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SUMMARY

Aluminum (A1) has been implicated in the patho-
genesis of several clinical disorders such as dialy-
sis dementia and Alzheimer’s diseases. This
study investigates the effect of aluminum chlo-
ride on brain and liver function enzymes, con-
tents of Fe, Cu, Zn, and antioxidant enzyme ac-
tivities in rats and the effect of riboflavin and
vitamin A in alleviating such effects. Four equal

groups of Sprague Dawley rats were used (n=10).

Groupl: received Al (20 mg /kg/day) for 12
weeks. Group 2: received Al and vitamin A (30
[U/g). Grou'p 3: received Al and riboflavin (15
mg/kg). Group 4: was control. Results showed
that brain function enzymes were significantly

decreased in Al-treated group. Al plus vitamin A
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or riboflavin alleviates this reduction. Concentra-

tion of Fe was significantly decreased. in cerebral

“and hepatic homogenates in Al and Al plus vita-

min A treated groups. Concentration of Zn and
Cu showed significant decrease in brain homog-
enates in Al treated group and non significant de-
crease in Al plus vitamin A or riboflavin treated
groups. The activities of the antioxidant enzymes
were significantly reduced in Al-treated group.
Al plus vitamin A or riboflavin improved these
antioxidant activities. It is concluded that Al ex-
posure induced significant changes. in the hepatic
and cerebral enzymatic activities, trace elements
content and antioxidant activities. The incorpora-
tion of riboflavin or vitamin A improved hepatic
and cerebral functions, suggesting their protective

role in aluminum toxicity.
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INTRODUCTION

Aluminum (Al) is a widely distributed metal in
the environment and is extensively used in mod-
ern daily life. Al enters into the body from the en-
vironment and from diet. Al-containing diet is
mainly corn, yellow cheese, salt, herbs, spices,
tea, and cosmetics (Yousef, 2004). Moreover, Al
is incorporated in some medications such as ant-
acids, buffered aspirins and anti-diarrheal prod-
ucts. Al sulfate is extensively added as a coagu-
lant agent during the purification process of
drinking water in order to folliculate the organic
matter to clarify the water (Ochmanski and Bara-
basz, 2000).

There is no known physiological role for alumi-

num within the body and hence this metal may

produce adverse physiological effects (Turgut et

al, 2004). Elevated levels of Al in brain and bone
associated with serious neurological diseases and
osteodystrophic lesions have been observed in
hemodialysed patients suffering from chronic re-
nal failure due to use of dialysis solutions con-
taining high levels of aluminum (Cannata et al,
1998). Al has been also proposed as a potential
risk factor in the etiology of certain neurological
disorders such as Alzheimeris disease (Yousef,

2004), amylotrophic lateral sclerosis and Parkin-

424

sonism dementia- in subjects with nermal renal

function. This was attributed to accumulation -of

- Al in the brain of affected individuals (Lovell et
al, 1993), -

Oral exposure to Al may result in accumulation of
Al in hippocampus of brain and thus affect some
essential elements (Zn, Fe, Cu and Ca) in the hip-
pocampus at different degrees (Yang et al, 2002).
High accumulation of aluminum in hippocampus,
which could disturb the normal distribution of
iron and zinc, decrease the activities of ‘antioxi-’
dant enzymes and increase the level of lipid per-
oxidation, which may lead to the neurotoxicity of
aluminum (Domingo et al. 1993, Jia et al, 2001).
Moreover, Al can bind to DNA or RNA mole-
cules and thereby inhibiting the activity of some
enzymes, such as hexokinase, acid and alkaline
phosphatases, phosphooxydase and phosphodies-
trase (Ochmanski and Barabasz, 2000).

A number of studies demonstrated that supple-
mentation with some vitamins and trace elements
may reduce or protect against the harmful effects
of aluminum in differcnt animal species. Ascorbic
acid (vitamin C), being antioxidant, amelioraled
the adverse effect of aluminum administration in
rabbits, by decreasing the free radicals, choleste-
rol, creatinine, and increasing the activity of GST
(Yousef, 2004). Vitamin E and selenium has been
found to negate the toxic effects of Al in rats (El-
Demerdash, 2004). However, the role of vitamin

A and riboflavin in ameliorating the toxic effect
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of Al has not been investigated in rats.

Considering the widespread presence of alumi-

num in the environment and the susceptibility

of the brain and liver to peroxidative damage;
the aim of this study was te:

1) Investigate the effects of chronic Al exposure
on rat brain and liver content of Fe, Zn and
Cu, lipid peroxidation and antioxidant en-
zymes activities as well as the serum hepatic
and brain function enzymes.

2) Investigate the efficacy of vitamin A and vita-
min B2 (riboflavin) in alleviating the toxic ef-
fects of Al.

MATERIALS AND METHODS

Animals and Experimental Design

This study was performed on forty adult male al-
bino Sprague Dawley rats weighing between 150-
180 g. The Animals were housed in stainless steel
cages and maintained on suitable hygienic condi-
tions. Rats were allowed for acclimatization for
12 days prior to experimentation. Water was of-
fered ad libitum. Rats were randomly divided into
four equal groups, each of ten rats. The first
group received aluminum chloride (Al Cl3) (Sig-
ma) as previously described (Sarin et al, 1997)
with minor modification. Al was given orally at a
dose of 20 mg /kg body weight/day dissolved in
bi-distilled water for 12 weeks. The second group
received the same Al dose together with diet en-

riched with vitamin A (30 1U /g} as retinyl ace-
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tate (five times the content of vitamin A in the
control group) according to (Sato and Lieber
1981). The third group received the same Al dose
with riboflavin in a dose of 15 mg/kg body
weight orally (Satanovskaya and Sadovnik 1990).
The fourth group served as control, and fed a

well-balanced laboratory rat diet.

