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Effects of Dietary Calcium Levels on the Reduction of Calcium Availability in
Ovariectomized Osteoporosis Model Rats

O, Ju Hwan * Lee, Yeon Scok
Depariment of Home Economics, College of Agriculture & Life Sciences, Seoul National Universily,
Seoul, Koreg

ABSTRACT

To investigate the effects of dietary calcium levels on the Ca metabolism in a rat model
of ovariectomized osteoporosis, two studies were conducted. In Expt. I, five week-old female
rats ovariectomized and fed a low Ca diet(0.06% Ca) for four weeks were comparcd with
rats fed a normal(0.53% Ca) or low Ca diet under the sham-opcrated condition. Qvariectomized
rais showed a significant increase in body weight and food intake. In rats fed the low Ca
diet, 2 remarkable decrease was shown regardless of ovariectomy in serum Ca concentration,
breaking force of bones, Ca and phosphorus contents of bones, and apparent absorption and
retention of Ca. Furthermore the decrease of Ca contents of serum and bones in rats ovariecto-
mized and fed the low Ca diet was similar to that in rats model of postmenopausal osicoporosis.
In Expt. II, rats ovariectomized and fed on the low Ca dict for four weeks were divided into
three groups, those given low Ca diet, normal Ca diet and high Ca diet(1.06% ) respectively.
The results indicated that supplementations of Ca at the intake level of 0.53% and 1.06%
for 4 weeks tend to improve the relative Ca deficicncy shown in experimental rat model of
ovariectomized osteoporosis.

KEY WORDS ® ca intake - ovariectomized rat - osteoporosis * breaking force + ca metabolism.
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Table 1. Composition of experimental diets(g/kg)

Tngredients Low-Ca Nor-Ca  High-Ca
Casein 200 200 200
Starch 662.0 654.2 639.4
Com oil 50 50 50
Fiber 3 3 8
Cholin Chloride 2 2 2
Vit, Mix.!) 10 10 10
Min.Mix. 40 40 40
(Ca & P free)?

PEG #4000 10 10 10
KH,POQ, 18 7 15
Kdl - 6 —
Bone ash® - 12.8 25.6

1) Vitamin mixwre © (1U/g mix.) Vitamin A palm-
mte, 25007 Cholecalciferol, 200 ; (mg/g mix.)
Thiamin HNOQ;, 1 3 Riboflavin, 1.5 § Niacin, 10 ;
Pyridoxine HCL, 13 Folic acid, 0.5 ; Viamin K,
1 : Vitamin B}y, 0.001 ; Ascorbic acid, 33.7 ; Cal-
cium pantothenate, 5 ; Di-1-tocopherol, 1 1 Biotin,
0.4.

2) Calcium and phosphate-free | (g/kg mix.) NaCl,
250.6 ; MgS80, - TH,0, 99.8 ; Fe-citrate, 6.25 ;
CuSO, » 5H,0, 1.56 ; MnSO, - TH,0, 1.21;
ZnCl,, 0.2 ; KI, 0.005 3 (NH)¢Mo - 704 4H,0,
0.025 5 and sucrose, 640.37

%) Bone ash contained 39.78g caldum and 18.28¢
phosphorus per 100g powder.
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Table 2. Body weight, food intake and weight gain of the rats

Inidal body Final Body Daily Food Daily Weight
weight(g) weight{g) intake(g) gain(g)
Expt. IT
Sham-Nor Ca 117.3% 12,0VNS. 198.54 17.58%) 1.7+ 08> 9.9+ 0.6b
Sham-Low Ca 112,74 8.2 192.1% 18.4P 12.4% 1.8 2.840.6b
OVX-Low Ca 113.0% 7.4 99484 17.5% 15.6%0.92 4.0+ 0.6
Expt. 1%
OVX-High Ca 224.1% 25.69N % 987.7+24.3° 153+ 1.5° 2.3+ 0.5
OVX-Nor Ca 218.7+ 14.7 275.6%81.92 151+ 2.1+ 284 0.7
OVX-Low Ca 220.54 24.5 206.0% 24 4P 10.3+ 1.8P ~0.9+1.1b

1) Meant SD of 7 or 8§ rats per group.

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

8) N.5. ! Not significant

t Expt. T : Sham-operated and ovariectomized rats fed experimental dicts for 4wks.
t Expt I1: The ovariectomized rats fed the low-Ca diet for 4wks were fed the experimental diets containing

various dietary Ca levels for 4wks.
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Table 3. Calclum contents in serum, liver and kidney
Serum{mg/100ml) Liver(ug/g) Kidnev(mg/g)
Expt. 1
$ham-Nor Ca 8.50% 073400 19.86+ 48455 0.524 0.30°
Sham-Low Ca 7.40% 0.49b 17674422 0.324 0204
OVX-Low Ca 7.45%0.37b 21.66£ 9.06 0.12%0.11°
Expt. II
OVX-High Ca 8.781 0.45° 2126+ 4.85 0.441 0.042
OVX-Nor Ca 8.96+ 1.17¢ 26 66+ 6.58 0.25% 0.05%
OVX-Low Ca 4.89% 1.16" 15.22+ 4,550 0.05+ 0.02%

1) Mcant SD of 7 or 8 rats per group.
9) Values with different superscripts within the column are significandy different ar p<C0.05.
3) N.§.: Not signilicant

