
Binding of aluminium ions by 
Staphylococcus aureus 893.

Bradley TJ, Parker MS.
Experien(a. 1968 Nov 15;24(11):1175‐6. 







Consequences of aluminum accumula(on

Aluminum interferes with 
glutamate dehydrogenase





Aluminum inhibits the ac(vity of 
acetylcholinesterase

Consequences of aluminum accumula(on

Aluminum    Alzheimers 
Organophosphates Parkinson’s
Pyridos(gmine    ALS/Gulf War Syndrome 
Aluminum    Au(sm
Tetanus Toxin

Acetylcholinesterase InhibiCon and Neurological InflammaCon



Acetylcholinesterase InhibiCon

•Pinpoint pupils

•Blurred vision

•Hypersecre(on

•Bladder incon(nence

•Muscle twitching

•Muscle weakness

•Dilated pupils

Muscarinic SCmulaCon NicoCnic SCmulaCon



Aluminum inhibits the acCvity of 
DHPR resulCng in 
decreased BH4

Consequences of aluminum accumula(on



Toxicol In Vitro. 2003 Oct‐Dec;17(5‐6):533‐7.    
AlCndag ZZ, Baydar T, Engin AB, Sahin G.

Effects of the metals on dihydropteridine reductase acCvity.

Metals are the oldest toxins known to human. Par(cularly, occupa(onal and environmental 
exposure to aluminium, lead, mercury, cadmium, and manganese cause serious health 
problems by interac(on with biological systems. Cellular targets of these metals are mostly 
specific biochemical processes (enzymes) and/or membranes of cells and organelles. To 
prevent and/or reduce the untoward or irreversible toxic effects of the metals by using 
biomarkers are as important as to know and to understand of their toxicity mechanisms. 
Dihydropteridine reductase (DHPR), which possessed essen(al thiol groups at the ac(vity 
site, plays a crucial role in the maintenance of tetrahydrobiopterin (BH4). BH4 is the cofactor 
in the synthesis and regula(on of neurotransmiders. A limited number of the evidences have 
shown that DHPR may be a target for the metals. Therefore, the present study was designed 
to assess possible in vitro effects of the commonly exposed metals on the enzyme ac(vity. It 
was found that aluminium, cadmium, mercury, di‐phenyl mercury, lead, diethyl lead, in 
chloride forms, and manganese, in sulphate form, led to sta(s(cally significant decreases in 
DHPR ac(vity, in a concentra(on‐dependent manner, in vitro.
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Serum aluminum levels and erythrocyte dihydropteridine reductase acCvity in paCents on 
hemodialysis.

Aluminum intoxica(on due to aluminum‐containing antacids or dialysate can cause 
encephalopathy in pa(ents undergoing hemodialysis, but the biochemical mechanism has not 
been defined. The enzyme dihydropteridine reductase (DHPR) is essen(al for the maintenance of 
normal brain concentra(ons of tetrahydrobiopterin, which is itself required for the synthesis of 
specific neurotransmiders. This enzyme is also present in erythrocytes. We measured erythrocyte 
DHPR ac(vity and concentra(ons of the biopterin deriva(ves of its substrate and of aluminum in 
38 pa(ents on hemodialysis who had no clinical evidence of encephalopathy. Serum aluminum 
levels ranged from 15 to 190 micrograms per liter (mean, 67.6 +/‐ 7.7) as compared with 4.9 +/‐ 
0.99 micrograms per liter in normal subjects. DHPR ac(vity was inversely related to the serum 
aluminum concentra(on (r = ‐0.61, P less than 0.001) and was less than the ac(vity predicted 
from the hemoglobin concentra(on in these pa(ents. Serum concentra(ons of biopterin 
deriva(ves were markedly elevated. Eighteen pa(ents were given the aluminum‐chela(ng agent 
deferoxamine in a single dose, aier which DHPR ac(vity doubled. These studies suggest that 
aluminum inhibits DHPR ac(vity in erythrocytes and that aluminum chela(on reverses this effect. 
Although we did not directly measure DHPR ac(vity in the brains of dialysis pa(ents without 
encephalopathy, we propose that the reduc(on in ac(vity in erythrocytes may reflect a similar 
reduc(on in the brain. Our findings could help to explain the encephalopathy associated with 
aluminum intoxica(on.
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Preferen(al resistance of dopaminergic neurons to the toxicity of glutathione deple(on is 
independent of cellular glutathione peroxidase and is mediated by tetrahydrobiopterin.
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Deple(on of glutathione in the substan(a nigra is one of the earliest changes observed in 
Parkinson's disease (PD) and could ini(ate dopaminergic neuronal degenera(on. Nevertheless, 
experimental glutathione deple(on does not result in preferen(al toxicity to dopaminergic 
neurons either in vivo or in vitro. Moreover, dopaminergic neurons in culture are preferen(ally 
resistant to the toxicity of glutathione deple(on, possibly owing to differences in cellular 
glutathione peroxidase (GPx1) func(on. However, mesencephalic cultures from GPx1‐knockout 
and wild‐type mice were equally suscep(ble to the toxicity of glutathione deple(on, indica(ng 
that glutathione also has GPx1‐independent func(ons in neuronal survival. In addi(on, 
dopaminergic neurons were more resistant to the toxicity of both glutathione deple(on and 
treatment with peroxides than nondopaminergic neurons regardless of their GPx1 status. To 
explain this enhanced an(oxidant capacity, we hypothesized that tetrahydrobiopterin (BH(4)) 
may func(on as an an(oxidant in dopaminergic neurons. In agreement, inhibiCon of BH(4) 
synthesis increased the suscepCbility of dopaminergic neurons to the toxicity of 
glutathione depleCon, whereas increasing BH(4) levels completely protected 
nondopaminergic neurons against it. Our results suggest that BH(4) funcCons as a 
complementary anCoxidant to the glutathione/glutathione peroxidase system and 
that changes in BH(4) levels may contribute to the pathogenesis of PD.
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