Blood Sampling and Sera Collection

The blood samples were collected by heart punc-
ture before the animals were sacrificed by cervi-
cal dislocation. Sera were separated and used
freshly for determinations of the liver and brain

enzyme activities.

Preparation of Homogenates

After the end of experimental period, rats were
fasted overnight with free access for water and
then scarified under diethy! ether anesthesia (Reis
et al, 1994). Liver and brain tissue samples were
quickly dissected, rinsed in ice-cold saline to
clear them of blood. About one gram of the liver
and brain were homogenated immediately with
9.00 ml potassium phosphates buffer solution pH
7.40, then briefly solicited and centrifuged at
3000 rpm for |5 min. the supernatant was separ-

ated and used freshly for biochemical assays.

Determination of Fe, Zn and Cu concentra-
tions

Fe, Zn and Cu were determined in liver and brain
homogenates using Pirkin Elmer Model 23000
Atomic Absorption Spectrophotometer (in faculty
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of science, Alexandria University) according to
Watanabe (1996). The concentrations were meas-

ured as ug/g tissue.

Determination of Lipid Peroxidation

Lipid peroxides in both liver and brain homogen-
ates were ascertained by measuring malondialde-
hyde (MDA) by thiobarbituric acid method
(Uchiyama and Mihar, 1976). MDA .was meas-~

ured as nmol/mg protein.

Determination of Antioxidant Enzymes

The activities of GSH-Px, GR-ase, t-SOD and
Catalase were determined according to the meth-
ods of Chiu et al, (1976), Bergmayer, (1983),

Misra and Fridovich, (1972), and Sinha, (1972),-

respectively.

Determination of Liver Enzymatic Activities
The activity of gamma glutamyl transferase
(GGT) was determined in liver homogenate as
previously described (Persijn and Van, 1976).
The activities of alanine amino transferase
(ALT), asparate amino transferase (AST) and al-
kaline phosphatase (ALP) were determined by
the method described by Belifield and Goldburg,
(1971).

Determination of Brain Enzymatic Activities

The activity of Monoaminooxidase (MAQ), ace-
tylcholinestrse (AChE), and 5'-nucleotidase (5'-
NT) were determined by the methods of Mc
Eween, (1969), Den Blaauwen et al, (1983), Ber-
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trand and Buret, (1982).

Statistical Analysis

Data were expressed as mean + SE. Differences
between groups were examined for statistical sig-
nificance using the Studentis t- test as explained
by Petrie and Waston (1999). All differences
were considered as statistically different at P <
0.05.

RESULTS

1- Changes in Fe, Zn and Cu Concentrations
in Liver and Brain Homogenates:
The effect of Al on trace clements concentrations
in liver and brain tissues either alone or in combi-
nation with vitamin A or riboflavin is described
in figure |. Administration of Al for 12 weeks re-
sulted in significant (P<0.05) decrease of iron
concentration in both liver and brain tissues;
whereas Al plus vitamin A showed significant
(P< 0.05) decrease of iron in liver tissue and non
significant decrease in brain tissue. Combination
of Al and riboflavin resulted in a non-significant
decrease of iron cccentration in both liver and

brain tissues.

Zn concentration showed significant increase in
liver tissues of all treated groups; whereas the
brain showed significant decrease in Al-treated
group and non-significant increase in Al plus vi-

tamin A or riboflavin groups.
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Non-significant decrease was recorded in the
concentration of Cu in liver and brain tissues of
Al-treated groups. Al plus vitamin A or riboflavin
treated groups showed non-significant increase in
Cu concentration in liver tissue and non-

significant decrease in brain tissue,

2- Changes in Lipid Peroxides and Glutathi-
one Redox Cycle:
In liver homogenate, Al-treated group showed
significant increase (P<0.05) in the activity of
GSH-px, non significant increase in the activity
of GR-ase and significant decrease in the activity
of catalase and t-SOD. The combination of vita-
min A With Al significantly elevates (P < 0.05)
the activity of catalase; while the incorporation of
riboflavin significantly increased (P < 0.05) both

catalase and GR-ase compared to Al-treated

group.

A Significant increase (P < 0.05) in lipid perox-
ides, represented by MDA (an index of lipid per-
oxidation} in the brain tissue of Al-treated groups
compared to control was recorded. The MDA
was significantly reduced (P < 0.05) in groups
treated with Al plus vitamin A compared to Al-
treated group. In the liver tissue there was a sig-
nificant increase (P < 0.05) in lipid peroxide con-
centration in Al treated group compared to con-
trol; while in Al plus vitamin A or riboflavin

there was a significant decrease compared to Al-
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treated group (Table 1).

Al-treated group showed significant decrease (P
< 0.05) in the activity of GSH-Px, catalase, t-
SOD and non significant decrease in the activity
of GR-ase in the brain tissue. Groups treated with
Al plus vitamin A or riboflavin revealed signifi-
cant increases in the activity of GSH-Px and t-

SOD in brain tissue homogenate (Tablel).

