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Effect of Dietary Calcium Level on Cadmium and Lead Toxicity in Rats

Kim, Mi Kyung - Baek, Seung Min

Department of Foods & Nutrition, Ewha Womans University, Seoul, Korea

ABSTRACT

This study was performed to investigate the effect of dietary calcium level on cadmium and
lead toxicity in rats. Fifty-four male rats of Sprague-Dawley strain weighing 1521 12g were
blocked into 9 groups according to body weight, and were raised for 30 days. Nine
experimental diets different with cadmium(0%, 0.04%), lead(0%, 0.071%) and calcium(0.5%, 1.
0%, 1.5%)levels were prepared. The results are summarized as follow. Weight gain, F.E.R.(food
efficiency ratio), and weights of liver, kidney and femur were lower in cadmium exposed groups
than those of heavy metal free groups. Weight gain, F.E.R. and ash weight of lead groups were
lower than those of heavy metal free groups. But, these were increased with increasing dietary
calcium level. Cadmium and lead concentrations in blood, liver, kidney and femur were lower
in rats fed 1.5% calcium than 0.5% calcium diet. Fecal cadmium and lead excretions were’
remarkably increased in 1.5% calcium groups, and cadmium and lead retention rates were
decreased in 1.5% calcium groups. Metallothionein concentrations in liver, kidney and small
intestine were higher in rats exposed to cadmium and lead. Calcium content in blood, femur
and daily urinary and fecal calcium excretion were decreased by cadmium and lead additions,
and increased in 1.5% calcium groups. Creatinine clearance were decreased with cadmium
administration and calcium addition. In conclusion, weight gain and organ weights were
decreased with cadmium or lead administration. But, cadmium administration was more toxic
than lead administration. Cadmium or lead toxicity was alleviated by increasing dietary calcium
level. Especially, lead toxicity was alleviated in proportion to dietary calcium level. (Korean J
Nutrition 29(9) : 958 ~970, 1996)
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Table 1. Composition of experimental diet(per Kg diet)
Ingredienf\Group® NCa-0.5 NCa-1.0 NCa-1.5 CdCa-0.5 CdCa-1.0 CdCa-1.5 PbCa-0.5 PbCa-1.0 PbCa-1.5

Corn starch(g) 70173  680.14 65864 70133 67973 65823  700.77 67943  657.93
Casein(g) 150 150 150 150 150 150 150 150 150
Comn oil(g) 100 100 100 100 100 100 100 100 100
Cadmium chloride(g) - - - 04 0.4 0.4 - - -
Lead acetate(g) - - - - - - 0.71 0.71 0.71
Salt mixture(g) 20 20 20 20 20 20 20 20 20
Vit. A,D mixture?(mi) 1 1 1 1 1 1 1 1 1
Vit. EX mixture™(ml) 2 2 2 2 2 2 2 2 2
Water soluble Vit"(g) 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86
Vit. By, (mb) 1 1 1 i 1 1 1 1 1
CaHPO, - 2H,0(g) 21.5 43.0 64.5 215 43.0 64.5 21.5 43.0 64.5

1) Saltmixture(g/Kg diet) : Sodium chloride 2.96 : Potassium citrate monohydrate 8.8 : Potassium sulfate 2.08 . Mag-
nesium oxide 0.96 ; Manganous carbonate 0.14 ; Ferric citrate - 6H,0 0.24 ; Zinc carbonate 0.064 : Cupric car-
bonate 0.012 ; Potassium carbonate 0.0004 ; Sodium selenite 0.0004 ; Chromium potassium sulfate 0.0002 : Sucrose,
finely powdered to make 20g

2) Vitamin A,D mixture(mg/ml corn oil} : Vitamin A 0.1 ; Vitamin D 0.01

3) Vitamin E,K mixture(mg/m! corn oil) : a-Tocopherol acetate 25 : Menadione 1

4) Water soluble vitamin mixture(mg/Kg diet) : Choline chloride 200 : Thiamine hydrochloride 10 : Riboflavin 20 ; Ni-

