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Effects of Calcium Intake on Calcium, Sodium and Potassium Metabolism
in Young and Adult Female Rats
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Department of Food and Nutrition, Sookmyung Women’s University, Seoul, Korea

ABSTRACT

The purpose of this research was to investigate the effect of calcium levels(50, 100 and 200%

of requirement) on metabolism of Ca, Na and K in young and adult female rats for 3 weeks.

There was no significant difference in feed intake, body weight gain and feed efficiency

ratio among the groups of different Ca intake levels. Serum Na level of high-Ca group was

significantly lower than that of low-Ca or normal-Ca group in young rats. There was no signifi-

cant difference in liver Ca and K contents among the groups of different Ca intake levels.

But, Na content in liver was decreased by the increase of dietary Ca intake. Ca content in

kidney of high-Ca group in young rats and normal-Ca group in adult rats were significantly

higher than those of other groups. Na content in kidney of low-Ca group was lower than
those of normal-Ca and high-Ca groups. Urinary excretions of Na and K and fecal excretion
of Ca were increased by the increase of dietary Ca intake. But, fecal excretions of Na and

K were not affected by dietary Ca intake.

According to this study, it was found that the high Ca consumption promotes excretions

of fecal Ca and urinary Na and K in rats. The study verifies the need for more study on

the interrelationship among Ca, Na and K metabolism and bood pressure.

KEY WORDS : Ca intake * Ca - Na - K - female rat - age.
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Table 1. Experimental design for experiment
Experimental Calcium Number
Age administration
group (% of requirement) of animal
YLCa Young 50 10
YNCa Young 100 10
YHCa Young 200 10
ALCa Adule 50 10
.ANCa Adul 100 10
AHCa Adult 200 10
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Table 2. Formulation of experimental diets for experiment %

Ingredient Low Ca diet Normal Ca diet High Ca diet

Casein 20.0 20.0 20.0

DL-Methionine 0.3 0.3 0.3

Corn starch 15.0 15.0 15.0

Sucrose 50.0 50.0 50.0

Cellulose 5.0 5.0 5.0

Corn oil” 5.0 5.0 5.0

Ca free mineral mixture? 1.75 1.75 1.75

CaHPO, 0.875 1.75 3.5

Vitamin mixture® 1.0 1.0 1.0

Choline bitartrate 0.2 0.2 0.2

1) Butylated hydroxytoluene as antioxidant was added 00125%/011 kg
2) Calcium free mineral mixture ;

Sodium chloride 74.0g, Potassium citrate, monohydrate 220.0g, Potassium sulfate 52.0g, Magnesium oxide

24.0g, Manganous carbonate 3.5g, Ferric citrate 6.0g, Zinc carbonate 1.6g, Cupric carbonate 0.3g, Potassium

iodate 0.01g, Sodium selenite 0.01g, Chromium potassium sulfate 0.55g, Sucrose finely powered to make

500g
%) Vitamin mixture ;

Thiamin * HCI 600mg, Riboflavin 600mg, Pyridoxine - HCl 700mg, Nicotinic acid 3g, D-Calcium panto-

thenate 1.6g, Folic acid 200mg, D

-Biotin 20mg, Cyanocobalamine lmg, Vitamin A 400,000 1.U., dl-a-

Tocopherol acetate 5,000 1.U., Cholecalciferol 2.5 mg, Menaquinone 5mg, Sucrose finely powered to make

1,000g

Table 3. Feed intake, body weight gain and feed efficiency ratio(FER) for groups of different age and Ca
intake

Group Feed intake Body weight gain FER

g/day g/day

YLCa 99.62+ 3.121b2) 3.81+ 0.60° 0.13+ 0.02°

YNCa 32.68+ 1.212 4.03+ 0.632 0.12+ 0.02?