3- Changes in Serum Hepatic and Brain Func-
tion Enzymes:

The resuits of the changes in the serum parame-

ters including, hepatic and brain function en-

zymes are described in Table 2.

Al-treated group showed a significant (P < 0.05)
increase in the activities of ALT, AST, GGT and
ALP compared to control. Al plus vitamin A or
riboflavin treated groups showed a significant re-
duction (P < 0.05) in the activity of ALT, AST,
GGT and ALP compared to Al-treated group (Ta-
ble 2). |

A significant decrease (P < 0.05) in the activities
of MAO, AChE, and 5-NT in Al-treated group
compared to control was found. The combination
of either vitamin A or riboflavin with Al signifi-
cantly elevates (P < 0.05) the activities of MAQ,
AChE, and 5'-NT compared to group exposed to

Al alone.
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Table 1: Changes of hepatic and brain MDA, GSH-Px, catalase, t-SOD and GR-ase in control
and experimental groups. Results are shown as means + SE (N = 10). Vit A is vitamin
A. Ribo is riboflavin.

Liver Brain

Control Al Al + Vit A |Al + Ribo. | Control Al Al + Vit A | Al + Ribo.

MDA 151+ | 5.48 0.79 1.05 0.46 1.20 0.99 0.96
(nmol/mg protein)| 0.05 [ +0252] +0.040 | +006P | £004 [+0082| +o007b | +006

GSH-Px 445.40 | 505.80 | 491.10 4939 | 1599 | 11.90 14.80 13.55
(Uig protein) | +4.88 | +£4.018| 1686 £564 | 054 |+052a| +o0s550 | xo6sd

Catalase 2990 | 15.70 19.90 21.30 3.62 1.84 2.48 2.68
(Ulgprotein) | +1.15 [ +04228 | +067b | 079 [ + 036 |+0.192| +024 | +0.20b

-SOD 8.84 7.47 8.53 7.93 6.64 2.63 4.59 6.07
(Ufg protein) +028 | +0412| +029 +038 | 024 |+0.182| +025b | +034b

GR-ase 49.60 5270 46.40 42.20 18.04 17.02 16.92 17.86
(U/g protein) +2.19 | £2.51 +2.02 +273b | +048 | to052 + 0.67 +0.55

4 Significant difference from control at P < 0.05.
b significant different from Al-treated group at P < 0.05.

Table 2: Changes of some hepatic and brain function enzymes in control and experimental

groups. Results are shown as means + SE N = 10.

Liver function enzymes Brain functions enzymes
Control Al Al + Vit A |Al + Ribo. Control Al Al + Vit A] Al + Ribo.
ALT | 4420 [ 13720] 11580 10130 | MAO | 23.00 9.10 12.80 18.85
(UL | £2.12 |+1632| +164b | 21800 | wm | 052 |+0432 ] +0.530 | x0.46b
481
AST | 15260 | 19660 | 176.30 181.50 | AChE 6.44 2.28 487

ULy | £203 [x2272| +180b [ £2370 | umt | £045 [+0298 | +0320 | +0.3sb

GGT 1.70 6.39 1.53 1.87 5.NT | 4.95 2.26 3.67 3.59
«U/L) | £007 | 0132 | +009b | £0.14b | Umi | +036 |+0443 | +037b | z031b

ALP | 18.65 | 54.00 25.30 27.80
(UL | 2078 [+194a] +124b | 2o7ib

4 Signiticant difference from control at P < 0.05.

b significant different from Al-treated group at P < 0.05.
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Figure 1. Changes in Fe, Zn and Cu concentrations in liver and brain tissues homogenates. (A) In liver, Fe
concentration is significantly decreased in rats received Al and rats received Al plus Vitamin A
compared to control. Cu concentration is significantly higher only in rats reccived Al compared

to control. Zn concentration is not significantly affected. (B) In brain, Fe. Cu and Zn concentra-
tions are significantly decreascd in rats received Al compared to control and non-significantly

affected when Al combined with vitamin A or riboflavin. Results are shown as mean + SEN =
10.* indicate significant difference from control group at P < 0.05.

DISCUSSION

The role of heavy metals in the pathogenesis of
neurodegenerative disease is currently receiving
considerable attention. Aluminum is present in
many manufactured foods and medicines and is
added to drinking water for purification purposes.
It has been proposed that aluminum is a contrib-
uting factor to several neurodegenerative disor-
ders such as Alzheimer's disease. However, this
remains controversial primarily due to the unusu-
al properties of aluminum and a lack of informa-
tion on its cellular sites of action {Levesque et al,
2002). Presence of aluminum in dialysis fluids

has been shown to be an etiological factor con-
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tributing to several neurological disorders known
as dialysis dementia (Nayak and Chatterjee,
2003).

Fe and Al are carried mainly by transferrin and
chelated by the same compounds (desferrioxa-
mine) and both may compete for absorption and
cellular uptake. The decrease in liver and brain Fe
in the present study (Fig. 1) may be attributed to
the competition of Al with Fe to be transported
from the intestine via transferrin. This result
agrees with the data obtained by (Deloncle et al,
2001) who demonstrated that the radio-labeled
iron absorption was significantly reduced in rats
with Al intoxication and also in intestinal cells

previously incubated with Al. Moreover, Al af-

429



fects iron homeostasis by interfering with iron
regulatory proteins (Ward et al, 2001). The reduc-
tion in Fe concentration was also demonstrated in
cortex homogefate of rat exposed to intraperito-

neal injection of aluminum (Esparza et al, 2003).

