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Mode of Action
In this series, the chemistry of major insecticide groups will be examined
Steve Broadbent

To understand how the pyrethroids kill 
insects we need a basic understanding of the 
insect nervous system. 

The nerve cell or neuron consists of a cell body from 
which processes called dendrites spread, like the 
branches of a tree. In addition to the dendrites, there 
is the axon, which is like a long, thin wire, also ending 
in treelike branches. At the ends of the axon, the 
branches end in small bulblets. The bulblets of one 
neuron approach close to the dendrites of the next 
neuron, almost touching them. This point of near 
contact is called a synapse.  

Each neuron receives an impulse which it passes 
on to the next neuron. Through a chain of chemical 
reactions, the dendrites pick up an impulse that is 
then transmitted along the axon as an electrical 
impulse, before being transmitted to the next 
neuron as another chemical reaction. The entire 
impulse passes through the neuron in about seven 
milliseconds — faster than a lightning strike!

Pyrethroids interrupt this process when the message 
is travelling along the axon as an electrical impulse.

Each axon has an outer cell membrane. When the 
neuron is resting, this is polarized, with a positive 
electrical charge on the outside of the membrane, 
and a negative charge on the inside. This is because 
the outside of the cell has an abundance of sodium 
ions, while the inside of the cell has an abundance of 
potassium ions. 

When a stimulus reaches a resting neuron, ‘gates’ in 
the axon membrane open suddenly, and the sodium 
ions rush into the cell. This makes the inside of the 
cell positively charged too. An electrical action 
potential is then created as sodium gates are opened 
sequentially along the entire length of the axon. 

After the inside of the cell is flooded with sodium 
ions, gates on the inside of the membrane open to 
allow the potassium ions to move to the outside. 
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This restores the electrical balance, although it’s now 
the opposite of the resting potential, with a negative 
electrical charge on the outside, and a positive 
charge inside. 

Immediately after the potassium gates open, the 
sodium gates close, and after this the potassium and 
sodium ions return to their original sides, (sodium on 
the outside and potassium on the inside). This occurs 
through sodium/ potassium pumps. Thus, the nerve 
returns to its original resting potential until another 
impulse comes along.

So, the message travels along the nerve axon as an 
electrical impulse until it reaches a synapse, the small 
gap between two nerve cells. When the electrical 
impulse reaches the end of the axon, a calcium gate 
opens and calcium ions enter the cell. This causes a 
chemical called a neurotransmitter to be released 
into the synapse. The neurotransmitter (e.g. acetyl 
choline) moves across the synaptic gap and binds 
to proteins on the next neuron. These proteins are 
called receptors, and different proteins serve as 
receptors for different neurotransmitters. But that is a 
story for when we look at other insecticides!

So, what happens when a pyrethroid gets into the 
system?

Pyrethroids are axonic poisons. They cause paralysis 

of an insect by keeping the 
sodium gates open. When 
the pyrethroid keeps the 
sodium gates open, the 
nerve cannot return to its 
resting state (potential) 
since the sodium ions 
keeps pouring in. This 
causes the insect to 
go into convulsions. 
Eventually the insect 
is ‘knocked-down’, or 
paralysed. At this point 
the insect may not always 
be dead. Technically we 
refer to this as Knockdown 
(KD). Pyrethroids may be 
detoxified by enzymes 
and the insect may later 
recover. This is why it is 
important to use products 
at the correct label rate.

Pyrethroids are less toxic 
to people for a number 

of reasons. Pyrethroids bind more strongly with the 
sodium channels at low temperatures than at high 
temperatures. The insects’ ambient temperature is 
approximately 25° C compared to 37° C in mammals. 
Mammalian sodium channels are also at least 
1000 times less sensitive to pyrethroids than insect 
sodium channels and they recover more quickly from 
depolarization than do insect sodium channels. They 
are also more likely to detoxify pyrethroids before 
they reach their target site than is the case in insects. 
The nerve axon in humans, and many other higher 
animals, is protected by a fatty coating known 
as a myelin sheath. This makes it harder for the 
pyrethroids to penetrate to the axon and block open 
the sodium gate.

It is important to note though that, while dogs 
are able to detoxify pyrethroids; cats are more 
susceptible and can suffer tremors, twitching, 
convulsions, and even death if pyrethroids are 
misused. 

This article first appeared in Professional Pest Manager. 
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