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ABSTRACT

This study examined the effects of excess intake of calcium(Ca) and iron(Fe) supplements on iron bioavailability, liver and
kidney functions in anemic model rats. Seven-week-old female rats were first fed an Fe-deficient diet for ten weeks, and then fed
one of nine experimental diets for an 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). In anemic model rats, serum Fe, rotal iron
binding capacity(TIBC), hemoglobin(Hb), hematocrit(tHct) and liver Fe contents were significantly decreased. Apparent Fe
absorption significantly increased with increasing dietary Fe levels, and decreased with increasing dietary Ca levels. Serum Fe
concentration significantly increased in rats fed a high- and excess-Fe diet, and decreased in rats fed a excess-Ca diet. TIBC was
decreased in rats fed a excess-Ca diet, and transferrin saturation(%) increased in rats fed a high- and excess-Fe diet. Hb and Hct
were decreased in rats fed an excess-Ca diet regardless of dietary Fe levels. Fe and thiobarbituric acid reacting substance(TBARS)
contents of liver significantly increased in rats fed a high- and excess-Fe diet, and decreased in rats fed a high- and excess-Ca diet.
Fe content of the spleen showed similar results, Urinary creatinine and GFR increased in rats fed an excess-Ca diet regardless of
dietary Fe levels. GOT, GPT and LDH were not significantly affected by dietary Ca and Fe levels. These results suggesr thar
excess intake of Fe may increase liver Fe deposits and TBARS, and excess intake of Ca may decrease Fe bioavailability and
kidney function leading to potendal health problems in anemic model rats. (Korean J Community Nutrition 5(2) : 243~252, 2000)
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& 2P (Knekt 5 1994).
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e, HAT 97 oA A BAGFY I
IAEF R AR Eacle] @ F el 1
H 1 AcH(Berge T 1994 : Salonen F 1992).

732 Q] iron overload® 4¥5= AFNA 2~3%
carbonyl irong w39 A3} (Bacon & Britton
1990), carbonyl iron F3% 3~47]49 7tlAe] s
7} ZArAreiel] vlsl 50~1008] A= Z71ech. Dabbagh
5(1994)-& #<lA iron overloadAl B4 2 7ke] Fits}
&4 (a-tocopherol, ascorbic acid) =7 folHez 7+
&3, o) A4t E gare gadg vr got
7ke| AJA{ABE o] Fokekn, e FIUEE
7 HDL-~cholesterol®] f-2]& o2 F713h& AAl8t5ict.
g A e SR edE 298 F e
™, Omara 5(1993)& °o|-7-719] R AF A 120ppm
(control), 5000ppm 2 8000ppme] A& 77+ FHA
ARFoR A3 AFSIF 22 DFATE S8R
o, GOTe} GPTY ¥4o| F7to 7hE 2Hile
& Bad4r} ¥hd Galleano & Puntarulo(1994)= &
Hel A 23 iron overloadE F=3F A 7F L Al A
¢ TBARS ¥ F7Fst¥ et €% GOT, GPT, LDH ¥
4GS A -3 AASHAT

Ao 2} FAE o APATES] FEL 4]
2] A E o Jlo] FPE ghor, M HeA
ARZAE A7) FHEHA velbg 7 e G i)
M= A Qa5 QA e}, 3t Ho) Ay B
o Yoz FAg A FAGENE fgonn B =4
EAE tE =52 ®o] Ry ¥ (Bacon & Britton
1990 1 Wu % 1990), QAHAARY A73tAE 9 ngAe] B
£5 B9 4Asg ey Fdsk #9) BoiE EA
& t}# d7(Ibrahim ¥ 1997)= v]&§ dAelc}

Aol Hol-gAde) FE HXE 2ddE JH7HA|
7} o, o F Aug ZE4HE Y e ke
Aoz g e Aol ZEn o v& % Zen
Aggo| Zeo] FFTF Aol q-g R (Hallberg 5
1992). AA@7)¢} 7147 A4l o] AdFdF FA4 2
FhEEy dWs EHog S8 4o deidFH ) A%
Ha ek (NIH 1994), #vidt ZEHFo] FHozs
1y Y] e JAdA9 A 4R & fE EE 7}
FAZ 5 9o, B Arkda A37)% Flg =
e 5 At mEtA A e THo] 22 7Yy WEA
golxe] o]F Fr|AY FHd WME A BEge] 44
A, e oA Y dYEA T e 2rh FAH
QA A7t HAlE oo & Ao AR

£33 FHZ 8 FRY ZE0 FRIAV 4G LE B
A 2E d 3134 2 23T - 27 AA 59 ¥
H2 A= glon Zgd do] ¥4 Zald 5 F9
AEANET ARED QJouR 2T 2o BEHE o9
of Zed Ao BAREA Yeld ¢ e AdE A9
5 uajsjef g},

upEha] B dFdMe 4o oA vERd #HE o)
o2 ey Ao PriydF et HFHFe) E7Fe] A 2
ol &4 ¥ of} T3} A7 5ol oW &S PIXEAE
AEslual sty

