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ABSTRACT
Aluminium is one of the trace elements with moderate toxic effect on living organism. 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. The stomach is a hollow muscular organ located on the
left side of the upper abdomen, under the ribs. It is part of the digestive system that receives food from the
esophagus. The stomach secretes acid and enzymes that digest food.The purpose of this study was to evaluate the
possible effects that aluminium chloride exposure could have on the histology of the stomach of wistar rats.
Twenty wistar rats were used for this study. The wistar rats were divided into five groups as follows: group I was
the control that received distil water only, group II received 475mg kg -1, group III received 950mgkg-1, group IV
received 1,425mg kg-1 and group V received 1,900mg kg-1 via oral intubation for duration of eight weeks. The
stomach was fixed, processed, stained in H&E and the slides were viewed under light microscope fitted to digital
camera and laptop. Our results revealed that there were no significant negative effects of aluminium chloride on
the histology of the stomach. Based on our observations, we therefore conclude that aluminium chloride exposure
had no deleterious effects on the histology of the stomach of wistar rats
.
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1. INTRODUCTION
Aluminum is a trivalent cation found in its ionic
form in most kinds of animal and plant tissues
and in natural waters everywhere 1. It is the third
most prevalent element and the most abundant
metal in the earth's crust, representing
approximately 8% of total mineral components 2.
It is one of the trace elements with moderate
toxic effect on living organism.
Due to its reactivity, aluminum in nature is found
only in combination with other elements such as
sulphate, chloride etc. Dietary aluminum is
ubiquitous but in such small quantities that it is
not a significant source of concern in persons

with normal elimination capacity. Urban water
supplies may contain a greater concentration
because water is usually treated with aluminum
before becoming part of the supply. Subsequent
purification processes that remove organic
compounds take away many of the same
compounds that bind the element in its free
state,
further
increasing
aluminum
3
concentration .
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
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occurrence in the environment i.e. through food,
water and air, as well as, from aluminium
deliberately introduced into the environment by
man. The main food sources of aluminium are:
hard cheese, grain products (flour), herbs and
tea leaves. Chronic exposition to this trace
element can cause alterations in skeletal,
nervous, hematopoietic and respiratory systems
4,5,6,7
.
Aluminium is also thought to be a causal agent in
some cases of encephalopathy and osteomalacia
observed in patients with chronic renal failure
caused by long-term hemodialysis 8. Aluminium
toxicity in humans has been implicated in many
neurodegenerative diseases such as Alzheimer’s
disease, amyotrophic lateral sclerosis, and
parkinsonism-dementia 9, 10, 11. The mechanism of
aluminium-inducted
neurotoxicity
and
identification of effective treatment for such
impairments is, therefore, an important public
and occupational health priority for industrial
and developing nations. Aluminium contributes
to a variety of cognitive impairments in mice,
rabbits, and rat pups 12, 13, 14, 15.
Aluminium is a possible contributing factor in
Alzheimer’s disease 5. Evidence for the
contribution of Aluminium to Alzheimer’s
Disease (AD) remains contradictory 16,17.
However, epidemiological studies have indicated
a link between aluminium in drinking water and
AD and a variety of human and animal studies
have implicated learning and memory deficits
after Aluminium exposure 18,19,20.
The stomach is a muscular organ located on the
left side of the upper abdomen. It is a hollow
organ in the upper abdomen, under the ribs. It is
part of the digestive system.The stomach
receives food from the esophagus. As food
reaches the end of the esophagus, it enters the
stomach through a muscular valve called the
lower esophageal sphincter.
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The stomach secretes acid and enzymes that
digest food. Ridges of muscle tissue called rugae
line the stomach. The stomach muscles contract
periodically, churning food to enhance digestion.
The pyloric sphincter is a muscular valve that
opens to allow food to pass from the stomach to
the small intestine.
The stomach, like the small intestine is a mixed
exocrine-endocrine organ that digests food and
secretes hormones. It is a dilated segment of the
digestive tract whose main functions are to
continue the digestion of carbohydrates initiated
in the mouth, add an acidic fluid to the ingested
food, transform it by muscular activity into a
viscous mass (chyme), and promote the initial
digestion of proteins with the enzyme pepsin.
The wall of the stomach has five layers:
 Inner layer or lining (mucosa): Juices made
by glands in the inner layer help digest food.
Most stomach cancers begin in this layer.
 Submucosa: This is the support tissue for the
inner layer.
 Muscle layer (Muscularis): Muscles in this
layer contract to mix and mash the food.
 Subserosa: This is the support tissue for the
outer layer.
 Outer layer (serosa): The outer layer covers
the stomach. It holds the stomach in place.
The mucosa and sub-mucosa of the un-distended
stomach lie in the longitudinally directed folds
known as rugae. When the stomach is filled with
food, these folds flatten out 21. The objective of
this study was to evaluate the possible effects
that aluminium chloride exposure could have on
the histology of the stomach.

