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Abstract Aluminum (Al) is the most widely distributed metal
in the environment and is extensively used in daily life leading
to easy exposure to human beings. Besides not having a rec-
ognized physiological role, Al may produce adverse effects
through the interaction with the cholinergic system contribut-
ing to oxidative stress. The present study evaluated, in similar
conditions of parenteral nutrition, whether the reaction of sil-
icon (SiO2) with Al

3+ to form hydroxyaluminosilicates (HAS)
reduces its bioavailability and toxicity through intraperitoneal
administrations of 0.5 mg Al/kg/day and/or 2 mg Si/kg/day in
Wistar rats. Al and Si concentrations were determined in rat
brain tissue and serum. Acetylcholinesterase (AChE) activity
and lipid peroxidation (LPO)were analyzed in the cerebellum,
cortex, hippocampus, striatum, hypothalamus, and blood. An
increase in the Al concentration was verified in the Al + Si
group in the brain. All the groups demonstrated enhanced Si
compared to the control animals. Al3+ increased LPO mea-
sured by thiobarbituric acid reactive substances (TBARS) in
cerebellum and hippocampus, whereas SiO2 reduced it when
compared with the control group. An increase of AChE activ-
ity was observed in the Al-treated group in the cerebellum
whereas a decrease of this enzyme activity was observed in

the cortex and hippocampus in the Al and Al + Si groups. Al
and Si concentrations increased in rat serum; however, no
effect was observed in blood TBARS levels and AChE activ-
ity. SiO2 showed a protective effect in the hippocampus and
cerebellum against cellular damage caused by Al3+-induced
lipid peroxidation. Thus, SiO2 may be considered an impor-
tant protector in LPO induced by Al3+.
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Introduction

Aluminum (Al) is the third most prevalent element in the
Earth’s crust [1], and it is a non-essential element to which
humans are often exposed to. This exposure may occur by
dietary intake through feed or water [2, 3] as well as through
drugs, parenteral nutrition [4, 5], and hemodialysis solutions
[6].

Elevated levels of Al have been found in autopsied brain
samples of patients with certain neurological disorders, such
as Parkinsonism [7], amyotrophic lateral sclerosis [8], or
Alzheimer’s disease (AD) [9]. Al has been reported as one
of the most studied neurotoxicant affecting the central nervous
system (CNS), including various regions of the brain [10].
Some experts believe that Al crosses the blood–brain barrier
and plays a role in the formation of Alzheimer-like neurofi-
brillary tangles [11].

The central nervous system has a high rate of oxygen me-
tabolism, and because of its strict aerobic glucose metabolism,
it is totally dependent on an adequate arterial blood flow [12].
Cholinergic neurons and their projections are widely distrib-
uted throughout the CNS with an essential role in regulating
many vital functions, such as learning, memory, cortical
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organization of movement, and cerebral blood flow control
[13]. One of the most important mechanisms responsible for
the correct cholinergic activity is performed by acetylcholin-
esterase (AChE) [14]. This enzyme hydrolyses the neurotrans-
mitter acetylcholine (ACh) in the synaptic cleft of cholinergic
synapses and neuromuscular junctions [15]. The inhibition of
AChE causes the accumulation of ACh and interferes with the
function of the nervous system, which may lead to respiratory
failure and death [16].

Al is considered a potential etiologic factor in AD [17]. The
precise molecular mechanism by which Al exerts its neuro-
toxic effects is still not completely understood. However, lit-
erature data suggest that Al interacts with the cholinergic sys-
tem, acting as a cholinotoxin. Long-term administration of
soluble salts of Al to rats may result in a neuropathological
condition in which selective neuronal loss and impairment of
cholinergic functions are evident [18]. The intensification of
inflammations and the interferencewith cholinergic projection
functions may represent the way by which Al contributes to
pathological processes in AD leading to learning and memory
deficits [19].