In brain homogenate, the Cu and Zn contents

were significagtly decreased in Al-trcated group
compared to bontrol. This result agrees with
Yang et al, (2002) who recorded a reduction of
Fe, Cu and Zn content in hippocampus of brain
after oral exposure to Al. Significant reduction of
Cu and non-significant reduction of Zn were also
reported in cortex and hippocampus of rats with
Al intoxication induced by intraperitoneal injec-
tion of aluminum (Esparza et al, 2003). Accumu-
lation of aluminum and the accompanying reduc-
tion of iron, copper and zinc in brain might
interpret the neurotoxicity of aluminum. Iron is
an essential element that ensures brain oxygena-
tion, to produce energy in the cerebral parenchy-
ma, and for the synthesis of neurotransmitters
(Bourre, 2004). It has been demonstrated that
zinc supplementation as zinc-histidine protects
cultured neurons against oxidative insults and in-
hibits apoptosis and therefore; zinc, in the form
of zinc-histidine, is recommended for the treat-
ment of diseases of the CNS associated with zinc
deficiency (Williams et al, 2004). Cu is a compo-
nent of the antioxidant enzyme superoxide dis-
mutase (SOD), which is one of the major en-

zymes by which cells overcome the deleterious

elfects of reactive oxygen species (Sik Eum et al,

430

2004). Therefore reduction of Cu concentration
by Al toxicity may increasc the oxidative stress.

The combination of vitamin A or riboflavin pro-
duced non-significant changes in Cu and Zn con-
centrations in liver and brain compared to con-
trol. Therefore, the incorporation of vitamin A or
riboflavin ameliorated the effect of Al on Zn and
Cu concentrations in rat brain. Thé combination
of Al with riboflavin ameliorated the effect of Al
on iron in both liver and brain and produced non-
significant changes compared to control. This
may be attributed to the important role of ribofla-
vin in the absorption, metabolism and utilization
of iron (Lynch, 1997). The combination of vita-
min ameliorated the Fe-mediated reduction in
brain tissue only as the Fe concentration was not
significantly affected by Al combined with vita-
min A, Consistent with that, vitamin A helps in
iron transport, hemoglobin production and thus
improves the status of iron stores (Singh, 2004).

In liver homogenate, there was a significant in-
crease in Zn concentrations compared to control.
The combination of Al with either vitamin A or
riboflavin reduced the Zn concentration. On the
other hand, Cu concentration was not significant-
ly affected by Al treatment, a finding that is con-
sistent with that reported by Esparza et al,
(2003). Therefore, the Cu was not affected in liv-
er but significantly decreased in brain following
Al exposure. This result suggests that Cu level in
brain is highly sensitive to aluminum toxicity but
less sensitive in liver, presumably because most

of the absorbed Cu enters the portal circulation

Vet.Med.J.,Giza.Vol.53,No.2(2005)



where it is bound to carrier proteins (primarily
albumin), peptides and amino acids and is trans-
ported to the liver (Harris, 1991), with lesser
amounts entering the kidney (Linder and Hazegh-
Azam, 1996).

Peroxidation of proteins and nucleic acids has
been related to a number of pathophysiological
and neurological situations of brain. Aluminum
salts has been shown to accelerate the iron-
induced peroxidation of brain phospholipid lipo-
somes (Oteiza, 1993). The end products of lipid
peroxidation are often highly cytotoxic. The brain
is the organ most susceptible to peroxidative
damage (Julka and Gil, 1996). The increase in
lipid peroxides recorded in this study (Table 1) is
most refated to the ability of Al to augment lipid
peroxidation by enhancing the production of re-
active oxygen intermediates. This result is sup-
ported by the reported data of Moyer (1999) who
suggested that the diseases of the central nervous
system associated with the presence of aluminum
had free radical-mediated oxidative reaction as
éausativc mechanism. Free radicals are in fact po-
lent deleterious agents causing cell death or other
forms of irreversible damage, e.g., free radicals
appear to modify DNA base pairs causing muta-
genesis, carcinogenesis and aging (Dizdaroglu et
al, 2002). Neurons appear to be particularly sus-
ceptible to attack by free radicals for the follow-
ing reasons: 1) their glutathione content, an im-
portant natural antioxidant, is low; 2) their

membranes contain a high proportion of polyun-
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saturated fatty acids; and 3) brain metabolism re-
quires substantial quantities of oxygen (Christen
et al, 2000).

