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Effects of High Protein and Calcium Intakes on Calcium Metabolism and Renal
Function in Ovariectomized Osteoporosis Rat Model
0, Ju Hwan - Song, Myung Hee - Lee, Yeon Sook

College of Agriculture of Life Sciences, Seoul National University, Suwon, Korea

ABSTRACT

This study was to investigate interaction between dietary protein and Ca levels in Ca

metabolism and renal function in osteoporosis rats. Five week-old female rats were fed a low
Ca diet for 4 weeks after ovariectomy operation to establish rat models of osteoporosis. The
ovariectomized osteoporosis rats were divided into six groups and were fed experimental diets
which contained two levels of protein, normal(20%) and high(40%), and three levels of Ca, low
(0.06%), normal(0.47%) and high(0.94%) for 4 weeks, respectively.

The ovaricetomized rat model of osteoporosis showed a remarkable decrease in serum Ca
concentration, fresh weight and breaking force of femur, Ca and P contents of femur, and
apparent absorption and retention of Ca. The supplementations of Ca at the dietary levels of
normal and high levels significantly enhanced the reduced Ca bioavailability shown in the
above experimental rat models of osteoporosis, regardless of dietary protein levels ; whereas the
rats which were fed the low Ca diet demonstrated rather a decrease in its bioavailability.
Irrespectively of the dietary Ca levels, the rats which were fed high protein diet exhibited an
increase in kidney weight, urinary Ca, volume and hydroxyproline, and glomerular filtration
ratio(GFR). The results show that dietary protein and calcium levels affect the renal function
and Ca metabolism independently, while the interaction between protein and calcium have not
been shown. (Korean J Nutrition 30(6) : 605~613, 1997)
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oF 180g2e] ¢ #H (Sprague-Dawley rats, fem-
ale - A&dtn AEEE A ANA sodium pen-
tobarbital (Pitman-Moore, Inc., USA) 30~40mg/
kg BW.E FAkete] migAlzl & o WAE dA)6)
< 72 AT $E4E ¢ T 19 A9 3Ry
Za 23 Ao|(HolF wiA 20%, 24 0.06% ;
Normal Protein-Low Ca : NPLCa)Z 457 A543
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Table 1. Composition of experimental diets(g/kg)
Protein Levels Normal Protein High Protein
Ca Levels High-Ca Normal-Ca Low-Ca High-Ca Normal-Ca Low-Ca
Dietary Groups (NPHCa) (NPNCa) (NPLCa) (HPHCa) (HPNCa) (HPLCa)
Casein ~ 200 200 200 400 400 400
Starch 646.61 657.08 665.74 446.61 457.17 465.84
Corn oil 50 50 50 50 50 50
Fiber 8 8 8 8 8 8
Choline-Chloride 2 2 2 2 2 2
Vit Mix." 10 10 10 10 10 10
Min. Mix.” 40 40 40 40 40 40
(Ca & P free)
PEGY 10 10 10 10 10 10
KH,PO, - 497 13.25 - 5.38 13.66
Bone Ash® 17.51 11.31 1.01 17.51 10.81 0.50
CaCO; 5.09 - - 5.09 - -
Potassium-Citrate 10.79 6.64 - 10.79 6.64 -
1) AIN-76
2) Mineral mixture(g/kg) : NaCl 250.6 : MgSO, - 7H:O 99.8 ; Fe-citrate 6.23 ; CuSO, - 5H,O 1.56 ; MnSO, - H,O 1.21 ;
ZnCl, 0.2 ; (NH)eM0o,Oy4 - 4H,0O 0.025 ; K1 0.005 ; NaSeO; - 5H,0 0.015 ; sucrose 640.355

3) PEG : Polyethylene glycol #4000, Yakuri Chemicals Co., Ltd., Osaka, Japan

4) Contained Ca 39.78% : P 18.28%
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Table 2. Body weight and food intake
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Final Body Wt. Food Intake Weight Gain FER
8 (g/d) (WG/FI)

Control Period(4 wks)

NPLCa 255.6-+13.2" 13.1+0.9 27407 0.2+0.0
Test Period(4 wks)

NPHCa 278.2+4.9™ 120+1.1® 0.72+0.09™ 0.06+0.01™

NPNCa 277.247.3° 11.940.5" 0.70£0.19° 0.06+0.01"

NPLCa 2402+7.7 11.2409° -0.66+0.17° -0.06+0.02°

HPHCa 278.8+7.8° 11.7£0.9%® 0.89+0.13% 0.0740.01¢

HPNCa 282.8+4.9° 12.6+04" 1.03+0.10° 0.08+0.01¢

HPLCa 270.245.2° 11.54+0.7" 0.58+0.13° 0.05+0.10"
Protein Levels Ns? p<0.05 p<0.05
Ca Levels p<0.05 p<0.05 p<0.05 p<0.05
Protein * Ca p<0.05 p<0.05 p<0.05