Table 4. Wet weight, length and breaking force of fermur and dbia

Wet wt. Length Breaking force
(g) (cm) Upper(kg/g wt.) Lower(kg/g wt.)
Femur

Expt. 1
Sham-Nor Ca 1.6+ 0.2 3.0+ 0.12 17.6% 5.12 10.4% 8.7
Sham-Low Ca 1.3+ 0.2b2) 5.1%0.°b 8.0+ 0.9b 7.3%0.9b
OVX-Low Ca 1.1+ 020 51101k 8.4+ 1.8 7.2% 2.1°

Expt. 1L
OVX-High Ca 18+ 0.0 3.5+0.12 20.3+2.72 13.0+ 2.47
OVX-Nor Ca 1.7£0.22 8.5+ 0.2% 21.51+ 1.5¢ 14.2+5.3%
OVX-Low Ca 14+ 0.1b 3.3+ 0.1P 8.0+ 2.4° 7.312.6b

Tibia

Expt. 1
Sham-Nor Ca 1.2 0.0 324 0.19NS 10.9% 1.47 30.0+ 5.0¢
Sham-Low Ca 0.9+ 0.10 3.5+03 8.6 1.6Y 12,94 2.9v
OVX-Low Ca 1.1£0.28 3.5+ 0.4 784 1.80 1051 3.5"

Expt II
OVX-High Ca 1.4£ 0.2N8 4.0 09N> 14.0% 2.02 24 8+ 6.42
OVX-Nor Ca 14102 29102 17,7 4.7% 98.7+ 4.8
OVX-Low Ca 1.2+0.38 3.9+ 0.1 §.8x2.1b 034 2.4b

1) Meant SD of 7 or 8 rats per group.
2) Values with different superscripts within the column are significantly different ar p<{0.05.
3) N.§. ! Not significant
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Table 5. Caldum and phosphorus contenis of femur and tibia

AE) 92, 2% 2 2
H2o 2IEF THEEF 2 <
FFe @A AFo] BAGol ABEH o) o]

1 We) LEE 37 v
= A E2A =, Wl

L oSE mEoh 24 9= AP

Ash Ca P Ca.P Ca%
(mg/g) (mg/g) (mglg) (Ca/ashx 100)
Femur
Expt. 1
Sham-Nor Ca  $23.90% 454320 9876+ 793  4944F 2442  2.0010.10°  50.70% 2.049N°
Sham-Low Ca  190.95%21.78"® 64,99+ 591°  34.138% 0.11°  1.75+0.11% 31.04t 1.88
OVX-Low Ca 18529+ 25.18>  58.224 1090 3526+ 6.65° 1.65£005° 51.26% 1.7]
Expt. 11
OVX-High Ca 299.04%+ 11.31° 93.961 11.45%  47.08+ 4.74*  1.99£070° 3140+ 3.302
OVX-Nor Ca  515.54%+11.10° 97.95+ 6.882  49.15% 506* 2.00+£0.16* 31.04% 1.]2?
OVX-Low Ca 16237 14.770 48.33+ 5.58° 26834+ 35.64% 165 0.15> 2687+ 3.06P
Tibia
Expt. 1
Sham-Nor Ca  341.94% 13.07* 83.95F 6.09%  41.21F 287 204+ 024° 2462+ 7.33NS
Shamn-Low Ca  217.45+ 2941 57.27+ 618" 3587+ 0.63° 1.60£0.14F  26.99+ 2.8
OVX-Low Ca  198.70% 30.84" 46.10+ 9.46° 3332+ 1141 1522081 2566+ 11.24
Expt. 11
OVX-High Ca $23.46% 16.562 84.11+ 9.55°  40.14F11.20% 223+ 063 2596+ 2.00°
OVX-Nor Ca 34295+ [8.50¢ 92.75+ §.68°  47.88+ 4.33%  1.94X0.16* 27.00%+ 1312
OVX-Low Ca 20338+ 27.24b  44.15% 4.83> 3300+ 17.61> 146+036> 22356+ 1570

1) Mean® 3D of 7 or 8 rats per group.

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

3) N.5. 1 Not significan
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Fig. 1. The corrclation of Ca and ash contents to brea-
king force(Expt. T)
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Fig. 2. The correlaton of Ca and ash contents to brea-

king force(Expt. 1I)
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Table 6. Daily Ca inuke, fecal and urjnary Ca excretion, Ca retenton and apparent Ca absorption

Ca Fecal Ca Urinary Ca Ca Apparent Ca
intake excretion excretion retention absorption
(mg/d) (mg/d) (mg/d) (mg/d) (mg/d)
Expt. T
Sham-Nor Ca 62.09% 4.204" 7.09t 2512 0.19% 0.03% 5483+ 4.20° 55.02+ 4.207
Sham-Low Ca 746+ 1.1009 0.38% 0.040 0.06+ 0.082 7.02£ 1.10° 7.08% 1.10%
OVX-Low Ca 8.15% 0.57" 0.08= 0.02®  0.05£0.01" 8.07£ 0.57% 8.12+ 0.57b
Expt 11

OVX-High Ca 162.091% 15.862 92.05+ 258.147 142+ 0.222 68.621 15.862 70.041 15.867
OVX-Nor Ca 79.99+ 10.98b 19.69+ 6.75P 1.72£ 0.46* 58.58 £ 10.934 60.30+ 10.932
OVX-Low Ca 6.20% 0.80° 0.10f 0.06¢ 0.041£ 0.02> 6.06% 0.80° 6.10+ 0.80°
1) Mean® SD of 7 or 8 rats per group.

2) Values with different superscripts within (he column are significandy different ar p<Z0.05.
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