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SUMMARY : Iron absorption by everted gut sac (EGS) and the effect of aluminium in this process has been
investigated. Incubation of freshly prepared rat EGS in Earle's medium pH=7.4 containing either Fe (II) and or
Fe (III) showed that maximum absorption occurred within 30 min of incubation time. The absorption of Fe (II)
or Fe (III) by EGS was dose dependent. Maximum absorption was carried out in the presence of 8 mM of iron
followed by a gradual reduction thereafter. Aluminium (400 ug/1) reduced iron uptake by 24% . Apo-transfer-
rin when saturated with aluminium (30-90%) and inserted inside the sac caused reduction in iron uptake. The
higher the percentage of saturation the lower the iron uptake by EGS. Suggesting the probable role of transfer-
rin in iron uptake. The mechanism of iron absorption by EGS and the effect of aluminium in this process has
been discussed.
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Trace Elements

INTRODUCTION

Aluminium is the most abundant metal in earth's

crust. According to the recent literature, this element

enters blood circulation via either dialysis fluid and/or alu-

minium phosphate binders which are used to reduce

serum phosphate concentration in chronic renal failure

who are undergoing hemodialysis (1,2).

There are a number of stages by which iron metabo-

lism being achieved. The first stage is the uptake of iron

from Lumen by intestinal mucosal cells. In mucosal cells

the exact mechanism by which iron transportation occurs

is still a matter of speculation. Iron enters to the ferritin mol-

ecule or binds to a carrier protein (3). This carrier protein

has recently been isolated and characterized by our labo-

ratory (4). It is a β-glycoprotein and is responsible for the

transportation of iron inside mucosal cells (5).

In blood iron binds to serum apo-transferrin and via

transferrin receptors enters cells for heme synthesis (6,7)

or other biochemical pathways (8).

Due to chemical similarities between aluminium and

iron, aluminium has been reported to bind to serum trans-

ferrin (9).

The binding of aluminium to serum transferrin has

been investigated using a number of biochemical tech-

niques including spectrophotometric titration (10,11), affin-

ity chromatography (12), gel filtration chromatography (13)

and equilibrium dialysis (14). Aluminium transferrin com-

plex binds to the same receptor at placental membrane

(15) by which it inters the cells and interferes with heme

synthesis (16,17). In chronic renal failure patients with alu-

minium overload a series of pathophysiological disorders

appear such as dialysis osteomalacia (18), dialysis

dementia (19) and hypo-chromic microcytic anemia (20).

The present project has been undertaken to study the
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influence of aluminium on iron absorption in connection to

the appearance of hypo-chromic microcytic anemia in

patients with aluminium everload. Rat everted gut sac was

used as a model study in this investigation.

MATERIALS AND METHODS
All chemicals used in this project were reagent grade and

obtained from sigma chemical Company U.K. Deionized water

was used throughout this study. Laboratory glassware was

soaked overnight in 10% HNO3 and washed three times with bi-

distilled water with aluminium concentration less than 1 ug/l. Plas-

tic ware was washed with 1 mM EDTA and rinsed with bi-distilled

water three times. Aluminium concentration in bi-distilled water

was determined using flameless-atomic absorption spectropho-

tometry (7). Male Wistar rats were kept in faculty animal house at

standard conditions and fed on basal diet and water until their

weights reached between 200-250 grams. Animals were fasted

24 h prior to the experiment and they were killed by cervical dislo-

cation. Small intestine was removed, cleaned from debries,

washed, blotted driy and weighted. The intestine cut into small

pieces and proximal duodenum, jejunum segments were pre-

pared.

The segments were everted. The everted gut sacs were

filled up with Earl's medium pH=7.4 and suspended in Earle's

medium with or without iron. The incubation mixture was capped

and gassed with O2 / CO2 = 95/5 in water bath shaker at 37°C. At

predetermined time intervals, the reaction mixtures were removed

and the concentration of iron inside the sacs was determined. Iron

determination was carried out using spectrophotometry and

phenanthrolin reagent as chromogen (21). Protein concentration

was determined by Lowry method (22).

Preparation of aluminium and/or iron citrate complex
Separate standard solutions of aluminium chloride were pre-

pared in bi-distilled water and mixed with equal volumes of citric

acid 1:20. The solutions was adjusted to pH=7.4 with 1 M NaOH

and made up to final concentration. The solution was always pre-

pared freshly on the day of the experiment.

The final concentration of Al, Fe (II) and Fe (III) in each solu-

tions was determined by above mentioned method. Aluminium

and/or iron transferrin complex were prepared as reported else-

where (14).

RESULTS

Establishment of optimum conditions for iron
absorption by EGS

Preliminary experiments were carried out to establish

optimum conditions necessary for iron uptake study by

EGS. The effect of incubation time on this process was

investigated first. To follow this EGS was prepared and

incubated in a series of volumetric flasks in Earle's

medium containing 2 mM/l iron as Fe (III) in complex with

citric acid 1:20. At 15 min intervals time EGS was removed

from medium and washed with saline. The iron containing

solution inside the sac was determined and the results are

presented in Figure 1. It shows that maximum Fe (III)

uptake occurs within 30 min of incubation time (Figure 1).

