
Active Insight: 
Imidacloprid
In this series, the chemistry of major insecticide groups will be examined
Steve Broadbent

Imidacloprid was the first commercially 
produced insecticide from a family of 
insecticides known as neonicotinoids, so-

called since they act on the insects’ central 
nervous system in a similar manner to nicotine. 
Neonicotinoids are among the most widely used 
insecticides worldwide and account for up to 
15% of the global insecticide sales.

Other insecticides in this family include 
thiacloprid, acetamiprid, clothianidin, 
dinotefuran, nitenpyram and thiamethoxam. As 
a group, these insecticides are extremely toxic 
to insects, while remaining relatively safe for 
mammals.

Imidacloprid is the most widely used insecticide, 
both within this mode of action group, and in the 
worldwide market.

Professor Shinzo Kagabu from Japan is 
the principal discoverer and father of the 
neonicotinoid insecticides. Professor Shinzo first 
prepared imidacloprid in 1985 when he was a 
researcher in the pesticide development project 
at Nihon Tokushu Noyaku Seizo (now Bayer 
Japan).

It is applied against soil, seed, timber, public 
health and animal health pests, as well as 

being used for foliar treatments of crops. 
It has widespread uses in professional pest 
management for the control of termites, 
cockroaches and ants.

Imidacloprid acts as an agonist of the 
acetylcholine receptor. This means that it 
mimics the actions of the naturally occurring 
neurotransmitter, acetylcholine, on some of 
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Imidacloprid is a neonicotinoid insecticide that 
acts on the central nervous system of insects. 

It mimics the actions of the naturally occurring 
neurotransmitter, acetylcholine. 

Acetylcholine passes the nerve cell message 
across the synaptic gap. The acetylcholine 

is then broken down by the enzyme 
cholinesterase. However, cholinesterase 

cannot break down imidacloprid, so the nerve 
cells are continually stimulated. 

Consequently, the death of the insect, 
occurs in a similar fashion to that caused 
by cholinesterase inhibitor pesticides e.g. 

carbamates and organophosphates. Thus, we 
usually observe hyper-excitation, followed by 

paralysis, leading to death.
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its neuronal receptors, referred to as nicotinic 
receptors.

Nerve messages travel along the nerve axon 
(fibre) as an electrical impulse until they reach 
a synapse, the small gap between two nerve 
cells. When the impulse reaches the end of the 
axon, chemicals known as neurotransmitters 
are released into the synapse. These 
neurotransmitters move across the gap and bind 
to proteins on the next neuron. These are receptor 
proteins, and different proteins serve as receptors 
for different neurotransmitters. 

The effects of the neurotransmitters can either 
be excitation, or inhibition. Acetylcholine 
is probably the most well-known of these 
neurotransmitters. It causes excitation of the 
nerve cells to keep the message flowing along 
the next axon. When acetylcholine binds to the 
receptor, the membrane becomes permeable 
(i.e., more porous) to sodium and potassium ions, 
thereby kick starting the nervous impulse, or 
action potential, in the next nerve cell. What this 
means is that it effectively carries the electrical 
nerve message across the synapse and starts the 
message flowing in the next nerve cell.

Acetylcholine molecules are naturally broken 
down by the enzyme cholinesterase. Thus, 
once the acetylcholine passes across the 
nerve synapse, it is quickly destroyed by the 
cholinesterase to help end the excitation of the 
nerve.

Cholinesterase cannot break down imidacloprid 
though. So, when imidacloprid is present, it 
remains locked on to the nerve receptor protein. 
The consequence is over stimulation of the insect 
nervous system since the excitation process is 
not ended. This leads eventually to paralysis and 
death. The actual death of the insect occurs in a 
similar fashion to that caused by cholinesterase 
inhibitor pesticides such as the carbamates 
and organophosphates, though the actual 
physiological mechanism is different.  

Whilst imidacloprid shows high affinity for insect 
acetylcholine receptors, it has a low affinity for 
mammalian (and human) nicotinic acetylcholine 
receptors. This is because mammals and insects 

have structural differences in their acetylcholine 
receptors that affect how strongly particular 
molecules bind. The acetylcholine receptors in 
insects are only found in their central nervous 
system; whilst in mammals, their acetylcholine 
receptors are found in both the central nervous 
system and in the peripheral nervous system.

The low mammalian toxicity of imidacloprid 
can be explained largely by its lack of a charged 
nitrogen atom at physiological pH levels (those 
inside the body). The uncharged imidacloprid 
molecule can penetrate the insect blood–brain 
barrier, while the human blood–brain barrier 
filters it out.

In contrast, nicotine has a positively charged 
nitrogen atom at physiological pH levels. This 
positive charge gives nicotine a strong affinity 
to mammalian acetylcholine receptors. At the 
same time, the charge on nicotine lowers its 
effectiveness as an insecticide, because in insects, 
the blood–brain barrier prevents free access of 
charged ions to the central nervous system, and 
insect acetylcholine receptors are only present 
in the central nervous system. The blood–brain 
barrier does not prevent nicotine poisoning 
in mammals though, because mammalian 
acetylcholine receptors are located in the 
peripheral nervous system too, where they are 
necessary for vital functions such as breathing, 
(smokers beware!)

Adding to the safety of imidacloprid is the fact 
that metabolism of imidacloprid in mammals is 
very quick. About 90% of the dose of imidacloprid 
is excreted within twenty-four hours, along with 
any possible metabolites. In animal studies, after 
forty-eight hours, residual imidacloprid (less than 
0.5% of the original dose) was found in the liver, 
as would be expected from the main organ of 
detoxification, but none was found in the brain. 

This article first appeared in Professional Pest 
Manager. 
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