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Abstract

The development of novel insecticides that promises efficient and environmentally sustainable
solutions. Most current insecticides act on nerve and muscle targets. Insecticides that act on these
targets are generally fast acting. Insect development is controlled by juvenile hormone and ecdysone,
by direct perturbing cuticle formation/deposition or lipid biosynthesis. Such insect growth regulators
are generally slow to moderately slow acting. Several insecticides are known to interfere with
mitochondrial respiration by the inhibition of electron transport and / or oxidative phosphorylation.
Such insecticides are generally fast to moderately fast acting. Lepidopteran specific microbial toxins
that are sprayed or expressed in transgenic crop varieties. New pesticides can be designed to target
specific pests while minimizing harm to beneficial organisms, reducing ecological disruptions. Modern
pesticides are formulated to have lower toxicity and persistence in the environment, resulting in less
contamination of water, soil, and air. New pesticides may leave lower residue levels on crops,
addressing concerns about food safety and consumer health. New pesticides with different modes of
action can help manage resistance issues that have developed in pests against older pesticides. the mode
of action of novel insecticides an homage to the power of scientific inquiry and the promise of a future
where human ingenuity, coupled with nature’s wisdom, charts a course towards a more balanced and
prosperous world.

Keywords: Novel insecticides, toxicity, environment, safety and health

Introduction

The ongoing battle against insect pests has spurred the development of novel insecticides that
promise efficient and environmentally sustainable solutions. This review delves into the
mode of action of these innovative compounds, shedding light on the mechanisms that set
them apart from traditional pesticides. Unlike conventional insecticides that often act
broadly, novel insecticides target specific vulnerabilities within insect physiology. By
leveraging a diverse array of molecular and biochemical pathways, these compounds disrupt
key biological functions critical for insect survival. This precision in targeting not only
maximizes efficacy but also minimizes ecological impact. One of the groundbreaking
approaches is the utilization of insect-specific pheromones and behavior-modifying
compounds. These disrupt communication and mating patterns, leading to reduced
reproductive success and population decline. Similarly, botanical extracts and natural
compounds interfere with insect growth and development, capitalizing on their specific
interactions with hormonal pathways. Furthermore, advanced genetic and molecular
techniques have given rise to genetically modified crops expressing insecticidal proteins.
These proteins, derived from bacteria like Bacillus thuringiensis (Bt), selectively target
specific insect groups, sparing beneficial organisms and reducing chemical usage. RNA
interference (RNAI) technology takes this step further, silencing essential genes through the
application of small RNA molecules.

Understanding the mode of action of these novel insecticides involves a convergence of
disciplines, including molecular biology, entomology, and biochemistry. Through innovative
techniques such as proteomics, genomics, and metabolomics, researchers gain insights into
the intricate interactions between insecticides and their molecular targets. Computational
modeling aids in predicting insecticide-target interactions and potential resistance
mechanisms. Thus unraveling the mode of action of novel insecticides marks a pivotal
advancement in pest management.
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These compounds represent a paradigm shift towards
targeted and sustainable approaches, reducing the ecological
footprint associated with traditional pesticides. By
comprehending the mechanisms underpinning their
effectiveness, researchers pave the way for the development
of innovative strategies that can mitigate pest-related
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Classification of Insecticides by their Actions: Modes of
action are according to the physiological functions affected.

Nerve and Muscle
Most current insecticides act on nerve and muscle targets.
Insecticides that act on these targets are generally fast

