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Toxicology of the Nervous System
Neurotoxicity refers to the ability of an agent to adversely affect the structural or functional integrity 
of the nervous system. 

Toxicant interactions with the normal signaling mechanisms of neurotransmission, resulting in 
alterations in NS function but little or no structural damage.

Nervous system is shielded from toxicants by BBB & blood–nerve barriers. 

Nonetheless, it is susceptible to a variety of toxicants. 

Methyl mercury affects mainly the nervous system, although its concentration in the brain is 
comparable to that in most other tissues, and in fact it is much lower than that in the liver and kidneys.



Toxicology of the Nervous System
The greater susceptibility may be attributed to:

neurons have a high metabolic rate, with little capacity for anaerobic metabolism.

being electrically excitable, neurons tend to lose cell membrane integrity more readily.

great length of the axons, since the cell body must supply its axon structurally and metabolically.



(voluntary)

(involuntary)



Blood–Brain Barrier
BBB is effective in excluding neurotoxicants, e.g.:

i) staphylococcus, diphtheria, and tetanus toxins.

ii) Mercury chloride has a small molecule but is hydrophilic and mainly in ionic form. Its 
concentration in the brain is minimal and so are its CNS effects. On the other hand, methyl 
mercury is lipophilic and thus readily crosses the BBB, thereby damaging the brain.

Blood–nerve barrier (BNB) is not as effective as the BBB.

For example, anticancer (doxorubicin) affects neurons in the dorsal root ganglia but not those in 
the brain



MECHANISMS OF NEUROTOXICITY
(A) Normal neuron showing

(1) cell body and dendrites, (2) myelinating cells, encircling the (3) axon, and (4) 
synapse.

 (B) A neuronopathy resulting from the death of the entire neuron 

(C) An axonopathy occurs when the axon is the primary site of injury, the axon 
degenerates, and the surviving neuron shows only chromatolysis with margination . 

(D) Myelinopathy resulting from disruption of myelin or selective injury to the 
myelinating cells.

(E) Some forms of toxicity are due to interruption of the process of neurotransmission, 
either through blocking excitation or by excessive stimulation, rather than actual cell 
death.



Patterns of neurotoxic injury 



Neuronopathy
Neurons, being dependent mainly on glucose as an energy source, are susceptible to anoxic and 
hypoglycemic conditions. 

(i)A number of chemicals are well known for their anoxigenic effects in the brain:

Barbiturates induce anoxia in brain, especially in hippocampus and cerebellum –causes coma 
and permanent CNS damage.

Carbon monoxide causes diffuse sclerosis of the white matter damage (leukoencephalopathy) 
may result from a blocks oxygen binding site of hemoglobin and iron-binding sites of brain.

Cyanide blocks cytochrome oxidase/adenosine triphosphate production causes cytotoxic anoxia.



Neuronopathies
(ii)The cell body of neurons may be affected directly by toxicants:-

Methyl mercury causes Neuronal degeneration . 

Doxorubicin --intercalating with DNA and inhibits the synthesis of RNA and neuronal protein. 
Since this drug does not cross the BBB, it can affect the neurons in the dorsal root ganglia and 
autonomic ganglia, but not those in the CNS and axonal degeneration (PNS) . 

Organotins (used as pesticides) are accumulate in Golgi-like structures in the cell body causes 
cells swelling and necrosis.

Glutamate (in very large doses)-- neuroexcitatory and neurotoxicity (may be mediated through 
NO). It affects areas of the CNS devoid of BBB and the dendrites are the primary site of action 
but the axons are spared.



Axonopathy
Axons contain three types of neurofibrillary structures: neurotubules, neurofilaments, and 
microfilaments.

 In addition, they contain mitochondria and smooth endoplasmic reticulum. 

These structures are especially susceptible to a variety of neurotoxicants.

Some axons are very long (up to 1m), and the elements in the axons (such as neurofibrils) are 
synthesized not locally but in the cell body, and are transported along the axon. 

The axon may therefore be attacked either directly by toxicants or indirectly through damages to 
the cell body.

Lesions may occur either in the proximal or in the distal sections of axons.



Proximal axonopathy

Iminodiproprionitrile (IDPN):(used as a model to study motor neuron diseases such as 
amyotrophic lateral sclerosis) .

Its primary effect by aberrant phosphorylation of neurofilaments, while their synthesis is 
continued in the cell body lead to impairment of slow axonal transport of neurofilaments
accumulation of neurofilaments in the proximal axon causes it to enlarge and the distal axon to 
atrophy.