Literature data have demonstrated that the brain is suscep-
tible to LPO because of its high rate of oxygen utilization,
abundant supply of polyunsaturated fatty acids, deficient an-
tioxidant defense, and high content of transition metals such
as copper and iron, which may lead to the formation of reac-
tive oxygen species (ROS) [20].

Despite Al is a non-redox active metal, it presents a pro-
oxidant activity, which may be explained by the formation of
an Al superoxide semireduced radical ion AlO•

2
2+ [21]. Al

ions are not able to promote membrane LPO independently,
although they may enhance Fe2+-dependent membrane LPO.
Results indicate that Al toxicity is mediated through ROS
production and iron accumulation [22]. In fact, Kaizer et al.
[10] have observed increased LPOmeasured by thiobarbituric
acid reactive substances (TBARS) in the hippocampus and
cerebral cortex in mice after receiving Al by gavage.

In contrast, the health benefits of silicon (Si) regarding
skeletal and neurological function and status have recently
been recognized [23]. Bioavailable Si, which is Si in the form
of silicic acid or orthosilicic acid, is mainly found in food rich
in fiber and whole grains [24]. Si may also fulfill a biological
role in mammals, and various studies have suggested that it is
an essential trace element required in the development of bone
cartilage and connective tissue collagen [25].

Chemicals such as solutions for parenteral nutrition may
have Al [4, 5, 26] and Si [27] contamination, especially if
there is an affinity between the components and Al and/or Si
[28]. The volume given to a patient in total parenteral nutrition
(TPN) may reach 3000 mL per day, depending on the body
weight. In addition, TPN is administered to critically ill pa-
tients or patients with compromisedmetabolic and organ func-
tion, aggravating the deleterious effects of contaminants [27].

Al3+ forms complexes with aqueous silicic acid in neutral or
mildly acidic media, which are important in the protection of
plant and animal life against Al toxicity [29]. Si and silicic acid
may decrease Al bioavailability by blocking its uptake through
the gastrointestinal tract and by impeding reabsorption [30].
The hypothesis of a protective effect of silica against the Al
from drinking water was investigated [31–33]. The findings
of Rondeau et al. [31] showed an effect of silica: subjects ex-
posed to a high silica concentration (11.25 mg L−1) appeared to
have a lower risk of developing AD than did those exposed to a
low silica concentration. Jacqmin-Gadda et al. [32] indicate that
if an association exists between cognitive impairment and Al,
pH, and silica, the threshold for these effects are low (Al
3.5 μg L−1, silica 10.4 mg L−1, and pH 7.35). Other studies
[34, 35] reported the Si intracellular mechanism for Al detoxi-
fication in aquatic invertebrate and the ameliorate of Al induced
behavioral toxicity.

The intraperitoneal injection and a model of long-term expo-
sure was used to simulate exposure through parenteral nutrition,
utilizing low doses of Al and Si in similar concentrations found
in these solutions. Taking into account the potential relationship
between Al exposure, oxidative stress, AChE alterations, and
neurological disorders, the aim of the present study was to ver-
ify the bioavailability of Al low doses and the protective effect
of silicate anions as SiO2(OH)2

2− upon this. We also evaluated
the oxidative alterations in the rat blood and cerebrum structures
as well as the changes in the activity of AChE.

Materials and Methods

Chemicals

Acetylthiocholine iodide, ethopropazine, 5,5′-dithio-bis-2-
nitrobenzoic acid (DTNB), tris-(hydroxymethyl)-
aminomethane GR, sodium dodecylsulfate (SDS),
malondialdehyde (MDA), thiobarbituric acid (TBA), 5′-
aminolevulinic acid, and Coomassie Brilliant Blue G were
obtained from Sigma Chemical Co. (St. Louis, MO, USA).
The tetramethylammonium hydroxide (TMAH) (solution
containing 250 g L−1) used in this study were supplied by
Sigma-Aldrich (St. Louis, USA), Triton X-100 by Vetec (Bra-
zil), and concentrated nitric acid, sodium hydroxide, alumi-
num chloride, sodium silicate, phosphoric acid, acetic acid,
serum albumin, and ethylenediaminetetraacetic acid (EDTA)
by Merck (Darmstadt, Germany). Nitric acid was further sub-
boiling distilled in a Berghof Teflon apparatus (Eningen,
Germany).

