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ABSTRACT 

M anganese (Mn) i s  an essential trace element, but excessive inhalation can cause 

serious disorders of the central nervous system, lungs and l iver, and results in the 

condition known as manganism. The general population is exposed to Mn through its 

use in the fungicide Maneb and M MT, which is used as an anti-knock agent to replaced 

lead in petrol. Also there have been a number of reports of Mn contaminated drinking 

water. Victims of Mn poisoning suffer from serious neurological disorders, such as an 

in termittent tremor of small amplitude, speech impairments and disruption of postural 

reflexes, which are caused by damage to certain regions of the brain .  After prolonged 

exposure severe symptoms develop that generally resemble those associated with 

Parkinson's di sease. 

The action of Mn on the brain IS not well understood, although three possible 

mechanisms have been proposed: 

1 .  Inhibition of the mi tochondrial electron transfer chain following Mn accumulation 

by mitochondria. 

2. Neuronal degradation by free radicals such as 02 · and ·OH causmg l ipid 

peroxidation and damage to DNA and protein.  

3 .  Induction o f  mutation o f  the mitochondrial genome, as has previously been shown 

in both eukaryotes and prokaryotes. 

It  has been shown in this study that Mn inhibits the mitochondrial electron transfer 

chai n .  An overall ionic strength inhibition of the entire electron transfer chain was 

observed, probably mediated by an interference of the electrostatic interactions between 

cytochrome c and the cytochrome bc1 complex or cytochrome oxidase. Also a direct 

i nh ibition of succinate dehydrogenase, NADH dehydrogenase and cytochrome oxidase 

was observed. This inhibition would be associated with a decrease the production of  

A TP and could be  sufficient to cause the degradation of  brain tissue seen in  victims of  

Mn poisoning. 

It seems l ikely that if Mn can inhibit the mitochondrial electron transfer chain,  thi s  

inhibi tion would lead to a n  i ncrease in the generation of free radical species b y  the 

m itochondria. However, thi s  was not shown in this work, due to difficulties wi th 
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detector molecules. It was observed that sheep l iver mitochondria can oxidise and 

reduce acetylated cytochrome c, which may not have been previously reported. 

The effect of Mn on i solated mtDNA showed a decrease in the intensity of PCR 

products after exposure to Mn, which may have been cause by an interference of the 

activity of Taq polymerase. It has previously been shown that Mn interferes with the 

activity of both Taq polymerase and chicken li ver mitochondrial polymerase-y and, if i t  

could interfere with the activity of mitochondrial DNA polymerase, this  would also 

decrease further both the number of functional mitochondria and the production of ATP. 

A decrease in the production of ATP by mi tochondria, or a decrease in the production of 

functional mitochondria, would lead to cel lular death of affected cel l s  and could provide 

an explanation of the symptoms observed in victims of Mn poi soning.  
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