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Summary:  

Background: Aluminium (Al) intoxication was recognised as a causal agent in pa t i en t s  undergoing 
haemodialysis and then was linked to Alzheimer's disease.  Nevertheless, environmental pollution with Al 
is mainly v ia  drinking water, particularly when ac id ic  rain falls on Al containing soil and bedrock.  In 
addition, aluminium u tens i l s  are widely used for cooking. Therefore, an increasing concern is emerging 
for the  role of pH in the absorption of aluminium from ingested food. 
Materials and methods: The objective of this study was to establish the effect of acidification with1 
ml/dL of concentrated acetic acid on the absorption of aluminium from a 5 mM a l u m i n i u m  sulphate 
solution taken orally in albino rats. Levels of Al, Ca, Cu, and Fe in plasma. brain, kidney, and liver were 
measured by atomic absorption. 
Results: The results indicate that acidification of Al salt  so lut ion  w i t h  acetic acid enhances its 
absorption. Increased plasma Al level (p<0.05) was associated with increased deposition  in all tissues and a reduced 
overall body mass (p<0.05) and mass of cerebral hemispheres (p<0.01) re la t ive  to the controls. The 
increased plasma levels  of Al correlated positively with increased Al deposited in the kidney (r =0.790) 
l ive r  (r = 0.967), and b r a in  (r=0.955) despite the blood brain barrier. Increased Al also correlated 
negatively with levels of Ca, Cu, and Fe in all tissues except in brain in which there was a positive 
correlation with Ca deposition. 
Conclusion: The study shows an increased absorption and deposition of Al in the tissues from rats 
ingesting acidified Al solution with acetic acid. 
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Introduction: 
I n i t i a l l y  aluminium (Al) intoxication was 
recognised as a causal agent in patients undergoing 
haemodialysis and then was linked to Alzheimer's 
disease (1). Nevertheless.environmental pollution with 
Al is mainly v ia  d r i n k i n g  water particularly when 
acidic rain falls on Al-containing soil and bedrock 
( 2 ) .  Further routes of pollution by this trace element 
may come from the use of aluminium sal ts  in 
preservatives, colouring agents (3) or the use of Al-
containing antacids, vaccines phosphate binding and 
dialysate fluid (4).Fortunately, the bio-availability of 
Al from drinking water is as low as .0.3% (5). Still 
plasma Al could be elevated when Al intake coincides 
with some dietary factors such as citric acid (6) 
whereas phosphorus and s i l icone  reduce its 
absorption (7), most cooking utensils contain Al and 
generally the prepared foods are acidic nature. 
Therefore, the initiation of a project to investigate the 
effects of the free enteral intake of a large dosage o f  
aluminium sulphate solution with acetic acid on the 
absorption of Al and on the possible toxic effect on 
the brain is justified. 
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Materials and Methods: 
Al absorption was studied in mature male albino rats 
weighing 83.5 ± 4.35 g The animals, which were 
divided into 3 groups of 10 animals in each, were 
placed in plastic cages with an ample supply of rats 
pellets. The control group was supplied with regular  
lap water while in the treated groups 5 mM of Al2 
(SO4)3 . 18H2O / L was given to groups  
(Al + O) and (Al +A). The later group received an 
additional 1 ml of concentrated acetic  
acid /dL. The usage of a large dosage of Al salt was lo 
overcome its low absorption and availabil i ty .   
The Al-containing solution was made more palatable 
by adding glucose 5 gm/ dL. The addition of the acid 
was intended to study the effect of ac idic  medium on 
Al absorption of enteral i n t a k e  of Al-containing 
solution. Throughout the  12 weeks of the project, the 
volume of fluid intake was measured every other day 
and t h e  body weight was determined twice-weekly. 
On termination 3-5 ml of blood was obtained by 
cardiac puncture while the animal was under ether 
anaesthesia. The animals were sacrificed to obtain the 
brain, kidneys and l iver ,  as well as plasma for trace 
element ana l y s i s  (Al. ('a. Cu, and Fe). The left 
cerebral hemisphere was dissected g e n t l y  and 
weighed accurately for comparison.   Tissue 
specimens were digested in concentrated acid mixture 
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of H2So4 and UNO3, of 1:1 ratio. Levels of Al, Ca, Cu, 
and Fe in plasma, brain, kidney, and liver were 
measured by atomic absorption spectroscopy. All data 
obtained were t a b u l a t e d  and expressed in terms of 
X ± SD, and the differences were assessed u s i n g  
student t-test. Linear regression analysis was 
calculated to find out the type of relation that ex i s t s  
between elevated Al deposited in tissue and the stale 
of other trace elements c o n t a i n e d  in the tissue 
specimens under investigation. The study was 
conducted according to national guidelines for animal 
usage in research. 
 
