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Abstract 
 

Aluminium is presents in many manufactured foods, medicines and is also added to drinking water for 

purification purposes.The cerebral cortex is a sheet of neural tissue that is outer-most to the cerebrum. This study 

was conducted in order to evaluate the possible effects that aluminium chloride exposure could have on the 
histology of cerebral cortex of wistar rats’ offspring.The wistar rats were divided into five groups; group I was 

the control while groups II-V were given various concentrations of aluminium chloride for eight weeks; after 

which they were allowed to mate and their offspring (litters) were breed for another three months.The offspring 
were humanely sacrificed; brain was removed, fixed in bouin fluid, processed and stained with Hirano-

Zimmerman’s stain.Our observations showed normal appearances of the cerebral cortex of offspring.We 

therefore conclude that effects of aluminium chloride exposure on the cerebral cortex of adult wistar rats were 
not transferable to the offspring. 
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1. Introduction 
 

Aluminium is a trivalent cation found in its ionic form in most kinds of animal and plant tissues and in natural 

waters everywhere (Jiang, et al., 2008).The almost ubiquitous presence of this element has so heavily 
contaminated the environment that exposure to it is virtually inescapable. The elemental aluminium does not 

occur in its pure state but is always combined with other elements such as chloride, hydroxide, silicate, sulphate 

and phosphate. The wide distribution of this element ensures the potential for causing human exposure and harm 

(Berthon, 1996; Candura et al., 1998; Williams, 1992; Zhang and Zhou, 2005). Aluminium is released to the 
environment by natural processes and from various anthropogenic sources. As a light weight metal with a melting 

point of 649.8°C., it is being used more and more for a number of different and important uses.  
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It is not an overstatement to aver that the modem technological age could not have occurred without the 

availability of aluminium. Human exposure to Aluminium has been increasing over the last decades. Patients on 
dialysis or on long-term treatment with total parenteral nutrition have been shown to accumulate this metal in 

different organs (Alfrey et al., 1976; Yokel and McNamara, 2001; Klein, 1993). It has been suggested that there is 

a relationship between high levels of aluminium and increased risk of a number of neurodegenerative disorders 
including dialysis encephalopathy, Alzheimer’s disease (AD) and Parkinson’s disease (PD) (Becaria et al., 2002; 

Berthon, 1996; Corain et al., 1996; Hughes, 1989; Yokel, 2000; Yokel, 2002). 
 

It has been shown clearly that aluminium accumulates in various mammalian tissues such as brain, bone, liver and 

kidney (Wills et al., 1993; Sahin et al., 1994) and is accompanied by renal failure (Alfrey, 1980) or associated 
with age (Gómez et al., 1997). Epidemiological studies have indicated a link between aluminium in drinking 

water and Alzheimer’s disease; and a variety of human and animal studies have implicated learning and memory 

deficits after aluminium exposure (Buraimoh et al., 2011a; Exley, 2005; Yokel, 2000). Aluminium chloride was 
said to have negative effects on behavioural endpoints of wistar rats( i.e. alters behaviour), (Buraimoh et al., 

2011b),  have negative effects on anxiety-related behaviour of wistar rats as it increased the rate of anxiety in 

aluminium treated rats((Buraimoh et al., 2011c), had neurodegenerative effects on the histology of cerebral cortex 

of adult wistar rats especially at higher dose((Buraimoh et al., 2012a), have detrimental effects on the integrity of 
the testes of wistar rats((Buraimoh et al., 2012b), and also decrease the level of sperm count, but did not result 

into infertility(Buraimoh et al., 2012c). 
 

The cerebral cortex is a sheet of neural tissue that is outer-most to the cerebral of the mammalian brain and it 

plays a key role in memory, attention, perceptual awareness, thought, language, and consciousness. It also 

integrates higher mental functions, general movement, visceral functions, and behavioural reactions. (Brodal, 
1992; Cauller,1995). It consists essentially of three regions; neopallium, the paleopallium and archipallium. The 

neopallium is the newest portion and also the largest of the three, consisting of gyri and sulci (Sisson and 

Grossman, 1953). Archipallium now called “hippocampus” and the paleopallium of the pyriform lobe become the 
centre devoted extensively to olfactory functions. The corpus callosum arises to connect the enlarged neopallia of 

the two halves of the brain (Theodore and Alan, 1979).  
 

