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Effect of Excess Calcium and Iron Supplement on Bone Loss, Nephrocalcinosis and
Renal Function in Osteoporotic Model Rats*
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Department of Food and Nutrition, DongNam Health College, Suwon 440-714, Korea
Department of Food and Nutrition,** Seoul National University, Seoul 151-742, Korea

ABSTRACT

This study examined the effects of excess intake of calcium (Ca) and iron (Fe) supplement on bone loss, nephrocalcinosis and renal
function in osteoporotic model rats. Seven-week-old female rats were first fed a Ca-deficient dier for four weeks after ovariectomy
operation, and then fed one of nine experimental diets for additional eight weeks, containing three levels of Ca, normal (0.5%) or
high (1.5%) or excess (2.5%) and three levels of Fe, normal (35ppm) or high (210ppm) or excess (350ppm). The osteoporotic model
rats showed a remarkable increase in body weight, serum alkaline phospharase (ALP) and decrease in breaking force, Ca, P, Mg
contents of femur. Serum Ca concentration was not significantly affected by dietary Ca and Fe levels. Liver Ca content increased in
rats fed a high- and excess-Ca diet. Kidney Ca content and microscopic Ca deposition remarkably increased in osteoporotic model
rats compared to control group, and showed a tendency to decrease in rats fed a excess-Ca diet. Breaking force of femur increased
with increasing dietary Ca levels, but Ca, P contents of femur and serum ALP were not significantly affected by dietary Ca and Fe
levels. Serum total protein decreased in rats fed a excess-Ca diet, BUN increased in rats fed a excess-Ca diet, while serum uric acid
and creatinine were not significantly affecred by dietary Ca levels, Urinary creatinine, GFR. increased in rats fed a high- and excess-
Ca diet, and GFR was highest in rats fed a excess-Ca/excess-Fe diet. These results suggest that excess intake of Ca may increase
breaking force of femur, but not increase mineral contents of femur, and decrease kidney function. Furthermore, excess intake of Fe
and Ca concurrently may aggravate kidney function leading ro potential health problems in ovariectomized osteoporotic model rats.

(Korean J Nutrition 33(2) : 147—157, 2000)
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Table 1. Composition of experimental diets(g/kg)

Ca levels NCa HCa XCa

Fe levels NFe HFe XFe NFe HFe XFe NFe HFe XFe
Casein 200 200 200 200 200 200 200 200 200
DL-methionine 3 3 3 3 3 3 3 3 3
Slarch 681.5 676.5 672.5 643.4 633.4 634.4 618.4 613.4 609.4
Fiber 5 5 5 5 5 5 5 5 5
Corn ail 50 50 50 50 50 50 50 50 50
Mineral mix*(Ca & Fe free) 35 35 35 35 35 35 35 35 35
Vitamim mix’ 10 10 10 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2 2 2 2
CaCo, 12.49 12.49 12.49 37.46 3746 37.46 62.44 62.44 62.44
KH,PO, 0 0 0 13.18 13.18 13.18 13.18 13.18 13.18
FeSO, - 7H,O(premix)* 1 6 10 1 6 10 1 6 10

"Mineral mix(Ca & Fe free)(g/ke mix) : Potassium phosphate, monobasic 196 ; Potassium cilrate, lripotassium, monchydrate 70.78 ; Sodium
chloride 74.0 ; Potassium sulfate 46.6 ; Magnesium oxide 24.0 ; Zinc carbonate 1.65 ; Manganous carbonate 0.63 ; Cupric carbonate 0.30 ;

Potassium iodate 0.01
fate, 12 hydrate 0.275 ; Starch 585.735
‘AIN-76

: Sodium selenate, anhydrous 0.01025 ; Ammonium paramolybdate, 4 hydrate 0.00795 ; Chromium potassium sul-

The premixture consisted of 174.2g of FeSO, - 7H.O mixed with 825 .8g of starch



150/ Fvh5-5 2l AF oA 2gat A9 HoyH] 33

3t ¥ttt Eulg 22 g vfe|Z2E0E 4mFE B
A% ¥ Hematoxylin & Eosin(H & E) S48 245}
o Fav|Aslo) A Wzt walz gaelgc).

