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TOXICOLOGY 

HEAVY METAL TOXICITY 

 Classification of ‘Heavy Metals’ is variable, but usually includes lead, cadmium, manganese & mercury but may 

also include radioactive metals and arsenic 

 Toxic effects are caused by the metal  

o Mimicking essential metals in protein structure inhibiting their function 

o Directly creating oxygen free radicals→ oxidative damage 

o Tissue disposition (entering tissues by mimicking an essential metal at its cellular channel) 

 Treatment is via symptomatic management and chelation 

 Chelating agents have a higher affinity for the metal than the site at which they are causing toxic effect 

 They therefore bind the metal, converting it to a chemically inert form which can be excreted 

 Examples include EDTA, dimercaprol, penicillamine and desferoxamine (iron specific) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lead poisoning 

 

 Lead mimics many other metals which act as 

enzyme co factors e.g. calcium, iron & zinc 

 It can bind or be incorporated into the structure of 

enzymes, but prevents normal enzymatic function 

e.g. heme synthesis 

 

 It is also able to cross the blood- brain barrier by 

mimicking calcium at cellular pumps 

 Neuro toxicity is caused by NMDA receptor 

blockade 

 

 Neurological signs include neuropathic pain, 

paresis, paraesthesia & confusion 

 It can also cause haemolysis & nephrotoxicity 

 

 Treatment is by chelation with EDTA, dimercaprol, 

succimer or penicillamine 

 Systemic effects are reversible but neurological 

effects are often permanent 

Manganese toxicity (Manganism) 

 

 Manganese is an essential trace metal 

 Most acute toxicities are due to inhalation  

 

 Manganese can enter the brain directly via 

olfactory bulbs in the nasal cavities 

Mainly deposits in the basal ganglia & 

cerebellum causing parkinsonian symptoms 

 

 EDTA chelation & Levodopa are mainstays of 

treatment 

Cadmium poisoning 

 

 Acute intoxication is usually via inhalation of 

industrial fumes and causes pneumonitis 

 Cadmium displaces zinc in enzyme structures 

 

 Main toxic effect is nephrotoxicity by tubular 

necrosis in and it has a renal half- life of 10 years 

 Osteomalacia & osteoporosis (chronic effects) 

 Chelation (EDTA) & Haemodialysis can remove 

unabsorbed cadmium but not tissue deposits 

Mercury poisoning 

 

 “Mad hatter disease” Mercury was historically 

used for felt hat production 

 

 Inhibits antioxidant enzymes causing oxidative 

damage, the brain is particularly susceptible 

due to its high O₂ demand 

 

 Acute symptoms include tremor (initially of the 

hands), emotional lability, insomnia, amnesia, 

muscular weakness & twitching and 

polyneuropathy (stocking glove sensory deficit) 

 

 Patients also show profuse sweating, flushing & 

tachycardia as mercury prevents catecholamine 

catabolism 

 

 Chelation is with DMSA, dimercaprol &, 

penicillamine 
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 Many metals have vital roles in normal biological function, as essential minerals 

 Similar to the other classes of essential nutrients i.e. vitamins, essential fatty acids and essential amino acids, they are 

substances that the body cannot synthesize and must be obtained from dietary sources. 

 Essential metals broadly fall into two categories,  

o Major electrolytes e.g. potassium & sodium 

o Trace elements e.g. iron, zinc, copper & cobalt 

 However, in sufficient quantities even the essential metals cause toxicity: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Metal Physiological roles Toxicity 

Potassium Systemic electrolyte 

ATP co-regulation 

Hyperkalaemia 

ECG changes & arrhythmia 

Muscle weakness 

Sodium Systemic electrolyte 

ATP co-regulation 

Hypernatraemia 

Confusion, seizures, muscle spasm 

Calcium Bone structure 

Muscle, Heart & Digestive function 

Haematopoiesis 

Hypercalcaemia 

 Stones (renal/ biliary) 

 Bones (bone pain) 

 Groans (abdo pain & vomiting) 

 Psychiatric overtones (confusion) 

Magnesium Enzyme function e.g.  

 ATP & DNA synthesis 

 Carbohydrate metabolism 

 Protein synthesis 

 Osteogenesis 

Neuromuscular & Cardiac function 

Hypermagnesaemia 

 Weakness, nausea & vomiting 

 Hypocalcaemia 

 Arrhythmia & bradycardia 

 Reduced tendon reflexes 

 

Iron 

 

Oxygen transport 

Cellular respiration 

 

 

 

 

Haemochromatosis (Iron overload) 

 “Bronze diabetes”  

 Skin pigmentation & diabetes 

 Liver cirrhosis 

 Cardiomyopathy 

 Arthritis 

Desferoxamine is specific chelating agent  

Zinc Enzyme co-factor 

Regulates inflammatory cell activity 

Zinc toxicity 

Excess intake/ metal fumes 

Copper deficiency & GI upset  

Manganese Enzyme co-factor Manganism (see above) 

Copper 

 

Enzyme synthesis & function e.g. 

 Cellular respiration 

 Connective tissue 

 Substrate metabolism 

Copperiedus & Wilson’s disease 

Hepatic failure & GI haemorrhage 

Parkinsonism & dementia 

Kayser- Fleischer rings 

Dimercaprol & Penicillamine for chelation  

Chromium Glucose & lipid metabolism Acute toxicity to chromium, molybdenum 

& cobalt are extremely rare and likely to 

require exposure to an industrial incident 

or intentional ingestion 

Molybdenum Enzyme co-factor 

Cobalt Vitamin B12 

Erythropoiesis 

Neurological function 

 


