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The Effects of Age and Dietary Protein Level on Ca Metabolism in Rats
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ABSTRACT

To study the effects of the age and the dietary protein content on Ca metabolism, male
rats of 1 month, 6 month, 12 month of age were fed experimental diets containing 5%, 15%,
or 50% casein for 4 weeks. Food and Ca intake were higher in old rats and in high protein
groups. The weight, ash, and Ca contents of femur and tibia were higher in old rats. The
higher dietary protein level resulted in higher skeletal weight, ash and Ca contents. But high
protein diet(50% casein) lead to reduced bone mineral density(ash/dry bone weight) and
Ca density(Ca/dry bone weight) in 1 month old rats. Low protein diet(5% casein), on the
other hand, reduced the bone growth , even though the bone density was higher in this group.
The ill effect of low protein diet was not evident in 12 month old rats. Glomerular filteration
rate(GFR) and urinary Ca excretion increased with age and with dietary protein level, especially
in 12 months old rats. Serum immunoreactive parathyroid hormone(GPTH) level tended to
be higher in aged rats but was not affected by dietary protein level, except 1 month old rats
where 50% protein group showed significantly higher value.

This study showed that the dietary protein level seemed to have different effect on Ca metabo-
lism in rats of different age. The low bone density in the high protein group of growing rats
may be due to the higher iPTH level and increased urinary Ca. The dietary protein level,
however, had no effects on the bone composition in aged rats, even though the higher urinary
Ca excretion. In conclusion, this study suggests that the high protein intake from young may
lead to less peak bone mass and to increase the bone loss in later years, which would increase
the risk for osteoporosis.

KEY WORDS . dietary protein level - age - iPTH + GFR - urinary Ca - bone mineral * bone
calcium.
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Table 1. Composition of experimental diets. (g/kg

diet)

5% casein 15 % casein 50 % casein

diet diet diet
Comn starch 798.92 699.78 352.80
Casein 50.00 150.00 500.00
Com oil 100.00 100.00 100.00
Salt mixture!) 14.72 14.72 14.72
Vitarnin mixmire?) 10.00 10.00 10.00
CaCOg 8.79 9.31 11.09
Ca(H,PO,); + HsO 15.57 14,19 9.39
Choline chloride 2.00 2.00 2.00

1) Salt mixture(mg/kg diet) : MgCO;z 6900, ZnCOs
96, Fe50, - TH;0 124, CuS0Q, - 5H,0 20, MnSO
4 » HyO 150, KI 1.3, NaCl 2300, Nap;CO; 1600,
K;CO3 8530, NagSeO; 0.22

2) Vitamin mixture(mg/kg diet) : Thiamin - HCI
600, Riboflavin 600, Pyridoxine - HCI 700, Nicod-
nic acid 3000, D-Caldum pantothenate 1600, Folic
acid 200, Vitamin B, 1, Cholecalaiferol 2.5, Mena-
dione 5.0, Retinyl palmitate 400000IU Vit A acti-
vity, DL-tocopheryl acetate 50001U Vit E actvity

2. Alguh
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Table 2. Food intake, weight gain, Ca intake, and average Ca absorption of 1, 6, 12 month rats fed LP,

CP, HP diet for 4 weeks!

Exp. Group?’

Food intake Weight gain Ca intake Avg. Ca absorption
age-casein (g) (g) (mg/day) {mg/day) (%)
(mo) level

1-LP 328.85+ 36.06* —3.16+ 4.422 67.65+ 5.142 41.51 61.3
1-CP 382.77+ 11.58% 102.00+ 7.57% 99.87% 6.24° 63.64 63.7
1-HP 435.70% 11.013¢ 154.28+ 8.54¢ 109.41+ 6.54b 64.41 58.9
6-LP 45%.82+ 23 19bc —7.60% 17.072 114.84% 6.14P 77.65 67.6
6-CP 552,48+ 9.89¢ 80.66+12.18P 118.63+ 3.17b §1.60 68.8
6-HP 502.50+ 4.65¢ 86.33% 13.70b 120.35+ 2.26b 77.82 64.2
12-LP 538.06x 17.27¢ —16.86% 8.94% 120.44+ 2 46b 78.68 65.3
12-CP 528.13% 26.30¢ 19.14% 10.582 118.14+ 4.79P 75.2% 66.5
12-HP 48%.09+ 19.99bc 99.28+10.312 117.68% 4.17b 72.04 61.2
Age effect® p<0.05 p<0.05 p<0.05 -9 -
Dietary effect p<0.05 p<<0.05 p<0.05 - -
1) Meant S.E.