2. MATERIALS AND METHODS
This study was conducted in the Department of
Human Anatomy, Faculty of Medicine, Ahmadu
Bello University, Samaru, Zaria, Nigeria. The rules
and regulations governing animal handling were
strictly adhered to.
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using chloroform, after the end of eight weeks of
administrations of various concentrations of
aluminium chloride except the control group I
that received distil water only. The abdominal
region was dissected and the stomach was
removed, and immediately fixed in 10% formalin.
After fixation, the tissues were transferred into
an automatic processor where they went
through a process of dehydration in ascending
grades of alcohol (ethanol) 70%, 80%, 95% and
absolute alcohol for 2 changes each. The tissues
were then cleared in xylene and embedded in
paraffin wax. Serial sections of 5 micron thick
were obtained using a rotary microtome. The
tissue sections were deparaffinised, hydrated
and stained using the routine haematoxylin and
eosin staining method (H&E). The stained
sections were examined under the light
microscope fitted to a digital camera and lap top.
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2.1. Experimental Animals
Twenty wistar rats were used for this
experiment. The wistar rats were housed in steel
cages in the animal house of Department of
Human Anatomy, Faculty of Medicine, Ahmadu
Bello University, Zaria, Nigeria; they were given
sufficient food, water and kept under good
ventilation. The wistar rats were kept for two
weeks before commencement of aluminium
chloride administration. This was to enable the
wistar rats acclimatized to the environment.
2.2. Experimental Design
The wistar rats were divided into five groups;
group I was the control that received distil water
only, group II received 475mg Kg-1, group III
received 950mg kg-1, group IV received 1,425mg
kg-1 and group V received 1,900mg kg-1 via oral
intubation for duration of eight weeks.
2.3. Tissue processing and staining
The wistar rats were humanely sacrificed by
anesthetizing them in a suffocating chamber
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3. RESULTS AND DISCUSSION
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Plate I: Photomicrograph of Stomach of group I showing Normal submucosa, muscularis mucosae,
pyloric glands (double arrow) and gastric pit. X100 H&E
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Plate II: Photomicrograph of Stomach of group II showing Normal submucosa, muscularis mucosae,
pyloric glands (double arrow) and gastric pit. X100 H&E
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Plate III: Photomicrograph of Stomach of group III showing Normal submucosa, muscularis mucosae,
pyloric glands(double arrow) and gastric pit. X100 H&E
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Plate IV: Photomicrograph of Stomach of group IV showing Normal submucosa, muscularis mucosae,
pyloric glands (double arrow) and gastric pit. X100 H&E
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Plate V: Photomicrograph of Stomach of group V showing Normal submucosa, muscularis mucosae,
pyloric glands(double arrow) and gastric pit. X100 H&E
Humans are uniformly exposed to aluminium
that is present in the soil, food and drinking
water 16. Aluminium is potentially neurotoxic
although its biological effects are not yet well

known 22. There are several data linking elevated
Al3+ levels to neurological pathologies such as
multiple sclerosis, Guam Parkinson dementia,
Parkinson’s disease and Alzheimer’s disease 23.
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Aluminium Chloride was implicated to have
negative effects on behavioural endpoints of
wistar rats (i.e. alters behaviour), have negative
effects on anxiety-related behaviour of wistar
rats as it increased the rate of anxiety in
aluminium treated rats and was also said to have
neurodegenerative effects on the histology of
cerebral cortex of adult wistar rats especially at
higher dose24, 25,26. It was stated that aluminium
chloride exposure could be detrimental to the
integrity of the testes of wistar rats 27. These
were in contrast with our present findings where
aluminium chloride exposure had no deleterious
effects on the histology of the stomach of wistar
rats (Plates I-V).
However, another findings indicated that
although, aluminium chloride decreased the
level of sperm count, but it did not result into
infertility; this they reported could be as a result
of the fact that the wistar rats that received the
highest dose of aluminium chloride (1,900 mg kg 1
) had an average sperm count of 19.75 million
(106) which was close to 20 million sperm count
required for fertility while the other treated
groups had sperm count above 20 million per
milliliters 28.
Other reports on occupational Aluminium
exposure
and
neurological
impairments
29
demonstrate mixed findings . Despite strong
experimental and clinical evidence for Aluminum
neurotoxicity, the mechanism of Aluminium
effects on the nervous system is still not
completely clear. It was reported that Aluminium
chloride exposure has neurodegenerative effects
on the histology of cerebral cortex of adult
wistar rats especially at higher dose as evident in
aluminium treated groups which showed
extensive neuronal vacuolation and necrosis
(neuro-degeneration) of the cerebral cortex of
wistar rats 26. It was also estimated that there
was graded increased in brain Aluminium uptake
of wistar rats across the groups as the group that
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received the highest dose had highest brain
aluminium uptake which was dose dependent30.
Aluminium Chloride Exposure was also said to
have no effects on the histology of the
epididymis and hence storage of sperm cells
(spermatozoa) by the epididymis could be safe
31
. This was in concord with our findings in this
present study where we observed that
aluminium chloride had no deleterious effects on
the histology of the stomach of wistar rats (See
Plates I-V).
In our present study, the submucosa, muscularis
mucosae, pyloric glands and gastric pit were
intact in all groups; the histological
structures/features of the somach of both the
control (Plate I) and the aluminium treated
groups (Plates II-V) present normal histological
features.

