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Abstract: The long-term effects of early postnatal exposure to aluminium
on acetyl choline esterase (AChE) activity and on biogenic amines were
studied in different brain regions. The subjects were eight days old male
Wistar rat pups. They were grouped into normal control and aluminium
exposed groups. For aluminium exposure, the pups were gastric intubated
with aluminium chloride (40 mg/Kg body weight) for two weeks. Control
rats were given equal volumes of distilled water. After the treatment,
they were rehabilitated for forty days. On the sixtieth day, the rats from
both the groups were sacrificed and AChE activity, levels of dopamine,
noraderenaline and serotonin were estimated in the cerebral cortex,
hippocampus, septum, brainstem and striatum. In the aluminium exposed
group: the AChE activity was significantly decreased in the hippocampus,
septum, striatum and brainstem; serotonin levels were reduced by 20% in
the cortex, hippocampus, septum and striatum; in brain stem, the serotonin
level was decreased by 40%. A 60% reduction in noradrenaline levels was
observed in the striatum whereas it was reduced by 25% in other regions
except in hippocampus. Though dopamine levels were not altered in the
cortex, septum and brainstem, they were reduced by 40% in the striatum.
The study documents the long-term consequences of exposure to aluminium
during the developmental periods.
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INTRODUCTION

Aluminium, a non-essential element for
life, is known to be a potential hazard to
many life processes and the neurotoxic
effects of this element have been described
in great detail (1, 2). Clinically, the
neurotoxicity of aluminium has been studied
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most extensively in dialysis encephalopathy
(3, 4). There are also reports on selective
and abnormal accumulation of aluminium
in the brains of patients with certain
neurological disorders such as Amyotrophic
lateral sclerosis, Parkinson Dementia

complex of Guam (5). Aluminium has been

suggested to be a contributory factor in the
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pathology of Alzheimer's disease (6, 7). The
administration of this metal to experimental
animals have been shown to induce

many neuropathological features similar
to those observed in Alzheimer's disease,
implicating its involvement either as a
cause or a consequence of this disorder
(8, 9). Moreover, the direct neurotoxicity

of aluminium has been demonstrated in

In vitro using various neuroglial
cultures (10,11) to understand the
consequences of intracellular aluminium on

neurodegeneration and ceU death.

Although considerable attention has
been given to the aluminium intoxication
studies, information regarding the long-term

effects of aluminium is consider~bly lacking.
Varner et a!. (12) have demonstrated that
chronic administration of aluminium to rats

III drinking water caused distinct
morphological alterations in the brain. Their
study provided evidence of neuronal injury
in terms of reduced neuronal density,
degenerative changes such as pyknosis,
vacuolation, chromatin condensation and

other cytoskeletal as well as cerebrvascular
abnormalities. Similarly few studies (13, 14)
have demonstrated that exposure to
aluminium during developmental periods
leads to impaired spatial memory and
altered cholinergic functions In the

adulthood. This is of particular concern as
exposure of developing nervous system to
insults may have more dangerous
consequences than that of the adult nervous
system. In view of the lack of information
on long-term neurotoxic effects of
aluminium on brain functions, the- present
study was designed to investigate the long
term effects of early postnatal exposure to
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aluminium. In this paper, the effects of
aluminium on acetylcholine esterase (AChE)
activity and on biogenic amine

neurotransmitter (dopamine, noradrenaline
and serotonin) levels in different brain
regIons are reported.

METHODS

Subjects

Pregnant Wistar rats were housed
individually. They had ad libitum access to
food and water. They were kept in
well-aerated room and a twelve-hour
light dark cycle was maintained at room
temperature (26 ± 3°C). The day of delivery
was considered as zero and the litter
size per mother was maintained at eight.
Only male pups of the litter were used. They
were gastric intubated with 150 pI of
aluminium chloride at a dose of 40 mg per
kg body weight daily for two weeks from
postnatal day 8 to 21. The control pups
(from different litters) received the same
volume of distilled water for the same
periods. The pups were weaned on the
twenty first day and were given free access
to ad libitum food and water. When they
attained sixty days of age, the rats from
both the groups were subjected to
biochemical measurements.

Biochemical studies

Animals from both groups (n = 6 per
group) were killed by decapitation and the
brain regions-cerebral cortex, hippocampus,
septum, brainstem and striatum were
dissected out according to the procedures
described by Glowinsky and Iversen (15).
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AChE activity was measured by the method
of Ellman et al (16). The levels of biogenic
amine neurotransmitters [dopamine (DA),
noradrenaline (NA) and serotonin (5HT)]

were determined in the said brain regions
of the second set of animals (n = 6 per
group). The neurotransmitter levels were
estimated isocratically, using HPLC system
with electrochemical detection by the
method of Wanger et al (17). The data were
analyzed statistically by Student's two-tailed
't' test (18).

