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Effect of Dietary Calcium Levels on Iron Utilization in Female Rat

Chung-Ja Sung
Dept. of Food and Nutrition, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract

The effect of dietary calcium levels, 50%, 1009, and 200% of requirement, on iron utilization was
evaluated in 30 Sprague-Dawley female rats by use of balance study for 3 weeks. In the results of
this study, there were no significant difference in feed intake, body weight gain, hemoglobin level,
hematocrit, calcium and iron levels in serum and tissues across the groups supplemented different
calcium levels. Calcium content in kidney of high-calcium group was significantly higher than that
of other groups. Urinary and fecal calcium excretions increased as the level of dietary calcium was
increased. With increasing levels of dietary calcium, daily calcium retention was accelerated, but daily
calcium retention rate was diminished. Iron intake was significantly higher in adequate—calcium group
than that in low—calcium or high—calcium group. Urinary and fecal iron excretions were significantly
lower in low-calcium group than those in adequate—calcium or high—calcium group. Apparent retention
and retention rate estimated by intake, urinary and fecal excretions of iron were significantly lower
in high—calcium group than those in low-calcium or adequate—calcium group. These results suggest

that taking dietary calcium supplements reduce the absorption of dietary iron.
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Table 1. Formulation of experimental diet (%)
Ingredient Low-Ca diet Normal-Ca diet High-Ca diet

(50% of requirement) (100% of requirement) (200% of requirement)

Casein” 20.0 200 20.0
DL-Methionine 0.3 0.3 0.3
Corn starch” 15.0 150 150
Sucrose®? 50.875 50.0 4825
Cellulose” 5.0 5.0 50
Corn oil® 50 5.0 50
Ca free mineral mixture® 175 175 175
CaHPO4 0.875 175 35
Vitamin mixture® 1.0 1.0 10
Choline bitartrate 0.2 0.2 02

DCasein, Corn starch, Choline bitartrate: Junsei Chemical Co.

PSucrose, @ —Cellulose: Sigma Chemical Co.
¥Comn oil: Doosan Co.

Butylated hydroxy toluene was added as antioxidant at 0.0125% of dietary oil
“Calcium free mineral mixture(g/kg); Sodium chloride: 74.0, Potassium citrate, monohydrate: 220.0, Potassium sulfate: 52.0,
Magnesium oxide: 24.0, Manganous carbonate: 3.5, Ferric citrate: 6.0, Zinc carbonate: 1.6, Chromium potassium sulfate:
0.55, Cupric carbonate: 0.3, Potassium iodate: 0.01, Sodium selenite: 0.01, Sucrose, finely powdered to make 500.0g
9Vitamin mixture(/kg); Thiamin - HCI: 600mg, Riboflavin: 600mg, Pyridoxine + HCl: 700mg, Nicotinic acid: 3g, D-Calcium
pantothenate: 1.6g, Folic acid: 200mg, D-Biotin: 200mg, Cyanocobalamine: 1mg, Vitamin A: 400,000L.U., DL- a -Tocopherol
acetate! 5,000LU., Cholecalciferol: 2.5mg, Menaquinone: 5mg, Sucrose, finely powdered to make 1000.0g

Table 2. Feed intake, body weight gain, and gain/feed ratio of rats fed diets containing various levels of calcium

Dietary Ca Feed intake Body weight gain Gain/feed
% of requirement g/day g/day
50% 29.62+3.12" 3.81x0.60 0.13=0.02
100% 32.68+1.21 4,03+0.63 0.12£0.02
200% 30.09%1.29 411+0.41 0.14£0.01
ANOVA N.S? N.S. N.S.

DMean + standard deviation

Not significant at p<0.05 as determined by 1-way analysis of variance
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Table 3. Hemoglobin, hematocrit, and serum iron of rats fed diets containing various levels of calcium

. . Serum
Dietary Ca Hemoglobin Hematocrit
Ca Fe

% of requirement g/dl % mg/dl ug/mi
50% 12.11+2.85Y 35590+6.20 1021+1.45 1.92+0.23
100% 11.48%+2.03 31.40%£5.34 12.13+4.09 1.84+0.20
2009 12.36%£2.02 3327293 10.17+£4.97 1.90%0.21

ANOVA NS§2? N.S. N.S. N.S.

