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Effect of Aluminum and Deferoxamine on Biliary Iron Elimination in the Rat (42762) 

P. ALLAIN, G. LEBLONDEL, AND Y. MAURAS 
Laboratoire de Pharmacologie, Centre Hospitalier Universitaire, 49033 Angers Cedex, France 

Abstract. Iron (Fe) and aluminum (Al) eliminations in bile were studied in rats after intrave- 
nous administration of Fe, Al, deferoxamine mesylate (Desferal, Ciba) (DFA), feroxamine 
(FeA), and aluminoxamine (AlA) at the dose of 50 pmole/kg body weight. Bile was obtained 
from the bile duct of anesthetized rats, and the concentrations of Fe and A1 in bile were 
measured by an inductively coupled plasma optical emission spectrometer. The results showed 
an increase of Fe elimination in bile, from 10 to more than 20 pmole/liter after Fe and also after 
A1 administration; an increase to about 350 pmole/liter after DFA administration; to 250 
pmolelliter after FeA administration; and to 100 pmole/liter after A1A administration. Alumi- 
num elimination in bile was increased only after A1 and particularly after A1A administration 
but not after Fe and FeA administration. In conclusion, A1 and A1A were able to increase Fe 
elimination in bile. Thus A1 overload observed in hemodialyzed patients may induce an exces- 
sive iron loss in bile and partly explain microcytic anemia. 0 1988 Society for Experimental Biology and 
Medicine. 

The biliary excretion of xenobiotics is less 
known than their urinary elimination be- 
cause the bile is relatively inaccessible in 
complarison to urine and because biliary ex- 
cretion may be followed by digestive absorp- 
tion. 'The biliary excretion of metals was re- 
vieweld some years ago by Klaassen (1). Re- 
cently, Thompson and Klaassen (2) have 
compared biliary excretion of a few metals 
after portal and systemic administration to 
rats. More data about biliary elimination of 
lead, mercury, zinc, copper, and manganese, 
for example, can be found in the literature 
than about iron (Fe) (3 -5 )  and alumi- 
num 1(6). 

The effect of deferoxamine (DFA) on Fe 
elimination in bile was studied (7, 8), but the 
mechanisms and sites of action of DFA are 
not yet completely understood (9). DFA also 
increased the biliary and fecal eliminations 
of A1 in patients (10). 

We: report here results of an experiment 
conducted in normal rats to study Fe and A1 
elimination in bile after systemic administra- 
tion of metals (Fe and Al) and of DFA and its 
chelated forms, feroxamine (FeA) and alu- 
minoxamine (AlA). 

Materials and Methods. Male Wistar rats 
of about 200 g body weight, maintained on a 
standard laboratory diet, were fasted 16 hr 
before the cannulation of the bile duct. Rats 
were anesthetized with urethane ( 1.2 g/kg 
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body weight), known to have little effect on 
the volume of bile excreted (1 1). The bile 
duct was surgically exposed by a midline in- 
cision and cannulated with polyethylene 
tubing. Rats were kept at a constant body 
temperature with a heat lamp. Bile was col- 
lected into preweighted polypropylene tubes 
every 15 min for 3 hr before and after intra- 
venous administration of the products stud- 
ied. Bile flow rate was 1.12 f 0.16 ml/hr (X 
k SD, n = 15) and 1 ml/hr of saline was 
given via the jugular vein to compensate for 
the loss of fluid volume. 

The drug used was deferoxamine mesylate 
(DFA) (Desferal, Ciba). FeA and AlA, the 
chelated forms of DFA, were obtained by 
mixing equimolecular quantities of DFA and 
Fe3+ and A13+, respectively. The substances 
used, Fe3' (Fe(N03)3, 9H20) and A13+ 
(Al(N03)3, 9H20), were obtained from 
Merck and Prolabo. The rats were injected iv 
with DFA, FeA, AlA, Fe3+, and A13+ at the 
dose of 50 pmole/kg body weight. A control 
group received an equimolecular solution of 
Mg(N03)2. Four rats per group were used. 

The concentrations of A1 in bile, after a 
1 0-fold dilution with demineralized water, 
were determined by inductively coupled 
plasma optical emission spectrometry, ac- 
cording to a method already described else- 
where (12, 13). Since we were using a JY 48 
spectrometer, Fe as well as Na, K, Ca, Mg, 
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Zn, and Cu were simultaneously deter- 
mined. 

