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Effect of Copper Supplementation on Mineral Utilizations in Rats

Mi-Kyeong Choi' and Ye-Sook Jun

Dept. of Human Nutrition and Food Science, Chungwoon University, Chungnam 350-800, Korea

Abstract

The purpose of this study was to investigate the effect of copper supplementation on mineral utilizations
in rats. Intakes, excretions, and tissue levels of Fe, Zn, Cu, Ca, Mg, Na, K were compared in rats fed
diet with 100, 200, 400% of copper requirement(1Cu, 2Cu and 4Cu, respectively) for 6 weeks. The feed intake
was significantly higher in 2Cu compared to 1Cu group, however, body weight gain was not significantly
different among the three groups. While the serum level of Fe was significantly decreased, that of Cu was
significantly elevated by Cu supplementation. The liver and kidney levels of Mg and Na, intakes of all
the minerals, urinary excretions of Fe, Cu, Ca and Mg were significantly higher in 2Cu and/or 4Cu compared
to 1Cu. The fecal excretions, retentions and absorptions of all the minerals were not affected by Cu supple—
mentation. In summary, these results suggest that dietary Cu supplementation has no effect on mineral
utilizations, but effect on distribution in tissues of rats.
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Table 1. Formulation of experimental diet

Ingredient Composition(%)
Casein 20.0
DL-Methionine 0.3
Corn starch 15.0
Sucrose 50.0
Cellulose 5.0
Corn oil” 50
Mineral mixture? 35
Vitamin mixture® 1.0
Choline bitartrate 0.2

l)Butylated hydroxytoluene as antioxidant was added 0.02%
of oil.

PMineral mixture: Calcium phosphate « dibasic 500g, sodium
chloride 74g, potassium citrate - monohydrate 220g, potassium
sulfate 52g, magnesium oxide 24g, manganous carbonate
35g, ferric citrate 6g, zinc carbonate 1.6g, cupric carbonate
0.3g(0.6g, 1.2g), potassium iodate 0.01g, sodium selenite 0.01g,
chromium potassium sulfate 0.55g; sucrose finely powdered
to make 1,000g.

¥Vitamin mixture: Thiamin - HCl 600mg, riboflavin 600mg,
pyridoxine - HC] 700mg, nicotinic acid 3g, D-calcium pan—
tothenate 1.6g, folic acid 200mg, D-biotin 20mg, cyanocobal—-
amine lmg, vitamin A 400,000fU, dl-a-tocopherol acetate
5,0001U, cholecalciferol 2.5mg, menaquinone 5mg; sucrose
finely powdered to make 1,000g.
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Table 2. Feed intake and weight gain of rats fed diets with
copper supplementation

Body weight

Group Feed intake ain Feed/gain
g/day g/day
Control ~ 2620% 650° 5.46+164 492+1.09°
2Cu 4520+ 295° 561+156 850+2.06°
4Cu 35.00+1324®  7.19%1.95 482+1.39°
ANOVA p<0.05 N.S2? p<0.01

YMeans with different letters within a column are significantly
different at p<0.05 by Duncan’s multiple range test.

Not significant at a=0.05 as determined by analysis of var—-
iance.
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Table 3. Mineral concentrations in serum of rats fed diets with copper supplementation

Group Fe Zn Cu Ca Mg Na K
ug/dl ng/d! ng/dl mg/dl mg/dl mg/dl ‘ mg/dl
Control 8460+297%" 8275t 672 5233+ 874° 7.78+3.14 1.81£0.01 334.65+146.85 14.89t4.68
2Cu 49801467 53.33%£1747 8833+ 929™ 970+328 2,00x0.73 269.25+ 78.30 22.88+6.05
4Cu 48.95+587° 60502506 12533+29.74° 896+1.44 1.63%=0.17 271.20+ 36.00 1762*2.15
ANOVA p<0.01 N.§2? p<0.01 N.S. N.S. N.S. N.S.

MMeans with different letters within a column are significantly different at p<0.05 by Duncan’s multiple, range test.
Not significant at a=0.05 as determined by analysis of variance. |
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Table 4. Mineral contents in liver of rats fed diets with copper supplementation (ug/g)
Group Fe Zn Cu Ca Mg Na K
Control 60.78+19.61 34.18+21.46 6.08+t153 4690252 1670012043 706.08% 54.87°Y 2,998.23+607.46
2Cu 60.08+30.34 2593% 848 400+1.83 39.47+278 144.30%60.76 907.00:£196.54* 2,969.33F695.06
4Cu 71.15+3060 3350* 236 6757116 4513£708 18450%16.84 1,058.23% 7548" 3,760.82+162.01
ANOVA NS2 N.S. N.S. N.S. N.S. p<0.05 N.S.