The level of iron uptake was then off, suggesting that the

mucosal cells gradually lose their ability to take up iron. Fe

(II) and Fe (III) uptake by EGS was studied and compared.

Figure 1: Effect of incubation time on iron absorption by E.G.S.

Figure 2: Comparative study of Fe (II) (ο−ο), and Fe (III) (•−•) absorption by E.G.S.
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It was found that iron as Fe (II) complex with citric acid 1:20

being absorbed much more efficiently than Fe (III) (Figure

2). The Fe (II) absorption was 20 percent higher than     Fe

(III). In order to find out whether iron uptake by EGS was

dependent on the concentration of Fe (II), to a series of

volumetric flasks varying concentrations of iron (0-12

mMol/l) as Fe (II) in complex with citric acid was added.

The reaction mixtures were incubated for 30 min at the

same conditions mentioned in methods. At the end of incu-

bation time, EGS from each volumetric flask was removed

and iron containing inside the sacs was measured. The

data presented in Figure 3 showing that there was a grad-

ual increase in iron uptake by EGS up to 8 mM/l and the

iron absorption then decreased.

Effect of aluminium on iron absorption by EGS
In order to investigate the effect of aluminium on Fe

(II) uptake by EGS, to a series of volumetric flasks contain-

ing EGS and 8 mM/l Fe ( II) as a complex with citric acid

400 ug/l of aluminium without and/ or with citric acid 1:20

was added. The reaction mixture were incubated for 30

min. At the end of incubation time the iron concentration

inside the sacs were measured and compared with control

in which no aluminium was added. It was found that addi-

tion of 400 ug/1 of aluminium to reaction mixture

decreased iron uptake by approximately 20 percent

(Figure 4).

Effect of level of saturation of transferrin with alu-
minium on iron uptake by EGS

Since transferrin may play an important role in iron

uptake from intestinal mucosal cells, the role of this b-gly-

coprotein on iron uptake was investigated. Apo-transferrin

was saturated with aluminium at different degree of satura-

tion. To a series of volumetric flask same amount of trans-

ferrin (2 mg/1) with different amount of aluminium was

added. The concentration of iron in all reaction mixture

was 8 mM/1. They were incubated for 30 minutes. At the

end of incubation period, the EGS from each flask was

removed and treated as mentioned earlier, the iron con-

centration inside the sacs was measured and the data are

presented in Figure 5. It shows that the higher the level of

saturation of transferrin with aluminium, the lower the

amount of iron uptake.

DISCUSSION

The consumption of aluminium phosphate binders in

chronic renal failure patients causes reduction in phos-

phate absorption from diet with subsequent reduction in

serum phosphate level in these patients. On the other

hand aluminium by itself may interfere with iron uptake by

intestinal mucosal cell and disturb iron metabolism in these

patients (23). As hypo-chromic microcytic anemia is one of

the most prevalent disorder in renal failure with aluminium

overload. The data which has been presented in this man-

uscript shows that iron absorption by EGS depends on

many factors including form of iron and incubation time.

The results presented in Figure 1 suggest that maximum

absorption occurs within 30 min of incubation time which

might be due to the death of mucosal cells which in turn

might be correlated to the consumption of energy.

The transportation of many cations including sodium,

potassium and calcium across the membranes require

energy which is provided by ATPase system (24). The

uptake of iron by EGS cell has also been reported to be

energy dependent (13) and the reduction in iron absorption

after 30 min of incubation time might be due to reduction of

this system.
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Figure 3: Fe (II) absorption by E.G.S.
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We have found that the iron uptake depends on the

form of Fe, in which the degree of ferrous ion absorption is

much higher than ferric (25). These findings are in agree-

ment with our previous observations concerning alu-

minium transfer across mucosal cell (23). We had

concluded that citric acid accelerates the absorption

process (26). The data which has been presented in this

paper shows that aluminium interferes with iron absorption

and reduces iron uptake by mucosal cell (Figure 4).

Review of the literature suggests that 10% of aluminium

might be absorbed from the environment and may enter

blood circulation. The absorption of aluminium from intes-

tinal cell might be mediated by transferrin.

Using affinity chromatography technique and intes-

tinal cell homogenate, we have been able to Purify and

later identify this protein (4). The role of this protein in alu-

minium transport in blood circulation has already been

reported (9). In this study we found that the level of satura-

tion of transferrin with aluminium has also been influenced

by iron uptake of the mucosal cells. It is obvious that when

all iron binding sites of the protein being occupied by alu-

minium this may lead to a reduction in iron uptake, which it

can confirm the important role of transferrin in iron uptake

by intestinal mucosal cells. However more investigations

needs to be carried out to elucidate the exact mechanism

by which aluminium interferes with iron uptake by the

mucosal cells.
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