Animals

Adult male Wistar rats (60 days), weighing 200–300 g from
the Central Animal House of the Federal University of Santa

78 Noremberg et al.



Maria (UFSM), were used in this experiment. Animals were
maintained at a constant temperature (23 ± 1 °C) on a 12-h
light/dark cycle with free access to food and water. All animal
procedures were approved by the Institutional Ethical Com-
mittee of the Federal University of Santa Maria (Protocol
number 71/2010).

Preparation of Doses and Treatment

Si 1.0 g L−1, AlCl3 0.25 g L−1, and Si 1.0 g L−1 + AlCl3
0.25 g L−1 solutions for rat administration were prepared by
aluminum chloride or/and sodium silicate dissolution in water
purified by a Milli-Q high-purity water device (electrical re-
sistivity of 18.0 MΩ cm) (Millipore, Bedford, USA), stored in
plastic containers previously decontaminated (48 h in a 10 %
(v/v) HNO3/ethanol solution) and used for a period of 2 weeks.
The pH of all solutions was adjusted to 7.4 with HCl 0.1 M or
NaOH 0.1 M, accordingly.

In this study was tested one low dosage of Al chloride
(0.5 mg/kg/day) for simulated parenteral nutrition contamina-
tion. Studies estimated that the daily aluminum intake by PN
was 3–4 μmol/kg/day [36] (0.108 mg/kg/day of Al correspond-
ing 0.5 mg/kg/day of AlCl3). Urinary analysis of trauma pa-
tients receiving PN indicated that they received only 1–3mg Si/
day [37]; thus, the dosage 2 mg/kg/day of Si was chosen.

Animals were subjected to intraperitoneal injection for 5
consecutive days followed by 2 days of no treatment each
week, completing a total of 60 administrations (12 weeks).
Rats were divided into four groups: (1) control animals, which
received only ultrapure water (n = 5); (2) animals treated with
0.5 mg/kg/day of Al chloride (n = 5); (3) animals treated with
2 mg/kg/day of Si (n = 5); and (4) animals treated with Al
0.5 mg/kg/day of Al chloride plus 2 mg/kg/day of Si (n = 5).
The total volume of the solution per treatment per day by
injection was 400 μL by 200 g of the body weight.

Animals were euthanized 24 h after the last dose, and the
brains were dissected and collected immediately in vials and
maintained on ice (5 °C).

Aluminum and Silicon Analysis of Serum and Brain
Tissue

Sample brain aliquots of about 250 mg were weighed and
mixed with 0.5 ml of a 25%m/v TMAH solution. Themixture
was kept in a water bath at 90 °C for 1 h. After solubilization,
the volume was made up to 10 ml for the analysis. Serum
samples were diluted with purified water 1:1 for Al and Si
determination by graphite furnace atomic absorption spec-
trometry (GFAAS). Measurements were carried out in an
Analytik Jena AG (Jena, Germany) ZEEnit 600 atomic ab-
sorption spectrometer according to Noremberg et al. [38].

Brain and Blood AChE Activity Assay

The brain was excised rapidly and the structures were isolated
(hippocampus, striatum, cerebellum, cortex, and hypothala-
mus). The brain regions were then homogenized in a glass
flask in a solution of 320 mM sucrose, 0.1 mM EDTA,
5 mM Tris–HCl, pH 7.5, at a proportion of 1:10 (g/v). AChE
activity was determined according to [39], modified by [40].
The reaction mixture (2-mL final volume) was composed of
100 mM phosphate buffer pH (7.5) and 1 mM 5,5′-dithio-bis-
2-nitrobenzoic acid (DTNB). The method is based on the for-
mation of a yellow anion, 4,4′-dithio-bis-acid nitrobenzoic,
which absorbance is measured at 412 nm in a spectrophotom-
eter UV–visible (HP 8453-Agilent) after 3 min incubation at
25 °C. The enzyme (40–50 μg of protein) was pre-incubated
for 2 min at 25 °C. The reaction was initiated by adding
0.8 mM acetylthiocholine iodide. The enzyme activity was
expressed in moles AcSCh/h/mg of protein.

