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ABSTRACT

This study examined the effect of excess calcium (Ca) on the iron (Fe) bioavailability and bone growth of marginally
Fe deficient animals. Two groups of weanling female SD rats were fed either normal Fe (35 ppm) or Fe deficient diet
(8 ppm) for 3 weeks. Then each group of animals were assigned randomly to one of three groups and were fed one of
six experimental diets additionally for 4 weeks, containing normal (35 ppm) or low (15 ppm) Fe and one of three
levels of Ca as normal (0.5%), high (1.0%), or excess (1.5%). Feces and urine were collected during the last 3 days of
treatment. After sacrifice blood, organs, and femur bone were collected for analysis. Final body weight and average food
intake were not affected by either the levels of dietary Ca or Fe. Low Fe diet significantly reduced the level of serum
ferritin, however, for Hb, Hct, and TIBC no difference was shown than those in the normal Fe group. TIBC increased
slightly by high and excess Ca intake in low Fe groups. For both normal and low Fe groups, high and excess Ca intakes
reduced the apparent absorption of Fe and Fe contents of liver significantly (p <0.05). Calcium contents in kidney and
Femur of rats that were fed high and excess levels of Ca were significantly greater than those of normal Ca groups.
However, weight, length, and breaking force of the bone were not affected by increased Ca intakes. Both in control and
low Fe groups, high and excess intakes of Ca decreased the apparent absorption of Ca. These results indicate that the
excess intakes of calcium than the normal needs would be undesirable for Fe bioavailability and that the adverse effects
be more serious in marginally iron deficient growing animals. In addition bone growth and strength would not be
favorably affected by high Ca intakes, though, the long term effect of increased Ca contents in bone requires further
examination. (Korean J Nutrition 37(8): 645 ~654, 2004)
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Table 1. Composition of experimental diets

Normal Iron Low Iron
(35 ppm Fe) (15 ppm Fe)
NCa” HCa ECa NCa HCa £Ca
ComnStarch 517.3" 4954 479.1 517.4 4955 479.2
Casein 200 200 200 200 200 200
Sucrose 100 100 100 100 100 100
Corn Oit 35 35 35 35 35 35
Lard 35 35 35 35 35 35
a-Cellulose 50 50 50 50 50 50
L-cystine 3 3 3 3 3 3
. i3

’EAC"; '\;"'ex oo 3B 3B B3B3
Vit, Mix” 10 10 10 10 10 10
Choline
chloride 2 2 2 2 2 2
KH2PO4 0 940 1318 O 940 13.18
CaCOs 1249 2498 37.47 1249 2498 37.47

FeSO., - 7THO 0175 0175 0175 0.075 0075 0075

"Values are g/kg diet and diets are prepared on the basis of
AIN-93G composition.

?Cafevel: NCa (Normal Ca: 0.5%), HCa (High Ca: 1.0%). ECa
(Excess Ca: 1.5%)

¥ AIN-93 Mineral. Mixture (Ca, Fe free)

“ AIN-93 Vitamin Mixture
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BE 28+& SPSS (Ver.7.5) & o|&3te] ARSI
AEAT= 77 RFLA (mean = SE) 2 AAISIC
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g A3jolt} (Table 2). @ ZAFeelM g &5 A
HEEAM AF Uehhs 207 HuHAn™

2. 8 LB £EOI BE ¥ Moz S

Table 39 45:3te] Ag@He) Fo F9) 7 79 AFF
71, MolidF%, E Aolaas AT 353 WE &
EF AT Aol FF oz Wkt (p <0.05).
AgHolel met HFat HoldFHBL AP Tl zel7t 9l
e, AT ST FFE AT nla AdAo) LA
93 (p<0.05) 2% ¥A Ueht, 208 A Aola
£l ol A@AolLedM FroF oz F3 (p <0.01).
ole A ZHE I 370 A¥Ho] Fo oF 45 Bt

Table 2. Comparison of weight gain, daily food intake, and he-
matology of rats fed normal or low iron diet

Normal Iron Low Iron

35 ppm Fe 8 ppm Fe
initial body weight (g)  59.3 +3.7" 586 + 3.7
Weight gain (g/d) 52 +03 48 *+ 05
Final body weight (@) 1701 £7.0 1622 +11.8*
Food intake (g/d) 155 =07 145 + 09
FER® 0.33 + 0.01 033 = 0.02%
Hemoglobin (g/dD 123 = 1.1 102 = 1.4*
Hematocrit (%) 369 +33 312 = 41

PValues are mean =+ SE (n=21 or 24)

“Difference by Students t-Test is significant as follows, *p <0.05,
=xxp <0.001, NS: Not significant.

