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Effects of Chronic Aluminum Administration on Blood and
Liver Iron-Related Parameters in Mice
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In this study, the effects of chronically administered alumi-
num on iron metabolism-related parameters of liver and blood
of mice were investigated. An additional purpose to determine
how chronic aluminum administration together with vitamin E
as an antioxidant to mice changed the parameters related to
iron metabolism. For these purposes, we used 21 adult female
Balb-c mice in this study. The animals were divided into three
groups: one group with aluminum administered chronically,
another group with aluminum plus vitamin E administered
chronically, and the control group. Serum levels of hemoglo-
bin, ferritin, iron, transferrin, hematocrit, total iron binding
capacity (TIBC), as well as percentage of transferrin saturation
were determined in all groups. In addition, the liver tissue
levels of ferritin and iron were analyzed. Hemoglobin and
hematocrit levels of the aluminum group and aluminum plus
vitamin E group were significantly decreased compared to the
control. In conclusion, no changes occurred in the serum iron
related parameters although Al induced anemia in mice when
Al administered chronically. There was an increase in the
levels of liver iron and ferritin with Al, but Vit E had no effect
on the changes of all blood and liver parameters caused by
Al
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INTRODUCTION

With the industrialization and consequent pol-
lution, aluminum (Al) is increasingly taken into
our bodies through foods, air, water, and even
drugs. Al is present in many manufactured foods
and is added to drinking water for purification
purposes.” Recent studies have showed the
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ground-water pollution with AL* Although the
biological effects of Al are not well known,” under
experimental conditions, it has been shown that
Al accumulates in the kidney, stomach, brain,
bone, and liver.t

Al might exert its toxic effects by using mecha-
nisms which control iron homeostasis e.g. using
transport proteins such as transferrin, or inter-
fering with iron homeostasis at the level of iron
regulatory proteins.” Tron plays a key role in the
function of many proteins, such as hemoglobin,
and the cytochromes of the mitochondrial respira-
tory chain, and it also plays a key role in micro-
somal electron transfer chains and in many
enzymes including several hydrolyses and ca-
talyses.”

Al is not a transition metal and, hence, cannot
itself initiate any oxidation/reduction reactions.’
However, Al has the ability to potentate the iron-
catalyzed free radical production and to initiate
lipid peroxidation.’ In a study reported recently,
it has been suggested that Al can induce mor-
phological and functional alterations in erythroid
cells by a direct action on circulating erythrocytes,
which suggests membrane alterations due to lipid
peroxidation mechanisms."" In another study,
oxidative damage was contributed to Al-induced
anemia by increasing erythrocyte fragility."

Vitamin E (Vit E) is an essential chain breaking,
peroxyl radical-trapping antioxidant in mem-
branes.” Because Vit E has no effect on iron con-
centrations,13 this vitamin was used as the antioxi-
dant in our study.

The aim of this study was to investigate the
effects of chronically administered Al on iron
metabolism-related parameters of the liver and
blood of mice. In addition, we planned to deter-
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mine how chronic Al administration, together
with Vit E as an antioxidant, in mice changes the
parameters related to iron metabolism.