" cotinic acid 120 : Pyridoxine 10 : Calcium pantothenate 100 ; Biotin 0.05 : Folic acid 4 ; Inositol 500 ; Para —am-
inobenzoic acid 100

5) Vitamin B,,(mg/ml distilled water) : Vitamin B,, 0.01

6) NCa-0.5 : none Cd+none Pb+Ca 0.5%

NCa— 1.0 : none Cd+none Pb+Ca 1.0%
NCa- 1.5 : none Cd+none Pb+Ca 1.5%
CdCa-0.5 : Cd 0.04%+none Pb+Ca 0.5%
CdCa—-1.0 : Cd 0.04%+none Pb+Ca 1.0%
CdCa-1.5 : Cd 0.04%+none Pb+Ca 1.5%
PbCa - 0.5 : none Cd+Pb 0.071%+Ca 0.5%
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Table 2. Food intake, body weight gain and food ef-

ficiency ratio

Food intake Body weight F.ER.

Groups (g/day) gain(g/30days)
NCa-05 145342227 107.16422.85™  0.25+0.05"
NCa-1.0  1512+2.10°  150.58+18.86  0.30+0.02°
NCa-1.5  1696+1.63*  110.10£1448°  0.25+0.04™
CdCa-0.5 11.31+£2.37°  13.20£2270°  0.04+0.07°
CdCa-1.0  11.89+145  5638+1417°  0.17+0.03°
CdCa-1.5 11.99+2.18™  63.46+2239°  0.18+0.07™
PbCa-0.5 14.63+2.64™ 756114014 . 0.177+0.08%
PbCa-1.0  1471+2.24™  86.44+25.62¢ 0.18+0.05"
PbCa-1.5  16.18+2.61"  111.83+28.11°  0.25+0.04™
S'fgn'tf'cgm A A B AB A B AB

aclor
1) Mean+S.E.

2) Values with different alphabet within the column are
significantly different at a=0.05 by Duncan's multiple
range test

3) Statistical significance of dietary factors was analyzed
by F-test
A : Effect of Cd/Pbtheavy metal) administration was
significant at ¢=0.05
B : Effect of Ca level was significant at 0=0.05
AB : Effect of heavy metal X Ca was significant at a=0.
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G Liver Kidney Small intestine Femur
roups Wet wilg Wet wt.(g) Wet wilg) Dry wt(g)  Ash wiimg)  Length(cm)
NCa-0.5 736+041%"  1.68+0.08%  4.23+1.26™" 0374004 499.87+26.0  3.33+0.10%
NCa-1.0 7.07+061%  2.03+022®°  461+1.19 0.43-+0.04* 527.07+34.16® 3.42+0.08%
NCa-1.5 9.10+0.85 2.39+0.33° 412+1.42 0.45+0.02* 553.87+31.93* 3.57+0.12°
CdCa-0.5 5.33+0.73 1.24+0.16° 453+1.19 0.30+0.02° 389.23+31.00° 3.20+0.12°
CdCa-1.0 621+1.02¢  1.54+0.14°  508+1.22 0.34+0.02  455.38+13.95%  3.34+0.12™
CdCa-1.5 6.80-+0.81" 1494027  4.95+1.51 0.31£0.02%  457.11+33.71%  3.3540.14"
PbCa-0.5 6.85+1.49%  204+027"  3.74+0.34 0.35+0.06" 437.78+27.80°  3.28+0.15™
PbCa-1.0 7.20+1.75% 206+0.31"  4.03+1.15 0.37+0.08* 488.01+20.99¢ 3.44+0.13*
PbCa-1.5 7.99+0.68"  2.44+0.63° 4.12+0.91 0.40+0.04" 505.32+17.66™  3.4140.11%
Significant factor” A, B A B A A, B A, B
1) Mean=+S.E.

