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ABSTRACT

This study was designed to investigate the effect of dietary calcium and phosphate levels on
calcium and bone metabolism in rats. The rats were divided into six groups and each of the
groups was fed diets with different Ca/P ratios. The experimental periods were 5 weeks. There
was no significant difference in dietary intake, body weight gain, and organ weight among the
groups with different calcium and phosphate intake levels. Fecal calcium excretion was not
significantly different among the groups, but urinary calcium excretion was increased by the
increase in Ca/P ratio. Fecal phosphate excretion was not different but urinary phosphate
excretion was increased by the increase in dietary phosphate intake. There was no significant
difference in serum alkaline phosphatase acticity and urinary hydroxyproline levels were not
significantly different among the groups. The low calcium-high phosphate(0.2% Ca—1.2% D)
group showed the lowest total calcium content in femur and scapula. This may be due to it
having the lowest Ca/P ratio among groups. The low calcium-high phosphate(0.2% Ca-1.2%
P) group showed that mandible is almost lost and osteolyzed Harversian canal was expanded in
femur. Results suggest that phosphate intake affects calcium and bone metabolism more with
inadequate calcium nutrition than with adequate calcium intake. Thus, for normal bone growth
and metabolism, adequate calcium intake and/or high Ca/P ratio are important. (Korean J
Nutrition 30(7) : 813~824, 1997)
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Tazble 1. Experimental diet composition (g/kg diet)
0.2% Ca 0.5% Ca 1.2% Ca
0.5% P(LN) 1.2% P(LH)  0.5% P(NN)  1.2% P(NH) 0.5% P(HN) 1.2% P(HH)
Corn starch 687.17 644.38 681.47 638.69 668.18 625.4
Casein 150 150 150 150 150 150
Corn oil 100 100 100 100 100 100
salt mixture” 14.72 14.72 14.72 14.72 14.72 14.72
vitamin mixture” 10 10 10 10 10 10
Ca(H,PO,), - H,O 4.9 12.02 4.9 12.02 4.9 12.02
Na,P,O; - 10H,0O 26.01 63.82 26.01 63.82 26.01 63.82
CaCO, 2.20 0.05 7.9 5.75 21.19 19.04
Choline Chloride 2 2 2 2 2 2
DL-methionine - 3 3 3 3 3 3

1) Salt mixture ingredients(mg/kg mixture) :

MgCO; 6900, ZnCO; 96, FeSO.7H,O 124, MnSO,5H,0 150, CuSO,5H,0

20, KI 1.3, NaCl 2300, Na,CO; 1600, K:CO; 3530, Na,SeQ; 0.22, Sucrose, finely powdered to make 1000

2) American Institute of Nutrition vitamin mixture ingredients(per kg mixture) : Thiamin HC! 600mg,Riboflavin 600mg, Py-
ridoxin HCI 700mg, Nicotinicacid(nicotinamide is equivalent) 3g, D-Calciumpantothenate 1.6g, Folic acid 200mg, D-
Biotin 20mg, Cyanocobalamin(vitamin B,;) Tmg, Retinylpalmitate(vitamin A)-as stabilized powder to provide 400.
000IU vitamin activity or 120,000 retinol equivalents, DL-a-Tocopherylacetate(vitamin F)-as stabilized powder to pro-
vide 5,000 1U vitamin E activity, Cholecalciferol 2.5mg(100,000 IU. May be in power form), Menaquinone(vitamin K)

5.0mg, Sucrose, finely powdered to make 1,000g
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Table 2. Food intake and body weight gain for groups

of different Ca and P intake" (g/5 weeks)
Group Total food intake Weight gain
LN? 588.40+101.21% 121.65+59.27°
LH 534.384+ 95.11° 101.62+61.61°
NN 653.18+132.80™ 148.67 +56.04°
NH 562.52+114.98™ 88.1363.66™
HN 685.93+104.45" 147.93+25.52°
HH 48315+ 75.64° 58.51+52.25°¢
SF“’ Pk prrx

1) Mean +standard deviation

2) IN:0.2% Ca—-0.5% P, LH : 0.2% Ca-0.5% P
NN : 0.5% Ca—-0.5% P
NH:05% Ca—-1.2% P, HN:
HH:1.2% Ca-1.2%P

3) Values within a column with different superscripts are
significantly different at p<0.05 by Duncan’s mul-
tiple-range test

4) Significant Factor
P : Effect of dietary P level was significantly by F-test
¥ xx Rk significant at =0.05, 0.01, 0.001

respectively
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Table 3. Daily calcium intake, fecal and urinary Ca excretions, apparent absorption and Ca retention for groups of dif-

ferent Ca and P intake"