Value with different alphabet within the column were significantly different at a=0.05 by Scheffe’ test.
2) LP-5% casein diet, CP-15% casein diet, HP-50% casein diet
8) Staustcal significance is calculated from group means based on 2-way ANOVA.

4) Statsdcal significance was not tested.

Table 3. Blood Ca contents and PTH levels!

Exp. Group Blood Ca PTH
(mg/100ml) (pg/ml)
1-LP 6.22+ 0.2N8 55.58+ 15.08N5
1-CP 7.25£0.2 50.34+ 9.86
1-HP 6.77+£0.2 83.64+14.19
6-LP 688 0.4 99.62+ 7.69
6-CP 6.531 0.5 124,57+ 23.40
6-HP 7.56%+ 0.3 78.22+ 13.06
12-LP 6.79+ 0.4 134.40+ 20.22
12-CP 720502 97.69+ 14.28
12-HP 6.54+ 0.4 100.69+ 18.16
Age effect? NS p<0.05
Dietary effect NS NS
1) Meant S.E.

NS ; Not significant at a=0.05 by Scheffe’ test
2) Stadstcal significance is calculated from group
means based on 2-way ANOVA,

gt AAg. Ho] @ld ko] iPTH o
oA 43 FEFE Aoy Vig"E o B
aehdlE o) iPTH7F el Hl8te] 66% v+ 57t
et 2t olejg A2 e7fdd 12714 d
HNXE VEbdA] gtk
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B A 72 pol7) Fvhgel| wheh FokEke AFE
B r}(Table 4). BE vtolFol A 5% AT
Ca Hjd o] 50% LAYFHRTE Golr] A9
A7ATg dAFAQFDIN. A IEHFES
=T HEZHEE ol del vkgo] EEtA
nehlF gol 17199 FHAMs d=zTd 2o
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Table 4. Kidney weight,

GFR, and urinary CaV

Ho e TawFe) gtk £ A7e ge 4
2 i4E AT 67T AT PN
TREEe] AbEA R = Ca MAF] AR
HERT go} & AT e A% LeiRgct
AFAtge A%e) J5g dehie AE=
B2 3] M gagcia BuHT gont

Exp. Kidney wt. GFR Urinary Ca

Group (8 (ml/min)  (mg/day) %) Sprague-Dawley 712 H-$ 1271 947AA = A}
1-LP  0.87+0.06% 0.13£0.08% 0.12%0.012 TFAAH?Go] A FU8lE AoZ HolH o[
1-CP 1.55%0.07* 0.43£0.08% 0.23+0.04 Aae] ATAFY 2o Aot} wH ATH
1-HP 243+ 0.115 0.38+0.04 0.22 0.042 g gt o]d oHA Z/1F0T By

6-LP  1.89+0.06% 0.20+0.04% 0.25% 0,022 TP,
6-CP  2.55+0.14° 0.65+0.17% 0.65+ 0.09b Bt ol]E) 1] Aol FHAA Ca 55
6-HP  2.7130.05° 0.64+0.14% 0.43+0.0720 ZZA 7N = Cavdee Z7A 7tk B as
12-LP 2,05+ 0.12° 0.77£0.16% 0.48+ 0.092 AR, & AFN h@o2e Ca MEFTH A
12-CP  3.15+0.14¢ 15420845 03740030  TANTEo] vpold 2} S7lshe AFE HA,
12-HP  8.64:0.30¢ 0.85+0.09% 0.91+ 0.04¢ IFAFA Fton g, rtoli} Ho] whild &
Age effect? p<0.05 p<0.05 p<0.05 Fo ME &= Ca HidZFe] F7he FEHOE A}
Dietary effect  p<0.05  p<005  p<0.05 FAAHE F7lel 708 B £ Qo =%
1) Meanz S.E. iPTH 7} v}o)of u}at F7)elglomZ, PTHY| &3

Value with different alphabet within the column
were significantdy different at 0=0.05 by Schefle’
test.

