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The Aluminium Age

Exley C (2003) A biogeochemical cycle for aluminium? J. Inorg. Biochem. 97, 1-7.



Aluminium is Non-Essential

Exley C (2009) Darwin, natural selection and the biological essentiality of aluminium and silicon. 

Trends in Biochemical Sciences 34, 589-593. 



Human Exposure to Aluminium

Exley C (2013) Human exposure to aluminium. Environmental Science:Processes and Impacts 15, 1807-1816.



Aluminium and The Brain 



Aluminium in the Brain

Exley C and House E (2011) Aluminium in the human brain. Monatshefte für Chemie - Chemical Monthly 142, 357-363.



Aluminium Content of Human Brain

House E, Esiri M, Forster G, Ince PG and Exley C (2012) Aluminium, iron and copper in human brain tissues donated to the 

medical research council’s cognitive function and ageing study. Metallomics 4, 56-65.

The median Al content of tissues from all 60 

brains (n=713) is 1 mg/g dry wt.

In 52 out of 60 individuals at least one tissue 

sample exceeded 2 mg Al/g dry wt.

In 41 out of 60 individuals at least one tissue 

sample exceeded 3.5 mg Al/g dry wt.

Approximately 70% of individuals aged 70 –

103 years had at least one tissue Al content 

which should be considered as pathological.



Accidental Exposure to Aluminium
Camelford, Cornwall, United Kingdom, 1988

Frontal Cortex, n=5.

1. 23.00* mg/g dry wt.

2. 3.24

3. 11.01

4. 4.33

5. 5.71

*Noted during measurement as a heavily 

vascularised piece of tissue.
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Occupational Exposure to Aluminium

Mean Al content of frontal lobe tissue (n=46) is 

2.98 (2.73) mgAl/g dry wt. 

Range is 0.00 (less than the method blank) to 

12.97 mgAl/g dry wt.

More than 30% of tissue samples had an Al 

content considered as pathological, greater than 

3.50 mgAl/g dry wt.



Everyday Exposure to Aluminium

Brain Lobes No of samples Mean SD

Hippocampus 21 2.20 2.71

R. Temporal 22 2.20 2.65

L. Temporal 15 2.22 2.73

R. Parietal 29 2.58 2.61

L. Parietal 26 1.29 2.95

Brain Lobes No of samples Mean SD

Hippocampus 6 1.75 1.01

Frontal 11 0.84 0.97

Occipital 9 0.70 0.80

Parietal 10 0.54 0.58

Temporal 13 0.75 1.42

Male, 60 years of age, cause of death, stroke. Units mgAl/g tissue dry wt.

Male, 74 years of age, post mortem revealed mild, subclinical, tau pathology associated with the 

hippocampus. Units mgAl/g tissue dry wt.
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Everyday Exposure to Aluminium

Brain Lobes No of samples Mean SD

Hippocampus 5 4.35 2.80

Frontal 5 0.81 0.59

Occipital 5 2.22 2.23

Parietal 5 0.50 0.35

Temporal 5 0.78 0.48

Male, 60 years of age, late onset epilepsy* (died of asphyxiation following an epileptic fit).

Units mgAl/g tissue dry wt.

*First known measurement of brain aluminium in human epilepsy? 
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Identifying Aluminium in Human Brain Tissue
Exley C and House E (2011) Aluminium in the human brain. Monatshefte für Chemie - Chemical Monthly 142, 357-363.

Occipital lobe
Congo red staining
for amyloid

Modified haematoxylin
staining for aluminium

15th BfR Consumer Protection Forum 26-27 
Nov 2014



Fluorescence Microscopy for Aluminium

Mold M, Eriksson H, Siesjö P, Darabi A, Shardlow E and Exley C (2014) Unequivocal identification of intracellular 

aluminium adjuvant in a monocytic THP-1 cell line. Scientific Reports 4, 6287.



Fluorescence Microscopy and Aluminium in 

Human Brain Tissue

Cingulate or Limbic Cortex
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Mechanisms of Toxicity

Al3+
(aq) + Biological Ligand 

Biochemical Disruption 

Molecular/Cellular/Tissue Damage 
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Pro-oxidant Excito-toxin

Inflammagen Mutagen

Immunogen

Aluminium is Neurotoxic!



15th BfR Consumer Protection Forum 26-27 
Nov 2014



Complacency?

Aluminium in Drugs for Alzheimer’s Disease

The Al content of Reminyl (Galantamine hydrobromide) is 

approximately 600 mg/g. When a single tablet is added to 50 mL of a 

simulated stomach solution (0.25% w/v sodium lauryl sulphate, 0.05% 

w/v sodium azide, 35mM sodium chloride, 5mL 15.8M HNO3 and 

ultapure water, pH 1.5 – 1.7) and incubated for 1h at 37C the tablet 

dissolves giving an orange solution*. The total [Al] of this solution is 

1300.0 (76.7) mg/L (n=9).   

*Contains orange-yellow S-aluminium lake, E110