. Urinary Apparent _—
Group Intake (mg/d) Fecal Excretion Excretion Absorption” Retention
(mgfd) (mg/e) %) (mg/d)
LN 29914 9.79% 9.29+ 4.58 0.20+0.08* 66.84+18.70 20.414+£10.94°
LH 47.26+10.61" 6.31+ 5.40 0.19+0.01* 87.75+ 8.28 40.76+ 6.13°
NN 84.70+15.39° 18.57+£10.45 0.25+0.05° 76.40£15.91 65.88+22.56°
NH 80.53+14.17° 7.70x 0.44 0.13+£0.01* 90.27+ 1.36 72.704+13.86™
HN 176.85+37.36° 17.00+16.78 0.23£0.04° 89.23+11.55 159.63+49.36°
HH 144.81+67.06" 19.69+£13.62 0.08+0.02° 81.05+19.99 125.04+73.04*
SF? Ca*** NS P, CaXP* NS Ca**

1) Mean=standard deviation
2) Apparent absorption(%)=

[(intake-fecal loss)/intake] X 100

3) Retention(%)=((intake-fecal loss)/intake) X 100

)
4) Values within_a column with different superscripts are significantly different at p<0.05 by Duncan’s multiple-range test
)

5) Significant Factor
Ca : Effect of dietary Ca level was significant by F-test
P : Effect of dietary P level was significant by F-test
CaXP:

£ kk kkk
oo

Interaction between Ca and P was significant by F-test
: significant at =0.05, 0.01, 0.001 respectively

NS : Effect of dietary Ca and P level were not significant by F-test
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Table 4. Daily phosphate intake, fecal and urinary P excretions, P retention, apparent absorption, P retention for groups
of different Ca and P intake”

Fecal Excretion Urinary Apparent Retention”
Group intake(meg/d) (mg/d) excretion{mg/d) absorption®(%) (mg/d)
LN 52.16+17.07% 10.20£4.21 19.72+ 5.00" 77.51+12.87° 22.24415.84°
LH 173.73+39.00" 6.56+4.40 41.17£20.85° 96.49+ 2.04° 126.00+45.58°
NN 62.29+11.32° 7.294+5.96 15.784+ 2.22¢ 87.76+11.11* 39.224+12.52¢
NH 135.90+23.91* 8.48+4.27 34.00+10.11% 9353+ 3.74° 93.42+32.78"
HN 55.23+11.67° 8.26+4.31 16.41+ 7.85° 84.01+ 9.98" 30.56+ 9.47°
HH 108.02+50.02" 7.40+2.35 31.75413.99" 90.69+ 8.31% 68.87+61.08™
SFS) prokx NS pkx p* pkx
1) Mean+standard deviation
2) Apparent absorption(%)=[(intake-fecal loss)/intake] X 100 3) Retention(%)=(intake-fecal loss)/intake] X 100

)
4) Values within a column with different superscripts are significantly different at p<{0.05 by Duncan’s multiple-range test
5) Significant Factor

P : Effect of dietary P level was significant by F-test

* ok kk o gionificant at =0.05, 0.01, 0.001 respectively

NS : Effect of dietary Ca and P level were not significant by F-test
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Table 5. Ca, P and alkaline phosphatse in serum and hydroxyproline in urine for groups of different Ca and P intake” (mg)

Group Ca P Alkaline phosphatase Hydroxyproline
LN 7.53+£0.25" 8.36+1.08 8.93+4.50 2.30+0.21¢
LH 8.37+0.66* 7.94+£1.99 8.99+4.73 2.34+0.32°
NN 8.54+0.82% 8.68+0.91 14.85+8.66 2.79+0.07°
NH 8.31+£1.18* 9.12+2.48 10.98+4.78 2.72+0.36%
HN 9.20+£0.80° 9.39+1.47 13.14£2.92 2.47+0.12abc
HH 8.11+0.70° 9.18x+1.54 8.53+5.00 2.454+0.36™
SF? CaXpP* NS NS Ca**

1) Mean+standard deviation
2) Values within a column with different superscipts are significantly differen at p<0.05 by Duncan’s multiple-range test
3) Significant Factor

Ca : Effect of dietary Ca level was significant by F-test

CaXP : Interaction between Ca and P was significant by F-test

* Rk wek o significant at 00=0.05, 0.01, 0.001 respectively

NS : Effect of dietary Ca and P level were not significant by F-test

Table 6-1. Length, wet weight, dry weight, density of femur and scapular for groups of different Ca and P intake"

Group Length(mm) Wet weight(mg) Dry weight(mg) Density(mg/cm’)
LN 37.07+0.78" 925.44+ 34.18" 569.40+26.71% 3.2340.10™
LH 36.274+1.31%* 865.58+ 88.98™ 540.50+48.90™ 3.33+0.12°