challenges while safeguarding ecosystems. acting.
Group
No Name MoA Example
1 ACEtyIChOII':ﬁiSbtﬁgse (AChE) Inhibit AChE, cause hyperexcitation. Carbamates, Organophosphates
2 GABA Gated Chloride Channel Block the GABA-activated chloride channel, causing Cyclodiene Organochlorines,
Blockers hyperexcitation and convulsions. Phenylpyrazoles (Fiproles)
3 Sodium Channel Modulators Keep Sodium channel open, causing hyperexcitation and, in | Pyrethroids, Pyrethrins, DDT,
some cases, nerve block. Methoxychlor
Nicotinic Acetylcholine Receptor Bind to acetylcholine site on nAChRs causing a range of Neonl_copnmds, N'COt.me’
4 (nAChR) Competitive Modulators | symptoms from hyper-excitation to lethargy and paralysis Sulfox[mmes, Bytgr)olldes,
' Mesoinics, Pyridilidenes
5 Nicotinic Acetylcholine Receptor |Allosterically activate nAChRs, causing hyperexcitation of the Spinosvns
(nAChR) Allosteric Modulator - | nervous system. PINosy
6 Glutamate-Gated Chloride Channel |  Allosterically activate glutamate-gated chloride channels Avermectins. Milbemvcins
(GIuCl) Allosteric Modulators (GluCls), causing paralysis. ' v
Bind to and disrupt the gating of Nan-lav TRPV (Transient
Chordotonal Organ TRPV Channel Receptor Potential Vanilloid) Chan_nel comp_le_xes In B. Pyridine Azomethine
7 chordotonal stretch receptor organs, which are critical for the -
Modulators - - . Derivatives, D. Pyropenes
senses of hearing, gravity, balance, acceleration,
proprioception, and kinaesthesia.
8 Nicotinic Acetylcholine Receptor | Block the nAChR ion channel, resulting in nervous system Nereistoxin Analodues
(nAChR) Channel Blockers block and paralysis. g
Gt"\;)(:.lp Name MoA Example
9 Octopamine Receptor Agonists Activate octopamine receptors, leading to hyperexcitation. Amitraz
Voltage Dependent Sodium Block sodium channels, causing nervous system shutdown and . .
10 . Oxadiazines, Semicarbazones
Channel Blockers paralysis.
11 |Ryanodine Receptor Modulators Activate muscle ryanodine Fr)ea(r:glp)};)irss, leading to contraction and Diamides
Disrupt the function of chordotonal stretch receptor organs, which
Chordotonal Organ . : - N
12 L - 1 are critical for the senses of hearing, gravity, balance, Flonicamid
Nicotinamidase Inhibitors . - - . .
acceleration, proprioception, and kinesthesia.
GABA-Gated Chloride Channel Allosterically inhibit the GABA-activated chloride channel, N .
13 . . o - Meta-Diamides, Isoxazolines
Allosteric Modulators causing hyperexcitation and convulsions.
14 Nicotinic AChR Allosteric Allosterically activate NAChRs (at a site distinct from Group 5 - |GS-omega/kappa HXTX-Hv1a
Modulators Site - 11 Site 1), causing hyperexcitation of the nervous system. Peptide
Negative modulation of KCa: causes hyperexcitation and
15 Calcium-Activated Potassium convulsions. KCaz channels are activated by an increase in ACYNONanvr
Channel (KCA2) Modulators intracellular calcium concentration and are involved in the Y Py
regulation of action potential.
Growth: Insect development is controlled by juvenile hormone and ecdysone, by direct perturbing cuticle

formation/deposition or lipid biosynthesis. Such insect growth regulators are generally slow to moderately slow acting.

Biosynthesis affecting CHS 1

G";lOOUp Name MoA Example
1 Juvenile Hormone Mimics Applied in the Pre-metamorphic instar, thesg compounds disrupt JH Analogus Fenoxycarb
and prevent metamorphosis. Pyriproxylen
Mite Growth Inhibitors - N . Clofentezine,Diflovi-
2 affecting CHS 1 Inhibit the enzyme that catalyzes the polymerization of chitin dazin, Hexythiazox Etoxazole
3 Inhibitors of Chitin Inhibit the enzyme that catalyzes the polymerization of chitin Benzoylureas

Inhibitors of Chitin

Incompletely defined MoA leading to inhibition of chitin

Carboxylase

4 Biosynthesis affecting Type 1 biosynthesis in a number of insects, including Whiteflies Buprofezin

5 | Moulting Disruptor (Dipteran) Incompletely defined MoA leads to Moult disruption. Cyromazine

6 Ecdysone receptor Agonist Mimic the moulting hormon%gﬁclitysone, including a precocious Diacylhdrazines

7 Inhibitor of Acetyl CoA Inhibit acetyl Coenzyme A carboxylase, part of first step in lipid | Tetronic and Tetramic Acid

biosynthesis, leading to insect death.

Derivatives
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Respiration: Several insecticides are known to interfere
with mitochondrial respiration by the inhibition of electron

https://www.biochemjournal.com

transport and / or oxidative phosphorylation. Such

insecticides are generally fast to moderately fast acting.