Rz X S8

1, ML X MBFE

HHFEL AF oF 210gy 753 Sprague Dawleyd <
A HANENT 4P FE A5 TEE o183
o} AFFTES 1022= o] HAP Ao (Ho] A
F42] @ ppm)E 1077 Folgezd ¥y dgmds 4
A% F, 152 J4AA AF2o] Fo4 7| EFo 2 8,
Wz 9o Ale Zaw He| AH-ES 44 A, 1, F
ohe] 3FEol 23 dEelE 857 o Fojsiit ¥
Lo AT Sham F& § AHCa/AdFe 2olg 457,
1977} 247}k ol dle] BATNZET (control) ©2 BHATH

AL EL g 7o 6ulely & Aot e, 4
Halol9} 3zt gol 24 A FAHE (ad libitum) o2
T3t tAl cagest Al AMRE EE 77 E §7)
d 2994AE A9 0.4% EDTA(ethylene diamine te-
traacetic acid)® M2 F 33 2o 252 33 o4 I
o] Abgslden, 2A7]|FE 10% Fib&A] 2443 o]
A Gzithrt 33 gel2g2 o] AMEAT. AP E
22 Shoebox cagedllA] & mie]¥ EgASIIY o,
AHEE ASE 842 &5 22420, AHEE 6545%
Z R85, B2 1247 £7](light : 6 - 00 a.m.~
6:00 p.m.)2 =AY}

2. EAlol

A2 o= YA o] (semipurified diet) ZA] TA-L 7]E
Z o2 AIN-93 Hel& wghor MR FHF A 2oy
Zhgat Ao JFHTEE 247 A/ normal), Z(high), 2}
(excess)Y] 3% (Ca: N(0.5%), H(1.5%), X(2.5%) :
Fe : N(35ppm), H(210ppm). X(350ppm)]oz Z# sl
Zwy g9 4HE 223 959 JdAlolg 857 59
&ch(Table 1). NRC(1989)F H7e AelAl 2o 14



Table 1, Composition of the experimental diets"(g/kg)

-olalg - 245

Ca levels NFe HFe XFe

Fe levels NCa HCa XCa NCa HCa XCa NCa HCa XCa
Casein 140 140 140 140 140 140 140 140 140
DL-methionine 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Starch 752.2 7141 689.1 747.2 709.1 684.1 743.2 705.1 680.1
Fiber 5 5 5 5 5 5 5 5 5
Soybean oil 40 40 40 40 40 40 40 40 40
Mineral mix?(Ca & Fe) 35 35 35 35 35 35 35 35 35
Vitamim mix® 10 10 10 10 10 10 10 10 10
Choline chloride 25 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
CaCO, 12.49 3746 62.44 12.49 37.46 62.44 12.49 3746 62.44
KH;PO, 0 13.18 13.18 0 13.18 13.18 0 13.18 13.18
FeSO, - 7H.O(premix)” 1 1 1 6 6 10 10 10

1) AIN-93M pattern

2) Mineral mix(Ca & Fe free)(glkg mix) : Potassium phosphate, monobasic 196 : Potassium citrate, tripotassium, monghydrate 70.78 ; So-
dium chloride 74.0 ; Potassium sulfate 46.6 ; Magnesium oxide 24.0 : Zinc carbonate 1.65 ; Manganous carbonate 0.63 ; Cupric car-

bonate 0.30 ; Potassim iodate 0.01
tassium sulfate, 12 hydrate 0.275 ; Starch 585.735
3) AIN-76

; Sodium selenate, anhydrous 0.01025 ; Ammonium paramolybdate, 4 hydrate 0.00795 ; Chromium po-

4) The premixture consisted of 174.2g of FeSQ; - 7H,O mixed with 825.8g of starch

Ca 2500mg Fe 25~T5mgg Mzt A% A 54
Aol FIt §le2 A vk glon o] +FEE Zea 2
ol e} 72 4] A Hrf) o 36 L ulle] SBR
w2 AgdAE NRC(1989)7F Bugh +5& 433
f#o 2 71Fsl ueE(H)eE gFsiHen, Joee
(X) Cad] A% o= 5uf|, Fe Ta e 10vi= A
sttt

Zie] FHoEE= HEARA gy ol = CaC03
E, A9 F922% FeSO, - THOZ AHE3I. 4)0]
219} ek Zadakd] Wi 2AstAem 0.5% Ca(24
A Aojell A= P 0.83%(Ca : P=167: 1), 1.5% Cadlx=
P 0.6%(Ca:P=25:1). 25% Ca AolsrE P 0.60%
(Ca:P=4.2:1)% #f3t=s st

3.NESE T 2AYH

1) Nezaf

AY HFYo| dEFES 14AT ZHANZ
pentobarbital (Pitman-Moore. Inc., USA)S A% 100g%
Smg¥ B2} FAksle wR3AI7] | AlEE AFH AT

ol AAGT AL 247 T 4T BAEH
o7t @42 $2](3000r.p.m.of A 2087+ 942 ; Sor-
vall, GLC-2B)3lo #4318 ufj7}A] -70TCeM dEEs
st gdAFH F 7} FF AL HEst o) B
Zxlo] gle Aol Z8-& 7Re] AAT 3 P Az
2 4=(0.9% NaCl £ME A &ste] EAg AAG thE

