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Glutathione (GSH) is a tripeptide found in almost all mammalian cells. One of the 
residues of the tripeptide, cysteine, contains a sulfhydryl (-SH) group, the 
important reaction center of GSH which is H donor. The two free radicals GS  

become dimerized by a disulfide bridge to form oxidized glutathione (GSSG). A 
dynamic balance is between GSH synthesis, its recycling form GSSG and its 
utilization (10). In this way glutathione maintains a reducing intracellular 
environment and protects cells from oxidative damage. GSH, as a small 
antioxidant molecule, contributes in cell signaling and acts as a coenzyme. Under 
condition of oxidative stress, GSH is consumed in scavenging free radicals and 
removing reactive oxygen species (ROS). Thus, GSH levels decrease and GSSG 
levels increase (11). This study was carried out to investigate the effect of 
Al2(SO4)3 on the blood glutathione. 
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Introduction 
 

Aluminum (Al) is present in a variety of foodstuffs, medications (e.g. 
vaccines, antacids, phosphate binders), and in small amount in drinking water(17)). 
Al occurs in surface water and its level is increased in treated drinking water where 
Al2(SO4)3 is added as an anticoagulant in the treatment process. The amount of Al 
in this case reaches an average of 100μg/l (12). 

Al, Cd, Pb, Hg are toxic metals that may interact metabolically with 
nutritionally important metals (13). 

GSH is the smallest intracellular thiol (SH) molecule. Its high electron-
donating capacity (high negative redox potential) combined with high intracellular 
concentration (millimolar levels) generate great reducing power (10). 

The liver is the largest GSH reservoir. The parenchymal cells synthesize 
GSH for P450 conjugation and numerous other metabolic requirements, then 
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export GSH as a systemic source of SH/reducing power (1). GSH is carried in the 
bile to the intestinal luminal compartment. Epithelial tissues of the kidney tubules, 
intestinal lining, and lung, have substantial P450 activity and modest capacity to 
export GSH (11). 

 
Materials and Methods 

 
This study was carried out on 27 Wistar rats divided in 9 experimental 

batches (LI, LII, LIII, LIF1n, LIIF1n, LIIIF1n, LIF1e, LIIF1e, LIIIF1e) and one control batch 
(C) with 7 rats. The experimental batches are divided in 3 groups: 

 G1 =  LI, LII, LIII  -  male rats – maintained on 200ppb, 400ppb and 
1000ppb aluminum sulphate, orally, ad libitum, for 6 month.  

 G2n = LIF1n, LIIF1n, LIIIF1n  - male young rats, obtained from the 
mating of male rats belonging to the groups LI, LII, LIII with females 
that were exposed to aluminum intoxication only during gestation. 

 G2e =  LIF1e, LIIF1e, LIIIF1e  -  male young rats, obtained from same 
males as above, mated with females that were exposed  to aluminum 
intoxication during gestation as well as one month before. 

Aluminum sulphate was administered to the male young rats in drinking 
water, ad libitum, for 3 month after weaning. 

200ppb is the maximum allowed aluminum sulphate concentration according 
to 1342/91 STAS. 

400ppb and 1000ppb are aluminum sulphate levels of drinking water for 
animals that can be encountered in the Slatina region. 

After 6, respectively 3 month, the rats were sacrificed, blood samples being 
used for determinations. 

GSH was determined through Beutler et al. method (2) at a Perkin-Elmer 
spectrophotometer,  = 412nm, and the hemoglobin (Hb) through Drabkin method 
(6) at the automatic analyzer BEKMAN COULTER. 
 

Results and Discussions 
 

The blood test results are presented in Tables 1,2, 3 and Figure 1. 
 

Table 1. 
GSH and hemoglobin mean values in the control batch (M) and 

experimental batches (LI, LIF1n, LIF1e). Aluminum sulphate level – 200ppb 
 

 C LI LIF1n LIF1e 
GSH 

μmol/gHb 
0.663 0.092 

 
0.623 0.152 0.581 0.078 0.528 0.105 

Hb 
g/100ml 

15.25 0.52 15.09 0.35 14.05 0.11 11.04 0.27 
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Table 2. 
GSH and hemoglobin mean values in the control batch (M) and 

experimental batches (LII, LIIF1n, LIIF1e). Aluminum sulphate level – 400ppb 
 

 C LII LIIF1n LIIF1e 
GSH 

μmol/gHb 
0.663 0.092 

 
0.595  0.098 0.532 0.122 0.495 0.107 

Hb 
g/100ml 

15.25 0.52 14.35 0.29 13.22 0.22 10.03 0.31 

 
Table 3. 