Erythrocyte AChE activity was determined by the modifi-
cation of [39] method as described by Worek et al. [41].
Whole blood dilutions were prepared by adding 100 μL blood
to 10 mL sodium/potassium phosphate buffer 0.1 mM,
pH 7.4, containing Triton X-100 (0.03 %). After being care-
fully mixed, the samples were frozen immediately and kept
until analysis. The hemolizate (500 μL), phosphate buffer
0.1 mM pH 7.4, DTNB 0.3 mM, and ethopropazine
0.02 mM, a selective butyrylcholinesterase (BChE) inhibitor,
were pre-incubated for 10 min at 37 °C. The reaction was
started by the addition of substrate AcSCh 0.45 mM, and the
color development was measured at 436 nm. The specific
activity of erythrocyte AChEwas calculated from the quotient
between AChE activity and hemoglobin content. Results were
expressed as milliunit per micromole Hb.

Brain and Blood TBARS Measurement

Brain TBARS levels were determined by the method described
previously by [42] with a few modifications [43]. In short, the
reaction mixture contained 200 μL of brain homogenates or
standard (MDA-malondialdehyde 0.03 mM), 200 μL of
8.1 % sodium dodecylsulfate (SDS), 750 μL of acetic acid
solution (2.5MHCl, pH 3.5), and 750 μL of 0.8 % TBA. Since
sucrose interferes in the TBARS assay, a portion of the brain
was weighed and homogenized at a proportion of 1 g of tissue
to 10 mL of buffer Tris/HCl 10 mM pH 7.4 plus 10 % of
sodium dodecylsulfate (SDS) 10 %. Mixtures were heated at
95 °C for 90 min. After centrifugation at 1700g for 5 min, the
absorbance was measured at 532 nm. TBARS tissue levels
were expressed as nmol MDA per milligram of protein.

The malondialdehyde (MDA) level in serum was deter-
mined by the method described previously by [44]. An aliquot
(0.2 mL) of serum was added to 0.250 mL of 0.11 mol/L 2-
thiobarbituric acid and 1 mL of 0.2 M phosphoric acid. The
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mixture was heated at 90 °C for 45 min and the absorbance
measured at 532 nm in a spectrophotometer UV–visible. Re-
sults were expressed as nanomole MDA per milliliter of serum.

Protein Determination

Protein was measured by the Coomassie Blue method accord-
ing to [45] using bovine serum albumin as a standard.

Statistical Analysis

Data are expressed as means ± S.E.M. Data comparisons were
carried out using analysis of variance (two-way ANOVA)
followed by Duncan’s multiple range tests, where p < 0.05
was considered to represent a significant difference in all ex-
periments. All analyses were performed using the GraphPad
InStat software.

Results

Al and Si Concentration in the Brain Tissue and Serum

Al concentration in the brain was significantly higher in Al +
Si-treated rats (about threefold) than in control animals
(p < 0.05, Fig. 1a). Al serum content was significantly higher

in Al and Al + Si groups (by 50- and 30-fold, respectively)
than in control and Si groups (p < 0.0001). Concomitant treat-
ment with Si was associated with a significant reduction,
about 30 %, in serum Al content (p < 0.0005, Fig. 1b).

Brain tissue Si content was significantly increased (about
fourfold) in all groups treated compared to the control animals
(p < 0.0001, Fig. 2a). In serum, animals that received Si and
Al + Si presented an accumulation of this element by 70- and
62-fold, respectively, in relation to control and Al group
(p < 0.00001, Fig. 2b).