The mechanism of Al pro-oxidant action may be
produced through its interaction with the mem-
branes, subtle changes in the rearrangement of
lipids which could attack and facilitate the propa-
gation of lipid peroxidation leads to loss of mem-
brane integrity, decrease its fluidity, disrupt the
functioning membrane bound enzymes receptors
and ion channels, which leads finally to cell
death (Fraga et al, 1999). Al has increased the
lipid peroxidation of platelet membrane in a
dose-dependent manner via generation of reac-
tive oxygen species (ROS) (Daniels et al, 1998).
The effect of metals on free radical reaction is
usually ascribed to their ability to participate in
redox reactions in which they donate or accept a
single electron. Aluminum, due to its electronic
configuration, does not participate in redox reac-
tions;.consequently, its effect is probably due to a
direct interaction with cell components, rather
than to reactions with oxidative reactive species
(Timbrell, 2002). Recent In vitro studies showed

that incubation of Al with the human neuronal

_ceils (NT2) produced significant apoptosis even

in lower doses due to enhancing the production
of cytochrome ¢, which trigger the cell death cas-
cade process (Griffioen et al, 2004). Therefore
one possible mechanism through which Al pro-
duces neurodegeneration is through induction of

apoplosis.
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In the present study, there was a significant re-
duction in the activities of GSH-Px, catalase, and
1-SOD in brain homogenate from rats exposed to
aluminum compared to control group. A reduc-
tion of SOD and catalase has been observed in
cerebral hemisphere of chicks following intraper-
itoneal injection of Al sulphate (Swain and
Chainy 1997).

suppression of antioxidant enzymes was attribut-

The mechanism of Al-mediated

ed to a direct interaction of aluminum with free
radical scavenging enzymes. Therefore, it accen-
tuates the oxidative insuit to tissues. These en-
zymes represent the first line of defense against
the oxygen free radical and the decrease in their
activities may contribute to the oxidative stress to
the brain tissues (Swain and Chainy, 1998).
Therefore, one possible way of inducing neuro-
toxicity by Al is through a reduction in the brain
activities of several antioxidant enzymes (Gupta
and Shukla, 1995). The reduction of brain activi-
ty of GSH-px is in agreement with the results ob-
tained by Atienzar et al, (1998) who demonstrat-
ed a reduction in GSH-Px activity in rat brain
after inraperitoneal injection of aluminum chlo-
ride for 4 weeks. The mechanism of reduction of
GSH-Px activity may be mediated via substitu-
tion of selenium by aluminum that renders the en-

zyme inactive (Atienzar et al, 1998).
Al plus vitamin A or riboflavin treated groups

showed significant increase in the antioxidant en-

zymatic activities, suggesting that both vitamins
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may play a role in the protection against oxida-
tive damage caused by accumulation of alumi-
num in brain. It has been demonstrated that sup-
plementation of rat with beta-carotene (vitamin A
precursor) minimized the harmful effect of fen-
valerate and improved semen quality in rats (El-
Demerdash et al, 20044). Beta carotene, alone or
in combination with vitamin E, has a protective
role against lipid peroxidation in cadmium-
induced toxicity in male rats (El-Demerdash et
al, 2004b). Moreover, carotenoids protect against
oxidative damage of {ymphocytes both in vivo
and in vitro by scavenging DNA-damaging free
radicals and modulating DNA repair mechanism
(Astley et al, 2004). The mechanism by which
beta-carotene acts as antioxidant is that beta-
carotene is a quencher of singiet oxygen that can
directly interact with peroxy! radicals involved in
lipid peroxidation (Burton and Ingold, 1985). Ri-
boflavin deficiency in rats has been associated
with significant reduction of catalase, SOD and
GSH-px and consequently the increased free oxy-
gen radicals was attributed to riboflavin deficien-

cy (Tumkiratiwong et al, 2003).

Liver homogenate showed increased activity of
GSH-Px and GR-ase; while the activities of cata-
lase and t-SOD werc decreased. This result has a
partial agreement with Abubakar et al, (2003)
who recorded that hepatic catalase and GR-ase
levels were both reduced in animals treated with
aluminum. While the GSH-Px was increased in

liver homogenate, it was significantly decreased
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in brain homogenate. This suggests that Al has a
dual effect of oxidant and antioxidant in different
tissues. It was suggested that this dual effect is
depending upon iron concentration and mem-

brane integrity (Fraga et al, 1990).

Consistent and significant reduction in the activi-
ties of serum brain function enzymes including
MAQO, AChE, and 5-N were found in Al-treated
group compared to control group. This result
agrees with previous data recorded by Zatta et al,
(1998) and Dave et al (2002). Cholinesterases are
a large family of enzymatic proteins widely dis-
tributed throughout both neuronal and non-
neuronal tissues. Al may interfere with various
biochemical processes including acetylcholine
metabolism, and can thus act as a possible etio-
pathogenic cofactor. Monoamine-oxidase cataly-
ses the oxidative deamination of various primary
amines, such as norepinephrine, serotonin, dopa-
mine and others. Altogether these findings indi-
cate that long-term Al feeding results in inhibi-
tion of AChE, and decreased activity of MAO,
which could represent the mode of action through
which Al may further contribute to pathological

processes in Al-induced neurotoxicity.

Administration of Al plus vitamin A or riboflavin
showed significant increase in the activities of
brain function enzymes compared to Al-treated
group, supporting their role in alleviating Al-

dependent neurotoxicity.

Vet.Med.d. Giza.Vol.53,No.2(2005)

Serum liver function enzymes including AST,
ALT, GGT and ALP showed increased activities
after long term administration of Al. These re-
sults are in accordance with Wilhelm et al,
(1996) who found an increased release of the en-
zymes AST and ALT into the hepatic perfusate
due to high dose of Al. this suggest that chroniwc
Al exposure induce hepatoxicity manifested by
elevation of liver function enzymes. The combi-
nation of vitamin A or riboflavin had a signifi-
cant improvement in the activities in ALT and
AST. Therefore, both compounds can alleviate

the Al-mediated hepatoxicty in rats.