®FER (Food efficiency ratio): weight gain (g)/food intake (g)
for 3 weeks

Table 3. Weight gain, food intake, and food efficiency ration of rats fed experimental diets for 4 weeks

Initial BW (@) Final BW (@) Weight gain (g/d) Food intake (g/d) FER"
NFeNCa” 1701 = 75" 233.6 £ 120 2.2 +03% 16510 0.13 £ 0.01%®
NFeHCa 1700 7.5° 219* 82 1.8 +0.1° 154 0.9 0.11 £0.01°
NFeECa 1702 + 6.1° 2288 £ 145 2.1 £ 04® 165+£13 0.12 £ 001°
LFeNCa 1619+ 9.3° 23563 £ 165 25t 04° 16408 0.15 £ 0.02°
LFeHCa 1623 =11.3° 2265+ 23.4 22+ 05 162+13 0.13 £ 0.02®°
LFeECa 162.3 = 14.8° 228.6 + 29.0 24+ 06° 164 £ 1.7 0.14 £ 0.02°
Signif® Fe* NS Fe* NS Fer

"Values are mean * SE (n=7 - 8)

?Experimetnal diet; NFe (35 ppm Fe), LFe (15 ppm Fe), NCa (0.5% Ca), HCa (1.0% Ca), ECa (1.5% Ca)
YSignificance by 2-way ANOVA; Fe: effect of Fe level, *p < 0.05, *+p < 0.01, NS: Not significant
“FER (Food efficiency ratio) : weight gain (g) /food intake (g) for 4-week

3) FHAME
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1). T3l ZEgo] 0] AAF o]}\]._i Z741A S )
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FEE R w2 Agdnz 4 BA dgael A
BEQle) Zut BEHW 1] A AYH o] A o
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Hifr:

NFeNCa NFeHCa NreECa LFeNCa LFeHCa LFeECa

Liver Fe (mg/g dry Wh
ocoo
o ~
T T T T T T T 1

Fig. 1. ron concentration in the liver of rats fed different level of
calcium and iron: both Ca and Fe levels are significant factors
for liver iron content by two-way ANOVA, Ca™, Fe***,

il

NFeNCa NFeHCa NFeECa LFeNCa LFeHCa

0.45
04
0.35
0.3
0.25
0.2
0.15
o1
0.05
0

T 1T T 1 T T 71

Kidney Ca (mg/g dry Wt)

LFeECa

Fig. 2. Calcium concentration in the kidney of rats fed different
level of calcium and iron: Ca level is a significant factor for
kidney calcium content by two-way ANOVA, Ca***,

Table 4. The effect of dietary iron and calcium levels on the hemoglobin and iron status of ratfs

Hemoglobin (g/d) Hematocrit (%) TIBCY (pg/dl) Serum ferritin (ng/ml)  Transferrin Saturation (%)

NFeNCa 149 £117 47.1 37 331.0 £ 67.4% 7.61 £235° 703+ 69
NFeHCa 152 £ 03 467 £ 1.6 376.0 £ 26.1° 5.46 + 1.20% 797 = 92
NFeECa 162+03 465 £ 1.3 2955 *+ 69.9° 4.79 + 0.96 63.0 =180
LFeNCa 1564 £04 48.1 + 1.5 3180+ 70.3" 4.55 £ 0.69° 794177
LFeHCa 152 =07 477 £20 3448 + 858" 488 +0.78° 733 + 157
LFeECa 15.1 £0.4 474 1.9 4286 £ 32.5° 515 £ 0.99° 67.6 =168
Signif’ NS NS Ca X Fe* Fe*, Ca X Fe* NS

"Values are mean £ SE (n=7 —8)

?Significance by 2-way ANOVA: Fe, CaxFe: effect of Fe level, interaction of Ca level and Fe level respectively, *p < 0.05, NS: Not

significant
“TIBC: Total iron binding capacity
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Table 5. Femur bone growth, strength and calcium content of the rats fed different levels of calcium and iron

Wet weight (g) Weight (g/100gBW) Length (mm) Breaking force (kg) Ca (mg) Ash (mg)
NFeNCa 0.87 = 0.04" 0.37 = 0.02 33304 8.90 = 0.37 798 = 41 310 x17°
NFeHCa 0.84 = 0.03 0.37 £ 0.02 324+03 8.23 * 0.53 911+ 87 290 £ 10°
NFeECa 0.84 = 0.05 0.36 + 0.01 33.0*06 8.37 £ 1.08 929 £ 11.2%® 294 + 15%®
{FeNCa 0.87 £ 0.06 0.36 £ 0.02 33.5+03 826 +0.78 912+ 7.0% 298 * 24
LFeHCa 0.85 + 0.05 037 £ 0.01 33.0+08 8.16 £ 0.65 955+ 11.1° 297 + 20
LFetCa 0.86 * 0.08 0.37 £0.02 33.3 £09 8.64 * 0.80 99.9 £ 11.4° 322 £ 27°
Signif” NS NS NS NS Ca**, Fe** Ca x Fe*

"Valuesaremean £ SE (n=7 — 8)

PSignificance by 2-way ANOVA: Ca, Fe, CaxFe: effect of Ca, Fe level, inferaction of Ca level and Fe level, respectively, *p <0.05,