Proton Gradient

Gt"\locl)Jp Name MoA Example
1 Inhibitors of Mitochondrial Inhibit the enzyme that synthesizes ATP _Digfenthiuron_Organotip
) Muiticids Propargite Tetradifon
Uncouples of Oxidative - . . -
2 Phosphorylation via disruption of Protonophores that short-circuit the mitochondrial proton Pyrroles Dinitrophenols

gradient so that ATP cannot be synthesized.

Sulfuramid

Mitochondrial Complex Il ET

Inhibit electron transport complex 11, preventing the utilization

Hydramethylnon Acequinocyl

3 Inhibitors - QO Site of energy by cells. Fluacryypyrin Bifenazate

4 Mitochondrial Complex | ET Inhibit electron transport complex |, preventing the utilization | Meti acarcides & Insecticides
Inhibitors of energy by cells. Rotenone

5 Mltochondrlal' Cpmplex IV ET |Inhibit electron transport complex IV, preventing the utilization Phosphids Cyanides
Inhibitors of energy by cells.

6 Mitochondrial Complex Il ET Inhibit electron transport complex 11, preventing the utilization | Beta - Keto nitrile Derivatives
Inhibitors of energy by cells. Carboxanilides

. - Inhibit electron transport complex I11, preventing the utilization
7 Mltocn?r:}%riltzlrf_oglp !;i)t(em ET of energy by cells. In contrast to Group 20, Group 34 Flometoquin
insecticides bind to the QI Site.
Midgut: Lepidopteran specific microbial toxins that are sprayed or expressed in transgenic crop varieties.
Group
No Name MoA Example
1 Microbial Disruptors of Protein toxins that bind to receptors on the midgut membrane and induce pore B.t& Insectidial

Insect Midgut Membranes

formation on, resulting in ionic imbalance and septicaemia.

Bacillus sphaericus

2 Baculoviruses

A Baculovirus - unique Per OS Infectivity Factor (PIF) protein complex on the
irus promotes host- specific infection by binding to PIF targets on midgut cells that|
are unknown but believed to be unique for each baculovirus type. Infection is
ultimately lethal

Gv, NPV

Reason for Pesticide Group Change

New pesticides are developed for several reasons, even

though older pesticides already exist. Here are some reasons

for the development and introduction of new pesticides:

1. Resistance Management: Over time, pests can develop
resistance to older pesticides, rendering them
ineffective. New pesticides may be designed with
different modes of action to target resistant pest
populations.

2. Environmental Impact: Newer pesticides are often
formulated to be more environmentally friendly, with
lower toxicity to nontarget organisms and reduced
persistence in the environment.

3. Regulatory Compliance: As regulations and safety
standards evolve, older pesticides that do not meet
current requirements may be phased out or restricted.
New pesticides are developed to comply with these
updated regulations.

4. Targeted Specificity: Modern pesticides can be
designed to target specific pests while causing minimal
harm to beneficial organisms. This specificity reduces
unintended consequences in the ecosystem.

5. Improved Efficacy: New pesticides might offer better
efficacy in controlling pests, requiring lower application
rates or fewer applications to achieve desired results.

6. Novel Formulations: Advances in formulation
technology allow for the development of pesticides with
improved delivery methods, such as controlled release,
which can enhance their effectiveness.

7. Reduced Residue Levels: New pesticides may be
formulated to leave lower residue levels on crops,
addressing concerns about food safety and consumer
health.

8. Non-Chemical Alternatives: In response to consumer
demand for more sustainable practices, new pesticides
may include biopesticides, botanical extracts, or
microbial agents that have lower environmental
impacts.

9. Emerging Pest Threats: New pests or pest populations
that were not previously a problem might emerge due to
changing climate conditions, globalization, or other
factors. New pesticides could be developed to address
these new threats.

10. Profitability and Market Competition: Developing
new pesticides can be financially lucrative for
companies in the agrochemical industry. Competition
and potential for improved profits drive investment in
research and development.

It’s important to note that the introduction of new pesticides
should be approached cautiously, considering potential risks
to human health, non-target organisms, and the
environment.  Integrated Pest Management (IPM)
approaches that combine multiple strategies, including
biological control, cultural practices, and chemical control
when necessary, are increasingly favored to create a
balanced and sustainable pest management strategy.

New pesticides often offer several advantages over old

pesticides

1. Targeted Specificity: New pesticides can be designed
to target specific pests while minimizing harm to
beneficial organisms, reducing ecological disruptions.