All data are expressed as means k standard 
deviations. Tests for statistical differences of 
means were carried out by the nonparamet- 
ric Mann-Whitney test (14). 

Results and Discussion. Since the quantity 
of bile secreted during 15 min was not modi- 
fied by administration of Fe, Al, DFA, FeA, 
and AlA, the biliary elimination of Fe and A1 
is expressed as micromoles per liter of bile 
(Figs. 1, 2, 3). No modification of biliary 
elimination of Na, K, Ca, Mg, Zn, and Cu 
was observed in these experiments. 

Figure 1 shows that administration of 
Mg(N03)2 did not modify Fe elimination in 
bile. Fe administration slowly increased Fe 
biliary elimination to about 20 pmole/liter, 2 
hr after administration. A1 administration 
also gave an increase of Fe elimination in bile 
similar to that obtained after Fe administra- 
tion. 

Figure 2 shows that DFA and FeA gave a 
very considerable and rapid increase of the 
concentration of Fe in bile with a maximum 
of about 300 pmole/liter, 30 min after ad- 
ministration. A1A also gave a considerable 
increase of Fe elimination in bile with a 
maximum of about 100 pmole/liter. 

The comparison of these results (Figs. 1 
and 2) clearly shows that the concentration 

Fe (pmo1/1> 

25 1 

0 4  1 

MIN 
0 15 30 45 60 75 90 

FIG. 1. Fe concentration in bile after intravenous ad- 
ministration of Mg (NO3)z (X  - X), Al(N03)3 
(X-0- X), and Fe(N03)3 (0 - - -  0) at the same dose 
(50 pmole/kg). X k SD, n = 4. *P < 0.05 (Mann-Whit- 
ney U test). Control group: Mg (NO&. 
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FIG. 2. Fe concentration in bile after intravenous ad- 

ministration of AlA (* --- *), FeA (X -.- X), defer- 
oxamine (DFA) (0 - - -  0), and Mg (NO3)2 (. - .) at 
the same dose (50 Fmole/kg). X f SD, n = 4. *P G 0.05 
(Mann-Whitney U test). Control group: Mg (N03)2. 

of Fe in bile increased slightly but contin- 
uously after Fe and A1 administration, 
whereas after DFA, FeA, and A1A adminis- 
trations it increased rapidly to reach high 
concentrations at 30 min and then de- 
creased. 

Figure 3 shows that after A1 administra- 
tion, A1 concentration in bile increased 
slowly during 1 hr and then remained at the 
same level (about 10 pmole/liter). After AlA 
administration, A1 elimination in bile in- 
creased to a maximum at 45 min and then 
slowly decreased. The biliary elimination of 
endogenous A1 in control rats was very low 
and was not increased by Mg(N03)2, DFA, 
or FeA administration. 

Comparison of Fe elimination in bile after 
FeA administration (Fig. 2) and A1 elimina- 
tion after A1A administration at the same 
equimolecular dose (Fig. 3), shows that Fe 
elimination (250 pmole/liter) is about four 
time higher than A1 elimination (60 pmole/ 
liter). 

These results confirm that the biliary elim- 
ination of endogenous Fe is considerably in- 
creased by DFA. This increase, in addition to 
the well-known increase in urinary elimina- 
tion, may partly explain the clinical effect of 
DFA in Fe overloaded patients. 
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FIG. 3. A1 concentration in bile after intravenous ad- 
ministration of A1 (N03) (X - X) and A1A (0 --- U) at 
the same dose (50 pmole/kg). X f SD, n = 4. *P < 0.05 
(Mann-Whitney U test). Control group: A1 (N03)3. 

The fact that the rates of Fe and A1 elimi- 
nation in bile were faster after DFA, FeA, 
and A1A administration than after Fe and A1 
administration suggests that the chelated 
forms can be directly eliminated in opposi- 
tion to the free elements which probably 
need to be bound to endogenous ligands be- 
fore elimination. 

From a practical point of view, it is well 
known that A1 may be responsible for micro- 
cytic anemia in hemodialyzed patients 
(1 3- 19). Our results suggest that in these pa- 
tients, besides erythropoietin deficiency, an 
excessive iron loss through biliary excretion 
induced by A1 overload may be partly at the 
origin of this trouble. 

We are indebted to Fondation Langlois for its support 
and C. L,aisnk for typing the paper. 
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