Taken together, the present findings documented
that the brain is particularly susceptible to alumi-
num toxic effects. Al exposure significantly en-
hanced neuronal lipoperoxidative damage; de-
crease Fe, Cu, and Zn content, with concomitant
alterations in the antioxidant defense status that
may be responsible for a consistent rise in the
cell load of oxidative stress. This may contribute,
as an aggravating factor, to the development of
neurodegenerative events. Combination of vita-
min A or riboflavin with Al partiatly decreased
its toxic effect and improved brain and liver func-

tion, possibly due to their antioxidant effects.
REFERENCES

Abubakar, M.G., Taylor, A. and Ferns, G.A. (2003): Alu-
minum administration is associated with enhanced he-

patic oxidant stress thal may be offsct by dietary vita-

433



min E in the rat. Int ] Exp Pathol. 84(1), 49-54.

Astley S.B., Hughes D.A., Wright A.l., Elliott RM. and

Southon 8. (2003): DNA damage and susceptibility 10
oxidative damage in lymphocytes: effects of carolen-
oids in vitro and in vivo. Br. J. Nutr. 91(1), 53-61.

Adienzar, F., Desor, D., Burnel, D., Keller, J.M., Lehr, P.
and Vasseur, P. (1998): Effect of aluminum on super-
oxide dismutase activity in the aduit rat brain. Biol.
Trace Elem. Res. 65 (1), 19-30.

Beers, R.F. and Sizer, LW. (1951): A spectropholomelric
method for measurement of the breakdown of hydrogen
peroxide by catalase. J Biol Chem. 195, 133-40.

Belifield D and Goldburg S. (1971): In Enzymes. 12th Ed.
pp. 561 (Cited in Biochemical Kits).

Bergmayer HV. (1983): In'Methods of Enzymatic Analy-
sis .3rd ed. Varly chem. Weiheim. 11, 210.

Bertrand, A. and Buret, J. (1982): Kinetic determination of
5'-nucleotidase aclivity. Clin. Chem. Acta. 119, 275-
284.

Bourre J.M. (2004): The role of nutritional factors on the
structure and function of the brain: an update on diclary
requirements. Rev. Neurol. 160 (8-9), 767-92.

Burton, C.W. and Ingold, K.W. (1984); B- Carotenc: an un-
usual type of lipid antioxidant. Science 224, 569-573.
Cannata, J.B. Serrano, M. and Fernandez, S.1. {(1998): Mini-
mizing the risk of oral aluminum exposure in chronic

renal failure. Contrib Nephrol. 71, 81-89.

Chiu, D., Staults, F. and Tappal (1976); Purification and
properties of rat lung soluble glutathione peroxidase.
Bioch. Biophys. Acla. 445, 558-560.

Christen, Y, (2000} Oxidative stress and Alzhcimer dis-
ease. American Journal ol Clinical Nutrition, 71(2).

6215-629s.

434

Daniels, W .M., van Rensburg, S.J., van Zyl, JM. and Tai-
jaard, 1J. (1998): Melatonin prevents beta-amyloid-
induced lipid peroxidation. J. Pincal Res. 24 (2), 78-82.

Dave, K.R., Syal, A.R. and Katyare, S.5. (2002): Effect of
long-term aluminum feeding on kinetics attributes of
tissue cholinesterases. Brain Res Bull. 58(2), 225-33

Deloncle, R. Huguet, F. Fernandez, B. and Guillard, G.
(2001} Chronic administration of aluminum and iron in
young mature rat brain arcas. Toxicol. lewt. 104, 65-73.

Den Biaauwen D.H., Poppe W.A. and Tritschler W.
(1983): Cholinesterase (EC 3.1.1.8) with butyrylthioch-
oline-iodide as substrate: references depending on age
and sex with special reference to hormonal effects and
pregnancy. J Clin Chem Clin Biochem. 1983 Jun; 21
{6), 381-6.

Dizdaroglu, M., Jaruga, P., Birincioglu, M. and Redriguez
H. (2002): Free radical-induced damage to DNA: mech-
anisms and measurcment. Free Radic. Biol. Med. 32
(11), 1102-15.

Domingo, J.L., Gomez, D.J. and Sanchez, J.M. (1993): Ef-
fect of varicus diclary constituents on gastrointestinal
absorption of aluminum from dinking water and diet.
Res. Commun. Chem. Pathol. Pharmacol. 79, 377-80.

El-Demerdash F. M. (2004): Antioxidant effect of vitamin
E and selenium on lipid peroxidation, enzyme aclivities
and biochemical parameters in rats exposed 1o alumin-
ium. J. Trace Elem. Med. Biol. I8 (1), 113-121.

El-Demerdash F.M., Yousef M.1., Kedwany F.S. and Bagh-
dadi H.H. (2004a): Rolc of alpha-locopherol and beta-
carotenc in ameliorating the fenvalerate-induced chang-
es in oxidative stress, hemato-biochemical parameters,

and semen quality of male rus. § Environ. Sci. Health

Vet Med.. 1. .Giza Vol .53.No.2(2005)



B. 39(3), 443-59.

El-Demerdash, F.M., Yousef, M.I, Kedwany, F.8. and
Baghdadi H.H. (2004b). Cadmium-induced changes in
lipid peroxidation, blood hematology, biochemical pa-
rameters and semen quality of male rats: protective role
of vitamin E and berta-carme‘nc‘ Food Chem. Toxicol.
42 (1), 1563-71,

Esparza, J.L., Gomez, M., Romeu, M., Mulero, M., San-
chez, D.J., Mallol, I.and Domingo, J.L. (2003): Alumi-
num-induced pro-oxidant effects in rats: protective role
of exogenous melatonin. J. Pineal Res. 35(1), 32-9.

