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ABSTRACT

This study examined the effect of excess loading of calcium(Ca) and iron(Fe) on the bioavailability of minerals in both normal and
Ca- and Fe-deficient rats. Three-week-old male rats were divided into four groups and fed experimental diets for six weeks,
containing either normal(0.5%) or high(1.5%) Ca and normal(35ppm) or high(350ppm) Fe. Likewise, three-weck-old male rats were
first fed a Ca- and Fe-deficient diet for three weeks, and then fed one of four experimental diets for additional three weeks. In both
normal and Ca- and Fe-deficient rats, Ca contents of serum, liver, kidney and femur were not significantly affected by dietary Ca
and Fe levels. Apparent Ca absorption(%) decreased in rats fed a high Ca diet regardless of dietary Fe levels. Magnesinm(Mg)
contents of serum; liver and femur significantly decreased in rats fed a high Ca diet. Fe contents of serum and liver significantly
increased in rats fed a high-Fe diet, but decreased in rats fed a high-Ca diet. Apparent Fe absorption increased in rats fed a high-Fe
diet, and decreased in rats fed a high-Ca diet in Ca- and Fe-deficient rats, but dietary Ca did not seem to affect Fe absorption in
normal rats. Phosphorus(P) contents of serum and femur were not significantly affected by dietary Ca and Fe levels in both normal
and Ca- and Fe-deficient rats. Serum copper(Cu) decreased in rats fed a high-Fe diet, while serum zinc(Zn) decreased in rats fed a
high-Ca diet in normal rats. Cu contents of liver, and Zn contents of serum and liver decreased in rats fed a high-Fe diet in Ca- and
Fe-deficient rats. These results suggest that a dietary overload of Ca and Fe in both normal and Ca- and Fe-deficient rats may
decrease mineral bioavailability leading to potential health problems. (Korean J Nutrition 32(3) : 248~258, 1999)

KEY WORDS : calcium overload - iron overload - mineral bioavailability.

AZol} BEEEAY o]4-S Be DHAHBL 271
N 2 73 ek, AAE UM E A% BE BASTIE

ZauEAe] 457 27 em %b RO = et} 9
fge 2hEE, 18¢, 2BH2HEYE G2 0 22ht 2] AEHE OE T2, S8 279 o
Aot Bo MANHL 7A2AFE 2902 GHFA ALY £HS TaAAYIE 248 28 2 8 vladiaold
NIH(1994)?% 53] 2r}3Z5a gdsle] Ay A% &8 ofdvy F48 walgons oE Fr29 237 9o
HAZQ A7k AZF A4S GJold BA BT glE AFEAAE BAL 2 F Gk 018 Av%k= Gl
2z olow Ho| LHAH £52 FANIEE AAE  tract lumendl X8 F717 AsAroll, FruA oA

A} o= 19 1000~1500mg <o), g5 *}EJ’-‘:— —ﬂ]’é Atole] AR 7|15t Aoz AzbE ) ®

53] #HAHoR 6 R AAEE AR e e 2 294 W82 FAAALE 437 oFF B 4
ANERE B ¢ ZES AP oY iifr?&ﬁr o] FLF JEEA I, o9 F2 dde ¥E FAH
A9 1 19999 39 129 ok W2 ol 840 Sl mE HAHY e ARE 5

*The authors with to acknowledge the financial support 4 = Ag 7480 w R s
of the Korean Research Foundation made in the program A8 Felel 245 ARFA ] Y77 B, ©]

year of 1997. S5 ek v ARFe g s e REdAe]

© 1999 The Korean Nutrition Society



Z 2

92, 7157 % YA 52 Bk @ 53 3 &
s ohjahe stk oz dla $4E - g $AN &

H#E Tl gt 247t 2 01“4°]°ﬂ7ﬂ e d

BEAS TIE B LAY k5 B BEAE TR
& A9RTH =T YEEE el o2, 13 E of

Bl 2eix 9] drFo] Aol FAAQ 4L VA= A
ol Wizt A7t Bag HoZ AA A Fe] v ]
FAAF A= A AE 2 23], B3] b Ho) A=
e 22 Farsiel &AL st S A
o} oke] flgagle] @ 4 glfol Bawal gomee
E3 Aot H AHE ofd? BE 70y FTE T
T At

ol o] g E A RFAT 24 4l
frob @ x9S ARk A ddetn Qe A
Zhrr A9 4‘4’&%7} 57149 A o]l | A= o
Fe AA k& ey oo e dPATFI Wag Ao
2 Qe

gt B dydMe 2rjd L7 eI O F A F
ERYE AAste], A3 10AE 437 €8 dde=,
A 29-E ACa/AFe Ho|2 = ZF 2 A 2
Aele] AHAZE den do, 2T e HHHAT A
W 77129 olEA oE F3g A eAE AESIA
st