Unfeans with different letters within a column are significantly different at p<0.05 by Duncan’s multiple range test.
2 . v pv . . B
Not significant at ¢=0.05 as determined by analysis of variance.

Table 5. Mineral contents in kidney of rats fed diets with copper supplementation (ug/g)
Group Fe Zn Cu Mg Na K
Control 397341404 1483+094 383+1.12 1288812393 14450:61.75"  70840% 4508 1,307.68::164.47

2Cu 413841082 16054097 4201050 13350+ 579 256.05+£22.00° 1,100.82+33544™ 1,709.48+147.89
4Cu 3135+ 997 17.28+353 450+191 103253561 260.25%+7640° 1,337.15+333.89° 1,693.95492.45
ANOVA N.S2 NS. N.S. p<0.05 p<0.05 N.S.

YMeans with different letters within a column are significantly different at p<0.05 by Duncan’s multiple range test.
INot significant at a=0.05 as determined by analysis of variance.
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Table 6. Mineral intakes of rats fed diets with copper supplementation

Na K

Group Fe Zn Cu Ca Mg

ug/day ng/day ug/day mg/day mg/day mg/day mg/day
Control ~ 917.00£227.37""  786.00£19488° 157.20% 3808 1362473378 13.10+325° 2672+ 663" 04.32+2330°
2Cu  1,582.00+103.24" 1,356.00% 884F° 54240+ 3539° 235.04+1534° 2260+147° 46.10% 301° 162.72+1062°
ACu  1,225.00%463.45™ 1,050.00397.24% 840.001317.79° 182006886 1750662 35.70+1351% 126.00+47.67™
ANOVA p<0.05 p<0.05 p<0.001 p<0.05 p<0.05 p<0.05 p<0.05

YMeans with different letters within a column are significantly different at p<0.05 by Duncan’s multiple range test.

Table 7. Urinary mineral excretions of rats fed diets with copper supplementation

Group Fe Zn Cu Ca Mg Na K
ug/day lg/day ug/day mg/day - mg/day mg/day mg/day
Control 17.30% 330°"  1141% 219 4.152079° 012+000° 048+009"° 965*184 41.81* 7.99
2Cu 311011922 2893+17.89  292+040° 053£025° 042+026° 12534774 336812084
4Cu 61.00+1479°  39.03* 946  7.73=187 096023 143+035" 18971460 6482+15.72
ANOVA p<0.05 NS? p<0.01 p<0.01 p<0.01 N.S. N.S.

YMeans with different letters within a column are significantly different at p<0.05 by Duncan’s multiple range test.
2) R - ; . ;
Not significant at a=0.05 as determined by analysis of variance.

Table 8. Fecal mineral excretions of rats fed diets with copper supplementation

Na K

Group Fe Zn Cu Ca Mg
ng/day hg/day ng/day mg/day mg/day mg/day - mg/day
Control 499.34+402.44 520.00+475.71 102.01+ 8507 34.56+28.98 745+588  1.22+055  2.08+0.63
2Cu 1,358.00£633.57 93500112021 360.00£22910 137.04%£7242 1500%x135 269+0.72 343+154
4Cu 728.001168.00 930.00t270.00 594.00%£25393 107.82%7938 1248+428 3.96+291 751x6.64
ANOVA NSV N.S. N.S. NS. N.S. N.S. NS.
"Not significant at a=0.05 as determined by analysis of variance.
Table 9. Mineral retentions of rats fed diets with copper supplementation ‘
Group Fe Zn Cu Ca Mg Na ‘ K
ng/day ug/day ug/day mg/day mg/day mg/day mg/day
Control 370.70+ 9548 19859t24868 39.85% 3833 11489+3582 571*x249 1396* 999 43713757
2Cu 23855163152 34866+ 81.83 159.281220.90 180.12%2025 9451048 3243% 742, 128.32£24.10
4Cu 686.331336.85 250.97+363.91 374.27%£44516 1745812099 892%631 18551065 74.07£41.54
ANOVA NSP N.S. NS. N.S. N.S. NS. N.S.

"Not significant at a=0.05 as determined by analysis of variance.

Table 10. Mineral absorptions of rats fed diets with copper supplementation (%)
Group Fe Zn Cu Ca Mg Na ! K
Control 468812633 362414072 3659%3353 7486*1816 540512820 95.06=* 1.9€i 97.58+0.54

2Cu 10.45+43.07 2842+ 805 31.38%4277 3968+31.04 4491% 411 9395+153 97.80*=1.02
4Cu 472311597  21.38+t2656 333314369 529713072 4854*2268 91.11+565 96.22+3.90
ANOVA NSV N.S. NS. N.S. N.S. N.S. NS.

YNot significant at @ =0.05 as determined by analysis of variance.
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