& sodium

A2 B71E @1 AR FAE SHsUrE A3
FEA 447 Y TG AZho] 24417 T B 25
FAGH LY, x= B9 E Sz 35% HCI(RH e
3%)=2 Astdrt. RE AEE $48 g7x -70C
A Bassitt

2) NaEAN

g9l g2 (hemoglobin) =& FAREEA 7] (Spo-
tchemn. KDK Corporation, Japan)& ©]-&3} &43}%
ov, HZTEu](hematocrit)= heparinized capill-
ary tubed X Edg d4lEste] S48t ¥4 A%
= 9 TIBC(total iron binding capacity)= NPS (2-(5-
nitro-2-pyridylazo)-5-(n~propyl-n-sulfopropylaminoe)-
phenoll & o143 kit(oltAleh)-& AHE38le] A3
9 transferrin saturation(%)< 3% #% =< TIBCE
B At

3, A H 2 Y HERE
550~600T¢] BgtE A oF 243 Bt FFAF] o
M ZFeds A5 F&3] 28 AR
THA] oF 4~6A17E B¢t Halste] ¢ 3R-& 6N HCL &9
o= gLt o) A& FHFE sMste UAFFHE
AR 248.3nmel A S48t

20] Feehe JERHe AIRE 7o) = £ 3000
rpm.oX 2083+ Y4AEE] (Ultracentrifuge, Beckman,
USAAIZ] o 8 a2 533 =AZ A48t
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d4 F3WA albumin. creatinine, urea N, uric
acid F2 JH2FEA71 & o] 88 SA}EY. = F
creatinine2 Jaffe¥r-$-& o83 kit(olMitAeh) & o83}
o] ZRdReH, ATAATE(GFR)E E4 &k T
creatinine ¥ ¥ ko 2HE AXsHATh B GOT
GPT 2 LDH #42 FIAFEA7E ol&slo =43}
At 7F FAYeMY AAANEE §FE Buege &
Aust(1978)¢] el wel TBARS(thiobarbituric acid
reacting substance) 2] 4& 43

3) MW Y HE AN HA

HelxA A AALE 98t 7 Al AXE 10%
FAHE X2 33U T3 AT, THE =
72 Ayl A HAAE AA s 27 (Rei-
chert-Jung) & o438t Ewfsiyey. £ojd F2& vio)
A2E-E o]85tH 4m=2 3 F Hematoxylin & Eo-
sin(H&E) AL dAlste] Bdn| Aol Helz2g)
A AsE FRsd. 38 Aoy e AZ[{TF
2 AEZ ZAE7] 918t Gomori (Prophet § 1994)
£ o]@3l AL A, A S5 g
A1 & hydrochloric acid-potassium ferrocyanide &
ool 3027k ¥H2-A17) F nuclear fast redE 587 24
g AANBLT 95% aleohol® BrA)Z] & B89 (per-
mount). 22 E¢(mounting)d T AARNES Bkl
o2 FE3k.

4, N=2Y

A d7}= SAS programe o]-43le] BiH T2}
(mean+SE)E AAstet, 2+ Aed fo4d € Zed
Ae] FrldE gk ANOVAS Duncan’s multiple ran-
ge test® PFEP oM, 98 X 7] FBRA= Pear-
son’s correlation coefficient® o]-&sle] AZ3Act.

Table 2. Iron status in normal and anemic model rats

Normal(Normal Fe) Anemic(Low Fe)

LI LY

1, WMBEDY M7

179 A BFANA BAFHlE 1057 FI81S
A4E NERd JF AL Table 29 ArsHHELH
Hold#H %, d4ds} 7+ ¢ Hb 2 Het 50] 243 A
22 e

nE e gFejre) v Jo|lHF(HIH=LY 18%)
< Z490z g 4R A0 7]23 Ao A= v (Po-
litt & Leibel 1976), o= 243 Ael9 33 (Pallars 5
1996)E tide= 3 dAragel dxlsisiv

Weight gain(g/d) 120+ 011" 0.86+ 0.06*”
Food intake(g/d) 19.17+ 0.24 1490 0.471+%+
Serum Fe(pg/dl) 373.0 £32.8 246.4 +27.9*
TIBC(g/dly? 5874 +62.9 640.3 £20.1
Transferrin saturation(%) 646 £ 6.1 385 + 4.2%
Hematocrit(%) 40.2 £ 34 364 = 1.0*
Hemoglobin(g/dl) 13.6 = 0.6 11.6 £ 0.7**
lron conc. in liverg/g dry wi) 748+53 141 17 2%x*
spleen(mg/g dry wi)  8.38%+ 1.15 1.17+ 0.17%*

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

2) Differences evaluated by Duncan's test between normal Fe and
low Fe diet are significant as follows :