27 ¢3¢ 2347 8 + QA0 2 oS
HEEe dolgud £E9 37l B 4y

2) Statistical significance is calculated from group Q2 WRG-EE=F o] ol W ETH TP E A}
means based on 2-way ANOVA. ole] zjol= wimE Yok
Table 6. Compositon of femur?
Exp. Wet wt. Dry wt. Ash wt. Ca content Ash/dry wt  Ca/dry wt
Group (mg) (mg) (mg) (mg) (%) (%)
1-Lp 263.3+26.16* 218.3£19.39% 166.6+ 14.29° 92.11+12.192  76.88+ 3.53N5 $8.68+ 2.45¢
1-CP 357.1+£21.882 3515.7+22.02%> 237.1+18.47% 106.20% 1.39* 75.65+4.67 3568+ 2.87b¢
1-HP 490,01 20.23% 427.1419.23> 255.7+18.942 12101+ 2.52% 60.72£4.71 28.54+ 1.06P
6-LP 678.0% 82,15> 606.0% 35.15P° 588.0+ 22,22 12748+ 1.19% 64.32+324 21.94+ 1.06%
6-CP 720.0+ 27.80%¢ 645.0% 25.26° 450.0+42.03¢ 13515+ 2.43% 66.55£ 566 21.03+ 0.68%
6-HP 763.3+ 20.11%¢  700.0% 27.68¢ 410.0% 16,12 146.20+ 8.18 58.96+3.16 21.85+ 0.76%
12-LP  1010.0£40.88¢ 8942434909 5714+ 28.73%9 147.15% 3.70% 63.81£1.58 16.00%0.642
12-CP 941.4+ 44,269 862.8+58.40¢ 6142431589 151.65+ 2.95° 71.22+240 17.70+£0.712
12-HP 921.4% 49.155d 820,04 47.259 542.8% 24,56 15147+ 4.40c 67.1814.33 18.68+0.78°
Age effea? p<0.05 p<C0.05 p<0.05 p<0.05 NS p<C0.05
Dietary effect p<C0.05 p<C0.05 NS p<0.05 p<C0.05 p<0.05
1) Meanz S.E.

Value with different alphaber within the column were significandy different at a=0.05 by Scheffe’ test.

NS 3 Not significant at a=0.05 by Scheffe’ test
2) Statistical significance is calculated from group means based on 2-way ANOVA.
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Table 6. Composition of tbia!)

Exp. Wet wt. Dry wt. Ash wt. Ca content  Ash/dry wt  Ca/dry wt
Group (mg) (mg) (mg) (mg) (%) (%)
I-LP 241.6+ 24.14%  210.0£20.38% 1533+ 11450 77.26+ 5242 7440+ 475N 88.21+ 4.16¢

1-Cp 3542+ 19.132
I-HP  430.0% 1545 3580.0% 18.25b

6-LP 5560+ 21.58  510.04 25.29b

298.51 16.532> 224.9+ 11.51* 100.92+ 2.862> 7558+ 3.82
278.5+ 19.443 10510+ 1.59% 75.04+2.73

820.0% 28.45% 121.50+ 1.99% 62.504 1.97

34.54+ 1.88¢
28.07% 1.60%

24.72+ 1.42%

6-CP  600.0+24.08° 51834 15.58% 368.3% 15.36> 12540+ 1.61%9 7158+ 5.69 2425+ 0.65%
6-HP  603.3% 16.05¢ 540.0+ 13.41% $88.3+ 19.90¢ 124.50+ 1,98 7256+ 558 2175+ 1.84°
12-LP  810.04+24.974 7385222409 4742415254 18570£1609 64.54+1.99 18.41% 049
12-CP  777.1+385.09% 702.8%33.07¢ 497.1+27.239 155.87+235¢ 7064+ 1.83 1921+ 0.62*
12-HP  810.0+36.259 734,2+929.90¢ 5200+ 5.849 116.71£2.13% 71.21£245 16.02£0.732
Age effea” p<0.05 p<0.05 p<C0.05 p<C0.05 NS p<0.05
Dietary effect p<0.05 p<C0.05 p<0.05 p<0.05 N§ p<C0.05
1) Meant S.E.

Value with different alphabet within the colurnn were significandy different at @=0.05 by Scheffe’ test

NS ; Not significant at @=0.05 by Scheffe” test.

2) Statstcal significance is calculated from group means based on 2-way ANOVA.

EZ3 A9 A5
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Fig. 1. Percentage of femur values of LP and HP groups relative to contol rats at each age.
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