Results: 
Aluminium salt ingesting animals showed normal 
locomotion with no noticeable ill s igns.  
Nevertheless, rats ingesting the acidified Al sal t  
s o lu t i o n  with 1 ml of acetic acid gained less weight 
(p<0.05) with clear decrease in brain weight (p<0.01), 
and in daily fluid i n t a k e  (p<0.05) than those 
ingesting the non-acidified Al sal t  s o l u t i o n  (Fig 1). 
Analysis of plasma and tissues Al levels gave evidence 
ind ica t ing  that enteral fluid intake 5mM of Al 
sulpate with acetic acid enhanced the absorption of Al 
(table1). 'The progressive rise in plasma Al levels of 
the control, (Al + 0) and then (Al + A) groups 
correlated positively with the magnitudes of Al 
deposited in the brain, kidney, and liver (Fig 2). 
Furthermore, the increased Al deposited in these 
tissues altered t h e i r  content of Ca, Cu, and Fe. In the 
brain, the pooled data of Al levels  of the three groups 
showed positive correlation with Ca levels (r=0.841). 
but it was negative  with Cu (r= -0.806) and Fe (r= -
0.842 ) (Fig3). S i mi l a r ly ,  the  pooled d a t a  of Al 
levels  in the kidney and liver showed negative 
correlation with the i r  Ca, Cu, and be levels. All 
correlations were highly significant (p<0.001). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig.1 shows the effect of eternal fluid  intake of 5 M m 
of aluminium sulphate  with  (A1+A)  or without 
(A1+0) acetic acid on daily fluid intake, plasma. A1 
level and weights of the left hemisphere and the body 
gain,  
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Table 1: Trace elements contents in plasma (mg dL-1) 
and in tissues (ppm of wet wt ) in rats ingesting 5mM 
A1 sulphate with (A1+A) or without (A1+0) of 1 ml of 
acetic acid expressed in term of  

 
 
Discussion: 
The enteral intake of Al salt with acetic acid 
enhanced significantly the absorption as evidenced in 
elevated plasma levels and increased deposition in all 
organs studied. This confirmed early findings where 
citric acid in lemon juice as another weak organic acid 
increased the bio-availability of aluminum. The 
mechanism of ci t rate  and o ther  organic acids 
enhancement of 'AI absorption are para-cellularly by 
opening the tight junctions that are present between 
mucosal cells rather than intra-cellularly (6). 
 
 
 
 
 

 
 
Fig.2 shows linear regression Curves of plasma A1 and 
tissue A1 contents. 
 
 
 
Failure to observe neurological disorders in rats 
despite the accumulated Al could he due to the fact 
that the symptoms were too slight to notice in the 
animals or the dose and/or the duration of enteral 
intake of aluminium sulphate was not enough lo 
produce signs of illness. Infants in prolonged 
intravenous feeding of Al containing solution have 
exhibited impaired neurological development and, on 
increasing Al exposure, the impairment was associated 
with a reduction in the Mental Development Index (8). 
The reduced gain in body weight is assumed to be 
attributed to reduction in bone weight, since 
osteomalacia is a common feature of Al toxic i ty  
(9) .  The brain atrophy of rats which implies a 
significant reduction in brain weight is attributed to 
neural cell damage of the RNA as a result of 
oxidative stress and the formation of reactive oxygen 
species, such as superoxide and hydrogen peroxide, 
after being converted to short-lived highly reactive 
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intermediate such as hydroxyl radical (10).  The 
reported positive correlations between plasma Al 
levels and that deposited in the given organs is 
confirmed (11),   In comparing the well-known blood 
How to the kidneys with that of the brain relative to 
the magnitude of the deposited Al in these organs, one 
may assume that the permeability of the blood-brain 
barrier to Al is reasonably altered or that the blood-
brain barrier has been modified to allow more Al 
permeate through (12 ,  13). The noticeable finding of 
this work is the alteration in the content of the trace 
elements Ca, Cu and be in organs in the presence of Al 
deposited in the brain, kidney and liver. The reason 
for such re-distribution is still unclear. Nevertheless, 
there were reports on The effects of Al presence on 
Ca, Cu and Fe absorption but there was no mentioned 
reports as yet indicating the increased Al deposition in 
the mentioned tissue causing redistribution of these 
trace elements. The reasoning of such redistribution is 
still lacking Distal view but still related where 
Grondolfi and associates were working on neuro- 
degerative disease in conjunction with chronic dietary 
deficiencies of trace elements concluded that Al 
altered intracellular Ca homeostatic in vitro (14). 
Furthermore, uraemia patients undergoing 
haemodialysis expressed elevated parathyroid 
hormone level, which normally influenced Ca 
absorption and its mobilization and the release of Ca 
into the plasma (15). This release was not evident in 
plasma Ca level as mostly due to effective Ca 
haemostatic (14). Recently, Perl and Moarems (2006) 
demonstrated prominent evidence that, the deposited 
Al in the brain was located within the neuro- fibrillory 
tangles of medium and large size neurons (16, 17). 
Nevertheless, these tangles are morphologically and 
biologically different from that observed in the brain 
of Alzheimer diseased patients (18), thus Al does not 
represent an etiologic cause of AD rather than it plays 
an active role in the pathogenesis of AD. Furthermore, 
that both epidemiological; and experimental findings 
strengthen the possibility that prolonged exposure to 
relatively low Al level may be neurotoxic leading to 
neuro-degerative disease (18, 19). 
 
