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Summary

This study investigated the effects of differences in ferrous sulfate and hemoglobin on iron nutritional statuses in
rats. Male Wistar rats were fed an AIN93G-based diet containing iron at a level of 20 ug/g as ferrous sulfate or
porcine hemoglobin for 4 weeks. Iron nutritional statuses were measured through blood hemoglobin levels, organ
iron contents, fecal iron excretion, and the intestinal mucosa mRNA expression levels of genes encoding proteins
involved in iron and heme absorption. Rats fed a hemoglobin-containing diet had significantly lower blood hemoglobin
levels, hematocrits, organ iron contents, and serum iron contents, and a higher serum total iron-binding capacity and
serum unsaturated iron-binding capacity than rats fed a ferrous sulfate-containing diet. Apparent iron absorption by
rats administered hemoglobin was significantly lower than that by rats given ferrous sulfate. In addition, the mRNA
expression levels of the divalent metal transporter 1 and heme oxygenase 1 genes in the duodenal mucosa of the

hemoglobin group may be induced by iron deficiency. These results indicate that the iron bioavailability of hemoglo-

bin is lower than of ferrous sulfate in normal rats.
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Table 1 Compositions of experimental diets

Groups

Fsilg:tlés Hemoglobin
Dextrinized corn starch 132 132
Corn starch 397.486 397.486
Sucrose 99.904 100
Cellulose 50 50
Casein 200 191.8
L-Cystine 3 3
Choline bitartrate 25 2.5
AIN-93 vitamin mixture 10 10
Iron-free AIN-93G mineral mixture 35 35
Ferrous sulfate” 0.096 -
Hemoglobin powder* - 82
Soybean oil 70 70
tert-Butylhydroquinone 0.014 0.014

T The premixture consisted of 2.0 g of ferrous sulfate mixed
with 98.0 g of sucrose.

# The composition of hemoglobin powder was as follows: pro-
tein, 86.4 g/100 g and iron, 2.44 mg/g.

AIN, American Institute of Nutrition.
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Table 2 Sequences of the specific primers used for reverse transcriptase PCR analysis

Gene name 5—3’ primer sequence Accession number
Do pleme  corCraccoAAGAsacrcrc MO
DMTL e acAceTAcATGIToTGTaGe M09
FVCRL e acorTeroaccrTrert XML
F d GGGTGGATAAGAATGCCAGA
FPNI Roer\IVZ:ie ATGATCCCGCAGAGAATGAC NML133315.2
e Rt TEMGCRCTIONTT
o T TG
F d TCCAGGACGTTTGCCATTTG
Hoz Roer\IVZ:ie TTCCACAAAACCTGGGTGTG NM_001277073.1
mo S IO g
o Tt MOCTTCEEON o

Dcytb, duodenal cytochrome b; DMTI, divalent metal transporter 1; FLVCR, feline leukemia virus
subgroup C receptor; FPNI, ferroportin 1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase;
HCPI1, heme carrier protein 1; HOI, heme oxygenase 1; HO2, heme oxygenase 2; HRGI, heme

responsive gene 1.

Table 3 Growth parameters and organ weights of rats fed

experimental diets
Ferrous sulfate Hemoglobin
Growth parameters
Initial BW (g) 823 = 16 822 = 19
Final BW (g) 2972 = 55 2927 = 56
BW gain (g/day) 768 = 0.24 752 = 021
Food intake (g/day) 213 £ 13 208 = 12
Food efficiency® (g/g) 0361 = 0.011 0362 = 0.01
Organ weights (g/100g BW)
Stomach 135 £ 012 146 + 0.12
Small intestine 232 = 0.06 261 £ 0.08°
Large intestine 029 = 0.02 032 £ 001
Liver 385 = 0.06 354 = 0.04™
Spleen 022 = 0.02 019 = 001
Kidney 0.73 = 0.02 081 = 0.01™

" Food efficiency (g/g) = BW gain (g/day) / food intake (g/day)
Data represent means +=SEM (n=7). Values are significantly
different from the ferrous sulfate diet at *p <0.05 and
**p <0.01 using an unpaired #test.

BW, body weight.
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Table 4 Serum iron levels, total iron-binding capacities (TIBC),
unsaturated iron-binding capacities (UIBC), hemo-
globin levels, and hematocrits of rats fed experimental

diets
Ferrous sulfate Hemoglobin
Serum iron (ug/dL) 245 = 36 156 = 11*
Serum TIBC (ug/dL) 530 + 23 675 = 12*
Serum UIBC (ug/dL) 285 + 57 519 = 17
Hemoglobin (g/L) 128 + 0.1 105 + 0.2*
Hematocrit (%) 382 = 03 316 £ 05*

Data represent means+*SEM (n=7). Values are significantly
different from the ferrous sulfate diet at * p < 0.05 and ** p <
0.01 using an unpaired t-test.

TIBC, total iron-binding capacities; UIBC, unsaturated iron-
binding capacities.

Table 5 Tissue iron contents of rats fed experimental diets

Ferrous sulfate Hemoglobin
ug/g
Liver 389 £ 53 171 = 1.1™
Kidney 385 = 1.8 223 £ 16
Spleen 936 = 29 658 + 34™
Femur 233 = 18 148 = 0.8
Duodenal mucosa 220 £ 43 48 = 05"
Jejunal mucosa 91 + 12 46 = 03"
Ileal mucosa 75 = 05 38 = 04™

Data represent means*=SEM (n=7). Values are significantly
different from the ferrous sulfate diet at ** p < 0.01 using an
unpaired #test.

Table 6 Fecal iron content and apparent iron absorption of
rats fed experimental diets

Ferrous sulfate Hemoglobin
Fecal iron content 268 + 99 397 + 17
(ug/day)
(A%;))parent absorption 630 = 39 486 + 25*

Data represent means+SEM (n=7). Values are significantly
different from the ferrous sulfate diet at ** p < 0.01 using an
unpaired /-test.
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Fig.1 Relative mRNA expression levels of genes encoding
proteins involved in iron metabolism in rats fed experi-
mental diets

Data represent means=SEM (n =7). Values are significantly
different from the ferrous sulfate diet at * p < 0.05 using an un-
paired t-test.

mRNA expression levels were measured using a real-time PCR
analysis with GAPDH mRNA expression levels for normaliza-
tion. The mRNA expression levels of genes are shown relative

to those from rats fed the ferrous sulfate diet (set at 1.00).

Dcytb, duodenal cytochrome b; DMTI, divalent metal trans-
porter 1; FLVCR, feline leukemia virus subgroup C receptor;

FPNI1, ferroportin 1; GAPDH, glyceraldehyde 3-phosphate dehy-

drogenase; HCP1, heme carrier protein 1; HOI, heme oxygenase

1; HOZ, heme oxygenase 2; HRGI, heme responsive gene 1.
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