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Abstract: To study the relationship between alumimnum chloride (AICL,) and memory of their offspnng male. Five
groups of adult Wistar rats (200£30) were taken for this experiment. Female rats were concurrently exposed (0,
200, 400, 600 and 800 mg/keg/day) of aluminum administered as AlCLin drinking water for two weeks. Forty-five
after birth, a shuttle box was used to test memory. This experiment showed that maternal dietary exposure AlCI,
(200, 400 and 600 mg/kg/day) doses after two weeks during lactation, there were no different on the working
memory of their offspring for any of groups. But rat which received A1C1, 800 mg/kg/day during lactation, has
shown significant impairment in working memory of their offspring (p<0.001) (p<0.05). This study has
demonstrated that (200, 400 and 600 mg/kg/day) AlCL consumption for two weeks during lactation had no
effect. But consumption of AICL; 800 mg/kg/day during lactation, can impairment in (short-term and long-term )

memory of their offspring.
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INTRODUCTION

Many investigators have evaluated the association
between oral alummumn exposure and bramn development
m early life, they showed that alumimum 1s highly toxic to
the growth and development of fetuses and suckling in
humans and experimental animals (Bishop et al., 1997,
Yumoto et al., 2000, Sedman et al., 1984). It enters humans
via water, food, air and drugs (especially antacids) and
Aluminum compound added to many commercially-
prepared products destined for ingestion (Graves ef al.,
1990). Also is present in all body tissues and organs,
mcluding brain (Walton, 2007). Amimal studies have
documented Central Nervous System (CNS) impairments
following exposure, including
neuropathological, newochemical, newrophysiological

aluminum

and neuwrobehavioral changes. Among then, a series
of studies have been conducted to clarify the deficits
of learning and behavioral functions since 1970s
(Wang et al., 2002). The pathologic features that these
newodegenerative disease share include abnormal
phosphorylation of neuronal cytoskeletal proteins and the
abnormal deposition of these proteins in neuron
(Kawahara, 2005; Liu et al., 2005). High concentration of
Al reported in plasma and tissue samples of dialyzed and
nondialyzed patients with chronic renal failure (Alfrey,

1985, Kachny et al., 1997). Normally, mammals maintain
very low Al concentrations in their tissues because of a
combination of low intestinal uptake and rapid clearance
(Domingo et al., 2001).

Studies with pregnant and lactating women may be
transferred to fetuses and sucklings; especially its
incorporation into their brain (Yumoto et al., 1995, 1998).
In addition, many others has reported cases of
encephalopathy or impaired neurclogic development
caused by Al intake infants. Also, studies have
suggested that exposure to neurotoxic substances in early
life causes Alzheimer’s disease (AD) in old age has been
proposed by Yumoto et al. (2000) and Rondeau et al.
(2000). Al bound to nuclear DNA phosphate and bases,
DNA  binding, altering
chromatid exchange and decreasing cell division. The
accumulation of Al in DNA may later protein-DNA
interactions (Crapper McLachlan et al., 1990).

The others attribute the large variability in uptake
into bram to individual differences i Al metabolism
including gasteroinduct tract absorption, timing of peak
plasma concentration of Al, variations in Al-ligand

increasing  histone- sister

binding, Al excretion values, blood-brain barrier to Al
(Walton et al., 1995). On the other hand, studies have
showed evidence on the similarities and dissimilarities,
between Al-induced newofibrillary degeneration and
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paired helical filaments from AD, the accumulation Al in
neurofibrillary tangle and senile plaques from AD, the
neuropathological dissociation between AD and dialysis
assoclated encephalopathy (Miu and Benga, 2006).

Because Alummum 1s neurotoxic in humans exposed
parenterally, via the oral rout in those suffering renal
disease and potentially in neonates receiving formulas
with excess Al. The aim of this study was to investigate
the effects of different doses  of
supplementation during lactation on memory of their
offspring.

Aluminum

MATERIALS AND METHODS

Animal: Six Pair of adult wistar rats (200430 g) were
chosen for this experiment. They were mamtamed in a
12 h light: dark cycle and temperature-controlled
(22-25°C) amimal room (Wang et af., 2001a). All arumals
were provided by Ahvaz Medical University’s ammal
house in Tran. This study was performed from April to
December 2007. Female rat were placed in cages for time
mating with males. Then lactating rats were separated
from male rats as they were divided into five batches.
One batch was the control batch with free access to food
and water and the other five groups were drunken
Aluminum chloride in different doses (200, 400, 600 and
800 mg/kg/day) in their drinking water for two weeks
of lactation. Dams and their litters then were housed
n stainless cages. All litters were weaned for 37 days,
fed and 1ib and drank tap water until they became 45 days
old.