*0<0.05, **p<0.01, ***p<0.001

3) 'TIBC : Total iron binding capacity

NE=d #He] Hetol Hbgh2 44 36.4%9) 11.6g/d1=
M izl vs) @ekem (p<0.05, p<0.01) 7hH& §l
S 2SIt ol dEuiE As7)e] A AFH=
AAsHeng A% 1FXE R S AHSA He
I F 1057 2Agelzs A4 aaAEst o)
A, R olfst AFHE tidoR g HS(Wienk 5 1996 :
Prather & Miller 1992) B¢} Hcteo|u} Hbel 7o) &
He Aoz AbEAr} Cook & Finch(1979)& Aol
o] d nZdHA & 3¢AE o] Hhst 499 upA
ot A 3EA o|2E Ao 8|24 7Aish] Agsing 3
Fekdd] BrA A (sensitivity) 3 5-©)Ad (specifici-
ty)ol %52 AXFAT el 2 Jdee] gnle 3
71 fdiME @3 2, TIBC, ¥H ferritin € k149
A 5o Bao] Hashd B AgAD FFYE F
43 Wy 2doM FAz 7+ f v 9] dgaro] A
ANZT 66%. 19% D 14%=2 7171 A Lebyie).

AE AFEY FEL 7 olfat 47 FHRE ALE
ate] RlERde AAsigloy, diie] 7197] oA sl
E70F Qg &, 7|z Fete] Adew ) &
AeE Ho4F Aoz g Fe B To= <l
WE = 249 A9S /N2 JdE 44 (British Nu-
trition Foundation 1995)92 A< W 45719 <A
FHE olgdled HAT E Wigwdle 7 297 F AL
2 g7}

2. N5 2 oM NG

AFE 2 Ao)dF2ke Table 30 XSG Qg€ 3
FoA ZEs) g g2ls 9% dPHoE 85t F
33 2} AFEE71FE AMNCa) 2 225 (Hea) 7oA




= Ao Pazo] FHUFE Fleks ARE wAoY, 7
TRE(XCa) ARTNE Aol o] AAFE(XFe) A
$ 9319 AFFVIE] Fashe A Uehith 4ol
Ao Ao] 247 2559 G Lol HAB(NFe) 4
el w8 THE(HFe) B FUEE(XFe)o) BAAZ

Table 3. Body weight, weight gain, food intake and FER in anemic
rats fed experimental diets for 8 weeks

Final BW Wt gain Food Intake FERY
® (g/d) (g/d)
Control®  316+14™ 058£0.15™ 19.6+0.2"  30+8"
NFe
NCa 307£16" 038+0.11 159+0.8"  23+6
HCa 300+£10  0.28+0.07 1694059 2545
XCa 310+10 044+£0.10 17.2+05" 3549
HFe
NCa 312+11 047£0.10  182+1.0™ 164
HCa 311+£12 0.49+0.09 18.8+0.7™ 26+4
XCa 320416 0504014  19.5+0.9%  34+8
XFe
NCa 329415 0.66+£0.16  18.0+09™ 25%5
HCa 330+15  0.65+£0.17  18.7+0.9™ 25+7
XCa 311+£14  038£0.13  20.6+0.7° 1846
ANOVA NS NS Ca*, Fe*** NS

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

2) 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
fevel(*, **, *** : significant at p<0.05, 0.01, 0.001 respectively)

3) NS : not significantly different among groups

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

5) Control : Normal Ca and Fe diet for 18 weeks

o] Zd

Coled g - 247

A4 F7Hp<0.00D8IF e, EF BddE(NCa)zel
B8 BohgE(XCa)wolA 57Hp<0.05) %S BHTt. 4
o] E & (FER)> A H gt F914 9 Aol 7k vt

3. B NY BT R BRT

o) AF %, v 9 FFL2 Table 49 A5
A AFHEL Ho] pFo] FFETE =A(p<0.001)
Eldon] o] AFSFFo mE ol Aele gt
£ Z AuldH Ho] o] F7FEFE F7Hp<0.001)
34w, o] e Jakg wol FANCa) § 1%
(HCa)7l H|3] Adz(XCa) A TAA EA(p<0.05)
Ueldth & 3 Zajde Ao] AgEe] dTE ol A
AFE(NFe)d 8] FrlrE(XFe)e] HAHA S7Hp
<0.05)5t9eH, o] A ke B2 ¥t =
=9 Fujdze] FALNE B2 fFo|BR ZHr) A%
FHE 71EA o2 B G e, 2R Sodd 2
F2 o] Fpfe] FV1E we foH o= FIHp
<0.00D8I9 oW, 2o] AgsEo] T2 FoAL
ofLiL} s e} Mo 2Ry E4est BAee AN
#(NCa) AH T ME Ho] dfde] Fs oA gkske
1}, 125 (HCa) 2 i (XCa) HFATNAE 2)eldol
AEF(HRe) 2 ArE(XFe)el 2%, BATENFe)ol
Hg] 238 $rtstgon, Ao el S7ETE 7
&(p<0.001)3Ach. £ d¥4T= AF 200g%] €A &
oA 20, 35. 75 2 150ppme] 2E& 1043t F94] 2B
7] E2) T5ppm 2 150ppmel A felFez 7h4st

Table 4. Fe intake, excretion and absorption in anemic rats fed experimental diets for 8 weeks