2. Reduced Environmental Impact: Modern pesticides
are formulated to have lower toxicity and persistence in
the environment, resulting in less contamination of
water, soil, and air.
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3. Lower Residue Levels: New pesticides may leave
lower residue levels on crops, addressing concerns
about food safety and consumer health.

4. Efficient Application: Advances in formulation
technology allow for more efficient delivery methods,
reducing the amount of pesticide needed for effective
control.

5. Resistance Management: New pesticides with
different modes of action can help manage resistance
issues that have developed in pests against older
pesticides.

6. Compliance with Regulations: New pesticides are
developed to meet updated safety and regulatory
standards, ensuring they are in line with current legal
requirements.

7. Enhanced Efficacy: Improved formulations and design
can result in higher efficacy against target pests,
requiring fewer applications.

8. Reduced Non-Target Effects: New pesticides are
designed to minimize harm to non-target organisms,
helping to maintain biodiversity and ecological balance.

9. Innovation: Advances in science and technology lead
to the development of novel pesticide compounds and
delivery systems, fostering innovation in pest
management.

10. Public Perception: New pesticides, especially those
with reduced environmental impact, are often more
socially acceptable due to their safer profiles.

11. Long-Term Sustainability: By incorporating newer,
more targeted pesticides into Integrated Pest
Management (IPM) strategies, agricultural systems can
become more sustainable and resilient.

12. Alternative Modes of Action: Some new pesticides
utilize different biochemical pathways to control pests,
reducing the risk of cross-resistance with older
pesticides.

13. Emergency Situations: In cases of emerging pest
threats or sudden outbreaks, new pesticides can provide
rapid solutions to mitigate economic losses.

14. Flexibility: The diversity of available pesticides, old
and new, allows for the selection of products that best
match specific pest challenges and environmental
conditions.

15. Economic Benefits: While newer pesticides may have
higher initial costs, their efficiency, reduced application
rates, and improved crop yields can lead to cost savings
in the long run.

It’s worth noting that while new pesticides offer these
advantages, their use should be guided by responsible and
sustainable pest ~management practices. Integrated
approaches that combine multiple strategies and focus on
long-term solutions are increasingly favored for maintaining
agricultural productivity while safeguarding environmental
health.

Macrocyclic Lactone Insecticides

Macrocyclic lactone insecticides are a class of chemicals
that target insects’ nervous systems, affecting their ability to
transmit nerve impulses. They work by binding to specific
receptors in the insect nervous system, disrupting the normal
flow of neurotransmitters like gamma-aminobutyric acid
(GABA) and glutamate. This disruption leads to
overstimulation of nerve cells, resulting in paralysis and

https://www.biochemjournal.com

eventually death for the insect. One well-known example of
a macrocyclic lactone insecticide is ivermectin. It binds to
GABA receptors and glutamate-gated chloride channels in
nerve cells. This binding enhances the inhibitory effects of
GABA, a neurotransmitter that usually dampens nerve
activity. As a result, nerve cells become hyperpolarized and
less responsive to stimuli, leading to paralysis and death of
the insect.

Macrocyclic lactone insecticides primarily target insects due
to the unique structure and function of their nervous
systems. Mammals, including humans, have different types
of receptors and ion channels, making them less susceptible
to the effects of these insecticides. However, it’s important
to note that accidental exposure to high doses of
macrocyclic lactone insecticides could still be harmful to
mammals and other non-target organisms.

Avermectin Insecticides

Avermectins are a subgroup of macrocyclic lactone
insecticides that share a similar mode of action. One of the
most well-known avermectins is ivermectin. The mode of
action of avermectin insecticides involves targeting the
nervous systems of insects and other invertebrates.
Avermectins, like ivermectin, work by binding to specific
receptors in the nerve cells of insects and parasites. These
receptors are called glutamate-gated chloride channels
(GIuCl channels). When avermectins bind to these
receptors, they enhance the effects of the neurotransmitter
gamma-aminobutyric acid (GABA), which is an inhibitory
neurotransmitter. This results in increased chloride ion
influx into nerve cells through the GIuCl channels, leading
to hyperpolarization of the cells and making them less
responsive to stimuli. The hyperpolarization caused by the
binding of avermectins to GIuCl channels leads to paralysis
and disruption of the nervous system in insects and
parasites. This ultimately results in their death. Importantly,
the mode of action is selective for invertebrates because
mammals, including humans, have a different type of
GABA receptor that is less sensitive to avermectins. This
selectivity makes

avermectin insecticides effective against pests while
minimizing harm to mammals. Avermectins are used to
control a wide range of pests, including nematodes and
arthropods, and they have been particularly valuable in
combating parasites in livestock and pets.