Distal axonopathy(Peripheral neuropathy)
Platinum (cisplatin)--mitochondrial swelling and degeneration.

(organophosphorus compound) - -phosphorylation of the enzyme neuropathy target esterase 
(NTE) --derangement of neurofibrillary structures - -delayed neuropathy (distal axonopathy) 
affects especially long and large nerve fibers -paralysis of muscles. 

Hexacarbons (solvents such as n-hexane and methyl n-butyl ketone) -- altered phosphorylation 
of certain proteins--marked neurofilament proliferation in axons --giant axonal swellings --toxic 
polyneuropathy (affect certain motor nerves first while sensory nerves are involved late)

Acrylamide-similar effects. However, giant axonal swellings are rare; Furthermore, toxic 
polyneuropathy affects sensory nerves first.

Vincristine--accumulation of neurofibrils in the perikarya and axons-- disrupts the axonal 
neurotubules and neurofilaments--blocks axoplasmic transport of these ultrastructures.



Interference with impulse conduction
A number of toxicants act mainly on nerve membranes. 

These membranes normally maintain a negative resting potential. When stimulated, an action 
potential is generated. The resting and action potentials result from differences in the Na+ and K+ 
concentrations across the membrane, and their concentrations are maintained by the Na+ 
channels. 

Tetrodotoxin, the toxic principle of puffer fish--block Na+ channels --block the action potential--
respiratory failure –death.

DDT (di chloro diphenyl trichloro ethane) (a synthetic insecticide) and pyrethroids--prolong the 
opening of Na+ channel--repetitive activity at the synapses and neuromuscular junctions.



Interference with synaptic transmission

Botulinum toxin, the most potent biologic toxin, is produced by Clostridium botulinum--
impairing the release of ACh from motor nerve endings -- paralysis of muscles. 

Black widow spider venom--massive release of ACh --cramps and paralysis.

Tetanoplasmin, from Clostridium tetani--blocks release of the inhibitory amino acid transmitters 
GABA and glycine in CNS--spastic paralysis (tetanus).



Glial cells and myelinating cells
Demyelination can result from injuries to myelinating cells (oligodendrocytes and Schwann 
cells). 

 lead, which affects Schwann cells possibly by interfering with their Ca2+ transport.

Hypocholesterolemic agents such as triparanol,as expected, disrupt myelin sheath because of the 
high (70%) lipid content of myelin. 

However, they produce ultrastructural changes in oligodendrocytes before demyelination occurs. 

Diphtheria toxin demyelinates possibly by affecting both the myelin and the myelinating cells.



Myelin sheath
Demyelination can also result from effects on the myelin sheath. This type of effect generally involves a 
disruption of the membrane structure. 

Other modes of action include:

1) inhibition of carbonic anhydrase or other enzymes involved in ion and water transport.

2) inhibition of enzymes involved in oxidative phosphorylation, and 

3) chelation of metals. 

Neurotoxicants that act directly on the myelin sheath include lysolecithin, isoniazid, cyanate, and lead also causes 
myelinopathy through a complex mechanism.



Lead
known for  as a neurotoxicant, exposure in animals results in a peripheral neuropathy with 
prominent segmental demyelination,

affects various parts of the nervous system, including myelin sheath.

PNS is affected before the CNS.

affects motor nerves before the sensory, resulting in “wrist-drop” and “foot-drop.” 

effects on the blood vessels are discussed below.



Blood vessels and edema

The permeability of the vascular system in the CNS and PNS may be increased by:

1.higher blood pressure 

2.lower plasma osmolarity

3.exposure to certain toxins. 

The greater permeability generally leads to an accumulation of fluids in the extracellular space. 

In addition, a number of neurotoxicants are known to induce cellular edema.



Extracellular edema
Lead:

i)damage the endothelial cells -- extravasation of plasma in the brain.

ii)similar effects on the endoneurium--increased endoneural fluid pressure and demyelination. 

Organic lead, such as tetraethyl lead, more readily penetrates the barriers and is therefore more 
toxic in this respect.

Mercury compounds--damage the endothelial cells -- increase their permeability.

Organic arsenicals--edema and focal hemorrhages in the brain.  

Chronic alcoholism--endoneural edema.



Cellular edema
6-aminonicotinamideaffects the perikaryon; it causes edema of astrocytes and oligodendrocytes.

Cyanide and carbon monoxide affect the axon.

Lead --edema of Schwann cells (as well as extracellular edema).

Triethyl tin and isoniazid--edema of myelin sheaths in CNS. 

Hexachlorophene--edema of the myelin sheaths both in the white matter of the brain and in the 
peripheral nerves.