Fermur NN 36.92+1.51° 979.46+1 13‘4716 616.54+65.1 98b 3.23 i0.23:c
NH 36.61+0.97° 919.00+ 68.02° 566.51-52.51° 3.41£0.26
HN 36.70+0.44° 964,60+ 52.71° 597.36+42.35° 3.10+0.13°
HH 35.36+1.12° 838.69+ 67.18° 493.46+29.31° 3.60+0.16°
SF3) p* Ca*¥, P+ Ca*, P+ prex - CaXpH*
LN 28.51+1.23 21131+ 19.60 139.14+18.72 2.95+0.39
LH 27.68+1.28 24322+ 60.13 158.03+29.88 2.9940.30

Scapular NN 28.51+1.83 213.20+ 26.95 144.10+18.13 2.9340.10
NH 28.22+1.00 203.71+ 27.33 136.63+18.60 2.91£0.43
HN 28.11+1.20 206.33+ 24.34 135.11+16.43 2.8240.14
HH 27.02+1.02 190.52+ 35.34 127.43+22.42 2.80+0.46
SF NS NS NS NS

1) Mean = standard deviation
2) Values within a column with different superscripts are significantly different at p<{0.05 by Duncan’s multiple-range test
3) Significant Factor

Ca : Effect of dietary Ca level was significant by F-test

P : Effect of dietary P level was significant by F-test

CaXP : Interaction between Ca and P was significant by F-test

¥, *k* wrx o significant at =0.05, 0.01, 0.001 respectively

NS : Effect of dietary Ca and P level were not significant by F-test
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Table 6-2. Contents of ash, Ca and P of femur and scapular for groups of different Ca and P intake"”

Ash/

Group Ash(mg) Ca(mg) P(mg) W) Ca/wt(%) P/wt(%) Ca/ash(%) P/ash(%)
Femur
LN 335.90+ 47.01+ 27.85+ 3632+ 5.08+ 3.01+ 13.99+ 8.29+
9,03 2.34¢ 2.50 1.07° 0.30% 0.30 0.58% 0.63®
LH 318.51+ 40.16+ 2792+ 3681+ 463+ 3.25+ 12,57+ 8.83+
32.32¢ 5.50¢ 2.20 1.31° 0.38¢ 0.37 0.71¢ 0.96
NN 357.47+ 59.18+ 28.53+ 36.05+ 6.12+ 294+ 16.94+ 8.22+
60.56" 5.73¢ 2.35 453" 0.93° 0.35 2.97¢ 1.71%
NH 34211+ 90.54+ 27.89+ 3719+ 9.93+ 3.05+ 26.76+ 8.24+
37.84" 20.78° 2.65 2.74° 2.41" 0.32 6.40° 1.12%
HN 395.82+ 113.56+ 28.97 + 4109+ 11.79+ 3.01+ 28.69+ 7.32+
11.90° 2.96° 243 1.42° 0.49° 0.28 0.44 0.53°
HH 302.23+ 96.38+ 27.00+ 36.10+ 11.50+ 3.24+ 31.88+ 8.97+
17.83¢ 7.47° 2.00 1.46" 0.55° 0.36 1.30° 0.96
3 px Ca*** . Ca***, pk* Ca***, Ptk "
5 CaXp*+ CaXp#+* NS Caxp CaXxprr» NS CaXpre+ P
Scapular
LN 88.34+ 27.02+ 0.13+ 4201+ 12.87+ 0.06+ 30.68+ 0.15+
15.96* 4.50° 0.01* 8.11° 2.43° 0.01 2.22° 0.01°
LH 76.07 + 22.46+ 0.12+ 3251+ 9.72+ 0.05+ 29.66+ 0.16+
7.24% 2.49° 0.01* 6.48" 2.57° 0.01 3.58° 0.01*
NN 91.47+ 23.66+ 0.14+ 43,68+ 11.29+ 0.06+ 25.85+ 0.15+
12.06° 3.63% 0.02% . 8.79° 2.40" 0.01 1.70° 0.01"
NH 82.81+ 21.43+ 0.13+ 4153+ 10.84+ 0.06+ 25.85+ 0.16+
12.05® 4.02" 0.01%¢ 9.68° 3.04® 0.01 3.38° 0.01°
HN 9240+ 24.03+ 0.14+ 4534+ 11.78+ 0.07+ 25.94+ 0.15+
9.74* 3.64" 0.01° 7.35° 2.31%* 0.01 2.29° 0.01°
i 67.31+ 18.43+ 0.11+ 36.62+ 10.00+ 0.06+ 2732+ 0.18+
6.01° 2.86° 0.01¢ 8.54% 2.48" 0.01 2.97% 0.01*
SF P*** Ca*, P*** P** P** P* NS Ca*** Ca*' P***/
CaXp*

1) Mean = standard deviation
2) Values within a column with different superscripts are significantly different at p<{0.05 by Duncan’s multiple-range test

3)

Significant Factor

Ca : Effect of dietary Ca level was significant by F-test

P : Effect of dietary P level was significant by F-test

CaXP : Interaction between Ca and P was significant by F-test

*, *k e significant at @=0.05, 0.01, 0.001 respectively

NS : Effect of dietary Ca and P level were not significant by F-test
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