
Neurotoxins 

Introduction 
The history of accidental and deliberate acts of poisoning predates the arrival of humans.  Toxins of 

some kind have been used by both animals and plants to avoid being predated upon or to deter 

other species from competition.  There are many examples of this, here are some interesting ones: 

Producer 
Species 

Affected Species Method Effect 1 Effect 2 Effect 3 

Digitalis species, 
(Foxgloves) 

Herbivorous/omnivorous 
animals including 
Humans. 

The plant produces 
a group of sugar 
derivatives called 
Glycosides.  In this 
case the group is 
known as Digitalis 
and medically the 
commonly used 
single glycoside is 
Digitoxin. 

Used to increase 
cardiac output in 
patients with 
chronic heart 
failure by 
increasing Ca2+ 
concentration 
within heart cells. 

Also used clinically 
to control heart 
arrhythmias such 
as atrial fibrillation 
by stimulation of 
the 
parasympathetic 
nervous system. 

Overdosing leads 
to hallucination, 
convulsions, 
vomiting and 
possible death.  
Van Gogh may 
have been 
treated with 
digitalis which 
resulted in visual 
disturbance of 
colour and acuity. 

Cyanobacteria 
“Blue-Green 
Algae” which 
cause “algal 
blooms” in water. 

Animals drinking water 
contaminated by 
Cyanobacteria 

The active 
substance is 
anatoxin-a.  Its 
affect is called “Very 
Fast Death Factor”: 
 

 

Anatoxin-a mimics 
the normal 
neurotransmitter 
Acetylcholine 
(ACh)and binds to 
ACh receptors on 
muscle.  

Anatoxin-a binds 
permanently to 
ACh receptors 
because 
cholinesterase (the 
normal enzyme 
that removes ACh 
once the muscle 
has contracted) 
cannot break down 
anatoxin-a 

Muscles contract 
permanently and 
death is caused 
by inability to 
ventilate the 
lungs.  
Because the toxin 
is quick acting and 
deadly, it has the 
attributes of a 
potent military 
poison. 

Box Jelly Fish, 
various species 
(Chironex fleckeri 
is notoriously 
dangerous) 

Animals including 
Humans 

Pneumatocycts 
pump Amino acids 
called Porin into the 
victim’ s skin and 
dermis 

Porin causes 
membranes of red 
blood cells to leak 
(crucially 
Potassium). 

Large amounts of 
Potassium in the 
heart prevents 
neurotransmission 
of the heart beat 
signal and the heart 
stops 

 

Claviceps 
purpurea Wheat 
Ergot fungus 

Humans and other 
animals who have 
consumed grain 
contaminated by ergot. 

Once eaten the 
Ergot fungus 
releases several 
alkaloids. 

Causes “St 
Anthony’s Fire”, a 
burning sensation 
in the limbs caused 
by vasoconstriction 
of the blood 
vessels.  In severe 
cases this can lead 
to gangrene.   

Hallucinations, 
irrational fear (sited 
a possible cause of 
the start of the 
French revolution). 
Convulsions, even 
death. 
 

Clinically used to 
induce child birth 

 

 

 

 

 

Drawings of Digitalis purpurea, the Foxglove 

https://en.wikipedia.org/wiki/Chironex_fleckeri


Credit:  Franz Kohler - Public Domain 

 

Algal Bloom on water 

Credit: Felix Andrews Wikipedia Commons  

 

 

 

 

 

 

 

Photograph of Chironex sp, one of the Box Jelly Fish 

Credit: Avispa marina/ Guido Gautsch, Wikimedia Commons  

 

Box Jelly Fish warning 

sign on beach in 

Australia 

Credit: TydeNet, Wikipedia 

Commons 

 

 

 

 

 

 

 

 

 

Propriatory preparation of ergotamine for medical use 



 Credit: Harmid, Wikipedia Commons 

 

Ergots growing on wheat (The ergots are the dark coloured “grains”.  You 

can imagine how difficult it would be to separate these in a contaminated 

field) 

Credit: Benutzer Burgkirsch, Wikipedia 

 

 

 

 

 

 

 

 

 

 

Drawing showing ergots (dark structures) on wheat 

Credit: Franz Eugen Kohler (copyright expired), Wikipedia 

 

 

 

 

Neurotoxins  
These are a group of chemicals which directly affect the functioning of neural tissues.  It is tempting 

to think of this group in the aftermath of recent events in Salisbury as being man made and of recent 

origin.  For some this is true, but others have a much longer pedigree.  Lead has been recognised as a 

potent poison since at least 2000 BC and causes, in repeated small doses, intellectual and 

behavioural degradational changes, tingling in the hands and abdominal pain.  Roman civilisation’s 

shuddering end may well have been augmented by the Romans’ extensive reliance on lead pipes for 

use in water distribution and their method to improve the palatability of poor quality wine by boiling 



the acidic wine in lead pans resulting in the formation of lead acetate commonly referred to, 

because of its sweet taste, as “sugar of lead”.   

