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Neurotoxicity- Definitions

Neurotoxicity- an adverse change in the structure or function of the nervous system (central 
and/or peripheral), following exposure to a chemical, biological or physical agent.

Neurotoxin- naturally occurring chemical

Neurotoxicant- synthetic chemical

A chemical is considered “neurotoxic” if it is capable of inducing a consistent pattern of 
neuroanatomic change or neural dysfunction that causes physiologic or behavioral effects.





Neurotoxicity might be low incidence…BUT



But…

• Have the potential to cause serious adverse effects

• Might be underdiagnosed

• Development of new industrial processes 



The Nervous System- Basic Anatomy



The Nervous System- Basic Anatomy



The Nervous System- Cells

Neuron



The Nervous System- Cells



The Nervous System- Synapse



The Nervous System- Neurotransmitters



The Uniqueness of the Nervous System

• High metabolic rate

• Postmitotic state of neurons and other associated cells make the nervous system 
especially vulnerable to damage by toxins

• The BBB (blood-brain barrier) provides only incomplete protection:
• Can be degraded

• Permeable to lipophilic toxins

• Absent at several sites



Classification of Neurotoxic Disease

• A common practice is to consider neurotoxic syndromes in terms of the toxic agents, 
e.g:
• Heavy metals

• Solvents

• Pesticides

• A better approach is to those syndromes in terms of their clinical presentation:
• Encephalopathy

• Disorders of movement (cerebellar, extrapyramidal)

• Peripheral neuropathy (somatic-motor/sensory, autonomic)



Clinical Syndromes- Encephalopathy

• Overall brain dysfunction
• Confusion
• Lethargy 

• Memory loss

• Behavioral/personality changes
• Convulsions 

• Coma

• Often accompanied by other, more specific, clinical features
• Movement disorders

• Focal neurological deficits

• Peripheral neuropathy



Clinical Syndromes- Encephalopathy



Clinical Syndromes- Encephalopathy

CO Intoxication Toluene Intoxication



Clinical Syndromes- Encephalopathy

Blue gingival lead lines Blood film



Clinical Syndromes- Cerebellar

• Dizziness

• Speech disorder

• Incoordination

• Tremor

• Gait ataxia/recurrent falls



Clninical Syndromes- Cerebellar



Clinical Syndromes- Cerebellar



Clinical Syndrome- Parkinsonism

• Tremor

• Slowness of movement

• Muscle rigidity

• Unsteady gait/recurrent falls



Clinical Syndromes- Parkinsonism



Clinical Syndromes- Parkinsonism

Manganese Intoxication



Clinical Syndromes- Polyneuropathy

• Numbness in palms or feet

• Weakness in arms/legs

• Muscle atrophy 

• Gait abnormality



Clinical Syndromes-Polyneuropathy



Clinical Syndromes- Polyneuropathy

Arsenic poisoning

Thallium poisoning



Clinical Syndromes- Myopathy

• Muscle weakness



Clinical Syndromes- Myopathy



Clinical Syndromes- Autonomic Dysfunction 

• Disturbed salivation/lacrimation

• Chronic constipation/diarrhea

• Difficulty in urination

• Orthostatic dizziness

• Disturbed sweating pattern

• Impotence 



Clinical Syndromes- Autonomic Dysfunction



Factors Influencing Toxicity

• The route of exposure:
• Skin (absorption)
• Lungs (inhalation)
• Gi tract (ingestion)

• The physical form of the toxicant (solid, liquid, gas)

• Time and number of exposures (a brief encounter/repeated/long term)

• The genetic makeup of the individual

• An individual’s overall health (esp. kidneys and liver)



Diagnostic Approach

• Several questions to address in a patient experiencing possible neurotoxicity:
• Could this presenting symptom be caused by a neurotoxicant?

• Has this patient been exposed to a known neurotoxicant?

• Could this neurotoxicant be the direct cause of the patient’s presentation?

• How can the diagnosis be confirmed?

• What are the management options?



Diagnostic Approach

• Clinical assessment
• What is the patient’s occupation?

• What are their hobbies and recreational activities?

• Do their symptoms improve when they are away from certain environments, eg at weekends?

• Have others around the patient been affected by similar symptoms?

• A thorough drug history, including over-the-counter medications, herbal remedies.

• A thorough travel history.

• Neurologic examination (cognitive, physical)



Diagnostic Approach

• Diagnostic Investigation:
• Which tissue to sample?

• Is exposure acute or chronic?

• What is the degree to which a normal or abnormal level (concentration) is clinically useful?



Diagnostic Approach

• Neurotoxicants that are rapidly cleared (Arsenic, inorganic Mercury, Thallium)-
Urinalysis is preferred over blood levels. 

• Several neurotoxicants are sequestered and standard tests may not reflect total body 
load, particularly in chronic toxicity

• “Normal” value ranges might be misleading in neurotoxicology
• Levels not always correlate well with clinical severity

• Dietary practices, particularly fish consumption, can increase levels of neurotoxins (eg, Mercury, 
Arsenic) in the absence of clinical effects.

• Brain imaging (MRI)

• Nerve conduction study (NCS)



Management of toxic effects

• Supportive care

• Symptomatic treatment

• Antidote/chelating agents

• Removal protection



Recommendations- Preventive Measures

• Be aware of any neurological complaints

• Be aware of early alterations in groups of exposed workers and prompt preventive 
actions

• Periodic neurological assessment (cognitive, physical)

• Periodic Nerve conduction study

• Periodic urinalysis/blood sampling



Recommendations- Preventive Measures



Recommendations- Neurotoxicity Testing