PMean * standard deviation
Not significant at p<0.05 as determined by 1-way analysis of variance

Table 4. Iron content in liver, spleen, and kidney of rats fed diets containing various levels of calcium (ug/g tissue)

. Liver Spleen Kidney
Dietary Ca
Ca Fe Fe Ca Fe
50% 5282+ 6.05°  6554+10.80 1141242246 105.02+10.752  60.41+12.81
100% 4944+ 375 65.47+10.95 109.42+13.16 107.00£1020° 5707 951
200% 54.32+12.25 63.83% 5.03 109.41£16.39 199.61+3061°  63.20+13.22
ANOVA N.S® N.S. N.S. p<0.01 N.S.

YMean= standard deviation

Means with different letters(a, b) within a column are significantly different from each other at @=0.05 as determined
by Duncan’s multiple range test

INot significant at p<0.05 as determined by 1-way analysis of variance
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Table 5. Intake, urinary and fecal excretion of iron of rats fed diets containing various levels of calcium

. Intake Urinary excretion Fecal excretion
Dietary Ca
Ca Fe Fe Ca Fe
% of requirement mg/day mg/day mg/day ng/day mg/day Hg/day
50% 7641+ 8057? 1061008 048+0.06° 12.98+2.88" 692+ 3.46°  389.80+64.38"
- 100% 16860+ 6.24° 1.17+003* 056+007° 16.02%3.18° 29.34+£1490°  436.00£69.13°
200% 31053+13.28° 1.07+0.03° 084+0.15° 1751%212°  113.19166.06°  469.07+41.69°
ANOVA p<0.001 p<0.001 p<0.05 p<0.01 p<0.01 p<0.05

YMean * standard deviation

PMeans with different letters(a, b, ¢) within a column are significantly different from each other at ¢=0.05 as

determined by Duncan’s multiple range test

Table 6. Iron balance of rats fed diets containing various levels of calcium

Apparent retention”

Retention rate”

Die Ca
tary Ca Fe Ca Fe
% of requirement mg/day ug/day % %
50% 6901+ 347% 654.43+111.01° 9031+ 455° 61.6417.00°
100% 138.41+15.08° 710.83% 62.04° 82.09+ 8.95% 61.15£557°
200% 196.78£66.00° 580.22% 46.69° 63.37+21.26° 53.99+3.62°
ANOVA p<0.001 p<0.05 p<0.001 p<0.05

1;Apparent retention=1Intake —excretion in urine and feces
Apparent retention rate= (apparent retention/intake) <100

9Mean * standard deviation

“Means with different letters(a, b, C) within a column are significantly different from each other at @ =0.05 as determined

by Duncan’s multiple range test
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Fig. 1. Comparison of iron excretion and retention for
groups fed different calcium levels iron excretion
and retention(a) iron excretion and retention as
percentage of iron intake(b).

Aol Zrg-2- A7k eE Al A% F 20~30% T F
H3 2 A e die 3 A2 ejd=H =) 8 4]
o] gl el ) FHe3 A F e
Z o7} VA ek Benson S(35)-2 AF A3 o)
FohAd WA 2w AFFgol Aslsdez o
£ 38 Fgulde] S8 7lsAe] ttz gl
=, Sammon £(36)2 Foll glod g £ WA
e A FL Aol ZgsFo] HAbolAY ¥4 o
£¥HE 53wl Bl 5~1080 A% et w shgdd
4, o] 5-(23) o] 2| F2f ot ol Al A o] el 1.0%3}
0.3%°] Z¥& 543t TF3= FHAUEE AAHS
o Agre] A F e dwe 2dsT 2ok
A dx ARy 42382 FodA ot 3
H, 3D AR (E8)E iAo 2 AP e X
Zge AHe i F Ze il 2ol 2
23}z glch ol Abe] Aol A Zg Al ee i =
2 WAdgs) v d sl 24 Feeae i Hste
AL B F el & dFdME 25 A ASE F7
o iz} ¥ F Zg Wi Folsle RHy) B
+2 tarste 2 A3 el