)-c:\:l cg

Rz R EH

1 Altﬂg‘i" oj léUIE
A EE2> AF 90~100g9] 3F% Sprague-Dawley

HRHEREEE 3203 248-258, 1999/245
T 74 FAMEWE HdEFE
3t HE 194 E 495 ES 4702 o] ZEH
o £FL 712} 257502 2T 459 A 0)E 67
7+ goEtarh. Ay 29K = 48 F2NA ACa/ A e 4
ol& 377 Fojste AU Ze 2 H AFPYYHE F=F
F 57o® UFgloer 1#8 IAAA dgae] Fo
fz7oZ alx, YuA] 470 A 48 1049} 22 45
o] AgAo|F 373t ¢ FARA} BE AP0l 33}
2ol 25 A FAH (ad libitum) 22 Fofstsd
o} thAt cagedt ARl AHEE BE 7T U1 29

A& 94 0.4% EDTA(ethylene diamine tetraacetic
acid)E #l& ¥ 3% go|&F=E gFo] AMglen, 27t
717 10% HibRde] 2447 o4k @zkrist 32; "ol
= o] ARSI}

AYFEEL Shoebox cagedllAl g ot 22 A%
son, AREE A #7242 2% 22+2T, Auis
T 65+5%E FAER T, WL 1247 F7](light : 6 :
00 a.m.—6 : 00 p.m.)Z 2AEsIH}.

g FAE o

2. AEA9|
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8} =58 242y AAEF(normal) # 255 (high) 2.2 3}
At & AYFL Normal Ca(0.5%) - Normal Fe(35
ppm), Normal Ca(0.5%) - High Fe(350ppm), High
Ca(1.5%) - Normal Fe(35ppm), High Ca(1.5%) - Hi-
gh Fe(850ppm) <] 452 d@4]e]2 FA=UHTable 1).
Ax}pE(normal)2 AIN-769¢ A HAF e Zad

A a7 9o I5E(high)E ZEd ZETA
Table 1. Composition of experimental diets(g/kg)

NCaNFe NCaHFe HCaNFe HCaHFe LCaLFe
Casein 200 200 200 200 200
DL-methionine 3 3 3 3 3
Starch 666.9 657.9 624.9 6159 668.0
Fiber 5 5 5 5 5
Corn oil 50 50 50 50 50
Min. mix.(Ca, P & Fe freg)” 35 35 35 35 35
Vit. mix." 10 10 10 10 10
Choline chloride 2 2 2 2 2
PEG? 10 10 10 10 10
CaMPO, 17.1 171 171 17.1 0
CaCO, 0 0 25 25 0
KH,PO, 0 0 17 17 17
FeSO, - 7H,Olpremix)” 1 10 1 10 0

1) Mineral mixture & Vitamin mixture : AIN-76
3) The premixture consisted of 174.2g of FeS0., -

2) Polyethylene glycol #4000

7H20 mixed with 825.8g of starch
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Table 2. Daijly weight gain and food efficiency ratio in rats fed experimental diets

