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Abstract. Aluminum (Al) is widely distributed in the environment and enters the human body by air, water, food 
and drugs. It is claimed that Al toxicity increases the rate of lipid peroxidation and hence the formation of free 
radicals in some investigations. As an index of lipid peroxidation, serum and tissue malondialdehyde (MDA) levels 
increase, whereas there is a decrease in the anti- oxidant glutathione (GSH). It has been observed that the increase 
in the levels of MDA recovers with the administration of vitamin E. twenty four adult mice were divided into three 
groups; Al administered, Al+vitamin E and controls. 300 mg/kg body weight of Al sulfate were given to Al and 
Al+vitamin E groups for three months orally. 20 mg/kg body weight of vitamin E was additionally given to 
Al+vitamin E group subcutaneously once a week during this period of time. Liver and spleen tissue as well as 
serum samples were obtained. MDA and GSH levels of the samples were analyzed. We found statistically 
significant increase in MDA levels of both serum and tissue samples while there was a decrease in the GSH levels. 
We also observed a recovery on these changes caused by chronic Al administration with vitamin E addition. 
Chronic high dose of Al sulfate can lead to tissue oxidative injury, and Vitamin E is capable of preventing the 
deleterious effects of Al+3 ions. 
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1. Introduction 

Aluminum (Al) is the third most abundant 
element and the most common metal in the 
earth’s crust, existing primarily as polymorphous 
aluminosilicates (Al2O5Si) in rocks and soils (1). 
The ongoing acidification of our environment has 
increased both the solubilization and conversion 
of these inert forms of Al in biologically active 
species (2). However, biological function of Al is 
not well understood at present (3). This element 
enters the human body via food, air, water and 
drugs  (4),  and  is present  in many manufactured  
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foods such as processed cheese, baking powders, 
cake mixes, frozen dough, pancake mixes (5, 6) 
and pharmaceutical products, especially antacids 
(1-7). It is also added to drinking water for 
purification purposes (5). It has been shown that 
Al accumulates in kidney, brain and especially in 
liver experimentally (3, 8, 9). 

Free radicals, which have unpaired electrons on 
outer orbital, are generated during several 
metabolic reactions (10-12). These radicals are 
very reactive species and may cause tissue 
damage and even cell death (10-13). The 
occurrence of free radicals increases in some 
pathological conditions and has some deleterious 
effects on several critical molecular and cellular 
components such as proteins, DNA, and 
membrane lipids (13). The primary targets of 
reactive oxygen species are cell-membrane 
polyunsaturated fatty acids, which, in turn, lead 
to damage in the cell structure and function (14). 
It has been shown that lipid peroxidation have 
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serious effect on some vital functions such as 
fluidity and selective permeability of membranes 
as well as signal transduction (15). Additionally, 
the decomposition of lipid hydroperoxides leads 
to a wide variety of end products, one of which is 
malondialdehyde (MDA), which is now accepted 
as a reliable marker of lipid peroxidation (16). 

There are some antioxidant mechanisms against 
free radical damage. The antioxidant mechanisms 
are mainly divided into two groups; enzymatic 
antioxidants such as superoxide dismutase, 
glutathione peroxidase and catalase, and non-
enzymatic antioxidants such as vitamin E (Vit E; 
á-tocopherol), ascorbic acid and â-carotene as 
well as reduced glutathione (GSH) and uric acid 
(15, 17, 18). GSH is the most abundant 
intracellular thiol-based antioxidant, prevalent in 
millimolar concentrations in all living aerobic 
cells, and plays an important role in the cellular 
defense cascade against oxidative injury (19-21). 
It also serves to detoxify some endogenic and 
exogenic compounds with conjugation reactions 
catalyzed by glutathione S-transferases (19, 20). 
GSH is a cofactor for glutathione peroxidase, 
which catalyzes the reduction of hydrogen 
peroxide to water and oxygen, hence limiting the 
formation of hydroxyl radical, the highly toxic 
reactive oxygen species (21). 

Vit E, an important lipid-soluble antioxidant 
placed in a special region of membranes, is a 
well-characterized chain-breaking antioxidant 
with the particular function of preventing lipid 
peroxidation in membrane systems (22, 23). The 
loss of Vit E will be accompanied by increased 
rate of lipid and protein oxidation, destruction of 
membrane function, and inactivation of 
membrane enzymes and receptors (24). 
Therefore, Vit E has received attention as a 
potential therapeutic agent to prevent or reduce 
clinical disease states thought to be associated 
with excess free radical production (25). 
   Our aim was to determine to what extend 
chronic Al administration changes the serum, 
liver and spleen MDA and GSH levels, and how 
addition of Vit E influences the effects of Al on 
these changes in mice. 