Apparatus: A shuttle box, as The apparatus used for
passive avoldance response traimng of their offspring
that consisted of two adjacent Plexiglas compartments of
identical dimensions 27x14.5x14 ¢m two compartments
were separated by a guillotine door in the middle part of
this apparatus. According to compartments, one 1s
lluminated and the other 1s dark. A sliding door separated
the two compartments and could be lowered from a 2.5 cm
hurdle. The floor consisted of 6 mm diameter stamless-
steel rods spaced 1.7 em between centers. The rods were
comnected to shock generator which could deliver to the
compartment as a scrambled foot shock. A flashing light
(7.5 W) was fixed to the outside wall of the white chamber
(Moazedi et al., 2007).

Procedure: On the first day Acquisition rats had free
access to either the light or dark compartment of the box.
On the second day (Tramning) rat was placed in the
llummated compartment and after 30 sec the guillotine
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door raised. For entering the dark compartment the door
was closed and a 1.5 mA constant current shock was
applied for 2 sec, then after 20 sec the rat was removed
from the dark compartment and placed m to the home
cage. For testing short and long-term memory, after a
48 h passive avoidance response traimng, the rat was
placed in idluminated chamber and 30 sec later the
guillotine door was raised and both the latency of
entering the dark compartment (step-through latency)
and the time spent there during 5 min was recorded
(Takeda et al., 2005; Arlene et al., 1997). We also did this
procedure 30 days after passive avoidance response
traimng,

Data were analyzed by one way analysis of vanance
(ANOVA) for testing long-term memory which followed
by post hoc test. The level of sigmificance was set at
p<0.05.

RESULTS

The received data of step-through latencies shows
that there were no significant different between rats
control batch and rats that their mothers received AlICI,
(200, 400, 600 and 800 mg/kg/day) at the stage of lactation
48 h after training. But in this step, there was significant
difference between rats that their mothers received AlICL,
(800 mg/kg/day) at the stage of lactation and control
group (p<0.001) (Fig. 1).

Thirty days after traimng there was not any
significant difference between control batch and groups
that their mothers received Aluminum chloride m different
doses at the stage of lactation, but in this step, there was
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Fig. 1: Effect of aluminum chloride on step-through
latency 2 day (48 h) after trammng. ***p<i0.001,
n=_g
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Fig. 2: Effect of aluminum chloride on step-through
latency one month after training. *p<0.05, n=§
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8 AICL (400 mg/kg/day}
W AICL, (600 mg/kg/day)
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|

Time spent in the dark chamber 2 day (48 h) after training

Fig. 3: Effect of aluminum chloride on time spent in the
dark chamber 2 day (48 h) after training n =8

significant difference between rats that their mothers
received AlCI, (800 mg/kg/day) at the stage of lactation
and control group (p<<0.05) (Fig. 2).

On the other hand, statically analysis of data m the
time spent at the dark chamber, 48 shows that there were
no significant different between rats control group and
rats that their mothers received AICI, (200, 400, 600 and
800 mg/kg/day) at the stage of lactation 48 h after traiming
(Fig. 3).

Thirty days after training there was not any
significant difference between control batch and any of
groups that their mothers received zmc chloride n
different doses at the stage of lactation (Fig. 4).

769

3 m Control
m AICL (200 mg/kg/day)
301 & AICI, (400 mg/kg/day)
W AIC], (600 mg/kg/day)
] o AICY, (800 mg/kg/day)

[\*]
Lh

[}
=]
1

—
Lh

—_
=]
X

Time spent in the dark chamber one month after training

(=]
1

Groups

Fig. 4: Effect of aluminum chloride on time spent in the
dark chamber one month after training n =8