Final body weight(g) Weight gain(g/d) Food intake(g/d) FER?
Expt. 1
NCaNFe 405.5+£12.4" 7.4+0.32 18.8+0.5™ 0.40+0.01°
NCaHFe 3929-+19.3" 7.1+04% 18.7+1.1 0.384+0.01™
HCaNFe 363.6+14.8% 6.4:£0.4% 17.8+1.1 0.36+0.01*
HCaHFe 331.6+11.5° 5.7+0.3° 16.6+0.6 0.34+0.01°
SE¥ Ca*r Ca** NS Carr*
Expt. 2
Basal 1798+ 6.4 4.1£04 9.8+0.3 0.42+0.04
NCaNFe 345.5+13.9" 7.3+06™ 20.1+0.9™ 0.36:+0.02"
NCaHFe 3474+ 3.0 7.240.3 204403 0.35:+0.01
HCaNFe 347.0+ 7.7 7.620.4 215406 0.35+0.01
HCaHFe 351.2418.7 7.6+09 221+14 0.34+0.02
SF NS NS - NS
1) Values are mean+SE of & rats per group
2) Values within the same column with different superscripts are significantly different at p{0.05
3) Significant factor(Ca : effect of dietary Ca level, Fe : effect of dietary Fe level, Ca*Fe : interaction between Ca and Fe)
¥ #r% - significant at p<{0.01, p<{0.001 respectively
NS : not significantly different among groups
4) Food efficiency ratio(FER) : weight gain(g)food intake(g)
Table 3. Ca, P, Mg, Cu and Zn concentrations in serum of rats fed experimental diets
Ca(mg/dl) P{mg/dI) Mg(mg/dl) Cu(pg/ml) Zn(pg/ml)
Expt. 1
NCaNFe 10742042 7.1140.30™ 2.78+0,07° 1.33£0.09™ 1.06+0.04™
NCaHFe 11.25+0.16 7.49+0.37 2.98x0.167 1.08+0.08 1.00£0.05
HCaNFe 11.00£0.05 7.251+047 2.43+0.17° 1.3620.12 0.86+0.04
HCaHFe 10.87+0.25 7404038 2.42+4£0.14° 1.11+0.09 0.96+0.06
SF? NS NS Ca*+ Fe* Ca*
Expt. 2
Basal 7.55+0.26 9.17+0.42 3.0240.71 1.28-+0.08 1.02£0.06
NCaNFe 11.17+£0.16™ 7.8640.34™ 2.72£0.04° 1.17+0.08" 1.06£0.06™
NCaHFe 10.98+£0.26 8.061049 2.80+033° 1.1220.04 0.84+0.07
HCaNFe 10.92+0.19 7.48+0.46 22740.13° 1.01+0.05 1.01£0.04
HCaHFe 11.00+0.23 6.88+0.32 2.4040.10° 1.11+0.03 0.93+0.08
SF NS NS Ca**+ NS Fe*

1) Values are mean=SE of 6 rats per group

2) Values within the same column with different superscripts are significantly different at p{0.05
3) Significant factor(Ca : effect of dietary Ca level, Fe : effect of dietary Fe level, Ca*Fe : interaction between Ca and Fe)

*, #+ wex o sionificant at p<0.05, p<{0.01, p<{0.001 respectively
NS : not significantly differant among groups
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Table 4. Serum iron concentration, hemoglobin and hematocrit of ra-
ts fed experimental diets

Fe(ug/dl) Hb(g/dl) Hct(%)
Expt. 1
NCaNFe 266.3+ 7.1° 13.3£01™  445+425"
NCaHFe 2617+ 7.0° 118406 453419
HCaNFe 2046+ 46° 11.9+09 413415
HCaHFe 2391+ 9.1° 13.1+1.2 474+3.3
Ca"“‘, Fe*,
SF2 Carfe® NS NS
Expt. 2
Basal 265+ 1.2 7.64+0.9 27.0%1.1
NCaNFe 2315+ 9.8° 121406  465+2.3%
NCaHFe 2749+ 9.1° 126+0.8 443419
HCaNFe 199.1+11.5° 12.0+0.9 414x16
MCaHFe 2407 +10.7" 123409 445+17
SF Ca*, Fe*™* NS NS
See Table 3
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Table 5. Weight and mineral contents in liver of rats fed experimental diets

Weight(g/100g BW) Cal(ug/p) P(mg/e) Mg(ug/g) Culpg/g) Zn(pg/g)
Expt. 1
NCaNFe 3401162 262+1.3"" 2.68+0.18™ 203.8+7.3° 5.36+0.16™ 242+40.9°
NCaHFe 3.3340.11° 25.6+0.7 2.59+0.05 209.843.7° 529+0.10 23.7+0.6°
HCaNFe 2.87+0.13° 26.7+1.6 2.65+0.13 215.74£7.6% 5.54+0.27 26.4+1.4°
HCaHFe 2.954+0.08° 290+0.8 2.90+0.10 231.0+4.2° 5.80+0.25 29.1+0.6°
SFY Ca** NS NS Ca* NS Car~*
Expt. 2
Basal 3334025 227407 2.84+0.13 217.3+4.6 5.94+0.42 287+12
NCaNFe 3.4440.14% 266+£1.1™ 2.77£0.06™ 226.14£3.2° 5.25+0.10™ 26.5+0.5"
NCaHFe 3.61+0.06 24.8+0.9 2.57+0.14 211.942.7 490+0.18 24.9+0.6°
HCaNFe 3.0740.06 27.3+0.8 2.62+0.04 207.1+4.9% 5.15+0.16 256+0.6™
HCaHFe 3.36+020 255407 2.5440.09 199.3+25° 4.77+0.05 242+03"
SF Ca* NS NS Cax**, Fe** Fe** Fe**