1) Mean = SE of 8 rats per group

2) Values with different superscripts within the column are significantly different at p <0.05

3) NS : Not significantly different
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Table 3. The concentration of Ca in serum, liver and kidney
Blood Liver Kidney
Ca(mg/dl) Wet wt.(g) Ca(pg/g) Wet wi.(g) Calpg/g)
Control Period(4 wks)
NPLCa 7.194+0.15" 6.9+0.3 19.9+1.5 1.59+0.17 0.38+0.08
Test Period(4 wks)
NPHCa 8.73+0.11" 7.0£0.1* 22.14+0.7" 1.9240.03* 0.93+£0.02°
NPNCa 7.89+0.69° 7.0+0.5° 20.8+1.6™ 1.85+0.18% 0.45+0.02°
NPLCa 5.85+0.21° 6.2+0.7° 17.3+0.6 1.59+0.15* 0.22+0.02*
HPHCa 8.91+0.11° 7.3£0.1° 22.7+1.7°¢ 2.06+0.09° 1.59+0.04¢
HPNCa 8.52::0.27° 7.6+0.3 20.542.2°% 2.06+0.18° 1.0440.05¢
HPLCa 5.58+0.23° 6.9+0.2° 17.74£0.9® 2.04+0.11° 0.75+0.07°
Protein Levels NS” NS NS p<0.05 p<0.05
Ca Levels p<0.05 NS p<0.05 NS p<0.05
Protein * Ca NS NS NS NS NS
1) Mean =+ SE of 8 rats per group
2) Values with different superscripts within the column are significantly different at p<0.05
3) NS : Not significantly different
Table 4. Ca intake, excretion, retention and apparent absorption
Ca intake Fecal Ca Urinary Ca Ca retention - Apparent”
excretion excretion absorption
(mg/d) (mg/d) {mg/d) (mg/d) (mg/d)
Control Period(4 wks)
NPLCa 7.7+0.9" 0.5+0.1 0.23£0.02 0.9+0.5 7.1£0.5
Test Period(4 wks)
NPHCa 136.3+9.1< 70.7 £1.5° 0.53+£0.10° 57.14+12.3° 57.6+12.2°
NPNCa 66.9+7.0° 17.8+£1.4° 0.31+0.04" 48.8+6.2° 49.1+6.2°
NPLCa 6.7+0.3° 0.4+0.0° 0.17+£0.22° 6.1+0.2° 6.240.2°
HPHCa 122.7+£9.3¢ 78.6+6.4° 1.2640.24° 50.7+8.6° 52.0+8.7°
HPNCa 61.9+4.3° 17.7+4.1° 1.134+0.24° 43.04+6.3° 442+6.4°
HPLCa 6.7 +0.4° 0.4+0.0° 1.074+0.21° 5.2+0.5° 6.3+0.6"
Protein Levels NS» NS p<0.05 NS NS
Ca Levels p<0.05 p<0.05 NS p<0.05 p<0.05
Protein * Ca NS NS NS NS NS

1) Mean= SE of 8 rats per group

2) Values with different superscript within the column are significantly different at p<0.05

3) NS : Not significantly different
4) Retention(mg)=Intake(mg) —
5) Apparent absorption(mg) = Intake(mg) —

[Fecal excretion{mg)+ Urinary excretion(mg)]
Fecal excretion(mg)
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Table 5. Wet weight, length and breaking force of femur
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(3) Hydroxyproline #HA gk

WE Ao EN 2AYAke] AR SR o] 43
X% hydroxyproline ¥l %2 Table 71 A|A3l5it}.
ol G5 gF Ao gt F AA gkl vuld A
F F mEx EARQ f37) ¢loleh. 2@y 2
w T e Zg o] M 75 A4 e
o] /I AETFE Eﬁ"i‘?}. o|& T vﬂ"ﬂ a2}
W o] 2717} $7482 24 bone matrix® AR F