*+p <0.01, NS: Not significant

*Values with different superscripts within the same column are significantly different at p < 0.05 by Duncan’s multiple range test

Table 6. Apparent absorption of calcium in rats fed different levels of calcium and iron

Intake Fecal excretion Urinary excretion Apparent absorption”  Apparent absorption”
(mg/d) (mg/d) (mg/d) (mg/d) (%)
NFeNCa 50.0 £ 23.4"%® 269 £ 11.4° 0.67 = 0.4° 321 %£135° 531+ 8.0°
NFeHCa 81.4 £ 162 55.7 £ 200 040 +0.1° 247 + 83° 324 +17.%°
NFeECa 159.4 = 10.6° 1122 £ 22.7° 1.756 £ 0.5% 472 +228° 295 +13.7°
LFeNCa 756 £13.1¢ 395+ 7.8° 1.62 = 0.6° 361 99° 473+ 7.8°
LFeHCa 123.4 = 1N.1° 875* o4 1.91 £ 0.8° 359+ 65° 200* 43°
LFeECa 169.4 + 26.1° 1229 +20.2° 1.60 £ 0.7° 46.4 +13.4° 272 £ 58°
COZ) Aok *rw NS % xex
Fe o e e NS NS
Ca % Fe NS NS . NS NS

"Values are mean = SE (n=5-6)

?P-values for factors (Ca, Fe) or interaction (Ca X Fe) are based on 2-way analysis of variance, significant as follows; **p < 0.01,

+*xp < 0.001, NS: Not significant.

*Values with different superscripts within the same column are significantly different at p <0.05 by Duncan’s multiple range test
“ Apparent absorption (mg/d): Intake (mg/d) — Fecal excretion (mg/d)
® Apparent absorption (%) : Apparent absorption (mg/d) /Intake (mg/d) x 100
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Zge] A% widZ @ BR7] F5°8 (apparent absor-
ption rate)< Table 6°f AT 25 HR7] F
2 I} ZEAHE AT AEE Aol BTk {24
o2 F7RKA (p<001), & 74 582 27.2~53.1%
Hasdd ol AZwEF (0.2~04%) XY 2R
7] FFEETRE W gholn, Aolds i) AN 7ol
Ao g Z713819-8 o F9A (p<0.001) &2 A Jept
o}, o]gjst A= o AYATNNE Rojx AlES o
2o 2 g Matkovic 52" A&olA A 22 AH7} o
H F 2 S AANA FTEe R s
ok FES g E 3 Iy A¥AFE21Y o] F ZE
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LT7E7} & v} &Aoo ANt W FY Ut
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(p<0.01). vzl d widgo] d FF5E SVl
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A ARJ) F5EE Ho] M FFY ¥ AT
ofl vls] AP aolFeA FelHor Wta (p<0.001), &
3] A Ao|FolA Zgo] e 2u), 38 FojB L=
M 59 A S 2o o)g Mol o #¥E A}
e oz 3 ByoME Jeh} W3 GTL 67 mg/
Aol A A F o R 8.9 mg/doe) W=t B
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Table 7. The effect of different levels of calcium and iron intake on apparent absorption of iron in rats fed different levels of calcium

and iron
Intake Fecal excretion Urinary excretion Apparent absorption”  Apparent absorption”
(mg/d) (mg/d) (pg/d) (mg/d)
NFeNCa 0.36 £ 0.12"° 0.28 + 0.09* 480 £ 27.4° - 007 £ 0.04° 233+ 40°
NFeHCa 0.24 £ 0.05° 0.22 £ 0.09% 65.5 + 21.8%* 0.02 + 0.05° 1.1 £27.8°
NFeECa 0.35 £ 0.10° 0.37 = 0.1¢0° 835+t 357 -0.02 + 0.05> —10.1 £ 23.6™
LFeNCa 0.19 = 0.03° 0.18 = 0.04° 26,7 £ 11.9° 0.01 + 0.04° 4.6 +20.7°
LFeHCa 0.20 £ 0.05° 0.24 £ 0.08° 305 £ 12.3% —0.04 * 0,05 —-21.6 £ 256>
LFeECa 0.19 + 0.03° 0.26 £ 0.06° 29.8 £ 10.2% -0.06 £ 0.04° -32.4 £ 20.5°
Ca? NS — o P p—y
fo * - U .
Ca x Fe NS NS v NS NS

"Values are mean £ SE (n=5-6)

?p-values for factors (Ca, Fe) or interaction (Ca x Fe) are based on 2-way analysis of variance, significant as follows; p <0.05,

++p < 0.01, *+xp <0.001,NS: Not significant.

¥Values with different superscripts within the same column are significantly different at p < 0.05 by Duncan’s muttiple range test
“Apparent absorption (mg/d): Intake (mg/d) — Fecal excretion (mg/d)
® Apparent absorption (%) : Apparent absorption (mg/d) /intake (mg/d) x 100
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