Milbemycin Insecticides

Mibemycin is an anthelmintic compound used to control
internal parasites in livestock and pets. While it is not a
traditional insecticide, its mode of action is worth
discussing. Mibemycin primarily targets nematode parasites,
which are a type of roundworm that can infect animals. Its
mode of action involves interfering with the nematode’s
neurotransmission  system, specifically by affecting
acetylcholine receptors. Acetylcholine is a neurotransmitter
that plays a crucial role in transmitting nerve signals in both
animals and parasites. Mibemycin binds to acetylcholine
receptors on the nematode’s nerve cells, disrupting the
normal transmission of nerve impulses. This interference
leads to paralysis of the nematode’s muscles and inhibits its
ability to maintain its position within the host animal’s
digestive tract. As a result, the nematodes are expelled from
the host’s body through natural digestive processes. It’s
important to note that mibemycin’s mode of action is
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specific to nematode parasites and does not impact insects
or other types of pests. Additionally, mibemycin is generally
considered safe for use in animals when administered at
appropriate doses. However, as with any medication, proper
dosing and administration are critical to ensure the health
and safety of the treated animals.

Spinosyn Insecticides

Spinosyn insecticides are derived from naturally occurring
compounds produced by the bacterium Saccharopolyspora
spinosa. They are used to control a wide range of insect
pests in agriculture and horticulture. The mode of action of
spinosyn insecticides involves two main components:
spinosyn A and spinosyn D. Spinosyns act on the nervous
systems of insects by binding to specific sites on nicotinic
acetylcholine receptors (nAChRs) found in nerve cells.
These receptors play a key role in transmitting nerve
impulses by regulating the flow of ions across the cell
membrane. Spinosyns target nAChRs located in the insect’s
central nervous system. Upon binding to nAChRs,
spinosyns disrupt the normal functioning of the receptors,
leading to the prolonged opening of ion channels. This
results in the excessive flow of ions, primarily sodium, into
the nerve cells. The increased ion flow overstimulates the
nerve cells, causing continuous nerve signaling and
ultimately leading to paralysis and death of the insect.

One notable aspect of spinosyn insecticides is their
selectivity for insects over mammals and other non-target
organisms. This selectivity is due to differences in the
specific types and subtypes of nAChRs present in insects
versus mammals. Spinosyns have a lower affinity for
mammalian NAChRs, which reduces the risk of toxic effects
in animals and humans. Overall, the mode of action of
spinosyn insecticides as nicotinic acetylcholine receptor
agonists, leading to neural overstimulation and insect
paralysis, has contributed to their success as effective and
relatively safe pest control agents.

Oxadiazine Insecticdes

Oxadiazine insecticides, such as indoxacarb, belong to a
class of chemicals that target insects’ nervous systems
through a unique mode of action. The mode of action of
indoxacarb involves its conversion into an active metabolite
within the insect’s body. When indoxacarb is ingested or
comes into contact with an insect, it is metabolized by
enzymes in the insect’s gut to produce its active form, which
acts on voltage-gated sodium channels in nerve cells. These
sodium channels play a critical role in transmitting nerve
impulses by allowing the flow of sodium ions into nerve
cells. This is an essential step for nerve cell depolarization
and the propagation of nerve signals. Indoxacarb’s active
metabolite binds specifically to voltage-gated sodium
channels in a way that keeps these channels open for a
longer period than normal. This leads to a continuous influx
of sodium ions into nerve cells and excessive nerve
stimulation. The sustained depolarization of nerve cells
ultimately disrupts normal nerve function, causing paralysis
and death in the insect. Importantly, the mode of action of
indoxacarb is selective for insects because the specific
sodium channel subtype it targets is more prevalent in
insects compared to mammals. This selective action reduces
the potential impact on nontarget organisms, including
humans and animals. In summary, oxadiazine insecticides
like indoxacarb exert their mode of action by interfering
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with the normal functioning of voltagegated sodium
channels in insect nerve cells, leading to paralysis and death
while minimizing harm to non-target organisms.