Fe Fecal Fe urinary Fe Fe Fe Fe Fe
intake excretion excretion absorption absorption retention retention
(mg/d) (mg/d) (ng/d) {(mg/d) (%) (mg/d) {%)
Control 0.66+0.06° 0.39+0.04° 538+ 1.61™ 0.27+0.03° 40.7+41% 0.27+0.04¢ 39.9+4.2"
NFe
NCa 0.52+0.04° 0.28+0.03° 2.33x 030 0.2440.03¢ 46.8+4.4° 0.24+0.03¢ 46.31£4.3"
HCa 0.55+0.02 0.38+0.02° 5.294+ 2.7 0.17+0.01¢ 30.5+2.4" 0.16+0.01¢ 29.6+2.6°
XCa 0.63+0.04° 0.51+0.04° 422+ 0.58 0.12+0.01¢ 19.9+2.2° 0.12+0.01° 19.34£2.2°
HFe
NCa 4.41+043° 2.3620.11° 16.24+ 5.21 2.05+0.46™ 45.0+6.1° 2.04£046™ 446+6.0°
HCa 4.10+0.20° 2.43+0.10° 9.69+ 0.78 1.67+0.13" 405+1.7% 1.66:+0.13%  40.3+1.7%
XCa 3.91+0.26° 2.43£0.08° 24.10+15.10 1.48+0.21° 37.3+3.3* 1.4610.20° 36.7£3.1°
XFe
NCa 5.83+0.59° 3.27+0.34° 1141 2.10 2.56+0.26° 43.9+1.0° 2.55+0.26° 43.7+£1.0°
HCa 6.33+0.69" 3.96+0.30° 1493+ 1.76 2.374£0.43" 36.8+2.8" 236041 37.2+28%
XCa 7.08+0.40° 4.89+0.40° 35.504£15.20 2.1940.16™ 31.2+25° 216+0.16"  307+£25°
ANOVA Fe*+* Ca*, Fe*** Fe* Fa*** Ca*™*, Fe* Fe*** Ca***, Fe**

See Table 3
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Fig. 1. lron concentration in serum(A) and liver(B) in anemic rats

fed experimental diets for 8 weeks([_Inormal Ca, B high Ca, Bex-
cess Ca).

A 27 (Buchowski 5 1989)9b= Ux|5A] &bt

4, 9% 35 F @AY

g3 AgFL Fig. 19 AAg vk} 2o Aeo)zdwd) 3
2] dgg o} iz (XCa)wollA 24 (p<0.01)
stgom, upF(HFe) 2 FJoeE(XFe)o] FEAgHT
A F7Hp<0.00D) 3kt AdFE(NFe) ol ZAF Tl
lo] dolzgo] A4(NCa) 2 ZFF(HCa)¢l 35 83
Fgteke AAHZET (Control) # Frel el o) & Hojx|
gokon, AojZEg AFEXCa) 22 F7H] AEY
ZT(Control) Btt freldem 7+4(p<0.05)3kdct. =
& < (HFe) ¥ A5E(XFe)d 2A4HA 3 2%
#ke. AA 27 (Control)ell Hl8] F-<2¢) Zol7t YR
W, Ao|ZES u5E(HCa) 3 HFE(XCa) 27 571
NAE Fdael 24 (p<0.05)5 o)A it

Transferrin saturation (%)< Table 59 A|A1g+ nls}
Zo] o] AfFe) Y& Lo} 15E(HFe) B Aot
(XFe)d] HAFHTNA F7Hp<0.0)38t5.29, TIBCE
Aol F7t ol &Q Aol et o] AggTe
33k whol A (NCa)wol Hl& JoigdsE(XCa)d
A &8)8 %A (p<0.05) VEbETE Heted Hbg 40l
L4 Gg Pol FAH(NCa) B 28w (HCa)wol

H#) FoZEXCa)FlA @A (p<0.001) UERESH,
o] HAyzgo] Joke vk kit

] AYF(Fig. 1) o] ZHFFe] 9L ol 1
Z4 (HCa) 2 484 (XCa)olA 24(p<0.001)31%
o, Ao AgFo] FALFE #=A(p<0.001) WERET,
ATE(NFe)9 ZHHAT o] Holzgol ArE
(NCa)91 7% kel Hghapo] A/t (Control)ol] H]
8 37% %A (p<0.05) VEkoH, He|HgsS ITE
(HCa) % IA}T#(XCa)22 5714 AU ZET(Con-
trol)ell ¥l&) ZHz}h 49%, 64% #2(p<0.05)8A0. 1%
(HFe)d] FAHFATA doixe 2elzhgo] ZArFE(NCa)
ol S 7re] Aghako] Ao 2 FHEal o}, Holzs
£ ITE(HCa) 2 AFEECa) o2 SV Ay
A4 ZET(Control) ol Bls 2zt 25.0% B 24.5%7F &
A(p<0.05)389 . FoisE(XFe)s] 2AFHTAME 4
olZrgro] AAFE(NCa)el A 7he) FA7F7ko] A4l
ZF(ControD) B0} 26% %A el e (p<0.05), 4¢]
A€ UTFE(HCa) B £ (XCa) 22 F7HA] 24
AeFe] F7IRAE7}F #3550 FAdET (Control) 7 f+9
29l Ao K.o|A] gkslrt.

v)3e) AYFE Zhol Ao} 22 AFE vERo] 4o] &
39 F71d wet Z7Hp<0.001)5 5 e, Hojdgol
HA}FE(XCa)el A-F A4 (NCa) 2 2542 (HCa)el H]
& 7+2(p<0.001)3FE HTable 5).