GSH and hemoglobin mean values in the control batch (M) and 
experimental batches (LII, LIIF1n, LIIF1e). Aluminum sulphate level – 1000ppb 

 
 C LI LIF1n LIF1e 

GSH 
μmol/gHb 

0.663 0.092 
 

0.527 0.088 0.491 0.113 0.440 0.097 

Hb 
g/100ml 

15.25 0.52 12.42 0.25 11.25 0.41 8.82 0.38 

 
Aluminum has become a dietary toxin in modern times but its mechanism of 

absorption is poorly understood. The volume of distribution (Vd) of Al is initially 
consistent with the blood volume, and then increases with time. The serum 
aluminum concentration to whole blood is approximate equal.  Greater then 90% of 
serum Al is bound to transferrin (Tf). Aluminum has been reported in many 
intracellular compartments, concentrations were often greater in the nucleus where 
Ferritin can incorporate Al (9).  
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  Most of Al forms become more soluble in the acid environment of the 
stomach, and the poor solubility of Al at the neutral pH of the intestinal tract has 
led to speculation that absorption occurs in fact in the stomach (5,7). 

It was demonstrated that AlCl3, Al(NO3)3 decreased the glucose-6-phosphate 
dehydrogenase (G6PD) activities, the first key enzyme in the pentose phosphate 
metabolic pathway. G6PD is involved in the generation of NADPH, which is 
indispensable for biosynthesis of GSH (4,18). 

GSH prevents hemoglobin denaturation, preserves the integrity of red blood 
cell membrane SH groups, and detoxifies hydrogen peroxide and oxygen radicals 
in and on the red blood cells (14,15,3).  

It was observed that the Al-excess has a direct effect on hematopoiesis and 
has been shown to induce anemia.  

GSH values are decreasing in the same ratio as the administered aluminum 
level is increased.  

The aluminum sulphate is gonadotoxic and embriotoxic. The young rats from 
G2e had the most reduced GSH and hemoglobin (Hb) values from their batch. 
 

Conclusions 
 
The consequences of ad libitum aluminum sulphate administration at 200, 

400 and 1000 ppb during two generation to Wistar rats was a limited decrease of 
reduced glutathione, hemoglobin and membrane resistance (not published) in G1 
and G2 groups. Aluminum is embriotoxic and gonadotoxic; a prolonged Al 
exposure of females is dangerous for their offspring.  
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Glutationul redus (GSH) este o tropeptidă prezentă în majoritatea celulelor maniferelor. 
Unul dintre cei trei aminoacizi, cisteina, conţineconţine gruparea tiol –şatoare de hidrogen 
(H ). Cei doi radicali liberi (GS ) reacţionează cu formarea grupării disulfurice 
cracteristică cistinei, rezultând forma oxidată a glutationului  (GSSG). Un echilibru optim 
trebuie sa existe mereu in raportul GSH/GSSG in vederea pastrării funcţiei biologice (10). 
În felul acesta glutationul se comportă ca un tampon antioxidant de care depinde echilibrul 
redox intracelular, protejând în felul acesta structura şi activitatea biomacromoleculelor. 
GSH, un antioxidant cu masă moleculară mică, are  rol de coenzimă cât şi de marker al 
tuturor bolilor, indiferent de vârstă. În condiţii de stres oxidativ GSH se consumă  în 
eliminarea celulara a  radicalilor liberi (RL)  cât şi in transportul speciilor reactive ale 
oxigenului (ROS). Din acest motiv nivelul GSSH-ului creşte pe seama scăderii nivelului 
GSH-ului (11).  În acest studiu s-a urmarit efectul Al2(SO4)3 asupra concentraţiei sanguine 
a glutationului redus.   
Cuvinte cheie: GSH, aluminiu, sobolani.   