See Table 3
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Table 6. Iron contents in liver and spleen of rats fed experimental
diets

Liver Fe{ug/g) Spleen Fel(ug/p)

Expt. 1
NCaNFe 94.7+6.2" 2133+16.9°
NCaHFe 146.3+4.8% 2728+ 6.1°
HCaNFe 67.9+3.0° 159.5+13.7°
HCaHFe 123.047.6° 227.7417.3"
SF3J Caﬂf, Far*=* Ca**, Fat++
Expt. 2
Basal 385+14 178.5+11.1
NCaNFe 85.3+3.0° 2344+ 8.1°
NCaHFe 323.4+19.0° 264.04£23.3°
HCaNFe 57.3+34° 175.1+19.1°
HCaHFe 164.445.0° 3189+ 6.9°
SF Car*e Fe*** (CarFa*+* Fe*** (CasFe**
See Table 3
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Table 7. Weight and mineral contents in kidney of rats fed experimental diets

Weight(g/100g BW)  Ca(ug/g) P(mg/g) Mg(g/s) Felug/g) Cu(ug/g) Zn(pg/s)
Expt. 1
NCaNFe 0.69£0.05" 220+ 60™  2.7540.22% 215413 77.6+44™ 5661027  203+06™
NCaHFe 0.650.02 202+ 91 2674013 216t 8 91.2+45.1 6.65:£0.37 21.6+03
HCaNFe 0.7420.04 2964106 2661021 205+10 739+6.0 557+0.46 200+0.5
HCaHFe 0.7340.03 231+ 64 2.87+0.15 210+ 4 82.1+£3.8 573+0.28 20.62£0.7
SFY NS NS NS NS Fet NG NS
Expt. 2
Basal 0.67+£0.03 76+ 13 2.67+0.11 199+ 6 442422 3.56+0.11 18.24+03
NCaNFe 0.70+0.02% 3454139 3.18+0.35™ 225+18™ 764226 5394023  224+07%
NCaHFe 0.74+0.01* 492+150 3.60£0.20 246+14 78.6+2.4% 477+0.12 21.9+0.3
HCaNFe 0.79£0.07° 546+ 70 3.5940.22 218+10 58.1+1.7" 5.17+0.36 21.2+0.2
HCaHFe 0.74+0.02* 203+ 15 2.89+0.19 214%12 87.3+5.0° 493+0.25 21.0+09
SF Ca* CaxFe* CasFe* NS Fe***, Carfe¥** NS NS

See Table 3
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Table 8. Weight, length, ash and mineral contents of femur in rats fed experimental diets

Weight(g/100g BW)  Length(cm) Ash(mg/g) Calmg/) P(mg/g) Mg(mg/g)
Expt. 1
NCaNFe 0.50-+0.02" 3.34+0,03% 341 £14" 108.0+3.2" 46.6+1.1° 3.33+0.09°
NCaHFe 0.51+£001 3.31+£0.03* 323% 5 109.9+28 51.9%£2.6% 3294014
HCaNFe 0.56+0.03 3.38+0.03" 349+ 6 1178434 55.8+2.0° 2.65+0.12°
HCaHFe 0.56+£0.02 3.2440.03" 336+ 9 112.1+59 521+1.3* 2.6620.15"
SF* Ca* Fe** NS NS Ca*, CasFe* Cavr
Expt. 2
Basal 0.62+£002 2.69£0.02 128+ 4 44.6+10 223+7.6 1.85:0.05
NCaNFe 0.53+0.03" 3.26£0.02" 306+ 6™ 104.1+£1.2"™ 489+2.1™ 3.20+0.06°
NCaHFe 0.544+0.02 3.26-+0.03 291+ 8 100.9£4.0 453+25 297+0.11°
HCaNFe 0.53+0.02 3.25+0.02 314+ 9 103.5+3.4 47.5+2.2 2.57%0.15"
HCaHFe 0.56+0.03 3.24+0.05 293+ 7 97.2+2.6 455419 2.62+0.09"
SF NS NS Fe* NS NS Ca™**
See Table 3