YA N8LE A FHES AHE HEA77] 93 2
HE5E 2e2 @t} B A¥ET A57)e oA Ny
A 877 AdZENNCa) T B BAdrE&(NFe)o] 7
A B FerEke AEF (Control) 7 #-218¢ =}o)
7t dsloyt 7re] HARFLE fFodFoz A Yelgr
TTE(HFe) S FHAA 7Y FIFe FFo R FEs)
gow, srieF(XFe)el BAFA M 7He] Fgapo]
4 Z2F(Control) B} o2 0.2 F7lsiict. A7%7] 8
HE ddez 3 APAT(]8% - ©|FE 19994 3
v AAgFA g 7T EAA4HR
o} 159 7Dl w8 Ze 2 2d[TEe HEAAS
Zo| AMHRY 3.88] FoP) A 7HEF k] A A 5
74 A2 vehten BlErdee Hoie REe-
7te) BEeES A7 S7MZF ol AAE ¥ vt

BT o] Zurdy BEstd A4E(NFe) 43T
A o|Zgro] IFE(HCa)S A% 84 dgae A
Z7(Contro) ¥ Fr A zpoj7t ARt THEA G
frolz oz 2ad o eyt 53] AtizE4(XCa)
Q) 4= 833 2olA9) # Het € HbEE fro)doz
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Table 5. TIBC, transferrin saturation, hematocrit, hemoglobin and spleen iron in anemic rats fed experimental diets for 8 weeks

TIBC Transferrin Hematocrit Hemoglobin Spleen Fe
(ng/dl) saturation(%) (%) (g/dl) (mg/g dry wi)
Control 663.2:+25.4™ 64.5+6.2% 43.4+0.7° 14.5+0.2° 10.80£0.41
NFe
NCa 646.9415.1 64.14+5.2% 40.7+2.7% 13.7+0.9°% 8.96+0.45"
HCa 577.8+28.5 64.6+3.3* 431414 14.440,5° 6.6620.63*
XCa 588.4-13.3 57.6+1.2° 37.4+0.8° 12.240.3° 5.730.51°
HFe
NCa 630.9+32.8 75.8+3.3° 42.740.7%° 14.4+0.2° 9.27+1.09"
HCa 589.7+17.2 79.0+3.4° 42.1+£0.8"™ 13.6+0.3% 10.36+0.53"
XCa 595.6+29.0 70.0+3.6% 38.5+0.8 12.94£0.3% 8.380.64%
XFe
NCa 642.1+26.1 77.1£4.3° 440+1.9° 14.8+£0.6° 13.43+0.66°
HCa 634.6+28.4 72.7+7.7% 41.3+1.0 13.9+0.3* 10.52+1.00™
XCa 568.3+33.0 74.8+5.7° 38.1+£0.9 12.7+0.3% 9.4810.28%
ANOVA Ca* Fe** Ca**+ Car** Ca**s, Ferr
See Table 3
ZrAF o2 ARE glo] Aevhe BEsh 4% #d 300
Zgo) g UaFee R s A AR 71
2g F o8 AAEHFig. 1). 48 ERAT 91 = M0
AdA T2l 2% A TLEHIE FAN HbsE | §
7b ARG folH o agto] maso] Qivh(Prather & | & [
Miller 1992 ; Wienk F 1996). £
B 4975 N e 349 A 2 gPgme g (§
77) 918 25Fs) BHFRFE 348 5 glont o |F |
s (X Fe)EFAde 2o gEREFRG 1%w
(HCa)#e] SARZEe] ZhiMe &AL wAlsled 2

3z adHor g ¢ glgo] ANHAUY. 2t 4
7 A 2 229 Ak Tl wet 4824 o
£ 7 32 ez F4E ol2g FH7t Aol of
H G2 n)A A HeME For A%A A7 2
L Aoz Almdrt

5. Y ARAMEIE B

7re] AA2ESLE(TBARS) €32 Fig. 2o #A|A18 #
o} o] o] Zga A Jekg Po} n-F(HFe)
2 AoeF (XFe)e] HBAF A F7Hp<0.001) KL
W, 1285 (HCa) 2 FHohds (XCa)Fol A 24:(p<0.05)
3. 7] TBARS #h Al Za(Control) 3 ¥] 3L
Al B Fe/FHtHCa 2olFdl A 11% $A(p<0.05) Vel
ou, Ar}Fe/FdCa Hole A$ 26% A (p<0.05)
ERA T},

7+l TBARSEHE €2 233(r=0.4321, p<0.01)
B} kel Egg(r=0.7575. p<0.0001)2} o =& ¢

il

©

NFe HFe XFe

4007y = 0.1777x+95.687 .
3501 R°=0.6869(p<0.001) *
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Fig. 2. TBARS in liver homogenates(A) and correlation between
TBARS and liver iron concentration(B) of anemic rats fed experi-
mental diets for 8 weeks([ ] normal Ca, B high Ca, Eexcess Ca).