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

3) Not significant at a=0.05 by Duncan's multiple range test

4) See Table 2

Table 4. Cadmium concentration in blood, liver, kidney, small intestine and femur

Groups Whole blood Liver Kidney Small intestine Femur
(ug/100ml) (ng/g wet wt) (ng/g wet wt) (pg/g wet wt) (rg/g wet wt)
NCa-0.5 3.04+045 0.3240.12° 2.1540.00° 0.85--0.00° 0.15+0.00°
NCa-1.0 2.84+0.00° 0.27+0.07° 2.27+0.10° 0.85- 0.00° 0.18+0.05°
NCa-1.5 2.84=+0.00° 0.25-+0.05° 2.22+0.07° 0.85+0.00° 0.25+0.09°
CdCa-0.5 25.17+6.56 36.51+7.67° 21.07+4.47° 4.14+0.91° 1.09+0.27°
CdCa-1.0 19.27+0.62° 21.04+192° 17.59+2.38" 1.59+0.36° 0.80+0.43"
CdCa-1.5 19.46+1.89° 16.49+3.77° 14.80+ 2.35° 1.43+0.55™ 0.80+0.21%

Significant factor” A, B, AB A, B, AB A, B, AB A, B, AB A B

1) Mean=£S.E.

2) Values with different alphabet within the column are significantly different at a=0.05 by Duncan’s multiple range test
3) Statistical significance of dietary factors was analyzed by F-test

A : Effect of Cd administration was significant at a=0.05

B : Effect of Ca level was significant at 0=0.05
AB : Effect of Cd x Ca was significant at 0=0.05



W g B ek 29(9) 1 958~970, 1996/ 963

Table 5. Urinary and fecal cadmium excretions, and cadmium retention ratio

Groups Urinary Cd(pg/day) Fecal Cd(pg/day) Cadmium retention -ratio(%)

NCa-0.5 0.7940.40"" 3.07+  1.38°

NCa-1.0 1.17+0.18° 1.54+ 0.77°

NCa-1.5 1.3140.45° 2.98+ 0.82°

CdCa-0.5 10.25+3.24° 369.69+157.08° 81.00+7.86°
CdCa-1.0 15.71+8.91° 596.89+102.19° 69.37+5.17°
CdCa-1.5 10.69+3.24° 712.55+157.25° 63.84+7.91
Significant factor” A A, B, AB B

1) Mean+S.E.

2) Values with different alphabet within the column are significantly different at 0=0.05 by Duncan’s multiple range test

3) See Table 4
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Table 6. Pb concentrations in blood, liver, kidney, small intestine and femur

Groups Whole blood Liver Kidney Small intestine Femur
(ug/100ml) (gfg wet wt) (ig/g wet wt.) (ng/e wet wt) (ng/g wet wt.)

NCa-0.5 6.39+356" 2.9240.93° 0.19+0.00° 2.1840.00° 0.74+ 1.21°
NCa-1.0 8.91+3.56° 2.50+0.00° 2.63+1.72° 2.1840.00° 114+ 1.43°
NCa-1.5 5.14+2.81¢ 2.92+0.93° 1.41+1.72° 3.60+2.01™ 1.64+ 1.51°
PbCa-0.5 32.82+4.17° 4174156 21.35+5.13° 10.24+ 3.50° 118.16+30.86
PbCa-1.0 17.09+2.88° 5424118 13.17+4.50° 5.40+1.30" 64.59+ 33.52°
PbCa-1.5 25.90+4.58" 5.75+2.18° 15.40+3.51° 3.20+1.78" 38.28+17.26"

Significant factor” A, B, AB A A, B, AB A, B, AB A, B, AB

1) Mean=+S.E.

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 analyzed by F-test

A : Effect of Pb administration was significant at 0=0.05

B : Effect of Ca level was significant at a=0.05
AB : Effect of Pb x Ca was significant at «=0.05
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Table 7. Urinary and fecal Pb excretions, and Pb retention ratio

Groups Urinary Pb(pg/day) Fecal Pb(pg/day) Pb retention ratio(%)

NCa5 0.48+0.26"" 5714 291°

NCa10 0.72+0.45° 5714+ 291°

NCal5 0.54+0.27° 571+ 291°

PbCas 3.43+1.66° 491.58+205.61" 92.06+3.33°
PbCa10 2.18+0.86 455.274104.83" 87.11+2.69°
PbCal5 3.01+1.33° 651.98+ 165.48° 81.54+4.27°
Significant factor” A A, B, AB B

1) Mean+S.E.