YHCa 30.09+ 1.29 4.11% 0.41° 0.14+ 0.01°

ALCa 27.39% 1.12¢ 1.19£ 1.19P 0.04+ 0.04"

ANCa 26.44% 4,12¢ 1.0+ 0.560 0.04% 0.02"

AHCa 27.50% 8.71¢ 1.174 0.86° 0.04+ 0.08"
A(Age) p<0.001 p<0.001 p<0.001

ANOVA  B(Calcium) NS NS. NS.
AXB p<<0.001 N.S. NS.

1) Meant standard deviation

9) Means with different letters(a, b,-c) within a column are significandy different from each other at p<{0.05
as determined by Duncan’s multiple-range test(a>>b>>c)
3) Not significant ac p<{0.05 as determined by 2-way analysis of variance
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Table 4. Levels of Ca, Na and K in serum for groups of different age and Ca intake

Group Ca Na K
mg/dl mEq/l mEq/]

YLCa 10.21+ 1.4517362) 14511+ 11.512 5964 0.55%
YNCa 12.18% 4.09° 143.86+ 3.382 5.47% 0.492
YHCa 10.17+ 4.97%0 133.98+ 9.93b 4.94% 0.50Pc
ALCa 8.21+ 0.87° 127.22+ 3.65° 4.57+0.28¢
ANCa 9.09% 0.85% 129.88+ 6.72b 4.68+ 0.40°
AHCa 8.69% 0.85P 129.04+ 5.42b 4.62+ 0.69°

A(Age) p<0.01 p<0.001 p<<0.001

ANOVA  B(Calcium) N.s.® p<0.05 N.S.
AXB N.S. N.S. NS.

1) Meant standard deviation

2) Means with different letters(a, b, ¢) within a column are significantdy different from each other at p<(0.05

as determined by Duncan’s multiple-range test(a>b>>c)

3) Not significant at p<<0.05 as determined by 2-way analysis of variance
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Table 5. Liver weight and contents of Ca, Na and K in liver for groups of different age and Ca intake

Group Liver weight Ca Na K
g/100g B.W.D uglg mg/g mg/g
YLCa 4.68% 0.542)28) 52.82% 6.05P 1.19%0.112 1.53+0.152
YNCa 4.27+0.35% 49.44% 3.75° 1.09+£ 0.06° 1.40%0.11% -
YHCa 4.04% 0.45% '54.32+ 12.25P 1.08+ 0.06P 1.87% 0.24b
ALCa 359+ 0.71%¢ 68.74+ 26.612 1.16% 0.112 1.37% 0.07°
ANCa 3.25% 0.66¢ 5520+ 7.28P 1.15% 0.05% 1.838+£0.17°
AHCa 3.58% 0.15b° 56.94% 8.10% 1.09% 0.05P 1.85% 0.06"
AlAge) p<0.001 p<0.05 N.S. N.S.
ANOVA B(Calcium) N.S.9 NS. p<0.01 N.S.
AXB N.S. N.S. N.S. N.S.

1) Body weight
2) Meant standard deviation

3) Means with different letters(a, b) within a column are significantly different from each other at p<{0.05
as determined by Duncan’s multiple-range test(a>>b)
4) Not significant at p<{0.05 as determined by 2-way analysis of variance
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Table 6. Kidney weight and contents of Ca, Na and K in kidney for groups of different age and Ca

intake
Group Kidney weight Ca Na K
g/100g BW." pgl/g mg/g meg/g

YLCa 0.81£0.0929%) 105,02+ 10.75° 1.78%0.07¢ 1.46% 0.02°
YNCa 0.77+ 0.04% 107.00% 10.20P 1.91+0.11¢ 1.49+ 0.09%
YHCa 0.94% 0.432 199.61 % 80.61° 1.98+ 0.15¢ 1.49+ 0.072
ALCa 0.68+ 0,122 141.53+ 16.64° 2.01% 0.15%¢ 1.47+ 0.09%
ANCa 0.62+ 0.04b 191.18% 17.292 2.16+0.132 1.47% 0.072
AHCa 0.66+ 0.022 144.21+ 8.56b 2.10+ 0.062 1.384 0.08P