The cerebral cortex is the biggest part of the brain. This large and complicated neural circuit is involved in most 
of the brain’s highest functions, such as memory, language and sight. In man and higher animals, modifications of 

behaviour are due to cortical activity. (Pavlov, 1927). Pavlov demonstrated that conditional reflex being mediated 

through the cerebral cortex can be impaired or abolished in the dog by removal of appropriate cortical areas. 
Meyer and Woolsey (1952) also demonstrated how studies on frequency and intensity of sound can be used to 

study conditional reflex. Memories are stored in the cerebral cortex (Penfield, 1950).In his observation on 

temporal cortex in conscious patients, he made an assumption that integration of memories is not dependent on 
the association system of the cerebral cortex alone but also on central connections in the higher brain stem. 

Mettler, in 1935 explained that the two hemispheres of man are not symmetrical in their control of several 

functions. Speech, reading and writing for example, are vested in the left hemisphere, whereas the analysis of 

music is in the right (or right handed persons). These cortical areas account for most of the cortex of lower 
mammals (Marsupials and Insectivores), but for only one-quarter of the cortex of man.  
 

In the parietal and occipital regions, there are secondary and tertiary projections areas that code messages, store 
information, combine inputs and provide spatial orientation (Milton, 1974). If these areas are impaired, a man 

might see well, yet confuse right and left; might walk well, yet get lost in a familial place. The frontal region of 

the cerebral cortex relates to programs intentions, orientation to goals and sequence in the performance of 
activities. The entire cortex of experimental animals becomes relatively heavy if the animals live in a relatively 

diverse, stimulating and enriched environment (Milton, 1974). George (1973) described the cerebral cortex as the 

highest center to which sensory impulse can be projected. This impulse, according to him, gives rise in the cortex 
to sensations of discriminative nature by recognizing minor differences in the temperature, texture or weight of an 

object held in the hand. It also appears to be one of the locations where past experiences are stored as memory, he 

explained.  Drugs administered to mothers have the potential to cross the placenta and reach the fetus.  Under 

particular circumstances, the comparison of the drug concentration in the maternal and fetal plasma may give an 
idea of the exposure of the fetus to the maternally administered drugs. Drugs are classified according to their type 

of transfer across the placenta.  
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Several drugs rapidly cross the placenta and pharmacologically significant concentrations equilibrate in maternal 

and fetal plasma. Their transfer is termed 'complete'. Other drugs cross the placenta incompletely, and their 
concentrations are lower in the fetal than in maternal plasma. The majority of drugs fit into 1 of these 2 groups. A 

limited number of drugs reach greater concentrations in fetal than maternal plasma. It is said that these drugs have 

an 'exceeding' transfer. The impression prevails that suxamethonium chloride (succinylcholine chloride) and 
doxorubicin do not cross the placenta. However, a careful analysis of the literature suggests that this impression is 

wrong and that all drugs cross the placenta, although the extent transfer varies considerably (Pacific and Nottoli, 

1995).This study was designed in order to evaluate the possible effects that aluminium chloride exposure could 
have on the histology of cerebral cortex of offspring of wistar rats. 
 

2. Materials and Methods 
 

This work was carried out in the Department of Human Anatomy, Faculty of Medicine, Ahmadu Bello 

University, Samaru, Zaria, Nigeria. The rules and regulations governing animal handling of Ahmadu Bello 

University were strictly adhered to and the experiment was conducted in accordance to the ethical committee 
guidelines. 
 

Experimental Animals 

Twenty adult wistar rats were selected for this experiment. The wistar rats were housed in steel cages in the 

Department of Human Anatomy, Faculty of Medicine, Ahmadu Bello University, Zaria, under good ventilation, 
with sufficient food and water. 
 

Experimental design 

The wistar rats were divided into five groups; group I was the control, group II received 475mg/Kg, group III 

received 950mg/kg, group IV received 1,425mg/kg and group V received 1,900mg/kg via oral intubation for 
duration of eight weeks; after which they were allowed to mate freely and their litters (offspring) were breed for 

another three months. The offspring were humanely sacrificed; the brain was removed and immediately fixed in 

bouin fluid. The brain tissues were processed and stained with Hirano-Zimmerman’s stain. The stained sections of 

the cerebral cortex were examined under the light microscope fitted to a laptop and digital camera for 
photomicrographs at magnifications of 100 and 250 respectively for each group. 
 

3. Results and Discussion 
 

 
 

Plate 1. Normal histology of the cerebral cortex of offspring of wistar rats in group I with normal nerve 
cells(double arrow). Hirano-Zimmerman stain. X100 
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Plate 2. Normal histology of the cerebral cortex of offspring of wistar rats in group I with normal nerve 

cells(double arrow) . Hirano-Zimmerman stain. X250 
 

 
 

Plate 3. Normal histology of the cerebral cortex of offspring of wistar rats in group II with normal nerve 

cells(double arrow). Hirano-Zimmerman stain. X100 
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Plate 4. Normal histology of the cerebral cortex of offspring of wistar rats in group II with normal nerve cells 

(double arrow) Hirano-Zimmerman stain. X250. 
 