MATERIALS AND METHODS

This study was performed on 21 adult female
Balb-c mice that were aged 16 to 20 weeks. The
animals were divided into three groups (n=7
each). All rats were fed ad libitum. In the first and
second groups, 877 zmol Al>(SO,); (aluminum sul-
fate)/kg body weight were daily given in the
drinking water for three months.”™* Vitamin E (Vit
E; a-tocopherol) was also administered once a
week (20 mg/kg body weight) by subcutaneous
injection in to the animals of the second group
during the three months.” The animals of the con-
trol group were given only drinking water during
this period. At the end of the experimental period,
all the animals were anaesthetized with ether
vapor, and blood was removed by cardiac punc-
ture, after which the animals were killed by
cervical dislocation. Whole blood samples and
sera of the subjects were collected into tubes.
Hemoglobin concentrations and hematocrit levels
were determined in the whole blood, while the
levels of ferritin, transferrin, iron, and total iron
binding capacity (TIBC) were determined in the
serum.”’® The liver tissue samples were taken
immediately after the sacrifices, weighed, and
diluted with distillate water in the ratio of 1:1.
Then, the samples were homogenated. The homo-
genates were centrifuged at 2000 X g for 6
minutes, and supernatants were obtained.” Tron
levels of the supernatants and sera were analyzed
with commercial kits (ILAB, Milano, Italy) by
using an auto analyzer (ILAB 900, Milano, Italy).
Ferritin levels of the supernatants and sera were
determined by an immune-analyzer (Tosoh
Corporation, Tokyo, Japan) with commercial kits
(Eurogenetics, Tessenderlo, Belgium). Serum
transferrin and TIBC levels were analyzed with
commercial kits (ILAB, Milano, Italy) by using an
auto analyzer (ILAB 900, Milano, Italy). The per-
centage of transferrin saturation of blood samples
was calculated.

The results were evaluated with Mann Whitney
U and Kruskal Wallis tests for the significance
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between and among groups, respectively. Statisti-
cal analysis was made with SPSS 9.0 (Statistical
Package for Social Sciences). The results are
expressed as a mean * standard deviation (S5.D.).

Animal care and all experimental procedures
used were in accordance with those detailed in
the Guide for Care and Use of Laboratory Ani-
mals, which was published by the U.S. Depart-
ment of IHealth and Human Services.

RESULTS

The data and statistical comparisons of blood
parameters for the group with chronically admin-
istered Al (Al group), the group with chronically
administered Al plus Vit E (Al+Vit E group), and
the control group are illustrated in Table 1.
Hemoglobin and hematocrit levels of Al and
Al+Vit E groups were significantly decreased
compared to the control.

Table 2 shows the data and statistical compari-
sons of liver tissue parameters for the Al group,
the Al+Vit E group, and the control group. Iron
and ferritin levels of the two groups were
significantly higher than those of the control.

When the Al group and the Al+Vit E group
were compared, we found no significant differ-
ences in the levels of all blood and tissue parame-
ters (Table 1, Table 2).

DISCUSSION

In this study, our goal was to investigate the
changes in the levels of iron metabolism-related
parameters in the liver and blood of chronically
Al-administered mice, and the effects of the anti-
oxidant Vit E on these changes. Although there
have been some studies, in literature, aiming to
show the effects of Al on iron metabolism, no
consensus has been reached among the results.
T gome studies have indicated a reduction of
iron stores in the liver of chicks and serum of rats
when exposed to high levels of AL''*" Others
have found no alterations or have discovered an
increase in iron stores after exposure to AL™
Consequently, data concerning the changes in iron
concentration of tissues and body fluids after the
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Table 1. Blood Parameters of Aluminum, Aluminum+Vitamin E and Control Groups (Mean & S.D.)

Control (n=7)
15.32 4 0.24% e o
35.20 =+ 1.74% %

Aluminum (n=7) Aluminum+Vitamin E (n=7)

13.68 + 1.16%,
31.34 + 2.73%, o

13.18 £ 1.60™, *
30.75 + 2.68%,

Hemoglobin (g/dLl)

Hematocrit (%)

Transferrin (mg/dl) 132.85 & 4.59 143.14 + 18.39 140.85 & 26.92
Iron (mg/dl) 42.00 + 41.13 67.42 + 56.68 96.85 + 82.75
TIBC (pg/dl) 601.00 £ 26.94 620.71 = 41.12 636.00 & 65.17
Ferritin (ng/ml) 0.08 = 0.02 0.06 = 0.03 0.08 = 0.06

Transferrin saturation (%) 6.75 + 6.24 10.43 £ 8.00 14.31 = 10.71

a

and " Shows significance between two groups.
“: Shows significance among three groups.