Then there is that bad-boy genus of bacteria, Clostridium.  The bacterium C. botulinum is harmless, 

but as a strict anaerobe (oxygen is toxic to this bacterium) it can prosper in deep saucepans away 

from oxygen, releasing its toxin Botulin into the food.  Botulin is denatured by heat and boiling is 

sufficient to remove the threat of poisoning, but undercooked or “just warmed through” food can 

kill.  Once ingested the neurotoxin inhibits release of the neurotransmitter Acetyl Choline (ACh, see 

diagram) at neuromuscular junctions.  

Acetylcholine (outline of molecule without Hydrogen, which 

is attached to the molecule shown at the end of bonds to 

satisfy valency) 

 Botulin is effective in doing this by preventing vesicles 

containing ACh from fusing their membrane with that of the Motor End Plate of the neuromuscular 

junction, (see diagram) and so prevents propagation of the nervous stimulus from the axon of the 

nerve to a muscle fibre. 

Mechanism of action of 

Botulin toxin at the 

neuromuscular junction.   

Credit: Rysin Public Domain, 

Wikimedia commons 

Note the anchoring of the 

ACh containing vesicle 

(green and blue) seen in the 

upper part of the diagram is 

shown inhibited by various 

components of Botulin 

(labelled BTX A to G) in the 

lower part of the diagram. 

Thus the ACh vesicle cannot 

merge its membrane with 

that of the neuron and ACh 

cannot be released into the 

synapse and the 

downstream neuron is not 

enervated. 

 

 

 



 

Gruesomely, people affected by the toxin die from asphyxiation because they are unable to move 

muscles concerned with ventilation of the lungs.  It’s interesting (to me at any rate since I like hot 

food) to find that Capsaicin, the hot ingredient in chillies, binds to the neuromuscular junction 

membrane and is claimed to block the toxic effect.  I am still going to cook my food properly; there is 

a limit to trusting others’ research results and it is the most poisonous substance known; only 1µg/kg 

body weight is sufficient to kill!  Clostridium tetani is another nasty, commonly found in the 

environment and passed to humans through wound infection or the bite of an animal carrying the 

bacteria, either of these routes lead to the condition “Tetanus”.  The toxin migrates to the Central 

Nervous System and shuts down the inhibitory neurons of the CNS which have the job of preventing 

undesirable neural “noise”.  With this facility shut down by the neurotoxin, motor neurons remain 

highly susceptible and repeatedly fire causing the muscles to go into spasm with the result that the 

patient suffers painful uncontrolled muscle contractions and dies from suffocation. 

Ion Channels 
These structures are common in many cell types and found in all excitable cells such as neurons.  

They act as channels through which small ions such as Na+, K+  and Ca2+ are allowed to travel across 

the cell membrane following their electrochemical gradient, i.e. passage affected by both chemical 

diffusion from high to low concentrations of the ion and also the effect of the ion’s charge in relation 

to other charged particles nearby.  The usual arrangement is that the free flow of ions is “Gated” 

that is, open or closed.  The gate is operated in response to chemical or electrical signals, mechanical 

force or temperature. See diagram of an ion channel: 

Schematic diagram of an ion channel. These are water filled cavities in the cell membrane, the 

diameter of the pore is that of the ion that passes through it.  In the case of a K+ ion, about 4 

angstrom units. 

Credit: Paweł Tokarz Wikipedia Commons 

1 - channel domains (typically four per 

channel), 

 2 - outer vestibule,  

3 - selectivity filter, typically only allows 

passage of ion(s) of a certain size, being only 

1 or 2 atoms wide at the narrowest point. 

4 - diameter of selectivity filter,  

5 - phosphorylation site,  

6 - cell membrane. 

 

 

https://en.wikipedia.org/wiki/Potassium_channel#Selectivity_filter
https://en.wikipedia.org/wiki/Phosphorylation
https://en.wikipedia.org/wiki/Cell_membrane


Sodium Channel 

Tetrodotoxin (TTX) which is produced by Puffer Fish, Porcupine Fish and Ocean Sunfish species is a 

potent blocker of Sodium ion channels in neuron membranes effectively reducing their permeability 

to Na+.  Since Na+ influx into the neuron is required to depolarise the membrane during an action 

potential, TTX ingestion reduces the sensitivity of neurons to excitation and a shutdown of nervous 

communication (see diagram).   