AlAge) - p<0.05 p<0.01 p<0.001 p<0.05

ANOVA B(Calcium) NS p<0.01 p<0.001 N.S.
AXB N.S. p<0.001 N.S. p<0.05

1) Body weight
2) Meant standard deviation

3) Means with different letters(a, b, ¢) within a column are significantly different from each other at p<{0.05
as determined by Duncan’s multiple-range test(a>>b>>c)
4) Not significant at p<{0.05 as determined by 2-way analysis of variance
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Table 7. Urine volume and urinary excretions of creatinine, Ca, Na and K for groups of different age and

Ca intake
Group Urine volume Creatinine Ca Na K
ml/day mg/day mg/day mg/day mg/day
YLCa 10.58+ 0.500N82) 57540949 0.48+0.06 49441 0304  27.24% 2.69°
YNCa 11.20% 1.06 7.56+ 071"  0.84%0.15 100.07+ 8.862> 107.13+ 10.80%
YHCa 12.47% 2.50 6.05+0.25"  0.56%0.07" 10531+ 10.15% 102.63+ 18.532
ALCa 13.40% 3.42 10.46+ 1.88%  0.48%0.16° 81.13+ 18.54°  52.40% 4.17¢
ANCa 11.60% 1.04 10.80+ 1.162  0.43%0.14P 9466+ 4.82°  7488% 5.96¢
AHCa 13.00+ 2.65 11.06+£0.19°  0.59%0.11P 107.90+ 3,75°  90.16* 6.98"
AlAge) NS.® p<0.001 p<<0.05 p<0.05 N.S.
ANOVA B(Calcium) N.S. N.S. N.S. p<<0.001 p<<0.001
AXB N.S. N.S. p<0.05 p<0.001 p<0.001

1) Meant standard deviation

2) Not significant at p<{0.05 as determined by Duncan’s multiple-range test

3) Means with different letters(a, b, ¢, d, e) within a column are significandy different from each other
at p<{0.05 as determined by Duncan’s multiple-range test(a>b>c>d>e)

4) Not significant at p<{0.05 as determined by 2-way analysis of variance
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Table 8. Feces weight and fecal excretions of Ca, Na and K for groups of different age and Ca' intake

Group Feces weight Ca Na K
g/day mg/day mg/day mg/day
YLCa 0.774 0.24NS2) 6.92+ 8.46 93.65+ 11.54¢ 17.98% 9.43"
YNCa 0.96% 0.23 29.84% 14.90¢ 20.70+ 1.07¢ 19.94+ 0.69%
YHCa 1.02+0.15 113.19% 66.06* 28.12+ 1.76% 14.77+ 1.60"
ALCa 0.95+ 0.24 1044t 3.25° 33.67¢ 9.91° 20.65+ 5.15%
ANCa 121+ 0.89 42,46+ 5.02b¢ 44.92+ 0.18 14.60+ 0.49"
AHCa 0.96% 0.09 84.67+ 7.04% 44.94% 3107 25.58% 2.56°
AlAge) INRY NS. p<C0.001 N.S.
ANOVA B(Calcium) N.S. p<0.01 N.S. N.S.
AXB N.S. NS. N.S. p<0.01

1) Meant standard deviation

2) Not significant at p<{0.05 as determined by Duncan’s multiple-range test

3) Means with different letters(a, b, ¢) within a column are significantly different from each other at p<0.05
as determined by Duncan’s multiple-range test(a>>b>>c)

4) Not significant at p<{0.05 as determined by 2-way analysis of variance
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Fig. 1. Comparison of daily urinary and fecal Ca, Na
and K excretions for groups of different age
and Ca intake. Different letters(a, b, ¢) are
significantly different from each other at p<<O.
05 as determined by Duncan'’s multiple range

test(a>b>c).
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