HE QAL 2w AFFTN 02 foHal 2
°]7} 9121 (p<0.001) HA Zgol AguT3 1z
T Bk Eoiv) e oS 53 AR wjdas 2
F AHPEl o2 3 3E 27} wkel(p<0.01, p<0.05)

AAgTe] AE dge] 4F Aot ngET
e} folslA 32 Ao 2 eyt AR A3
AWy S B uj e 2 A AR Y A1
RAren BRES Aes AFeEd U 7 7
Fre] A al zo] 7} 1ol (p<0.05, p<0.05) T AFTo] A
Zgdolt AR ZET 2ot fo8HA] A e g e
2N AdF ATl E7F ALY Yol Aasle
A& & 4 914l Chapman®} Campbell(30)-& ¥1&
FHA 1057 £F/FE d83le 2 s FFAL 9
bone meal, Ca carbonate, Ca lactate, Ca chloride 59
ZEda 4o A¥ A HrIF2E A4S 7
A7 AR FAE SUHAR 2N AL o]
EL A3A A vbd Qa2 ZhAke) AR ek de
F2H] A Fo A AFE FAYSLEN Lg
dell gt HE o] &-EF2 AN A+ ‘mucosal block’
o] HE9 F4E 2ATE HAdAM =94 4 oo
3 3tk B A7 E 3F7) e 2F7te
ZEe] AF Tl A AR JFdeoe dge F
] kA HYAPgow A B HEY] B{g-g7 &
g AdE ATl 2445 Fagd oz de
o] HE-0]4-Fol vx}= 4 ¥ Chapman Campbell
(30)8] A7Z e} Zo] A HE F& i
3 Aoz ARFHAE Bl A8 AHE L] 3
A= A7 dw ST w2 A ¢ HES
AAFTES A £ 3= o3 477 874
t}h. Cook 5(39)2 614 9] A7 A& o g
HZo) AR Fd vixe S Ay & H7 Ca
carbonate+ 300mg2] 243 37mg2] & #4l4 600mg
o] A% 18mgol 9 WA ferrous sulphate
9] FE A #l8}A] ¥&9t2 v} Ca citrate2} Ca phosphate
£ 600mg®] ##7 18mge] AE FHTFAA AR
o} F45 A7 49%, 62% RaAZcka gl o9}
Ze Azle Ho| Zgpo B3 o E HE F5E9
Hile FFE s ZEY F54 v da2de AS
Hojgch

B QoA A4 ZF F-F-49-2 Caphosphate 2
A 970 2v) Axe AHFEAA FFY AW B
T Z7)8A R 29 HyL2 A7 A4F AR
vehd o 24 g BEAe] AF Al Zaolede]

E 77138 Asatgel o3 WstE waisol &
ALz Azhgict

Q (=13
i =

Zge] AFeEo] Al Aol ol v dE



1022 =

stoliy] ¢t AF 4FH A& dAtes 7%
2] 50%, 100%, 200% 52| Alo] A& 357 3+
3 RIE s dvteas, RS 2329 2
F3 AL = Aus AR 2y Ay B Adge
et Ak AR A AF ok AR 2 S AR
224 3, vt as], A9 22 Zed AR
g ZF 45T B2 4 FH 194U Aol
7t ek 23 mgdwTe A g e A
Frolv AAZEFT 2ot {934 E3htHp<0.0D).
25 AT F7hd o=} L8 g 597
& ekl g Bk -2 oA Tk o (p<0.05,
p<0.01, p<0.001) ZF BH-&L Fod oz G2 7
o7 JVepdth(p<0.001). BE AFFL g 435
Foll & 97 Ae]7t 3141(p<0.001) A4 ZFT
o) AAF T nZHT Bt FshA wgkch oW
e B3 B AGE 24 45T IE
g wrol(p<0.01, p<0.05) M 2572 HE vl Adgko]
AR AgFoly 1LHTF 2o} A F& A2
ebtch A3 AHe e due £ A
22 &3 AR B HiES duwd AT
Foll G2 7+ 8 f-olHal &pel 7t 9l (p<0.05, p<0.05)
IZFT) AZETolt A FET B} f2 5
wgprh olake) Atz g eke) oul) Ao AF AF
FEolA 2w A BRPS SN HEL F
YL I A Ao el oz Zer A g
AR Aol gl thE F7131 98 A3 ak-gof 9
g W3 E vejsof & A2 YZct

