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The Effect of Combined Estrogen/Calcium Therapy on Bone
Metabolism in Ovariectomized Rats

II. A Study on Metabolism of calcium, Phosphorus and Nitrogen in Ovariectomized Rats

Kyung-Hwa Lee and Seung-Ho oh'
Dept. .of Food and Nutrition, Chonnam National University, Kwangju 500-757, Korea

Abstract

This study was carried out to investigate the effects of dietary calcium-salt, estrogen—treatment,
and estrogen/calcium treatment on calcium, phosphorus and nitrogen metabolism. Female Sprague-
.Dawley rats with a body weight of 250 ~280g were underwent ovariectomy or sham-operation. The
ovariectomized rats were divided into 9 different experimental groups including the saline—treated
group, the estrogen—treated group, the high calcium salt-treated group, and the estrogen/calcium
treated groups and fed for 6 weeks. Each group daily intake and excretion of calcium, phosphorus
and nitrogen were measured and apparent digestibility and balance were also studied. The results
were as follows: The excretion level of urinary calcium was significantly higher the ovariectomized
rats than the sham—operation group(p<0.01) and reduced with estrogen treatment but this difference
was not statistically significant. Fecal loss of calcium was higher the ovariectomized rats than the
sham—operation group(p<0.001). When the estrogen was treated, fecal loss was decreased and then
apparent digestibility of calcium was increased. Calcium balance was significantly higher the high
calcium treated groups than the control diet groups. The excretion level of urinary phosphorus was
higher the ovariectomized rats than sham-operation group, while these showed to be decreased in the
calcium salt, the estrogen and the estrogen/calcium treated groups(p<0.01). Fecal loss of phosphrous
was higher in the ovariectomized rats. When the estrogen was treated, the fecal loss was decreased
in the avariectomized rat than that of other groups. The excretion level of urinary nitrogen was
higher the ovariectomized rats than the sham-operation, while these showed to be decreased in the
estrogen, the estrogen/calcium, and the estrogen gradually reduction/calcium intensification. Fecal
loss of nitrogen was decreased in the estrogen treated group. The results in this study showed that
high calcium, estrogen/calcium and estrogen gradually reduction/calcium intensification in the
ovariectomized rats enhanced calcium balance compared to the ovariectomized rats without calcium
treatment, but little effects on the phosphorus and nitrogen balance.
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Group 1: Sham [ [ Control 4]
Group 2 S [ [ 0.9% Saline ]
Group 3 HCaL [ [ high Calcium Lactate(1.2%) ]
Group 4: HCaC L] high Calcium Carbonate(1.2%) ]
Group 5: E [ ] Estrogen(80ug/day) ]
Group 6: E/HCaC | I Estrogen(80ug/day) +high Calcium Carbonate(1.2%) j
Group 7: EGR | [ Estrogen(80ug/day) | Estrogen(40ug/day) r Estrogen(Oug/day) J
Group 8 EGR/HCaC Estrogen(80ug/day) | Estrogen(40ug/day) | Estrogen(Oug/day)
high Calcium Carbonate(1.2%)

Group 9: EGR/CaCGI Estrogen(80ug/day) Estrogen(40ug/day) Estrogen(Oug/day)

+ Calcium Carbonate(0%)| +Calcium Carbonate(0.5%) | +Calcium Carbonate(1.2%)

14 18 20 22 22 weeks
® recovery | ———————--———————————= treatment ———-==~————-——————=————————— |
Sham-operation
Ovariectomy
Fig. 1. Experimental design.
Table 1. Composition of experimental diets (%)
Groups® Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9

Ingredients Sham S HCal. HCaC E E/HCaC EGR EGR/HCaC EGR/CaCGI
Casein 12 12 12 12 12 12 12 12 12

Comn starch 73 73 71.8 71.8 73 71.8 718 71.8 73—-72.4-71.8
a—Celluose powder 5 5 5 5 5 5 5 5 5

Corn oil 8 8 8 8 8 8 8 8 8

Salt mixture” 1 1 1 1 1 1 1 1 1
Mineral mixture® 1 1 1 1 1 1 1 1 1

Ca - Lactate - - 1.2 - - - - - -

Ca - Carbonate - - - 1.2 - - ~ 1.2 0—0.6—1.2

*Groups are Sham=sham operation, S=saline, HCal.=high calcium lactate, HCaC=high calcium carbonate, E=estrogen,
E/HCaC=estrogen and high calcium carbonate, EGR =estrogen gradually reduction, EGR/HCaC=estrogen gradually
reduction and high calcium carbonate and EGR/CaCGI=estrogen gradually reduction and calcium carbonate intensification

Y3alt mixture: Ca lactate 35.15, Ca(HsPO4):H:0 14.60, K:HPO4 25.78, NaHzPO4 - Hz0 9.38, NaCl 4.67, MgSQa(anhydrous)
7.19, Fe Citrate - 6H20 3.19