TBARS in Different Brain Structures and Serum

The effect of Al and Si on TBARS production from the
cerebellum, cortex, striatum, hippocampus, and hypothal-
amus were analyzed. The post hoc comparisons by
Duncan’s test revealed that the cerebellum MDA levels
in the Al group were significantly higher (approximately
20 %) than those found in the other groups (p < 0.05,
Fig. 3a). In the hippocampus, Al increased (54 %)
TBARS production and is significantly different from
the control and Al + Si groups (p < 0.05, Fig. 3b). Treat-
ment with Si reversed the TBARS production to the con-
trol level in these structures. In the cortex, striatum, and
hypothalamus, there was no difference in TBARS produc-
tion between the groups (p > 0.05, data not shown).

Fig. 1 Aluminum (Al) concentration in the brain (a) and serum (b) of Al-
exposed rats and co-administered with silicon (Si). Different lowercase
letters indicate a significant difference between groups. Bars represent
means ± S.E.M. Two-way ANOVA–Duncan’s test (p < 0.05)

Fig. 2 Silicon (Si) concentration in the brain (a) and serum (b) of Al-
exposed rats and co-administered with Si. Different lowercase letters
indicate a significant difference between groups. Bars represent means
± S.E.M. Two-way ANOVA–Duncan’s test (p < 0.05)
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No effect of Al and Si exposure (individually or in combi-
nation) was noted regarding TBARS production in rat serum
(p > 0.05, data not shown).

Activity of AChE in Different Brain Structures and Blood

AChE activity was modified by Al in the cerebral cortex,
hippocampus, and cerebellum. The enzyme activity was
significantly higher in the group that received Al when
compared to the control (24 %) in the cerebellum
(p < 0.05, Fig. 4a). The treatment with Si had no signif-
icant effect in restoring the enzyme activity to the control
levels. Treatment with Al individually as well as its com-
bination with Si decreased significantly the AChE activity
in the cortex by about 55 % (p < 0.05, Fig. 4b), and in the
hippocampus by about 15 % (p < 0.01, Fig. 4c), when
compared to the control levels. When Al was co-
administered with Si, the enzyme activity was lower
(20 %) than in the control and Si groups in the hippocam-
pus, (p < 0.01, Fig. 4c). In the striatum and hypothalamus,
there was no alteration in the enzyme activity between the
groups (p > 0.05, data not shown).

When Al and Si were administered, the AChE activity in
blood remained unchanged in all the groups (data not shown).

Discussion

The present study is the first to show that intraperitoneal ad-
ministration of Si in concentrations similar to those found in
parenteral nutrition reduces the harmful effects of increased
LPO in rat brain induced by long-term Al exposure. This
finding is relevant because increased levels of oxidative stress
and products of LPO in cerebral tissue are the major contrib-
uting factors in the development of neurodegenerative dis-
eases [22]. The reduction of TBARS levels by the administra-
tion of Si strongly suggests its neuroprotective effect.

Al and Si administration resulted in a significant increase in
the brain Al content. In this case, Si seems not to act as a
protector, increasing metal concentration compared to the

Fig. 3 Thiobarbituric acid reactive substances (TBARS) production in
supernatant of cerebellum (a) and hippocampus (b) of Al-exposed rats
and co-administered with Si. Different lowercase letters indicate a
significant difference between groups. Bars represent means ± S.E.M.
Two-way ANOVA–Duncan’s Test (p < 0.05)

Fig. 4 Acetylcholinesterase (AChE) activity in the cerebellum (a), cortex
(b), and hippocampus (c) of Al-exposed rats and co-administered with Si.
Different lowercase letters indicate a significant difference between
groups. Bars represent means ± S.E.M. Two-wayANOVA–Duncan’s test
(p < 0.05)
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control group. However, a number of biological sites have
been identified in which Si and Al are co-deposited or co-
localized. One of the areas investigated is the senile plaque
cores in the cerebral cortex of patients suffering from senile
dementia/Alzheimer’s type (SDAT). High-resolution solid-
state nuclear magnetic resonance measurements on the central
regions of these plaques have shown that Si and Al are present
as an aluminosilicate species and it has been suggested that Si
ameliorates Al toxicity [46].