Fiejka, M., Dlugaszek, M., Graczyk, A., Slowikowska, M.
and Gorska, P. (2001): Effects of aluminum and defc-
roxamine on concentration of essential elements in ani-
mals experimentajly intoxicated with aluminum. Med.
Dosw. Mikrobiol. 53(1), 101-6.

Fraga, C.G., Oteiza, P.1. and Golub, M.S. {1999): Effects of
aluminum on brain Lipid peroxidation. Toxicol lett 51,
213-219,

Fraga, C.G., Oteiza, P.1., Golub, M.S. Gersluer, M.E. and
Keen, C.L. (1990): Effect of aluminum on lipid peroxi-
dation. Toxicol. Lett. 51, 2134219,

Grifficen, K.J., Ghribi, O., Fox, N., Savory, J. and DcWid,
D.A. (2004) Aluminum maltolatc-induced toxicily in
NT2 cells occurs through apoptosis and includes cylo-
chrome c release. Neurotoxicology 25(5), 859-67.

Gupta, A. and Shukla, G.S. (1995): Effect of chronic alumi-
num exposure on the levels of conjugated dicnes and
enzymatic antioxidants in hippocampus and whole brain
of rat. Bull. Environ. Contam. Toxicol. 55 (5), 716-22.

lia, Y., Zhong, C., Wang, Y. and Zhao, R. (2001}): Effccts
of aluminum intake on the content of aluminum, iron,

zinc and lipid peroxidation in the hippocampus of rats.

Vet.Med.J.,Giza.Vol.53,N0.2(2005)

Wei. Sheng. Yan Jin, 30(3), 132-4,

Julka, D. and Giil, K.D. (1996). Elfect of aluminum on re-
gional brain antioxidant defense status in Wistar rats.
Res Wxp Med. 196, 187-94.

Lawrence, R. and Burk, F. (1976} Glutathione peroxidase
activity in selenium deficient rat liver. Biochem. Bio-
phys. Res. Commun 41, 95%.8.

Levesque, L., Mizzen, C.A., McLachlan, D.R. and Fraser,
P.E. (2000): Ligand specific effects on aluminum incor-
poration and toxicity in ncurons and: astrocytes. Brain
Res. 877(2), 191-202,

Linder, M.C. and Hazegh-Azam M. (1996); Copper bio-
chemistry and molcecular biology. Am. J. Clin. Nutr.
63, 7975-8118S.

Lovell, M.A., Ehmann, W.D. and Markcsbery. W. (1993):
Lascr microprobe analysis of brain aluminum in Alzhei-
meris disease. Ann Neurol. 33, 36-42.

Lowry, O.H., Rosebrough, N.S. and Farr, L.A. ¢1951): Pro-
tein measurement with the folin phenol reagent. J. Biol.
Chem. 193, 265-275,

Lynch, S.R. (1997): Interaction of iron with: other nutrients.
Nutr. Rev. 55(4), 102-i0.

Marklund, §. and Marklund, G. (1974): Involvement of the
superoxide anion radical in the autoexidation of pyro-
galtol and a convenient assay for superoxide dismutase.
Eur. J. Biochem. 41, 468-474,

McEween, C. (1969): Methods in enzymology (XVII) me-
tabolism of amino acids and aminc. Part B; Edited by
Herbert, tabor celia white tabor. Academic press, New
York, pp 686-693.

Misra, H. and Fridovich, 8. (1972): Fhe rolc of superoxide
anion in the oxidation ol cpinephrine and a sample as-

say lor supcroxide dismutasce. J. Biol. Chem. 247, 3170-

435



3175.

Moyer, T.P. (1999): Toxic metals. In: Tictz Textbook ol
Clinical Chemistry. Burtis, C.A.; Ashwood, E.R. Eds.,
W.B. Saunders Co, Philadelphia, London, Third ed. pp.
982-98.

Nayak, P. and Chatterjee, A.K. (2003): Dietary protein re-
striction causes modification in aluminum # induced al-
teration in glutamate and GAPA system of rat brain,
Food chem. Toxicol. 39, 1285-1290.

Ochmanski, W. and Barabasz, W. (2000): Aluminium-
occurrence and toxicily for organisms. Przegl. Lek. 57,
6651668,

Oteiza, P.1. (1993): Aluminum has both oxidant and antiox-
idant effects in mouse brain membranes. Arch. Bio-
chem. Biophys. 300, 517-521.

Persijn P.J. and van der Slik W. (1976): A new method [or
the determination of gamma glutamyl transferase in ser-
um, J. Clin. Chem. Clin. Biochem. 14, 421 -- 427,

Petrie, A. and Waston, P. (1999): In “Statistics for veleri-
nary and animals scicnce” 1st Ed. Blak well science Td.
United Kingdome. pp. 90-99.