?Vitamin mixture: thiamine - HCI 600, riboflavin 600, pyridoxine + HCI 700, nicotinic acid 3000, D-calcium pantothenate
1600, folic acid 200, vitamin Bi2 1, retinyl palmitate(Vit.A) 120, DL- & ~tocopheryl acetate(Vit.E) 5000, cholecalciferol
(Vit.D3) 2.5, menadion(Vit.K) 5.0, D-biotin 20, sucrose finely powered to make 1000g

o} Ag2]o] F9 ZguFU-L American Institute of
Nutrition Mixture( AIN Mix.)(25) Wl L=} 9l+&
CaHPO4sZ 71£(0.3mEq/kg body weight=6.7mg) 2.2,
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=40mg)E EFT Ae) S ngEAe)R 319 H(26).
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Table 2. The operating conditions of ICP Emission Spectro Analyzer for the analysis of calcium, phosphorus

Conditions

Wavelength spectrum(nm) For calcium 588.995

For phosphorus 214.914
Line gas pressure(psi) 70.0
Coolant gas flow rate(l/min) 12.0
Nebuler Sample gas pressure(psi) 40.0

Calcium gas flow rate(l/min) 0.4

Pump rate(mi/min) 15
Integration Period(sec) ' 10.0

Table 3. Initial and final body weights, body weight gain, food intake, and food efficiency ratio of rats fed the
experimental diets for 6 week

D Initial body Final body Body weight Food intake . .
Groups weight(g) weight(g) gain(g/6 weeks) (g/6 weeks) Food effciency ratio
Group 1 : Sham 2780+ 39° 2896+ 2.7° 116+ 15° 6028+ 7.6 0.02%0.00°
Group 2: S 3196 75 3454+ 847 25.7+10.7°  705.4+283 0.04+0.01*
Group 3 : HCaL 3039+ 43® 2893+ 61° -146% 32 632.3% 557 -0.02£0.01°
Group 4 : HCaC 2996+ 58° 3083t 66% 87+ 38  63571153® 0.01£0.01°
Group 5: E 2067t 83° 2823* 75 -123+ 81° 551.4+10.0° -0.02£0.02°
Group 6 : E/HCaC 3122+ 35° 2863+104°  -172+122° 586.1%156% -0.03£0.02°
Group 7 : EGR 2997+ 83® 2914+ 83* - 83% 27° 5665t176% -0.04%0.03°
Group 8 : EGR/HCaC 3119+114® 2995+10.1™ -124% 62° 6155+20.6™ -0.02%0.01°
Group 9 : EGR/CaCGI 302.01106® 2827+ 8T -193% 53° 5700+ 88* -0.03£0.01°
A <0.001 <0.05 NS <0.05 NS
B NS NS 0.05 NS 0.05
F-value? c NS <0.05 0.05 NS 0.05
D NS <0.001 0.001 0.001 0.001
E NS NS NS 0.05 NS

USee the legend of Table 1

All values are the mean*standard error
Values bearing different superscripts are signficantly different among experimental groups(p<0.05)
?Determined by Kruskal-Wallis procedure for contrast among groups
A: Contrast of group 1 and group 2

C: Contrast of group 2 and group 3, 4

E: Contrast of group 5 and group 6, 7, 8, 9

B: Contrast of group 3 and group 4
D: Contrast of group 2 and group 5, 6, 7, 8, 9
NS: Not significant
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Table 4. Intake, urinary and fecal excretion, apparent digestibility and balance of calcium

Groups” Intake Urinary excretion Fecal excretion Apparent digestibility Calcium balance
{mg/day) (mg/dav) (mg/day) (%) (mg/day)
Group 1: Sham 338+1.0° 1.3%0.1° 225+ 04° 402+4.3 123103
Group 2 S R2+1LT 18+0.1° 308* 0.7 194+1.4™ 54104
Group 3: HCaL 176.7+25° 1.7£01° 1504* 4.4° 16.0£0.7° 21.2+0.9°
Group 4 HCaC 177.5+4.0° 16+0.1° 1512+ 30° 156+22% 226+08"
Group 5 E 27.0%06' 14+01%® 203+ 04° 279+2.4° 53037
Group 6: E/HCaC 161.3+4.3 1.6£01® 1412+ 7.1° 11.6+1.0% 147408
Group 7: EGR 30410 16017 239+ 65 232+09° 5402
Group 8 EGR/HCaC 1695+56> 16%0.1° 144.0£10.7° 158+2,3™ 229+15%
Group 9 EGR/CaCGl 29.3—90.9-1983+40° 16*01° 168.8* 2.6° 149x1.7™ 275122
A NS 0.01 0.001 0.001 0.001
B NS NS NS NS NS
F-value” C 0.0001 NS 0.0001 NS 0.0001
D 0.01 NS 0.01 0.05 0.0001
E 0.0001 NS 0.0001 005 0.0001