There are few studies reporting about the presence of Si in
the human body and experimental animals. In the present
study, we showed that this element may be deposited in the
rat brain, also appearing in high concentrations in the serum
after a long-term exposure to low doses. Si concentrations in
the brain of Al group animals were higher than those of the
animals in the control group. Previously, Gonzalez-Muñoz
et al. [47] reported that the treatment with oral Al nitride re-
sulted in a significant Si accumulation in mice brain. There is
evidence that Al is able to produce free radicals that cause
LPO, thereby damaging neuronal membranes and increasing
blood–brain barrier permeability [48], allowing more Si to
enter in the brain tissue.

Higher level of Si and Al in serum than in the brain was
expected, considering that the blood is the momentary situa-
tion which was directly administered. Al serum concentration
in rats of the control group agrees to that found inmost healthy
subjects. According to [49], Al concentrations in the plasma of
these individuals were approximately 2 μg L−1. Al values of
animals of the Al + Si group were about 30% lower than those
of the Al group. The higher rate of excretion in the Si-co-
treated animals could be a cause of the lower accumulation
of Al in the serum. However, despite this, a decrease has
occurred and the Al concentration present in the serum of
Al + Si-treated animals remains elevated. This may account
for not reducing the Al levels in the brain of this group, be-
cause this element is still available for co-deposition in this
tissue.

Various studies have shown that Al is able to displace Fe in
diverse biomolecules and increase intracellular Fe concentra-
tions, thereby promoting the Fenton reaction [50–52]. This
metal may also damage the mitochondrion directly and affect
electron transport in the respiratory chain [53, 54]. In both
cases, there is increased ROS production, which explains the
increase in LPO. Although in this work no significant Al ac-
cumulation was observed in the Al-treated rats, we verified
that this has effects on LPO in specific brain areas. Al could be
deposited in specific cerebral areas, and perhaps for this rea-
son, we did not observe a metal accumulation when whole
brain was used.

Earlier studies have already shown that Al ingestion elevat-
ed its concentration in various regions of the brain [55, 56].
Gonzalez-Muñoz et al. [47] showed that the inclusion of Si in
the diet in the form of beer or silicic acid reduced the harmful

effects caused by lowering Al levels in the brain. Our results
indicate a pattern of Al-induced LPO in the hippocampus and
cerebellum, suggesting an Al-induced free radical generation
in the brain. However, when silicon was co-administered, the
MDA levels reduced equating the control group. Our results
demonstrated that Si was effective in reducing the LPO since
the formation of hydroxyaluminosilicates may reduce Al lead-
ing to the decreased availability of Al to ROS generation. In
this case, Si could be considered a protector against Al-
associated neurological diseases.

The brain may be particularly vulnerable to oxidative dam-
age, and it is known that one of the pathways of neuronal
damage and death in AD is mediated by free radical injury,
mainly because the brain is rich in peroxidizable fatty acids
[57]. Regarding LPO, Al is not a transition metal and does not
undergo redox reactions in vivo. However, increased ROS
have been reported during Al exposure [58]. ROS subsequent-
ly attack almost all cell components including membrane
lipids, producing LPO [59]. LPO is a hallmark of oxidative
stress, which disrupts the structural integrity of cell mem-
branes and may also lead to the formation of aldehydes, which
in turn damage lipids, protein, and DNA [60]. LPO measured
by TBARS was elevated in the hippocampus and cerebral
cortex compared with the control in mice loaded by gavage
with Al 2.7 mg/kg/day [10]. In our work, TBARS production
was higher in the Al group in the cerebellum and hippocam-
pus, demonstrating the different behaviors of Al depending on
the route of administration and dosage.

Al exposure increased the level of TBARS in the hippo-
campus, which is in agreement with other recent results [61].
In recent years, a number of authors have demonstrated that Al
administration increases LPO in the rat brain [10, 45, 62, 63].