2. Material and method 

   This study was performed on 24 adult Balb-c 
mice. The animals were divided into three 
groups. Mice were fed ad libitum with pellet mice 
food in 22 0C heated rooms. In the first (n=7) and 
second (n=8) groups, 300 mg Al sulfate 
[Al2(SO4)3]/kg body weight was daily given in the 
drinking water for three months. Second group 
was additionally administered 20 mg/kg body 

weight of Vit E, as used in the dose of most 
studies (26, 27), once a week during this period 
of time subcutaneously. The third group (n=9) 
was given nothing and accepted as controls. In 
the end of the three months of the study, blood 
samples were collected and then liver and tissue 
samples were obtained immediately after 
sacrifice. The liver and spleen tissues were placed 
into petri dishes after being washed with cold 
water and then stored at –70°C (28), until assayed 
by the procedure of Ohkawa (16). After thawing, 
each sample was weighed, homogenized in 0.15 
M potassium chloride solution, and 0.4 ml of 
homogenate was mixed with 1.5 ml thiobarbituric 
acid, 1.5 ml acetic acid (pH 3.5) and 0.2 ml 
sodium dodecyl sulfate. A set of MDA standards 
was freshly prepared. After mixing, all samples 
and standards were heated at 100°C for one hour 
and cooled by using water. The absorbance was 
recorded at 532 nm and compared with those 
obtained from MDA standards. All procedures 
except homogenization were applied to serum 
samples but 0.5 ml serum was used instead of 0.4 
ml tissue homogenate. 

GSH estimation was achieved by the 
modification of the procedure described by 
Moron et al. (29). The modification is briefly as 
following: After homogenization of tissue 
samples with potassium chloride, 0.5 ml 
homogenate is mixed with 3 ml of 
deproteinization solution (sodium chloride, 
metaphosphoric acid, EDTA and distilled water) 
and 1.5 ml potassium chloride solution. Each 
sample was centrifuged at 1000 g for 5 minutes, 
and 0.5 ml of supernatant was added into 2 ml of 
Na2HPO4 and 0.5 ml Ellman reactive (DTNB; 
dithiodinitrodibenzoic acid, sodium citrate, 
distilled water). The absorbance of supernatants 
were recorded at 412 nm and compared with 
those obtained from GSH standards. The same 
procedure was followed for the serum samples 
except homogenization, and results are given as 
mg per dl of serum. 

Protein levels of tissue samples were 
determined by biuret method, and the results of 
liver and spleen MDA and GSH levels were given 
as nmol MDA/mg protein and µg/mg protein, 
respectively. Animal care and all experimental 
procedures used were in accordance with those 
detailed in the Guide for Care and Use of 
Laboratory Animals published by the U.S. 
Department of Health and Human Services. 
Results were evaluated with Mann Whitney U 
and Kruskal Wallis tests for the significance 
between and among groups, respectively. 
Statistical analysis was made with SPSS 9.0 
program (Statistical Package for Social Sciences),  
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Table 1 
 

Results and comparisons of serum MDA and GSH levels of mice in control, aluminum 
administered and aluminum+vitamin E administered groups. 

 Group Control 
 

(n=9) 
 

Al Administered       
 

Group (n=7) 
 

Al+Vit E 
Administered 
Group (n=8) 

P 
 

MDA   
 

12.98±1.71 18.97±3.22 
 

10.65±1.32 
 

P<0.001 
 

(nmol/ml)  
 

a***, b* a***, c*** 
 

b*, c*** 
 

 

GSH   
 

4.65±1.78 
 

4.00±3.10 
 

6.58±2.17 
 

P<0.05 
 

(mg/dl) 
 

a* 
 

b* 
 

a*, b* 
 

 

MDA: Malondialdehyde, GSH: Reduced glutathione, Values as mean ± S.D. a, b and c: Shows significance between two groups 
(Mann Whitney U test)  P: Shows significance among three groups  (Kruskal Wallis test)  * p<0.05, ** p<0.01, *** p<0.001 
 

Table 2 

Results and comparisons of liver MDA and GSH levels of mice in control, aluminum administered and aluminum + 
vitamin E administered groups. 

 Control Group 
 

Al Administered 
Group 

 

Al+Vit E 
Administered Group 

 

P 
 

 (n=9) 
 

(n=7) 
 

(n=8) 
 

 

MDA   
 
 

2.08±0.47 3.30±0.30 
 

2.60±0.20 
 

P<0.001 
 
 
 

(nmol MDA/mg protein)  
 

a***, b** 
 

a***, c*** 
 

b**, c*** 
 

 

GSH  
 

9.82±2.15 
 

6.57±1.38 
 

9.77±2.19 
 

P<0.01 
 

(µg/mg protein) a** 
 

a**, b** 
 

b** 
 

 

MDA: Malondialdehyde, GSH: Reduced glutathione, Values as mean ± S.D. a, b and c: Shows significance between two groups 
(Mann Whitney U test) P: Shows significance among three groups  (Kruskal Wallis test) * p<0.05, ** p<0.01, *** p<0.001 

Table 3 

Results and comparisons of spleen MDA and GSH levels of mice in control, aluminum administered and aluminum + 
vitamin E administered groups. 