2) Values with different alphabet within the column are significantly different at 0:=0.05 by Duncan’s multiple range test

3) See Table 6

Table 8. Metallothionein concentrations in liver, kidney and small intestine

Groups Liver(ug/g wet wt.) Kidney(pg/g wet wt.) Small Intestine(pg/g wet wt.)
NCa-0.5 2336+ 8.89% 11.89+ 7.10° 2.03+0.38°
NCa-1.0 27.10+ 5.47% 25.65+ 6.40“ 2.36+0.53°
NCa-1.5 18.22+ 5.18° 2095+ 3.51° 3.26+0.44°
CdCa-0.5 115.754+11.95° 77.56+ 3.95° 6.99-+0.79
CdCa-1.0 81.74+13.78° 56.92+ 4.53° 7.70+2.43"
CdCa-1.5 78.46+ 14.05° 5534+ 7.27° 12.99+3.66°
PbCa-0.5 34.68+ 6.42% 2639+ 9.31¢ 4.21+0.60°
PbCa-1.0 33.07+ 5.23% 22,55+ 6.74“ 2.45+0.54°
PbCa-1.5 4272+ 8.88° 30.55+12.47° 2.34+0.66°
Significant factor” A, B, AB A, B A, B, AB
1) Mean=+S.E.
2) Values with different alphabet within the column are significantly different at @=0.05 by Duncan’s multiple range test
3) See Table 2
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Table 9. Calcium concentrations in serum and femur, and urinary and fecal Ca excretions

Groups Serum(mg/100ml) Femur(mg/g) Urine(pg/day) Feces(mg/day)
NCa-0.5 8.06+0.92""" 237.71+ 34.00% 206.08+ 81.16° 107.10+27.21%
NCa-1.0 8.55+1.54% 279.73+51.27° 239.10+ 56.83" 145.15+56.01°
NCa-1.5 9.27+2.67° 280.06+ 36.48° 24775+ 66.13° 213.72+91.64™
CdCa-0.5 7.99+1.14% 188.36+17.24° 353.89+118.40° 81.72+37.02°
CdCa-1.0 8.19+0.67% 216.08+44.10" 1034.97+678.67° 204.94+69.21™
CdCa-1.5 8.174073" 224.24+34.57% 1106.69+ 613.36 278.46+63.24°
PbCa-0.5 6.86+0.59" 193.79+ 24.96" 286.27+157.05° 41.95+25.89°
PbCa-1.0 7.52+0.83* 231.68+76.14% 374.33+150.63" 166.33+42.55°
PbCa-1.5 7.63+1.84° 238.13+53.54% 433.82+136.21° 265.90+81.10°
Significant factor” A A B
1) Mean+S.E.

2) Values with different alphabet W|th|n the column are significantly different at 0=0.05 by Duncan’s multiple range test

3) See Table 2

Table 10. Creatinine clearance, urinary protein excretion

Urine creatinine

Serum creatinine

Groups (mgday) (me/100m) Cer(=GFR)(ml/min) - Urinary protein(mg/day)
NCa-0.5 7.84+3.82N7 0.49+0.26"" 1.04+0.68° 1.45+0.69
NCa-1.0 15.56+9.49 0.644+0.37" 1.73£0.50® 2.80+0.69°
NCa-1.5 6.84+4.37 0.58+0.40° 0.774+0.47° 1.614£0.91*
CdCa-0.5 7.14+5.78 0.69+0.48" 0.59+0.25° 0.89+0.47
CdCa-1.0 14.65+7.05 0.73+0.39® 1.27+0.47* 1.72+0.75*
CdCa-1.5 11.68+7.93 0.81+0.27" 1.00:£0.53" 1.34+0.49°
PbCa-0.5 10.84+6.25 0.87+0.22% 0.8440.41% 1.65+1.65"
PbCa-1.0 13.58+6.24 0.82+0.30™ 1.304+0.52* 2.20+0.93*
PbCa-1.5 8.29+4.42 1.00+0.29" 0.55+0.25" 1.02+1.24°
Significant factor” B B

1) Mean £ S.E.

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

4) See Table 2
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