One of the major neurochemical features of Alzheimer’s
disease is the marked reduction of nicotinic acetylcholine re-
ceptors in relevant diseased brain regions such as the cerebral
cortex and hippocampus [64]. Depletion of cholinergic
markers such as choline acetyltransferase (ChAT) and AChE
are among the earliest and most severe of the biochemical
changes to occur, and loss of these enzymes correlates well
with the degree of cognitive impairment [65]. As reported by
[66], the decreased activity of AChE may be associated with
cholinergic hyperactivity, convulsion, and status epilepticus.
Moreover, Ecobichon [67] reported that in the central nervous
system, AChE inhibition may precipitate symptoms such as
confusion, headache, sleep disturbances, and memory lapses.

Results regarding AChE activity were not homogenous in
the Al group (animals that received only Al intraperitoneally)
for the different cerebral structures studied. An elevation was
observed in the AChE activity in the cerebellum, a reduction
in the cortex and hippocampus, and no alterations in the hy-
pothalamus and striatum. Different results showing both po-
tentiating and inhibitive effects of Al on the cholinergic sys-
tem are likely to simply be a reflection of the known biphasic
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effects of Al [68]. Another important aspect is that the hippo-
campus and cortex, which receive cholinergic projections
from the nucleus basalis of Meynert, presented similar results.

Enhanced Al levels have been detected in the brain areas of
patients with senile plaques and neurofibrillary tangles, both
of which are characteristic of AD. The hippocampus and cor-
tex are considered AD vulnerable regions because they accu-
mulate β-amyloid (Aβ) in mice and humans [69]. It has been
described that in AD, AChE expression is substantially altered
and its activity is decreased in most brain regions. However,
the AChE activity is increased within and around the amyloid
plaques [70]. Our study showed the contrary, that is, in the
hippocampus and cortex there was a decrease of the AChE
activity in the presence of Al, which would be a precursor of
AD.

It is important to emphasize that since cerebral AChE is an
important regulator of behavioral process, the decreased
AChE activity found in the cortex and hippocampus may be
an indicator of Al-induced damage in the brain, and Si is not a
protector of this toxicity.

Kumar [71] reported that increased Al concentration and an
increased LPO rate could affect the neurons, leading to the
depletion of AChE [63]. However, we have observed this
relationship only in the hippocampus: AChE was increased
in the cerebellum and reduced in the cortex and hippocampus,
whereas there was an increase in TBARS levels in the hippo-
campus and cerebellum structures. Kaizer et al. [10] reported a
decrease of AChE activity in the hypothalamus, but verified
an enhancement in the striatum and no alterations in the hip-
pocampus, cortex, and cerebellum. These results demonstrate
that Al acts differently depending on the dose and chemical
form of Al3+ administration, the route of administration (oral
or intraperitoneal), and the time of exposure.

In another study [72], it was shown that long-term Al feed-
ing altered kinetic properties of cholinesterases, presenting a
reduction in the maximum velocity or rate at which the en-
zyme catalyzed a reaction (Vmax) of brain AChE in the sol-
uble as well as membrane-bound fraction. In our experiments,
we observed mainly the reduction of AChE activity after a
long-term exposure with a low Al intraperitoneal dose. When
this enzyme is inhibited, ACh is not hydrolyzed and accumu-
lates in cholinergic sites causing alteration in the normal ner-
vous system function.

In conclusion, the results of the present study show a pro-
tective effect of Si in the hippocampus and cerebellum against
cellular damage caused by Al-induced oxidative stress, by the
measure of LPO. The effects of Al on AChE activity were
contradictory, causing both increase and decrease in the cere-
bral structures. Moreover, Si did not present protective effect
against them. Si can be considered beneficial; even though Si
did not reverse the action of Al in the cholinergic system, it
inhibited the oxidative damage induced by Al and reduces Al
accumulation in serum. Blood cannot be considered an

indicator of oxidative damage or change in the activity of
AChE enzyme because no changes have been verified.
Though Si does not decrease Al effects on AChE activity, it
may be considered an important protector in the LPO induced
by Al.
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