DISCUSSION

Aluminum is environmentally abundant, but not an
essential element and has no known biological function
(Tansson, 2001). Most behavioral studies have shown
chronic Aluminmum exposure will cause behavioral deficits
in animals. Tn the present study, our result shows that,
AlCL, consumption (200, 400 and 600 mg/kg/day) for two
week at the stage of lactation, could not significant effect
on short-term and long-term memory of their offspring.
This result is similar to the result of some other
investigators. For instance, (Golub ef al, 1995)
development exposure (from parturition to weamng) to
500 and 1000 g aluminum/g diets had distinctive long-
term effects on behavioral measures that were not dose
dependent and were not further intensified by continuing
exposure as adults also, mdicated that, a lack of
remarkable Al transfer with lactation would not
necessarily indicate that elevated Al in milk doses not
cause adverse effects on the offspring (Domingo ef al.,
2000). In another study, has reported that prenatal
Aluminum exposure had no effect on the acquisition of a
conditioned taste aversion, but a passive avoidance task
learning ability of pups of dams given the highest dose of
Aluminum was impaired (Gonada and Lehotzky, 1996;
Kim, 2003). On the other hand, results of the previously
studied did not show a notable influence of maternal
restraint on the Al induced postnatal development and
behavioral effects in the offspring of prenatally Al-
exposed rats (Colomina et al., 2005). These result
confirmed our results in this experiment. However
(800 mg/kg/day) for two week at the stage of lactation,
could be significantly (p<0.001) impairment working
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memory in their offspring. This study, as well as other
investigations conducted on rats, showed that musing
pups of mouse dame fed excess Al m their diet extubit
poor retention of wron and manganese from a milk meal
(Gonda and Domingo, 1996). In addition, maternal dietary
exposwre to excess aluminum during gestation and
lactation which did not produce maternal toxicity would
be capable of causing permanent neurobehavioral deficits
in weanling mice and rats (Golub et al., 1996 ). Also,
showed that oral Al administration to rats during
pregnancy and lactation produced delay in the
development of the central nervous system of their pups
(Poulos et al., 1996). On the other hand Walton (2007) and
Gong et al. (1995) shown that aluminum can account for
the earliest known changes that occur in AD; aluminum
causes oxidative damage in brain regions vulnerable to
AD change in humans; Aluminum inhibits PP24 activity
in vivo and Aluminum induces the
hyperphosphorylated tau. These are the same changes
that proceed and lea to plaque and tangle formation in the
human brain. This result confirmed our result in this
experiment. Furthermore, other scientist reported that Al
admimstered to pregnant rats and/or lactating rats is
transferred to thewr offspring through tansplacental
passage and/or maternal milk. Al incorporated into fetuses
and suckling rats may cause growth retardation in various
organs including the brain (Bishop et al, 1997). The
mvestigations indicate Al- induced impeirment of N-
methyl-D-aspartate (NMDA) receptor associated signal
transduction pathways. The effect was selective for
proteins of the glutamate-nitric oxide-cGMP pathway,
suggesting a possible mechamsm for the neurotoxic
effects of Al (Liansola et al., 1999). Also some scientists
have shown that long-term potentiation (LTP) and long-
term depression (LTD) two forms of synaptic plasticity are
believed to underlie learning and memory (Barnes, 1995).
In area CA, of hippocampus, induction of LTP and L.TD
requires NMDA receptor activation a postsynaptic
increase 1n caleium and metabotropic glutamate receptors
(mGLUR) (Shi et al., 2005; Trommer et al., 1996). Further,
aluminum exposwre also decreases the (adenine tree
phosphate enzyme) ATPase activity which in tun could
affect the glutathione synthesis. So, the lesion of
Aluminum on learmning memory relates to the change of
intracellular  calcihemeotasis, the decrease of protein
kinase ¢ (pke) activity and some neurotransmitter, which
can change the memory, such as, aminoglutaric acid,
gamma amino butyric acid, acetylcholine and deficits
in both LTP and LTD rat dentate gyrus area in vive
(Wang et al., 2001, Chen et al., 2002; Platt et al., 1995).
The authors suggest that genetic differences in the
permeability of the blood brain barrier to Al may be an

formation of
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important variable in Al toxicity (Walton et al., 1995). On
the other hand following experimental aluminum exposure,
significant increase in lipid peroxidation occurs in
brain tissue of rat pups even as young as 39 days of age
(Nehru and Anand, 2005). Some scientists in their
investigations have shown that Aluminum negative effect
in long-term memory. High serum levels of Aluminum in
elderly humans are associated with impaired long-term
memory and increased sensitivity to flicke (Bowdler et al.,
2002). That confirms our result in this research with
800 mg/kg/day Aluminum chloride consumption (p<<0.001).
It seems high concentration of Alumimun chloride in
lactation period could impairment memory of their
offspring.
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