4. FH=N

AH A= SAS programe ol &8t HyFd EFoA
(mean + SE)Z AAEES. 24 Hd o4 2 g
A9 A g ANOVAF Duncan'’s multiple ra-
nge test2 AFsIE oM, ofe] A2 7k FBBAE Pe-
arson’s correlation coefficient® o} &8te] 7%k

20 9 aF

113}
! J:
ok
ot
fui
=
Mz
o

fr o
Jol
g
nx

% o

oo
ooy
4L il
w
=
e
[s)

()
Lo

42 AAEH gl 3e Aol ® B ;
Ezawa™7t 7ie d2d4e 24 2g40le F
e
2

1% FHEF QYR TAG, 44719 13
4 2

=2 2 oo e A
e
td
o

o, I ol

(=]

e
4
flot
)
o)
¢
S
off
1
~
=
m,
=2,
-,
=9
B
e
o
i
iy

o|& 477t A2 FES B 4o,
71 A5 Table 29 A x5t}

AES7HE 2 Aol dHHe 23F 2do] dz2rrdt
a4z} 85% 2 16% =A(p <0.01:p:0.05) et} o
# Ad3r) vehd ol fE UAS AAE d#7) AL

Table 2. Characterics of normal and osteoporotic model rats

Norma!' Osteoporotic’

Weight gain(g/d) 2,00+0.19 3.70+£0.27%
Food intake(g/d) 154 +0.7 17.9 +0.6*
Serum Ca(mg/dl) 9.621+0.39 9.76£0.74
Serum P(mg/d) 4.88+0.22 5.73+0.24*
Serum ALP(K-A)* 30.7 £3.0 58.5 +6.8%F
Urinary OHPr(mg/d) 0.12x0.02 0.17+0.02
Femur

Wi(g/100g BW) 0.62+0.01 0.48£0.04*

Length(cm) 3.2910.02 3.35+0.02

Breaking force(kg/g) 6.86+0.30 5.61+£0.49*

Calmg/g dry wy) 220+13 200+ 3#

Pmg/g dry wi) 1103 £16 95.8 +1.6%*

Mgimg/g dry wt) 4.261+0.09 3571071

Values are mean = SE of 6 rats per group

Differences evaluated by the Dunan's test between sham and OVX
are significant as follows: *p < 0.05, **p < 0.07, **p < 0.001
'Normal(Sham-NCa): Sham operation & normal Ca diet for 4 weeks
*Osteoporotic(OVX-LCa): Ovariectomized & low Ca diet for 4 weels
*ALP(K-A): alkaline phosphatase(king-amstrong unit)
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Table 3. Body weight, weight gain, food intake and FER in osteo-
porotic rats fed experimental diets for 8 weeks

Final BW Wt gain

Food Intake

® &) @) FER!
Control' 320+15° 0.61+0.20° 154+0.8™  38+0.012°
NCa
NFe 391411  0.94+0.05% 14.4+04° 64+ 1™
HFe  377+16° 0.84+0.07° 15.1+04% 55+ 7®
XFe  .397+16° 1214013 15.8+£06™  75+10°
HCa
NFe  381+11" 0.83+0.11% 154+06™ 524 7%
HFe 392+ & 1.01£011° 17.2+£09° 57+ 6%
XFe  378+10° 0.96+0.09" 15.6+05™ 60+ 9*
XCa
NFe  382+12° 0.83+0.07" 16.1+03"™ 52+ 4*
HFe  395+10™ 098+0.11" 16.7+0.5% 60+11%
XFe 378+18° O.73iO.1Ohc 16.8i0.7ah 47+ 7°
ANOVA NS Ca*Fe Ca* NS

Values are mean + $E of 6 rats per group

Values within the same column with different superscripts are sig-

nificantly different at p < 0.05

ANOVA ; Ca: Effect of dietary Ca level, Fe: Effect of dietary Fe level,
Ca*Fe: interaction between Ca and Fe(*, **, ***: significant at p <
0.05, 0.01, 0.001 respectively}) NS: not significantly different among
groups )

TFER(Food efficiency ratio): weight gain(g) / food intake(kg)

*Control: Sham operation and normal Ca/Fe diet for 12 weeks
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Fig. 1. Calcium concentration in serum(A), liver(B) and kidney(C) in
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Fig. 2. Calcmm deposition in kidney of osteo porotic rats fed experimental diets for 8 weeks H & E, X100 (A: control, B: mild, C: moderate,
D: severe).
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Table 4. Weight, length, breaking force, Ca, P, Mg contents of femur and serum ALP in osteoporotic rals fed experimental diets for 8 weeks