 Control Group 
 

Al Administered 
Group 

 

Al+Vit E 
Administered Group 

P 

 (n=9) 
 
 

(n=7) 
 

(n=8) 
 

 

MDA   
 

3.22±0.65 
 
 
 

3.44±0.33 
 
 
 

2.50±0.37 
 
 
 

P<0.01 
 
 
 
 

(nmol MDA/mg protein)  
 

a** 
 

b*** 
 

a**, b*** 
 

 

GSH 7.64±1.35 
 

6.89±1.26 
 

11.33±3.54 
 

P<0.01 
 

(µg/mg protein)  
 

a* 
 

b** a*, b** 
 

 

MDA: Malondialdehyde, GSH: Reduced glutathione, Values as mean ± S.D. a, b and c: Shows significance between two groups 
(Mann Whitney U test) P: Shows significance among three groups  (Kruskal Wallis test) * p<0.05, ** p<0.01, *** p<0.001 
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and the results are expressed as mean ± standard 
deviation (S.D.). 

3. Results 

 Results and comparisons of serum MDA and 
GSH levels of the three groups were given in 
Table 1. Serum MDA levels of mice were found 
to be increased in aluminum administered group 
compared to control group (p<0.001). Serum 
levels of MDA were recovered in 
aluminum+vitamin E group when compared to 
aluminum administered group (p<0.001). Serum 
GSH levels of aluminum administered group were 
lower but this was not statistically significant. 
However serum GSH levels of aluminum+vitamin 
E administered group were higher than both 
controls and aluminum administered group 
(p<0.05). 
   Table 2 illustrates the results and comparisons 
of liver MDA and GSH levels of the groups while 
Table 3 shows those of spleen MDA and GSH 
levels. Liver MDA levels of both aluminum and 
aluminum+vitamin E administered groups 
elevated compared to those of controls (p<0.001, 
p<0.01, respectively). In addition, the MDA 
levels of aluminum administered group were 
higher than aluminum+vitamin E administered 
group (p<0.001). Liver GSH levels of aluminum 
administered group decreased compared to 
controls (p<0.01), while GSH levels of 
aluminum+vitamin E administered group 
recovered  (p<0.01). Spleen MDA levels did not 
show any difference between control and 
aluminum administered group. 

However aluminum+vitamin E administered 
group had lower MDA levels than controls 
(p<0.01) and aluminum administered group 
(p<0.001). Also spleen GSH levels showed no 
difference between controls and aluminum 
administered group while aluminum+vitamin E 
administered group had higher levels of spleen 
GSH than controls (p<0.05) and aluminum 
administered group (p<0.01). 

4. Discussion 

 Although biological function of Al is not 
understood very well (3) it has been reported that 
Al exposure can increase lipid peroxidation rates 
(30, 31). Some authors suggest that Al+3 interacts 
with cell membrane directly (32) whereas Al salts 
were shown to accelerate peroxidation of 
membrane lipids induced by Fe(II) salts (33). Al+3 
ions produce a subtle rearrangement in the 
membrane structure that facilitated the oxidative 
action of iron (33). Effects of Al on lipid 

peroxidation in various tissues such as liver, 
kidney, testis and brain of different animals were 
investigated and Al increased the rate of lipid 
peroxidation in some studies (30, 31, 34, 35) 
while these changes were not observed in some 
studies (3, 36, 37). 

 These controversial results may be due to the 
dose and type of Al compounds, duration of Al 
administration and the kind of animal used. For 
example, it was shown that lipid peroxidation rate 
increased with Al phosphate, leading to the rise 
of MDA and the decrease of GSH (31, 38, 39). In 
one study lipid peroxidation rate and levels of its 
markers did not change with Al sulfate, which we 
used in our study as well (3). In our study we 
found that levels of serum, liver and spleen MDA 
as a marker of lipid peroxidation increase in mice 
elevated with three months of Al administration 
while the levels of GSH decreased. 

 The increase in lipid peroxidation rate in our 
study may be owing to the high dose of Al used. 
GSH provides powerful antioxidant protection to 
body systems heavily exposed to reactive oxygen 
species (40, 41). Its deficiency causes oxidant 
damage and greater lipid peroxidation which in 
turn leading to cell damage (42-46). 

 Investigations have shown that the decrease of 
glutathione peroxidase activity caused by Al was 
parallel to the increase of lipid peroxidation rate 
(35). Vit E is a major lipid soluble antioxidant 
present in plasma and erythrocyte membrane, and 
spare GSH and prevents its oxidation together 
with vitamin C. A positive correlation between 
vitamin E and lipid peroxide formation has been 
documented (47, 48).  

It has been observed that 8 weeks of Vit E 
administration resulted in the recovery of MDA 
and GSH levels in Al administered animals (49). 
We also found this recovery in the serum, liver 
and spleen tissue MDA and GSH levels of mice 
in our study even if a high dose of Al sulfate was 
used in the study for relatively longer period of 
time. 

 The current study suggests that a high dose of 
Al sulfate administration for three months of 
period shows an increase in MDA levels of 
serum, liver and spleen tissue of mice as an index 
of lipid peroxidation while the GSH levels 
decreased. Administration of the antioxidant 
agent Vit E together with Al sulfate resulted in 
the recovery of MDA and GSH levels in Al 
administered animals in our study. That is, a 
chronic high dose of Al sulfate can lead to tissue 
oxidative injury, and Vit E is capable of 
preventing the deleterious effects of Al+3 ions. 
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