Pyrrole Insecticides

Pyrrole insecticides, including chlorfenapyr, have a unique

mode of action that involves disrupting the energy

production process within insect cells. The mode of action
of chlorfenapyr can be summarized as follows:

1. Pro-insecticide Activation: Chlorfenapyr itself is not
toxic to insects. However, once it is ingested or
absorbed by the insect, it undergoes a two-step process
to convert it into its active form. Enzymes in the
insect’s body metabolize chlorfenapyr into a compound
that disrupts cellular respiration.

2. Mitochondrial Uncoupling: The active form of
chlorfenapyr affects the insect’s mitochondria, which
are the cellular organelles responsible for producing
energy in the form of adenosine triphosphate (ATP).
Chlorfenapyr uncouples oxidative phosphorylation, a
process that couples the electron transport chain to ATP
synthesis. As a result of uncoupling, the electron
transport chain continues to operate, but ATP
production is significantly reduced.

3. Energy Depletion: With reduced ATP production, the
insect’s cells gradually run out of energy. This leads to
an inability to carry out essential physiological
processes, including muscle movement and normal
cellular function.

4. Delayed Toxicity: One distinctive feature of pyrrole
insecticides like chlorfenapyr is their delayed toxicity.
Insects may not show signs of distress immediately
after exposure. Instead, they continue to function for a
period while energy reserves are depleted. This delayed
effect can make chlorfenapyr particularly effective
against pests that may continue to feed and spread the
insecticide within the colony before succumbing to its
effects.

5. Impact on Multiple Pest Types: Chlorfenapyr’s mode
of action makes it effective against a wide range of
insect pests, including those that have developed
resistance to other classes of insecticides. It is
commonly used in agriculture and urban pest
management. In summary, the mode of action of
chlorfenapyr involves disrupting cellular energy
production in insects, leading to a gradual depletion of
energy reserves and eventual paralysis and death. The
delayed toxic effect and broad spectrum of activity
make it a valuable tool in integrated pest management
strategies.

Pyrazole Insecticides

Pyrazole insecticides target insects’ nervous systems by

affecting neurotransmitter regulation. The mode of action of

pyrazole insecticides involves blocking the activity of an

enzyme called acetylcholinesterase (AChE), which plays a

crucial role in the transmission of nerve impulses. Here’s

how the mode of action typically works:

1. Neurotransmitter Regulation: Insects wuse a
neurotransmitter called acetylcholine to transmit signals
between nerve cells (neurons). After acetylcholine is
released from a neuron, it needs to be rapidly broken
down to stop the nerve signal and allow the neuron to
reset for the next transmission.
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2. Role of Acetylcholinesterase (AChE)
Acetylcholinesterase is the enzyme responsible for
breaking down acetylcholine in the synapses (junctions
between neurons). This enzyme ensures that nerve
impulses are terminated and that neurons can transmit
new signals.

3. Inhibition of AChE: Pyrazole insecticides inhibit the
activity of acetylcholinesterase. When AChE is
inhibited, acetylcholine accumulates in the synapses,
leading to continuous nerve signaling. This
overstimulation of nerve cells can result in paralysis
and eventual death of the insect.

Impact on Nervous System: As the insect’s nervous
system becomes increasingly disrupted due to the
continuous nerve signaling, it loses the ability to coordinate
movement and perform essential functions. This leads to
paralysis and ultimately death. The specific mechanism of
action of pyrazole insecticides on acetylcholinesterase
makes them effective against a variety of insect pests.
However, it’s important to note that their mode of action is
similar to that of other classes of insecticides that target
acetylcholinesterase. This can potentially lead to cross-
resistance, where insects resistant to one class of
acetylcholinesterase inhibitors may also be resistant to
pyrazole insecticides. It’s also worth mentioning that while
pyrazole insecticides are effective against many insect pests,
their use should be managed carefully to minimize impacts
on non-target organisms and to avoid the development of
resistance.

Phenylpyrazole Insecticdes

Phenylpyrazole insecticides, such as fipronil, have a mode

of action that disrupts the normal functioning of insect

nervous systems. Their mode of action is unique and distinct
from many other classes of insecticides. Here’s how
phenylpyrazole insecticides typically work:

1. GABA Receptor Targeting: Phenylpyrazole
insecticides target a specific type of receptor in the
insect nervous system called the gamma-aminobutyric
acid (GABA) receptor. GABA is an inhibitory
neurotransmitter that regulates the transmission of
nerve signals.