Ho
re

1. Layrisse, M., Martinez-Torres, C. and Roche, M. :
Effect of interaction of various foods on iron absorp-
tion. Am. J. Clin. Nutr., 21, 1175(1968)

2. Morris, E. R. : Iron. In “Trace elements in human and
animal nutrition” Mertz, W.(ed.), Academic Press,
New York, p.79(1987)

L BA B Y ) ed ok ALY 7.4 (1995)

4 RAN=L, T¥A, $H3, 2973 - 1 AHARZAY
AlrFed drteay 4 94 e 93T
=], 24, 450(1991)

5 g8 A, olAded - g e AR HAH A
Aejol | A, e FE A, 25, 404(1992)

6. A, i st By, g =88 wpaA Al
DAt R ¥y gatn A wFd 2T A
=d &34, 26, 67(1993)

7. o)A, AmlA, o]t ARG Al FUYRFA
E8Aw. g oFehs A, 23, 287(1990)

8 ZAZR: 337 viEtwl, T4 BEA E44Y 2
ALk g oFEhslA), 27, 236(1994)

9. NIH Consensus Conference : Optimal calcium intake.

w

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

JAMA., 272, 1942(1994)
Anderson, H. D., McDonough, K. B. and Elvehjem,
C. A. ! Relation of the dietary calcium-phosphorus
ratio to iron assimilation. J. Lab. Clin. Med., 25, 464
(1940)
Hallberg, L., Brune, M., Erlandsson, M., Sandberg, A.
S. and Rossander-Hulten, L. : Calcium: effect of dif-
ferent amounts on nonheme- and heme-iron absorption
in humans. Am. J. Clin. Nutr., 53, 112(1991)
Dawson-Hughes, B., Seligson, F. H. and Hughes, V.
A. : Effects of calcium carbonate and hydroxyapatite
on zinc and iron retention in postmenopausal womer.
Am. J. Clin. Nutr., 44, 83(1986)
Greerup, A., Rossander-Hulten, L. and Hallberg, L. :
Duration of the inhibitory effect of calcium on non-
heme iron absorption in man. Eur. J. Clin. Nutr., 47,
875(1993)
Greerup, A., Rossander-Hulten, L., Gramatkovski, E.
and Hallberg, L. : Iron absorption from the whole diet
: comparison of the effect of two different distri-
butions of daily calcium intake. Am. J. Clin. Nutr., 61,
97(1995)
Prather, T. A. and Miller, D. D. : Calcium carbonate
depresses iron bioavailablity in rats more than calcium
sulfate or sodium carbonate. J. Nutr., 122, 327(1992)
Conrad, M. C., Umbreit, J. N. and Moore, E. G. : Rat
duodenal iron-binding protein mobilferrin is a homo-
logue of calreticulin. Gastroenterology, 104, 1700(1993)
Cook, J. D., Baynes, R. D. and Skine, B. S. : Iron defi-
ciency and the measurement of iron status. Nutr. Res.
Rev., 5, 189(1992)
NRC Food and Nutrition Board ® Nutrients require—
ments of the laboratory rat. Natl. Acad. Sci,, Wash-
ington D. C., p.7(1978)
American Institute of Nutrition : Report of the Amer-
ican institute of nutrition ad hoc committee on standards
for nutritional studies. J. Nutr., 107, 1340(1977)
A Al Ee TR B4 AEF 3, 7, 42(1986)
Steel, R. G. D. and Torrie, J. H. : Principles procedures
of statistics. McGrow-Hill Book Co., New York(1980)
A2 AoA Aoy Ca 57 A0 $/-5 2H
39S o 39 A 2 Alel] vl X = G g7
o¥¥3) %), 21, 324(1988)
o]Z%, £, #7¥ : Phytate®} # Ca 437} 85
o)l A A717} 59t Ca, P, Zn hAbe) o1& 33 =3
oFsta] ], 26, 145(1993)
Yacowitz, H., Fleischman, A. [,, Amsden, R. T. and
Bierenbaum, M. L. : Effects of dietary calcium upon
lipid metabolism in rats fed saturated or unsaturated
fat. J. Nutr., 92, 389(1967)
Hatton, D., Muntzel, M., Absalon, J., Lashley, D. and
MocCarron, D. A. : Dietary calcium and iron : effects on
blood pressure and hematocrit in young spontaneously
hypertensive rats. Am. J. Clin. Nutr., 53, 542(1991)
Sokoll, L. J. and Dawson-Hughes, B. : Calcium sup-
plementation and plasma ferritin concentrations in
premenopausal women. Am J. Clin. Nutr., 56, 1045(1992)
Standish, J. F., Ammerman, C. B., Palmer, A. Z. and
Simpson, C. F. : Influence of dietary iron and phos-