Inhibited signalling response resulting from neuron exposure to tetrodotoxin.  Note the reduced 

action potential in the right hand diagram.  This is because the Na+ channel has been blocked by TTX 

which has reduced the inward flow of Na+ ions.  

Credit: Rysin, Public Domain, Wikipedia 

 

Symptoms set in 30 minutes after eating TTX containing food and involve “pins and needles” feeling, 

often around the mouth, muscle weakness and nausea.  There is no anti toxin, increased survival 

rates occur after treatment with blockers of the enzyme Cholinesterase which is responsible for 

removal of ACh.  Normally Cholinesterase removes ACh immediately following transmission of a 

signal across the synaptic cleft to prevent lingering re-stimulation of the second neuron.  In the 

poisoned person, depolarisations are reduced (see above diagram) and blocking removal of any ACh 

by Cholinesterase, favours at least some nervous coordination getting through.  See the following 

pictures of the harmless looking animals: 

 

 

 



 

Puffer Fish.  These fish can inflate their bodies, presumably to ward off predators.  Some species are 

protected by spines.  The majority of Puffer Fish species are able to produce the neurotoxin, 

tetrodotoxin, which makes them the most poisonous vertebrates known.  The picture below is of a 

deflated Guineafowl puffer.  

Credit: Bryan Harry, Public Domain Wikipedia Commons 

And an inflated fish of the same species! 

Credit: Bill Eichenlaub, Public Domain Wikipedia Commons 

 

 

 

Potassium Channel 

The K+ channel plays an important role in the return of membrane potential to the resting potential 

of -70mV after depolarisation by an action potential.  Tetraethylammonium (TEA) is a chemical 

which has roughly the same space-filling structure to that of K+ ions and thus blocks the Potassium 

Channels of neurons.  This increases the latency of neurons so that another signal quickly following 

the previous cannot cause depolarisation, this is thought to be the mechanism whereby TEA can be 

used to control the tremors associated with Parkinson’s disease. 

Organophosphate Poisoning 
This family of poisons are commonly used as a pesticide to control invasions of insects, but also have 

been developed with hostile intent by a number of countries.  Military use of organophosphates 

such as Soman, Sarin, Tabun, VX and Novichok have been proscribed by international law, but their 

effectiveness, particularly in conflicts in built-up areas, seem irresistible by some regimes.  All of 

these agents act on the enzyme cholinesterase, making it ineffective in its normal capacity of 

removing ACh which is used for a nervous signal to bridge a synapse.  In an affected person, the 

build up of ACh rapidly causes increased saliva and tear production, anxiety, confusion, convulsions, 

tightness in the chest because of spasms of the muscles in the bronchi, peristalsis and urination and 

death through asphyxiation because of spasm of the breathing muscles. 

  Treatment is varied, but usually involves the injection of atropine which competitively blocks the 

action of ACh, particularly of the parasympathetic nervous system.  As a consequence, treatment 



with atropine reduces the effect of the control of the parasympathetic nervous system, notably 

increasing firing of the sinoatrial node (Pacemaker) and increasing the heart rate.  Atropine also 

decreases bronchial secretions which are a problem in those 

affected by Organophosphate poisoning.  It is common for 

troops deployed to regions where organophosphates might 

be used to carry atropine in the form of self injector pens. 

Atropine 

Credit: Harbin, public domain 

 

See the diagrams of Novichok, Tabun, VX and Sarin.   

Novichok (Examples of structures claimed as Novichok agents.  There are many varieties of this 

neurotoxin) 

Credit: Meodipt, Public Domain, Wikipedia Commons. 

Tabun 

 

 

 

 

 

VX  

Credit: Ben Mills, Public Domain 

 

 

 

 



Sarin 

Credit: Amir ahrls, Wikipedia Commons 

 

 

 

 

 

VX was used to kill Kim Jong-nam, the half brother of North Korean dictator, Kim Jong-un in 2017.  It 

is an oily substance and was smeared on his face whilst he was passing through Kuala Lumpur 

International Airport.  It seems likely that the lethal compound was carried in a non-toxic form which 

was activated during the assault.  Sarin is suspected of being used in a recent atrocity in Douma, 

Syria. 

As a scientist, one tries to report dispassionately.  Often the death of individual animals and plants 

and even mass extinctions can be seen as important evolutionary steps along the path of geological 

time and viewed as essential acts to the 2.5 billion year long opera.  Personally, this discussion of 

ours about neurotoxins is where scientific objectivity becomes the bit-player of the story and more 

human feeling must intrude.  These substances have no advantages.  In this story our empathy with 

individuals is centre stage. 