(+)9] d#EaAd Jde Ao Jehgon og AAR

FE 11o)A¢] TBARS AA-& A 7he] ZAZ o) b))

(Galloeano & Puntanulo 1994)3-8 & = A3
Fo149) iron overloadi= breath ethane. pentane % 7+
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Table 6. Serum protein, albumin, uric acid, urea N, creatinine, urinary creatinine and GFR in anemic rats fed experimental diets for 8 weeks

Serum Urine CER
Protein Albumin Uric acid BUN Creatinine Creatinine (mlmin)
{g/dl) (g/dl) {mg/dl) (mg/dl) {mg/dl) (mg/d)
Control 8.18+0.38"  508+021™  1.90+0.15* 118209  1.00+0.04* 12.8+1.0 0.89+0.05
NFe
NCa 7.95+0.15 4.73-£0.09 2.14+0.16 13.0£0.8 1.024+0.05%  11.4+15° 0.73:£0.10"
HCa 8.17+0.29 5.06+0.13 2.02+0.13% 14.0-419 1.08+£0.04* 12.5+1.6% 0.7740.12¢
XCa 8.40+0.24 5.13+0.08 1.88+0.10™ 13.2£1.2 1.0240.02%  16.5+1.1% 1.12+0.07%
HFe
NCa 7.9040.18 4.80+0.19 2.08+0.08° 123+14 1.06+£002" 12.8+1.8" 0.82+0.15%
HCa 8.52+0.08 5.2240.11 1.864:0.10™ 12.2+1.1 1.03+0.06" 15.0+1.0% 1.0240.12"
XCa 8.17+0.14 5.08+0.08 1.50+0.13° 133414 0.98+£0.04™ 17.3+1.8® 1.37+0.09%
XFe
NCa 8.35+0.26 5.12+0.13 2144013 12.0+24 1.1840.05"  11.3+1.6° 0.73+0.08°
HCa 8.75+0.15 5.23+0.08 1.94+0.13* 11.3+09 1.05+0.04%  14.2£22™ 0.97+0.15%
XCa 8.08+0.19 5.08+0.13 1.6440,02% 147+1.9 0.92+0.03° 18.4+2.0° 1.39+0.18
ANOVA Ca* Ca* Cat* NS Ca** Ca** Ca**+
See Table 3

of|lAje] AAEEe] AL SR (Wu F 1990),
Tbrahim %(1997)2 47471 836 A vlE) Eg) 294
ol Haske] 5ol gabs AL 450 FFF A T
ox¢] TBARSZ} frejHod Frhate B ustyrh. 2o
HPE R} Ad e P PR G gk I
T AY diFEe] AAEE 437 ARG A5 7R
FHAE tdeE HyHo] o9 (Omara T 1993 Wu
E1990), 918 e FES gy F AFE AY ¢
o E=8 Ho| H4EI) P WHoE NI A F
HAE (iron overload) & F=EoEXR Ao ETAE
O =82 %ol Haug v (Bacon & Britton 1990
Wu 5 1990), €32Aht 2724 E 4 25A 9] 582
5 AV sd £E0 sty e Ad4ds FAE o
& 97 (Ibrahim ¥ 1997)& vlE3 Aot}

B Jd943 d7ie) oA 18R o] HriFe/H
ACa 2o 4F A 7o) AAIABE Aol Frejdez 7
Zletden, old g A £4 7 A3 E] A
AL o] AggTe] F71= 8 g2E 4 3, 53]
TR (XFe)o] AAFHAE 2o BERERT uZg
(HCa)#e] SARFo] 237 AAAilslE: AL oA
shod Egd oz 88 4 glgol A=A

6. % R MT

Y oy 489 g4k 24440 (BUN) 2 AR
A -8 (GFR)L Table 6o AAIAT 48947 & F
creatinine ¥ GFReo| #HttZg(XCa)wol4] g+

Table 7. Serum GOT, GPT and LDH in anemic rats fed experimen-
tal diets for 8 weeks

GOT(IU/L) GPTQUL)  LDHW-Unit)

Control 65.5+12.0% 19.8+23"  1926+574™
NFe

NCa 68.0+ 6.5 23.8+3.9 20354204

HCa 725+ 6.7 235+19 2336360

XCa 66.8% 3.5 225417 1528+401
HFe

NCa 76.8+ 5.8 242423 2484+271

HCa 62.0+ 9.1 200+19 21004546

XCa 76.5+12.3 19.8+2.9 16324282
XFe

NCa 68.2+ 6.7 22.3+09 23124392

HCa 75.5410.5 222415 23414340

XCa 72.8% 4.5 228+15 2008102
ANOVA NS NS NS
See Table 3

(NCa)&<] 1.581, 17812 z+zh &4 el (p<0.01:
p<0.001) Z& HAFE 7k g2 23715 F8 7}
TAE AN, oy 33 vudd gROE At
(NFe) 2 24F(HFe)9] 3 JHTFoNAM Holdss 1T
Z(HCa) 2 F52(XCa) o2 Z7hA) 23] Z7lshe
A%S Yy, ¥4 AL e (HCa) 2 Fopzt
& (XCa)woll A ZrAastH o, 83 creatinine® Frhd
(XFe) AF 7oA o] BEFao] T71ETE H4ad A
o2 Yepgrt.

