 56.05 + 2.45% 48.47 + 4.77°
J 5490 + 3.63° 58.46 + 5.68% 49.50 + 2.00°
cdc 40.70 + 3.85° 67.83 + 6.82 78.75 + 9.34°
Cdw 73.03 + 6.27° 69.99 + 5.87°% 87.94 + 9.03°
cdp 75.73 + 5.23° 91.05 + 3.33% 87.13 £ 5.66°
Cd) 88.04 + 9.79° 93.30 +17.05° 79.93 + 9.03°
Significant factor (2-way)” A, B, A*B- A B B
Significant factor (3-way)” A B

1)~4) See Table 3

Table 15. Fecal triglyceride in rats fed diets containing different parts of grapes with or without cadmium” {unit : mg/day)

Group 16 month 18 month 20 month
C 0.08 + 0.03*? 0.13 + 0.03"” 0.09 + 0.02"
w 0.17 + 0.04° 0.18 + 0.04 0.26 + 0.08
p 0.19 + 0.02° 0.24 + 0.03 0.18 + 0.04
) 0.15 + 0.02° 0.14 + 0.03 0.13 £ 0.02
cdc 0.13 + 0.03° 0.19 + 0.05 0.21 + 0.04
Cdw 0.14 + 0.03° 0.16 + 0.02 0.30 £ 0.17
cdp 0.31 £ 0.04° 0.21 £ 0.05 0.30 + 0.04
Cd) 0.19 £ 0.01° 0.24 + 0.07 0.11 + 0.01
Significant factor (2-way)” A
Significant factor (3-way)” A B

1)~5) See Table 3

dzol 714 £ FFS tehiold, 31l 21 7
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Table 16. Fecal total cholesterol in rats fed diet containing different parts of grapes with or without cadmium” (unit : mg/day)

Group 16 month 18 month 20 month
C 1.81 + 0.42°? 1.14 + 0.28° 0.93 + 0.21™
w 3.23 + 0.63° 1.71 + 0.54® 1.59 + 0.78™
P 2,65 + 0.58" 192 + 0.27% 2.37 + 0.42°
J 1.96 + 0.21° 1.40 + 0.32° 212 + 032%
cdc 243 + 072* 1.71 + 0.11* 1.77 £ 0.25®
Cdw 3.18 + 0.38% 1.84 + 0.21% 1.83 + 0.38®
cdp 413 + 0.71° 1.69 + 0.27® 215 + 0.42°
cd) 3.09 + 047* 2.45 + 0.51° 0.41 + 0.1°
Significant factor (2-way)” A, A*B
Significant factor (3-way)” A, C, A*B*C
1)~4) See Table 3
7l=ge dgo Jl=fF FETE JI=F HFFT 35
v)&te] oA e A3ES B} vhd 209%H L FI=F H] = I
FFTANN T= Holo] Y& o} FIE HAT = | § 0 e
2o ulgte] felgoz v £2 drhih HEel | 2 5
A% FF =g FFTENM deht 20930l 371 | 2
&4t} (Table 13). i
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7 =gttt a2y 208 R0 E SlER 3F Y 9 W 2]
gbo] T X = A3 aFE FREMA & F AU E -#-CdC__-@-CdW -#-CdP  -4-Cd)

3 16, 18, 2093 =5 Jl=8 TF FF9 9% o} 7]
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W) & AW uld ol Fake A Ao AAHUY. 7}
Hol| W2 F3ke JehA] ¥ol 16, 18, 2083 9] FA%
v A 32 n| S5kt (Table 14).
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(Table 15).
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Fig. 2. LDL fraction TBARS level in rats fed diets containing dif-
ferent parts of grapes with or without cadmium. Values from pool-
ed plasma per experimental group.

FI=F Faol AT FFgS LA Fdot. FHEel mE I
& B9 189% 0] 16¥% ) vt HLH Y 20744
I 2 Zol7t ATt (Table 16).

4. Low density lipoprotein fraction W Thiobarbituric
Acid Reactive Substance &3

Low density lipoprotein (LDL)<] 213} A= & Yo}
B7] 98] LDL fraction W X132 #4i18lE g (TBARS
values) & 233 A3+ Fig. 29 2t} 718o] np &
371 91o) 167090l uisle] 18, 207/HEH o] B4E o}
Ae AL Byon 7t gz vjsle] X Ao]o] 4
F2 Ad AT o) Rl 53 xxd AT
oA LDL fractiont]2] 22 343lE o] 713 wo}
a7} 713 90t (Fig. 2).
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A gkgkor} o] Ao} vt VM oR oz A
WA FE ZIHA 71, el 2E4 A F7Het el
LDL 5849 48 F7MIA lipoprotein trtel F&
FE A0 Nuria 578 48t £ 49 4% =
uho A A5 Ad M3t Ayt o A HlE 2A
eited o] A AlE AZA E=gAN XN} B5H
o] T} A8l vl&te] thgke] polyphenol® 2lo] A7t
E3Eo] 7] WHE L2 Al drt.

=3 TENE HE 338EF catechin A& o]2lol
By 3 2utakat A 84 AHEo] FE o] EF 2
£HES AR ®Bast Yok Choi §7& EEi4
28 Hell Tx FA oA A F ZH2HEH T
A 24 ko] ZAagtha B adtg oy ojgd dF XA
Ast A T FAGT)L dlF H& o ZapAolztn
stdct. 3k Hwang 509 &40 theh A ukal 24 o
T-ollA] Campbell Earlye] 24k 26%°19, 1 F A9t
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g4 Ul LDLY AF Hi181E s A4HEd Xk 2
o]FEo| TR Yt ol Xk A g g5-Ho
A= flavonoids$t &H4ts)t HlElFIES] 72 HRIt} Po-
lyphenol#7} datatAl 24 z&38= 714S LDL par-
ticleell F&ste] LDL 4Hsbs 8 & 77 A LR Hol
1 catechin®t} quercetin®] A=) 38 Ax =0} free
radicalg AAsHE 5o o EFda ek ® T3 A4
] a-tocopherol®} ascorbate ‘5%7} LDL 43le} 2128k
FAZ Qe Ao dHA Ed Y E AT AR &
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peroxidase (GSH-PX)¢] &4o| dolxitta B mslgirh
g £ Ao] 43 A LDL A& HA3s1E ghefe] o}
FEdl o]RAL flavonoids$} Alo| A7t 54 o] 23 AF
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FOoZ Q% 43ty ~Ed 29 giist vjeinie] AAE
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ZE Fo2 A% AF sE F7PF 43 gAsde
o 2 A3 o]8g A8 =3 vlElql E7t ok s
o} FlEge2 Q% LDL 48HE AAA7EH 719%
Ao Azbdct,
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4) Low density lipoprotein W AA i I8E &
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FZE vjsl o &gl T3 =k T3 Bl
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7+ @k
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