Table 9. Daily Ca intake, fecal and urinary excretion, Ca retention and apparant absorption of rats fed experimental diets

Ca Fecal Urinary Retention Retention Absorption Absorption
intake(mg/d)  excretion(mg/d) excretion(mg/d) (mg/dy? (%) (mg/d)® (%)"
Expt.1
NCaNFe 1106+ 63° 722+ 65% 04240017 428+ 5.9 371146 433+ 6.0  375146°
NCaHFe 1183+ 4.9° 747+ 55°  0.46+0.02 M1 41 35.1+2.6° 415+ 42 354+2.7°
HCaNFe 3456+184"  2769+175  0.68+0.16 68.0413.7 19.6£3.5° 68.7+13.6 19.8+3.5
HCaHFe 337.9+322° 280.7+242°  0.70%0.26 56.14 8.4 169+1.1° 56.8% 8.6 17.1411°
SF® Ca*** Ca*** NS Ca* Ca*e* Ca* Ca***
Expt.2
Basal 0.94 0.1 0.1 0.0 0.02+£0.00 0.8+ 0.1 89.1+1.8 08% 0.1 91.4+1.6
NCaNFe 127.3+14.2° 706+100°  0.39+0.06 63.74+10.8%  465+7.0° 642+10.8™  46.8+7.0°
NCaHFe 1057+ 7.8° 5834 67° 021£0.07° 53.9413.1 47.4+89° 5424132 47.6+9.0°
HCaNFe 348441170 2833+11.1° 0.21+0.01° 65.0+ 6.8 18.6+2.4° 651+ 9.2 18.8+1.2°
HCaHFe 363.8+267° 301.0+£313" 0404006 6104 2.8 16.8+1.8° 62.8+ 7.2 16.9+1.8°
SF Ca**= Ca*** CarFer* NS Care* NS Ca***

1) Values are mean+SE

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

3) Significant factor(Ca : Effect of dietary Ca level, Fe : Effect of dietary Fe level, Ca+Fe : interaction between Ca and Fe)
* &% ek gionificant at p<0.05, 0.01, 0.001 respectively

NS : not significantly different among groups

4) Retention(mg/d)=Intake(mg/d) — [Fecal excretion(mg/d)+Urinary excretion(g/d))

5) Retention(%)= {Retention(mg)/intake(mg)} X 100

6) Apparent absorption(mg/d)=Intake(mg/d) - Fecal excretion(mg/d)

7) Apparent absorption(%)= (Apparent absorption(mg)/Intake(mg)) x 100
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Table 10. Daily Fe intake, fecal and urinary excretion, Fe retention and apparant absorption of rats fed experimental diets

Fe intake Fecal Urinary Retention Retention Absormption Absorption
{mig/d) excretion(mg/d)  excretion(pg/d) {mg/d)" (%) (mg/a)® (%"
Expt.1
NCaNFe 078+0.05°  053+0.06™  28.1x44™ 0224£005° 285 £7.0% 025%005° 320 +69™
NCaHFe 8.28+0.34° 4.98+0.26 31155 3.27+40.38° 39.3 +34 3.30+0.38" 396 +3.4
HCaNFe 0.88£0.10° 0.61+003° 3261635 0.24+0.07° 26.5 +4.8 0.26 £0.06 290 +39
HCaHFe 7.89+0.75  4.90+0.28° 342+7.6 2954058 364 +£43 2.99+0.59° 368 +4.4
SF¥ Fer Fern= NS Feve+ NS Ferx* NS
Expt.2
Basal 0.09+0.01 0.0220.00 65407 0.07 +0.01 71.1+6.7 0.07 +0.01 78.240.1
NCaNFe 0.89+0.10"  058+005° 239+17% 0294006 31.743.0°  0.3240.06° 344428
NCaHFe 8.39+1.06° 5.1640.88° 26.4+53 3224036 38.943.5° 3.23+0.36" 39.1+3.5°
HCaNFe 0.81+0.03" 0.57+0.05" 12.9403 0.23+0.03° 28.2+4.0° 0.24+0.03° 29.8+4.0"
HCaHFe 8.49+0.62° 6.56+0.50° 30373 1.90£0.16° 22.441.3° 1.93+0.17° 22.8+1.3°
5 Fevs A
See Table 9
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