4. CONCLUSION
Our results revealed that there were no
significant negative effects of aluminium chloride
on the histology of the stomach (Plates I-V).
Based on our observations, we therefore
conclude that aluminium chloride exposure had
no deleterious effects on the histology of the
stomach of wistar rats, as eminent in the normal
histological structures of both the control group
and the aluminium treated groups.

ACKNOWLEDGEMENT
The authors wish to thank and acknowledge the
financial support of the Vice Chancellor of
Ahmadu Bello University Zaria and also
acknowledge the management of Ahmadu Bello
University for supporting this research work.

REFERENCES
1.

Jiang, H.X., Chen, L.S., Zheng, J.G., Han, S., Tang, N.,
and Smith, B.R., Aluminum-induced effects on
Photosystem II photochemistry in citrus leaves
assessed by the chlorophyll a fluorescence transient.
Tree Physiol. Dec 2008; 28(12):1863-71. (Medline).

International Journal of Pharmacy and Biological Sciences (e-ISSN: 2230-7605)

A.A. Buraimoh* & S.A. Ojo

Int J Pharm Bio Sci
www.ijpbs.com or www.ijpbsonline.com

Available Online through

www.ijpbs.com (or) www.ijpbsonline.com
2.

3.

4.
5.

6.

7.

8.

9.

10.
11.

12.

13.

14.
15.

Page

275

16.

17.

Verstraeten, S.V., Aimo, L. and Oteiza, P.I., Aluminium
and lead: molecular mechanisms of brain toxicity. Arch
Toxicol. Nov 2008; 82(11):789-802.
Proudfoot, A.T., Aluminium and zinc phosphide
poisoning. Clin Toxicol (Phila). Feb 2009; 47(2):89-100.
(Medline).
Afifi, A., Renal osteodystrophy in developing countries.
Artif. Organs, 2002, 26: 767-769. PMID: 12197931.
Campbell, A., The potential role of aluminium in
Alzheimer’s disease. Nephrol. Dial. Transplant, 2002,
17: 17-20. PMID: 11904353.
Chen, J., Wang, M., Run, D. and She, J., Early chronic
aluminium exposure impairs long-term potentiation
and depression to the rat dentate gyrus in vivo.
Neuroscience, 2002, 112: 879-887. PMID: 12088747.
Plieth, C., Sattelmacher, B., Hansen, U.P. and Knight,
M.R., Low-pH-mediated elevations in cytosolic calcium
are inhibited by aluminium: A potential mechanism for
aluminium toxicity. Plant J., 1999, 18: 643650. PMID:
10417715.
Tahara, H., Osteomalacia and vitamin D deficiency in
hemodialyzed patients. Clinical Calcium. 2004, 14:42–
45.
Roberts, E., Alzhermer’s disease may begin in the nose
and may be caused by aluminosilieates. Neurobiol
Aging.; 1986, 7:561–567.
Garruto, R.M. and Brown, P., Tau protein, Aluminium,
and Alzheimer’s disease. Lancet.; 1994, 8904:989–993.
Solomon, B., Koppel, R. and Jossiphov, J.,
Immunostaining of calmodulin and Aluminium in
Alzheimer’s disease-affected brains. Brain Res Bull.;
2001, 55:253–256.
Muller, G., Bernuzzi, V., Desor, D., Hutin, M.F., Burnel,
D. and Lher, P.R., Developmental alteration in offspring
of female rats orally intoxicated by Aluminium lactate
at different gestation periods. Teratology;1990,
42:253–261.
Yokel, R.A., Toxicity of gestational Aluminium exposure
to the maternal rabbit and offspring. Toxicol Appl
Pharmacol.; 1985, 79:121–133.
Bilkei-Gorzo, A., Neurotoxic effect of enteral
Aluminium. Food Chem Toxicol.; 1993, 31:357–361.
Mari, S., Golub, and Stacey, L., Long-term
consequences of developmental exposure to
Aluminium in a suboptimal diet for growth and
behavior of Swiss Webster mice. Neurotoxicology and
Teratology.; 2001, 23:365–372.
Flaten, T., Aluminium as a risk factor in Alzheimer’s
disease, with emphasis on drinking water. Brain Res.
Bull, 55; 2001, pp. 187–196.
Gupta, V.B., Anitha, G., Hegda, M.L., Zecca, L., Garruto,
R.M., Ravid, R., Shankar, S.K., Stein, R., Hanmugavelu,