Wet weight Length Breaking force
(g) (cm) (kg/g wet wt)
Control Period(4 wks)
NPLCa 1.2620.10" 3.33£0.03 8.241.0.37
Test Period(4 wks)
NPHCa 1.7340.06% 3.631+0.04° 9.25+0.17°
NPNCa 1.50+0.07" 3.5440.07° 8.60+0.38™
NPLCa 1.32+0.03° 3.47+0.03° 6.15+0.28"
HPHCa 1.7440.10° 3.61+0.04" 9.01:4£0.29°
HPNCa 1.57+0.09" 3.57+0.06" 8.20+0.10"
HPLCa 1.41+0.04™® 3.50+0.07° 5.974+0.22°
Protein Levels NS NS NS
Ca Levels p<0.05 p<0.05 p<0.05
Protein * Ca NS NS NS
1) Mean+SE of 8 rats per group
2) Values with different superscripts within the column are significantly different at p <0.05
3) NS : Not significantly different
Table 6. Ca and P contents of femur
Ash Ca Ca % P Ca:P
(mg/g) (mg/g) (Ca/ash x 100) (mg/g)
Control Period(4 wks)
NPLCa 221.9+9.1" 94.7+7.4 426+2.1 49.0+2.5 1.9+£0.1
Test Period(4 wks)
NPHCa 264.9+3.7% 114.9+4.6° 43.4+1.2° 54.041.8° 21401
NPNCa 262.7+4.4° 113.5+4.1° 432+1.8° 52.4+15° 2.1+0.1
NPLCa 212.6+1.4° 85.2+2.5° 40.2+1.5° 40.8+1.3° 2.1+0.1
HPHCa 263.3+£4.1° 110.0+4.6° 41.8+1.8% 51.3+1.7° 2.1+01
HPNCa 260.942.2° 106.5+2.8" 40.8+1.3° 49.74+0.9" 2.1+0.1
HPLCa 205.6+3.2° 80.2+2.3" 39.1+1.7° 39.8+1.3° 2.0+0.1
Protein Levels NS¥ NS NS NS NS
Ca Levels p<0.05 p<0.05 NS p<0.05 NS
Protein * Ca NS NS NS NS NS

1) Mean+SE of 8 rats per group

2) Values with different superscripts within the column are significantly different at p<{0.05

3) NS : Not significantly different
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Table 7. Nitrogen contents of femur and urinary hydroxyproline excretion

Femur Uninary
Nitrogen Total Nitrogen Hydroxyproline Hydroxyproline
(mg/g wet wt.) (ug/d) (mg/d, kg B.W)
Control Period(4 wks)
NPLCa 30.14+1.2" 37.942.1 278.1+7.0 1.0940.09
Test Period(4 wks)
NPHCa 32.041.3% 55.4+2.0" 186.5+14.8° 0.67 +0.05°
NPNCa 30.0+1.4 45.0+2.0° 227.5+17.9% 0.82+0.07°
NPLCa 30.0+1.4 39.742.6° 276.0-+28.4° 1.15+0.11°
HPHCa 315511 54.9+19° 574.64+17.5° 2.07+0.10°
HPNCa 299+1.3 47.0+2.3° 623.0+48.1¢ 2.21+0.17%
HPLCa 29.6+1.2 418+3.2° 662.8+18.8° 2.4540.06°
Protein Levels NS p<0.05 p<0.05
Ca Levels NS p<0.05 NS NS
Protein * Ca NS NS NS
1) Mean = SE of 8 rats per group
2) Values with different superscripts within the column are significantly different at p<0.05
3) NS : Not significantly different
Table 8. Plasma creatinine, urinary volume, creatinine, nitrogen and glomerular filtration rate(GFR)
Plasma Urinary GFR
Creatinine Volume Creatinine Nitrogen
(mg/dl) (ml/d) (mg/d) (mg/d) (m{/min)
Control Period(4 wks)
NPLCa 0.90+0.03" 7.20+0.73 8.41+0.87 94.2+4.6 0.65+0.08
Test Period(4 wks)
NPHCa 0.89+0.01™ 7.25+0.49° 9.41+0.31% 92.2+5.7° 0.73+0.03°
NPNCa 0.87£0.01 6.81+0.37° 9.41+£1.01° 87.1£7.2° 0.75+0.08°
NPLCa 0.86+0.01 7.68+£0.60° 7.83+0.69° 71.3+4.9° 0.66+£0.06"
HPHCa 0.89+0.03 15.00+1.17° 15.50+0.84° 223.5+23.3° 1.23+0.11°
HPNCa 0.88+0.03 16.59+0.95" 15.62+1.04° 223.1+21.1° 1.23+0.06°
HPLCa 0.87+0.01 15.05+0.82° 13.6140.78° 276.1+13.0° 1.11+0.05°
Protein Levels NS p<0.05 p<0.05 p<0.05 p<0.05
Ca Levels NS NS NS NS NS
Protein * Ca NS NS NS p<0.05 NS

1) Mean = SE of 8 rats per group

2) Values with different superscript within the column are significantly different at p<0.05

3) NS : Not significantly different
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