 
 

late 5. Normal histology of the cerebral cortex of offspring of wistar rats in group III with normal nerve cells 
(double arrow). Hirano-Zimmerman stain.X100 
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Plate 6. Normal histology of the cerebral cortex of offspring of wistar rats in group III with normal nerve cells 
(double arrow). Hirano-Zimmerman stain.X250 
 

 
 

Plate 7. Normal histology of the cerebral cortex of offspring of wistar rats in group IV with normal nerve cells 
(double arrow). Hirano-Zimmerman stain.X100 
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Plate 8. Normal histology of the cerebral cortex of offspring of wistar rats in group IV with normal nerve cells (double 
arrow). Hirano-Zimmerman stain.X250 
 

 
Plate 9. Normal histology of the cerebral cortex of offspring of wistar rats in group V with normal nerve cells(double arrow). 

Hirano-Zimmerman stain.X100 
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Plate 10. Normal histology of the cerebral cortex of offspring of wistar rats in group V with normal nerve cells 
(double arrow). Hirano-Zimmerman stain.X250 
  
Traditionally, aluminium has been considered as nontoxic to humans. However, in recent years, increased 

attention is being focussed on possible adverse effects of aluminium on human health. Human exposure to 

aluminium is from its natural occurrence in the environment i.e. through food, water and air as well as from 
aluminium deliberately introduced into the environment by man. Aluminium compounds are used in 

pharmaceuticals (antacids, analgesics, antiperspirants) in water treatment processes (as coagulant) and as metal in 

consumer products. Aluminium is present in virtually all plants. Foods naturally high in aluminium include 
potatoes, spinach and tea. Processed dairy products, flour and infant formula may be high in aluminium, if they 

contain aluminium compounds as food additives (WHO, 1998).Aluminium is present in small amounts in 

mammalian tissues, yet there is little or scanty research work to support its physical usefulness. However, its 
neurotoxic effect on living organisms is becoming clear, aluminium being implicated as interfering with a variety 

of cellular metabolic processes in the nervous system and in other systems. Although molecular mechanisms by 

which aluminium exerts its neurotoxicity remain to be established, several pieces of evidence suggest that 

Aluminium can interfere with cellular metabolism in terms of biological stimulation, inhibition, or metal 
accumulation and compartmentation (Zatta et al., 1991).  
 

Aluminium was said to have contributed to a variety of cognitive impairments in mice, rabbits, and rat pups 
(Muller et al., 1990; Yokel, 1985, Bilkei-Gorzo, 1993; Mari, 2001). Behavioural impairment has also been 

reported in wistar rats exposed to soluble aluminium salts (chloride) in the drinking water (Buraimoh et al., 

2011b).Both rats (Connor et al., 1988) and mice (Yen-Koo, 1992) have demonstrated such impairments at doses 
exceeding 200 mg of aluminium per kg of body weight per day. Although significant alterations in acquisition 

and retention of learned behaviour were documented, the possible role of organ damage (kidney, liver, 

immunological) due to aluminium was incompletely evaluated in these studies (WHO, 1997).  
 



American International Journal of Contemporary Research                                              Vol. 2 No. 8; August 2012 

302 

 

Aluminium chloride was said to have negative effects on anxiety-related behaviour of wistar rats as indicated by 
increased rate of anxiety in Aluminium treated rats and that its exposure could be detrimental to the integrity of 

the testes of wistar rats. (Buraimoh, et al., 2011c; Buraimoh et al.,2012b). Buraimoh et al., 2012d also reported 

that aluminium chloride exposure was detrimental to the liver of wistar rats, as indicated by congested central 
vein and distorted sinusoids.  
 

In our present study, we observed that the neurodegenerative effects of aluminium chloride exposure on the 

histology of cerebral cortex of adult wistar rats as reported by Buraimoh et al., 2012a, were not transferable to the 
offspring. This was eminent in the normal appearances of the histology of the cerebral cortex of all groups of 

offspring as the nerve cells were seen to be normal (See plates 1-10).  
 

4. Conclusion 
 

The histological observations of the offspring showed normal histological appearances of the cerebral cortex of all 

groups of the offspring (Plates 1-10). Based on our observations, we therefore conclude that the effects of 

aluminium chloride exposure on the cerebral cortex of adult wistar rats were not transferable to the offspring.  
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