IJPBS |Volume 2| Issue 4 |OCT-DEC |2012|266-276

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

P. and Jagannatha Rao, K.S., Aluminium in Alzheimer’s
disease: are we still at a crossroad? Cell. Mol. Life Sc.,
2005, 62: 143-158.
Buraimoh, A.A., Ojo, S.A., Hambolu, J.O. and Adebisi,
S.S., Effects of oral administration of aluminium
chloride on the histology of the hippocampus of wistar
rats. Curr. Res. J. Biol. Sci., 2011a, 3: 509-515.
Exley, C., The aluminium-amyloid cascade hypothesis
and Alzheimer's disease. Subcell Biochem., 2005, 38:
225-234. PMID: 15709481.
Yokel, R.A., The toxicology of aluminum in the brain: A
review. Neurotoxicology, 2000, 21: 813-828. PMID:
11130287.
Junqueira, L.C. and Carneiro, J., Basic Histology. Text
and atlas. 11th edition, McGraw-Hill Companies. 2005,
pp.288-290.
Walton J., A longitudinal study of rats chronically
exposed to aluminium at human dietary levels.
Neurosci. Lett., 412; 2007, pp. 29–33.
Nayak P, Aluminum: impacts and disease. Environ.
Res., 89; 2002, pp. 101–115.
Buraimoh, A.A., Ojo, S.A., Hambolu, J.O. and Adebisi,
S.S., Behavioural endpoints of adult wistar rats,
following aluminium chloride exposure. Br. J.
Pharmacol. Toxicol., 2011b, 2: 273-276. ISSN: 20442467.
Buraimoh, A.A., Ojo, S.A., Hambolu, J.O. and Adebisi,
S.S., Effects of Aluminium Chloride on Anxiety-Related
Behaviour. American Journal of Neuroscience. 2011c,
2(2): 65-69, 2011. ISSN 1948-9900. Science
Publications
Buraimoh, A.A., Ojo, S.A., Hambolu, J.O. and Adebisi,
S.S., Effects of aluminium chloride exposure on the
histology of the cerebral cortex of adult wistar rats. J.
Biol. Life Sci.2012a, 3(1), pp.87-113. DOI:
10.5296/jbls.v3i1.1421.
Buraimoh, A.A., Ojo, S.A., Hambolu, J.O. and Adebisi,
S.S., Histological study of the effects of aluminium
chloride exposure on the testis of wistar rats. Am. Int.
J. Contemporary Res., 2012d, 2: 114-122.
Buraimoh, A.A., Ojo, S.A., Hambolu, J.O. and Adebisi,
S.S., Effects of aluminium chloride exposure on the
sperm count of adult male wistar rats. Asian J. Exp.
Biol. Sci., 2012c, 3: 439-442.
Sim, M., Dick, R., Russo, J., Bernard, B., Mueller, C. and
McCammon, C., Are Aluminium potroom workers at
increased risk of neurological disorders? Occup Environ
Med.; 1997, 54:229–235. PMID: 9166127.
Buraimoh, A.A., Ojo, S.A., Hambolu, J.O. and Adebisi,
S.S., Brain aluminium uptake of adult wistar rats
following the oral administration of aluminium
chloride. Eur. J. Sci. Res., 2012b, 72: 576-582.

International Journal of Pharmacy and Biological Sciences (e-ISSN: 2230-7605)

A.A. Buraimoh* & S.A. Ojo

Int J Pharm Bio Sci
www.ijpbs.com or www.ijpbsonline.com

Available Online through

www.ijpbs.com (or) www.ijpbsonline.com

IJPBS |Volume 2| Issue 4 |OCT-DEC |2012|266-276

31. Buraimoh, A.A., Ojo, S.A., Hambolu, J.O. and Adebisi,
S.S., Aluminium Chloride Exposure Had No Effects on
The Epididymis of Wistar Rats. American Medical
Journal. 2012e, Volume 3, Issue 2, Pages 210-219.
Science publication.

*Corresponding Author:
A.A. Buraimoh*

Page

276

Department of Human Anatomy,
Faculty of Medicine, Ahmadu Bello University,
Samaru, Zaria, Nigeria.

International Journal of Pharmacy and Biological Sciences (e-ISSN: 2230-7605)

A.A. Buraimoh* & S.A. Ojo

Int J Pharm Bio Sci
www.ijpbs.com or www.ijpbsonline.com