Reis. A., Totsch, M., Shennib, H., Ofner, D., Serrick, C.,
Jamjoom, A., Chikhani, N., Mikuz, G. and Margreiter
R. (1994): Bronchoalvcolar lavage: resulls of sequen-
tial, selective techniques in viable murines. Am. J. Re-
spir. Crit, Care Med. 150 (2), 547-550.

Sarin S, Gupta V, Gill KD (1997): Alterations in lipid com-
position and neuronal injury in primates following
chronic aluminium exposure. Biol Trace Elem. Res. 59
(1-3), 133-143.

Satanovskaya, A. and Sadovnik M. {(1990): Riboflavin as a
potential regufation of 1the endogencus ethanol metabo-

lism and alcoholic motivation. Dokl. Akad. Nauk.

436

BSSR. 34(3). 271-78.

Sato M. and Licber C. (1981): Hepatic vitamin A depletion
after chronic ethanol consumption in baboons and rat. J.
Nutr. 111, 2015-2023.

Sik Eum, W., Won Kim, D., Koo Hwang, L., Yoo, K.Y..
Kang, T.C., Ho Jang S., Soon Chai, H., Hyun Choi, S.,
Hoon Kim, Y., Young Kim, S., Yil Kwon, H., Hoon
Kang, I., Kwon, 0.8., Cho, 8.W., Soo Lee, K., Park, J.,
Ho Won, M. and Young Choi, S. (2004): In vivo pro-
tcin transduction: biologically active intact pep-I-
superoxide dismutase fusion protein efficiently protects
against ischemic insult. Free Radic. Biol. Med. 37(10),
1656-1669.

Sinha, A. K. (1972): Calorimetric assay of catalase. Ana-
lytical Biochemistry. 47, 389 @ 396,

Singh, M (2004) Rolc of micronutriems for physical
growth and mental development. Indian J. Pediatr. 71
(1), 59-62.

Smith, L; Vierheller, T.; Thorne, C. (1988): Assay of glu-
tathione reductase in crude tissue homogenates using
5,5-dithiobis {(2-nitrobenzoic acid). Anal. Biochem.
175, 408-413.

Swain, C. and Chainy, G.B. (1997): Aluminum effect on
lipid peroxidation and on the activities of superoxide
dismutase and catalasc in the cercbral hemisphere and
liver of young chicks. J. Trace Elem. Med. Biol. 11(2).
77-82.

Swain, C. and Chainy, G.B. (1998): Effects of aluminum
sulphate and citric acid ingestion on lipid peroxidation
and on activities of supecroxide dismutase and catalase
in cerchral hemisphere and liver of developing young
chicks. Mol. Cell. Biochem. 187, 163-72.

Timbrell, J. (2002): Toxic responses to foreign compounds.

Vet.Med.dJ..Giza.Vol.53.No.2(2005)



In: principles of Biochemical Toxicology. Third ed.
Taylor & Francis, UK., USA, pp. 175-258.

Tumkiratiwong P., Tungtrongchitr R., Migasena P., Pong-
paew P., Rojekittikhun W., Vudhivai N., Tungtrong-
chitr A., Phonrat B. and Nuamtanong S. (2003): Anti-
oxidant enzyme levels in the erythrocytes of riboflavin-
deficient and Trichinella spiralis-infected rats. South-
east Asian J. Trop. Med. Public Health. 34 (3), 480-485.

Turgut, G., Kaptanoglu, B., Enli, Y. and Genc, O. (2004):
Effect of chronic aluminum administration on blood and
liver iron related parameters in mice .Yonsei Med. J.
45(1), 135-139.

Uchiyama, M.; and Mihar, M. (1976): Determination of
malonaldehyde precursor in tissue by thiobarbituric acid
method. Anal. Biochem. 86, 271-279,

Ward, R.J., Zhang, Y. and Crichton, R.R. (2001): Alumi-
num toxicity and iron homeostasis. J. Inorg. Biochem.
87,9-14

Watanabe, M. (1996). Flameless atomic absorption spec-
trometry for analysis of trace elements in biological ma-

terial. Nippon Rinsho-Japanese 1. of Clin. Med. 54,

Vet.Med.J.,Giza.Vol.53,No.2(2005)

228-232.

Wilhelm, M., Jaeger, D.E., Schull-Cablitz, H., Hafner, D.
and Idel, H. (1996): Hepatic clearance and retention of
aluminum: studies in the isolated perfused rat ljver.
Toxicol Lett. 89(3), 257-263.

Williams, R.J., Spencer, 1.P., Goni, F.M, and Rice-Evans,
C.A. (2004): Zinc-histidine complex protects cultured
cortical neurons against oxidative stress-induced dam-
age. Neurosci Lett. 371 (2-3), 106-110.

Yang, I, Jia, Y., Zhao, R,, Jin, N. and Chen, J. (2002): Ef-
fects of exposure to aluminum on some metal elements
contents in hippocampus of rat. Zhonghua Yu Fang Yi
Xuc Za Zhi. 36(4), 247-249,

Yousef, M. L. (2004) Aluminum-induced changes in hema-
to-biochemical parameters, lipid peroxidation and en-
zyme activities of male rabbits: protective role of ascor-
bic acid. Toxicol. 199, 47-57.

Zalla, P. Nicosia, V. and Zambenedetti, P. (1998) Evalua-
tion of MAOQO activities on murine neuroblastoma cells
upon acute or chronic treatment with aluminum (I1I) or

tacrine, Neurochem Int. 32(3), 273-279.

437