28.

29.

30.

31.

32.

33.

el AAFEo] A AW HRo| Lol vlXe 9%

phorus on performance, tissue mineral composition
and mineral absorption in steers. J. Anim. Sci., 33,
171(1971)

Johnson, M. A. and Murphy, C. L. : Adverse effects
of high dietary iron and ascorbic acid on copper status
in copper-deficient and copper-adequate rats. Am. J.
Clin. Nutr., 47, 96(1988)

Sherman, A. R., Guthrie, H. A. and Wolinsky, L. : Inter-
relationships between dietary iron and tissue zinc and
copper levels and serum lipids in rats. Proc. Soc. Exp.
Biol. Med, 156, 396(1977)

Chapman, D. G. and Campbell, J. A. : Effect of calcium
and phosphorus salts on the utilization of iron by
anaemic rats. Br. J Clin. Nutr., 11, 127(1957)
Washko, P. W. and Cousins, R. J. : Role of dietary cal~-
cium and calcium binding protein in cadmium toxicity
in rats. J. Nutr., 107, 920(1977)

Itokawa, Y., Tanaka, C. and Fujiwara, M. : Changes
in body temperature and blood pressure in rats with
calcium and magnesium deficiencies. J. Appl. Physiol.,
37, 835(1974)

Six, K. M. and Goyer, R. A. : Experimental enhance-
ment of lead toxicity by low dietary calcium. J. Lab.

34.

35.

36.

37.

38.

39.

1023

Clin. Med., 76, 933(1970)

Haek, A. C,, Lemmens, A. G., Mullink, J. W. M. A. and
Beynen, A. C. : Influence of dietary Ca : P ratio on
mineral excretion and nephrocalcinosis in female rats.
J. Nutr., 118, 1210(1988)

Benson, J. D., Emery, R. S. and Thomas, J. W. : Effects
of previous calcium intake on adaptation to low and
high calcium diets in rats. J. Nutr., 97, 53(1969)
Sammon, P. F., Stacey, R. and Bronner, F. : Role of
parathyroid hormone in calcium homeostasis and
metabolism. Am. J. Physiol., 218, 479(1970)
Roland, D. A., Sloan, D. R. and Harms, R. H. : Calcium
metabolism in the laying hen. IV. The calcium status
of the hen at night. Poult. Sci., 52, 351(1973)

£4 5, o|FF, obBAl, AF3], AV, ot o]
3, 54, AR, o8, 25, H3H  AA AL
Al ggAd A g S5y T A gt
o333 %|, 21, 23(1983)

Cook, J. D., Dassenko, S. A. and Whittaker, P. : Calcium
supplementation : effect on iron absorption. Am. J.
Clin. Nutr., 53, 106(1991)

(19961 79 234 A4