Conclusion: 
The enteral intake of Al salt with acetic acid enhanced 
significantly the absorption as evidenced in elevated 
plasma levels and increased deposition in the tissues 
studied (brain, kidneys and liver). This increased 
absorption of Al was associated with brain atrophy, 
decrease body mass and altered tissue contents of Ca, 
Cu and Fe in the organs studied. Further work is 
encouraged to re-examine the re-distribution of these 
elements with prolong study and their outcome. 
 
 
 

 
 
Fig. 3 shows linear regression Curves of brain A1 and 
brain Ca, Cu and Fe. 
 
 
References: 
1- Campbell A. Bondy SC. Aluminum induced 
oxidative events and its relation to inflammation: a 
role for the metal in Alzheimer’s disease. Cell Mol Biol 
(Noisty – le- grand). 2000; 46: 721-30.  
2- Smith RW. Kinetic aspects of aqueous 
aluminum chemistry, environmental 
application. Coordinate Chemistry Rev 1996; 
149: 81-93. 
3. Soni MG, White SM, Flamm WG, Burdock GA. 
Safety evaluation od dietary aluminum. Regul Toxicol 
Pharmacol. 2001; 33: 66- 79. 
4. Yokel RA, Mc Namara PJ. Alminum toxicokintics: 
an updated minireview. Pharmacol Toxicol, 2001; 88: 
159-67.  
5.Yokel RA, Rhineheimer SS, Brauer RD, Sharma P, 
Elmore D, Mc Namara. Aluminum bioavailability from 
drinking water is very low and is not appreciably 
influenced by stomach contents or water hardness. 



Enteral intake of Aluminum Sulphate in acidic medium enhances                                                           Mehdi I. Hilmy 
absorption and alters tissue content of other trace elements in male albino rats 
 

 
J Fac Med Baghdad                                                                                                                             Vol.51, No.2, 2009 173

Toxicology. 2001; 161: 93-101.  
6.Taylor GA, Moore PB, Ferrier IN, Tyrer SP, 
Edwardson JA. Gastrointestinal absorption of 
aluminum and citrate in man. J Inorg Biochem. 1998; 
69: 165-9. 
7. Yokel RA, O’Callaghan JP. An aluminum – induced 
increase in GFAP is attenuated by some chelators. 
Neurotoxicol Teratol. 1998; 20:55-60.  
8. Bishop NJ, Morley R, Day JP , Lucas A. Aluminum 
neurotoxicity in preterm infants receiving intravenous 
– feeding solution. N Engl Med. 1997;336:1557-61.  
9. Kandiah J, Kies C. Aluminum concentrations in 
tissue of rats: effect of soft drink packaging. 
Biometals, 1994;7:57-60.  
10. Nunomura A, Perry G, Pappolla MA, Wade R, 
Hirai K, Chiba S, Smith MA. RNA oxidation is a 
prominent feature of vulnerable neurons in 
Alzheimer’s  disease. J. Neurosci, 1999; 19: 1959-64.  
11. Platt B, Fiddler G, Riedel G, Henderson Z. 
Aluminum toxicity in the rat brain: histochemical and 
immunocytochemical evidence. Brain Bull, 
2001;55:157-67.  
12.Erasmus RT, Savory J, Wills MR, Herman MM. 
Aluminum neurotoxicity in experimental animals. Ther 
Drug Monit. 1993;15:588-92.  
13.Yokel RA. Brain uptake, retention, and efflux of 
aluminum and manganese. Environ Health perspect. 
2002; 110 Suppl 5:699-704.  
14.Gandolfi L, Stella MP, Zambenedetti P, Zatta P. 
Aluminum alters intracellular calcium homeostasis in 
vitro. Biochim Biophys Acta. 1998;140;315-20. 
15. Bikezekian, J.P; Marcus, R; Levine, M.A. The 
parathyroids: Basic and clinical concepts. New York: 
Raven Press; 1994. 
16.Perl DP, Moalem S. Aluminum and Alzheimer’s 
disease, a personal perspective after 25 years. L. 
Alzheimers Dis. 2006;9:291-300. 
17. Soni MG, White SM, Flamm WG, Burdock GA. 
Safety evaluation of dietary aluminum. Regul Toxicol 
Pharmacol. 2001;33:66-79. 
18. World Health Organisation (WHO/IDCS), 
Aluminum, Enviroment and Health criteria. 194, Pp. 
1-52, Geneva, WHO, 1997.  
19. Miu AC, Benga O. Alminum and Alzheimer’s 
disease: a new look. J Alzheimers Dis. 2006;10:179-
201. 
 
 