Wel wi/BW Length Breaking force Ca P Mg Serum ALP
(g/100g BW) (em) (ke/g) (mg/dry wt) (mg/dry wt) (mg/dry wt) (K-A)
Control! 0.64+0.04° 3.514£0.04" 8.11+0.38"  243.1+2.0° 1120+1.0° 4,06+0.12° 216415
NCa
NFe 0.50£0.02° 3.61+0.03 7.55+0.28 2232+2.1° 98.2+1.1° 3.31+0.05% 354+3.7°
HFe 0.50£0.02° 3544002 7.55+0.11 2273+5.0° 104.122.1° 3.59+0.08" 263+1.2%
XFe 0.46+0.02° 3.5440.03 7.77+40.33 219.2+5.0° 98.3+2.4° 3.31+£0.10™ 32.4+2.2°
HCa
NFe 0.52+0.01" 3.61+0.04 8.26%0.36 2263+4.1° 103.2+1.0°  3.40+0.06" 28.4+24"
HFe 0.47+0.01° 3.60+0.04 7.67+0.10 221.4+3.0° 101.3+1.4"  3.33+0.08"* 32.843.4°
XFe 0.51+0.01° 3.61+£0.03 7.9040.45 2252+3.2° 102.0+1.4"  3.13+0.08** 33.6+3.3°
XCa
NFe 0.52+0.01° 3.60£0.06 8.36+0.25 2253+2.0° 104.2+1.4" 3.21+0.09°% 32.6+2.6°
HFe 0.50+0.01° 3.59=+0.02 8.11£0.30 218.4+2.3" 991157  2.98+0.09° 33.8+3.5°
XFe 0.53+£0.02" 3.64+0.02 8.30£0.20 2242+1.2° 1022145 302+018% 31.0x3.7
ANOVA NS NS Ca* NS Ca*Fe* Ca** NS

See Table 3
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Table 5. Serum protein, albumin, uric acid, urea N, creatinine and urinary protein, urea N, creatinine, GFR in osteoporolic rals fed experimental diets for 8 weeks

GFR
{mlfmin)
1.2840.06™

Urine
Urea Nimg/d}

Serum
Uric acidimg/dl}

Creatinine{mg/d)
19.87+1.83"

Total proteinfmg/d}

Creatinine{mg/dl)

Urea N{mg/di}

Albumin(g/dl
438--0.28°

Proteinig/dh
7.68+0.37°

279+ 9

381 +4.0™

1.07+0.06™

13.2+1.2°

1.68+0.09"

Controf !
NCa

0.9940.03°

13.88+0.66°
13.62+0.66°
11.59+1.23°

264417
273413

456+2.2

(.96 +0.02
0.87+0.02
0.50=003

17.2+41.3°

2400157

3.72+0.07"

6.90+0.17™"

NFe

1314004
0.88£0.11°

264+29

+=2.9

452

15.0+0.9"

3.83+0.28" 2.1340.18%

6.97+0.31%

HFe
XFe
HCa

43.0+4.6

3.85+0.21" 2.28+0.12" 15.2+0.3"

7.17+0.30%

2.0440.37"

23.76 < 5.30™

+23

294

1.1x35

097 £0.03
0.901+0.03
0951006

17.3+1.0°

2.66+0.15°

0.25"
+0.09"

€
L

3.80
3.62

7.084+0.35%

NFe

1.4440.31"

+3.,59™

17.97

265115
266123

1.9

55.6+
1.3£353

16.541.3
18.34+0.6

2.184+0.14™

6.754+0.11%

HFe

1.46+0.14"

1070+ 213"

3.38+0.10" 2.32+0.15"

6.554-0.25"

XFe
XCa

1.57+0.14"

21.83+1.92%
27.17 +6.30°°
32,61+ 4.06°

223235
256236

0921006
0.98+0.09
0.93+0.05

183+1.7°
18.010.9*
18.7+1.4°

3.58+0.20" 2.38-+0.18"

6.62-+0.21"%

NFe
HFe

1.93+£0.43"
24540.27°

243+32

48.2+8.7
484435

3.52+0.05" 2.45+0.27"

6.60+0.08™

NS

NS

3.28+0.20" 2.14+0.07™

6.27+0.28°

XFe
ANOVA

Ca***

Ca***

NS

Ca*

NS

NS

Ca*

See Table 3
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