TIBC: Total iron binding capacity.

*p<0.05.

Table 2. Liver Parameters of Aluminum, Aluminum+Vitamin E and Control Groups (Mean = S.D.)

Control (n=7)
2.02 + 0.33% b«
216 + 0.90°T, OT <f

Aluminum (n=7) Aluminum+Vitamin E (n=7)
264 + 047

469 + 1.69°7, <t

Iron (ug/mg protein) 2.59 + 0.55%

Ferritin (ng/ml) 440 + 1187, T

a

and " Shows significance between two groups.
“: Shows significance among three groups.

TIBC: Total iron binding capacity.

<005, Tp<001.

administration of Al are contradictory and seem
to depend on the conditions of toxicity, which are
mainly determined by different doses and dif-
ferent routes of administration.”

There have been a number of investigations that
were performed with different doses and com-
pounds of Al in literature,”"* but we aimed to
see the effects of especially high doses of
Al(SOy)3, which has not been used previously in
mice. Through this study, a decrease in hemo-
globin and hematocrit levels of mice taking Al
sulfate for tree months was determined. In
another study, it has also been reported that rats
having aluminum chloride for three weeks
showed decreases in the levels of the same para-
meters as our study.” The effects of Al on
erythroid progenitors and on mature erythrocytes,
and the toxic effects on erythropoiesis’ may be
responsible for the decrease of hemoglobin and
hematocrit levels.

The Al group showed no statistically significant

changes in both the transferrin level and the
percentage of transferrin saturation compared to
the control in our study. There are some re-
searches supporting our results,”” while some
others do not."*”

Vittori et al.'"" did not observe alterations in
plasma iron concentrations and in TIBC of rats
that were chronically exposed to Al, although
anemia were observed in these animals. Whereas
another study illustrated that Al lowered blood
iron levels.” We also observed no changes in the
levels of blood iron, TIBC, and ferritin of chroni-
cally Al-administered group compared to the
control group. Our results like those of Vittori et
al" displayed anemia such as the decreases in
hemoglobin and hematocrit levels, but there was
no change in the levels of blood iron, TIBC, and
ferritin.

Some studies have reported that Al increases
lipid peroxidation rates.”** A long-term (8 week)
dietary supplementation with Vit E might prevent
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Al-stimulated oxidative injury by increasing gluta-
thione peroxidation and decreasing lipid per-
oxides as thiobarbituric acid reactive substances.”
For this reason, we chronically added Vit E in one
of our groups. In this group, we did not find any
changes in the levels of transferrin, iron, TIBC, or
ferritin. Also, the percentage of transferrin satura-
tion did not change while hemoglobin and hema-
tocrit levels decreased significantly compared to
those of the control. When compared to chroni-
cally Al-administered group, all parameters of the
Al+Vit E group showed no significant changes.
Among the three groups, only the hemoglobin
and hematocrit levels exhibited significant
changes. These findings suggest that Vit E does
not influence the hematological changes exerted
by Al

It has been experimentally shown that Al accu-
mulates in the liver.”® In our study the levels of
liver iron and ferritin concentrations increased
with Al exposure. Ward et al.” also determined
that the content of iron in liver, spleen, heart,
kidney, and brain of rats increased with Al
exposure. The increases in the two parameters
were seen in the Al+Vit E group as well. In the
comparison of iron and ferritin concentrations,
there were no differences between the Al and
Al+Vit E groups. This shows that Vit E exerts no
influence on the changes created by Al in the liver
as well as the blood. Investigations reporting that
Al does not lead to lipid peroxidation in liver
gave support to our results.””

In conclusion, no changes occurred in the iron
related parameters although Al did induces
anemia with chronic administration of Al in mice.
Another important result was the increase in iron
and ferritin levels of the livers with Al. However,
Vit E had no effect on the changes of all blood and
liver parameters created by Al
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