U'See the legend of Table 1
All values are the mean ¥ standard error

m\" alues bearing different superscripts are significantly different among experimental groups(p<0.05)
“Determined by Kruskal-Wallis procedure for contrast among groups

A: Contrast of group 1 and group 2
C: Contrast of group 2 and group 3. 4
E: Contrast of group 5 and group 6, 7. 8 9

B: Contrast of group 3 and group 4
D: Contrast of group 2 and group 5, 6, 7. 8 9
NS: Not significant
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Table 5. Intake, urinary and fecal excretion, apparent digestibility and balance of phosphorus

Groups“ Intake Urinary excretion Fecal excretion Apparent digestibility Phosphorus balance
(mg/day) (mg/day) (mg/day) (96) (mg/day)
Group 1: Sham 22.4+0.7%¢ 11.9+09® 68+04° 69.7£8.8° 37105°
Group 2 S 254+1.2° 134*1.0° 119+1.0° 53.0£5.2% 01+0.2°
Group 3: HCal 22.84+0.3® 93£0.7™ 128+1.1° 43.0+74° 0.6%0.1°
Group 4. HCaC 229+05® 96+0.7 134%16° 431£83° 0.2+0.0
Group 5 E 17.6+£05° 89+0.8° 84+0.3™ 51.716.0™ 0.310.0
Group 6: E/HCaC 20.8+0.6 91+0.7* 11.3+15™ 461£7.1% 05+0.1%
Group 7: EGR 20.1+0.6° 124+1.0° 77403 61.9+6.5" 0.0£0.0°
Group 8 EGR/HCaC  21.9+0.7* 89106 128+ 1.0° 423£60° 0.3+0.0"
Group 9: EGR/CaCGI  20.3x0.3 89106 11.3+£1.7® 422+57° 0.1%+0.0?
A 0.05 NS 0.001 NS 0.0001
B NS NS NS NS 0.001
F-value? C NS 0.01 NS NS 0.05
D 0.0001 0.01 NS NS NS
E 0.0001 NS 0.05 NS NS

USee the legend of Table 1
All values are the mean=*standard error

Values bearing different superscripts are significantly different among experimental groups(p<0.05)
?Determined by Kruskal-Wallis procedure for contrast among groups

B: Contrast of group 3 and group 4
D: Contrast of group 2 and group 5, 6, 7, 8, 9
NS: Not significant

A: Contrast of group 1 and group 2
C: Contrast of group 2 and group 3, 4
E: Contrast of group 5 and group 6, 7, 8 9
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Table 6. Daily dietary intake, urinary and fecal excretion, apparent digestibility and retention rate of nitrogen

Groupsl) Intake Urinary excretion Fecal excretion Apparent digestibility Nitrogen retention rate
(mg/day) (mg/day) (mg/day) (%) (%)
Group 1: Sham 290.3+11.9™ 85.9+8.1° 18617 93.6+£0.6° 62.1+1.8°
Group 2: S 331.8£20.8 123.1+7.8° 249+1.3" 92.4+08® 55.111.9®
Group 3: HCalL 2056+ 5.6 97.916.7% 278+1.8% 905+05> 57.4+25®
Group 4: HCaC 2902+ 93  111.6+37° 304£0.9° 89.8+0.4° 525+0.7°
Group 5: E 231.2+ 8.0° 84.0+4.4° 166+1.1° 92.8+0.4° 57.4+2.0%
Group 6: E/HCaC  269.6£11.0" 97.9+6.1% 250+1.7° 90.7+09" 543125
Group 7: EGR 260.6+124%  103.919.0% 20.7+2.3% 92.1+0.7® 52.4+28°
Group 8 EGR/HCaC 283.1%£145™ 98.2+6.9% 313%35° 887+1.7° 54.0+£2.8"
Group 9: EGR/CaCGl 262.3% 5.4 864145 286+2.3° 89.1 0.7 56.2+1.6%
A NS 0.01 0.05 NS 0.05
B NS NS NS NS NS
F-value® C NS NS 0.05 0.01 NS
D 0.001 0.001 NS 0.05 NS
E 0.05 NS 0.0001 0.01 NS

USee the legend of Table 1

All values are the mean*standard error

Values bearing different superscripts are significantly different among experimental groups(p<0.05)
Determined by Kruskal-Wallis procedure for contrast among groups

A contrast of group 1 and group 2 B: contrast of group 3 and group 4

C: contrast of group 2 and group 3, 4 D: contrast of group 2 and group 5, 6, 7, & 9
E: contrast of group 5 and group 6, 7, 8, 9 NS: not significant
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