RESULTS

stem where the decrease was 40%.
Noradrenaline levels were reduced
significantly (cortex: t = 10.69, P<O.OOl;

septum: t = 5.10, P<OOl; brain stem:

t =8.58, P<O.OOl and striatum: t =27.83,
P<O.OOl) with an average reduction of

25% in all the regions except in the
striatum where the decrease was above
60%. Dopamine levels were decreased

significantly only in the striatum (t = 13.01,
P<O.OOl) and hippocampus (t = 4.9, P<O.OOl)
and the decrease was 40 and 20%
respectively. The dopamine levels remained
unaltered in the cortex, septum and

brainstem (Fig. 1).
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Acetyl cholinesterase (AChE) activity,
levels of NA (noradrenaline), DA (Dopamine)
and 5-HT (serotonin) from different
brain regions in control and Aluminium
exposed rats (A = cortex, B = hippocampus,
C = septum, D = brainstem And E = striatum).
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Fig. 1:

When compared to the control group, the
aluminium-treated group showed a

significant reduction in the AChE activity
of the hippocampus (t =9.6, with ten degree

of freedom, P<O.OOl), septum (t = 7.51,
P<O.OOl), striatum (t = 7.88, P<O.OOl) and
brainstem (t = 32.55, P<O.OOl) with an
average reduction of 25% in these regions
except in brain stem where the decrease was
40%. The enzyme activity however,
remained unaffected in the cortex.

\¥hereas the serotonin levels were
significantly decreased in cortex (t = 15.57,
P<O.OOl), hippocampus (t = 13.04, P<O.OOl),

septum (t = 8.18, P<O.OOl), brain stem

(t = 25.3 P<O.OOl) and striatum (t = 6.49,
P<O.OOl). The average reduction In
serotonin levels was 20% except in the brain

During the period of aluminium
treatment, the pups looked weak and the
mortality rate was quite high (40%). Those
survived the treatment looked normal by
two months of age. Body and brain weight

did not differ significantly from that of
controls (data not included).
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DISCUSSION

In the present study, aluminium induced
changes were measured 40 days after the
stoppage of aluminium treatment, in order
to assess the long-term effects of early
exposure to aluminium. The data obtained
showed that exposure to aluminium caused
a significant decrease in the AChE activity
in the hippocampus, septum, brainstem and
striatum. Effect of early exposure to
aluminium on AChE activity has not been
reported. However, the biphasic effects of
aluminium; an increase and decrease in
enzyme activity with increase In

concentration has been demonstrated in Ln

vitro (19, 20). The biphasic activity has been
attributed to the direct interaction of metal
with the enzyme leading to structural
modifications of the enzyme and eventually
its activity (21, 22). Kumar (23) has
demonstrated the biphasic effect of
aluminium on AChE activity in in vivo as a
function of duration of exposure. He has
reported an increase in enzyme activity in
olfactory bulb, striatum and hypothalamus
following acute exposure and a decrease in
enzyme activity as.a function of chronic
exposure to aluminium. The decreased
AChE activity following chronic aluminium
exposure has been considered as a
manifestation and consequence of its
neurodegenerative effects. Moreover
aluminium content in the brain increases
as a function of duration of exposure (24).
In the present study, however, the acute
effects of aluminium on the enzyme have
not been measured. Yet the long-term effects
were almost similar to those reported by
Kumar following chronic exposure (23).
Even though the aluminium content has not
been measured, in the light of other studies,
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the observed decrease could be attributed
to the degenerative effect of aluminium
either on the cholinergic system, or to its
direct interaction with the enzyme. Another
interesting observation of the study is that
the AChE activity of the cortex has been
spared reflecting possible regional
differences in the vulnerability to
aluminium. Regional vulnerability to
aluminium has been reported by Szerdahelyi
and Kasa (25), In their study, the
cholinergic hypofunctioning by cholinotoxin
AF64A has promoted the accumulation of
aluminium In parietal cortex and
hippocampus but not in the frontal cortex.
Moreover, the concentration of aluminium
salts administered, the metal chemical
speciation etc. are also of a paramount
importance in defining the toxicity (22)
as has been reported by Zubenko et a1. (26)
that higher concentrations of aluminium
chloride are more effective in mediating
cholinotoxic effects than that with
aluminium citrate.

Aluminium exposure has resulted in a
decrease of the individual neurotransmitter
levels in brain regions, indicating the
regional vulnerability. Even though
serotonin levels were decreased in all
regions, the brain stem exhibited higher
susceptibility when compared to cortex,
striatum, septum and hippocampus. The
noradrenaline levels of striatum showed
high vulnerability followed by corteK,
brainstem and septum whereas that of
hippocampus was least affected. Dopamine
levels in cortex, brainstem and septum were
unaffected by aluminium but the levels were
decreased considerably in striatum. Reports
on the specific regional vulnerability "to
aluminium of individual transmitter levels
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are not available. Significant reduction of
total catecholamine content in the cortex,
midbrain and cerebellum following chronic
aluminium treatment has been reported by
Mostagie et al (27). However, in their study,
analysis has not been performed to study
the effect of aluminium on individual
catecholamine neurotransmitters. They have
also measured the aluminium content from
these regions are have attributed this to a
reduction in the synthesis of catecholamine
following aluminium accumulation in
brain regions. Accumulation of
aluminium in the brain (28) and reduced
catecholamine content in brain :::egions
suggest its role in neurodegenration of
specific neurotransmitter circuitry/synapses,
neurotransmitter biosynthetic and
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degradative pathways and synaptic release
mechanisms. The present observation of
different regional vulnerability could also
suggest the possibility of its interference
with specific regions of the brain, which are
more susceptible to aluminium.

In conclusion the present study shows
that early postnatal exposure of low doses
of aluminiuD:l is able to induce long-term
deficits in acetylcholine esterase activity as
well as in biogenic amine neurotransmitter
levels in different braIn regions. Further
studies are necessary to confirm the long
term accumulation of aluminium in brain
regions following early exposure and its
consequential influence on neuronal
morphology, pathology etc.
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