w3 Mz L FarEn) g oz gEd A 2 28y
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& Rt

GFR™ = 7 ZRuds AlololE %] 4a8A (r=0.
4058, p<0.05)7} = Aoeg vehgow & Frizhg
(XCa) HHA nze] AgujdFo] F718ta AFTAle T}
&0] 718l Aol g ZegoaM NA7TE A5 Z
T A= Aoz AEEAT Brenner T 1982). Denke
(1993)& 2200mg/d9] TS 10Y F9F B&35 4% 134
o) @zt F 2elA mze] dgujAde] 300mge]de R
eptA AEA 9go] F718 8-S Ry, Stor-
ney 5(1988)2 26089 34~69419 e ez @
717 B¢ (149) Zw 254 1000mg/dE A7 3+,
8%9] KoM ZErFoR A8 1TEFERF(250me/d)
o] YER &2 Bl

3 Ao e FA we wAAHQY Mg deloe
2 Z8E F dFol A= o™ (Sponsel 5 1996)
A8 7|7 ofF] g5k ek B ¥ A Ao
FED O)F 7% AF QS WAA] FgoH, o
24 FpE o] A7) F uX= G- il T THA
Al 2715 AstA vehdths Ay A3 (Alfrey & Ha-
mmond 1990)2 A s490}.

W53 #ste] ¥4 GOT, GPT ¥ LDH ¥4&
2ol Zhg 9 FpFd 438 O] ¥ RAOE UERT
(Table 7). 7t23-g FE@An 73 o2 F33 E7 LFe/H
ACa o) A9 FHAE] 2(score 1)olA Z{(score
2) Az sk AEFo] #EHY N, AiFe/FA
Ca Aoliell A A E Hek(score 3) A W&H o] HEH
Rk, Y] A g Aol A= vjH|§h(score 0-1) A&
Arto] gAENR, A2 (C)AM Y FRFH 228
A dgte FEF S gt ol=F Ags vERd I3
S Me) BAFEF(XFe)ol HFo] X AAle] G332 )
A F Y A Aoz oyt

Zrel| Mol it &AL ke 2HlE 4 Lo §
E24Y9E 5 BHase] gvHOmara 5 1993 : Carth-
ew 5 1994). Omara $(1993)2 o|§719] 3 4#H A
120ppm(control), 5000ppm 2 8000ppm<] A& 757k
FAA HRFOZ A AFFIPE BAPn, HFAV S
7t e, GOTel GPTS] @4do] 5715 0] e =
S Haslot. 9hd Galleano & Puntarulo(1994)
= BFHAA 23 iron overloadE g 25 7+ & A%
olxe TBARS ##2 Frlstient €% GOT. GPT.
LDH #74& a9z &S AAstdeh & 4825
o|E FAe #4o] oS Holx] g AL E AFA4
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AHEE Ao HATE R ARV 2 £9& WY
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d4E
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T7EE 4R FAANA FFEPA)E 107 FAE
grde 448 & Zey A9 ¥dHA¢EL 44 38
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E 23 959 Aaolg 8F Fosta 43 A
£ 8.95be og3) Bt

1) 29 F5FL Ho] @FFo| F7Hg uet felde
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S By, € Y Ho| Ay BEyFe AP
ol Bl (XCa)wollM #astg o, u4Z(HFe)
2 HoeE(XFe)) FAHATAM F718k5rt. Transf-
errin saturation(%)< 14Z(HFe) 2 FHrlrE(XFe)
o] A4 TNA FrI8IEes, TIBCE #oiEs (XCa)
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2) 7o) 2 Mo Zga} AFEo] Jokg ol 1%
#(HCa) ¥ Hohz#(XCa)TdlA ZAasiEon, 2o &
oo SMETE 71590 A4 Fe/ACa Aol B A
‘dFe/TthCa 2ol Fol A 3te] Hgafo] Fgehzao] vls]
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Fom vlgere] AgFE o9} 2L Hs vy
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o} m5#(HFe) ¥ Hu}#(XFe)9) ZAHTFNAN F715
gom, nzw(HCa) 3 IArizE(XCa)wols T4t
v}, FHriFe/AACa AolTol A HAazTd vls 26% =
A vehgow, Bold 4 E Qe 7helMe] B22 P A
AIRE T AL Ho] e ZU1E Z2FHAT

4) & % creatinine ¥ GFR& #FHtld4 (XCa)TelA
AAZE(NCa)Te 1.58], 1.790= zHz; A vehstie
GOT, GPT ¥ LDH Z4¢& 2o] 24 A5Fe] 4¢&
wkz] o= o B gt}

ol 9] Atz RE 4579 A ¥lERd HF A H
o A e HEAFE FUME 28t AERT
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