2. Disruption of Chloride Flow: GABA receptors are ion
channels that allow chloride ions to flow into nerve
cells. This influx of chloride ions hyperpolarizes the
nerve cells, making them less excitable and reducing
the likelihood of transmitting nerve impulses.

3. Blockage of GABA Receptors: Phenylpyrazole
insecticides like fipronil bind to GABA receptors on
nerve cells. However, instead of enhancing the
inhibitory effects of GABA, they block the flow of
chloride ions through these receptors. This disrupts the
normal inhibitory signaling that GABA provides.

4. Nerve Overstimulation: As a result of GABA receptor
blockage, nerve cells become less inhibited and more
excitable. This leads to overstimulation of nerve
impulses, causing erratic and uncontrolled nerve
signaling.

5. Impaired Nervous System Function: The
overstimulation of nerve cells ultimately disrupts the
insect’s nervous system, leading to paralysis and death.
Insects affected by phenylpyrazole insecticides often
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exhibit symptoms like tremors, convulsions, and
uncoordinated movement.

One notable aspect of the mode of action of phenylpyrazole
insecticides is their specificity for insects and their relatively
low toxicity to mammals, including humans. This is because
the GABA receptors in insects are structurally different
from those in mammals, reducing the impact of these
insecticides on non-target organisms. However, it’s
important to consider the potential for resistance
development in insect populations due to the specific mode
of action of phenylpyrazole insecticides. To manage
resistance and minimize environmental impacts, integrated
pest management practices and rotation of different classes
of insecticides are recommended.

Pyrazole Carboxamide Insecticides

Pyrazole carboxamide insecticides are a class of chemicals

that target insects’ nervous systems by affecting a specific

type of ion channel known as the ryanodine receptor (RyR).

The mode of action of pyrazole carboxamide insecticides

involves disrupting calcium regulation within muscle cells,

leading to paralysis and eventual death in insects. Here’s
how the mode of action typically works:

1. Calcium Regulation and Muscle Contraction: In
insects (and other animals), muscle contraction is
initiated by the release of calcium ions from internal
stores within muscle cells. These calcium ions bind to
specific proteins, triggering the contraction of muscle
fibers.

2. Role of Ryanodine Receptors (RyRs): Ryanodine
receptors are ion channels found on the endoplasmic
reticulum of muscle cells. They play a crucial role in
releasing calcium ions from internal stores in response
to nerve signals.

3. Activation of RyRs: Pyrazole carboxamide insecticides
bind to and activate the ryanodine receptors in muscle
cells. This leads to the excessive release of calcium ions
from internal stores, overwhelming the normal
regulatory mechanisms.

4. Calcium Overload and Muscle Dysfunction: The
excess calcium ions flood the muscle cells, causing
sustained and uncontrolled muscle contractions. This
disrupts the insect’s ability to move, fly, or perform
other essential functions.

5. Paralysis and Death: The sustained muscle
contractions and disruption of normal muscle function
lead to paralysis and eventual death of the insect. This
mode of action is specific to insects and is less likely to
affect non-target organisms, including mammals, due to
differences in the structure and function of ryanodine
receptors. However, as with any class of insecticides,
there is a risk of insects developing resistance over
time. To manage resistance and  minimize
environmental impacts, it’s important to use pyrazole
carboxamide insecticides in combination with other
integrated pest management practices.

Pyridyl Pyrazole Insecticides

Pyridyl pyrazole insecticides, such as fipronil, target insects’
central nervous systems by disrupting the normal function of
neurotransmitters. Their mode of action involves interacting
with receptors that play a critical role in nerve signal
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transmission. Here’s how the mode of action typically

works:

1. Targeting GABA Receptors: Pyridyl pyrazole
insecticides specifically target a type of receptor called
the gammaaminobutyric acid (GABA) receptor. GABA
is an inhibitory neurotransmitter that regulates the
transmission of nerve signals in the insect’s nervous
system.

2. Disruption of Chloride Flow: GABA receptors are ion
channelsthat allow chloride ions to flow into nerve
cells. This influx of chloride ions hyperpolarizes the
nerve cells, making them less excitable and reducing
the likelihood of transmitting nerve impulses.

3. Blocking GABA Receptors: Pyridyl pyrazole
insecticides like fipronil bind to GABA receptors on
nerve cells, but instead of enhancing the inhibitory
effects of GABA, they block the flow of chloride ions
through these receptors. This disrupts the normal
inhibitory signaling provided by GABA.

4. Hyperexcitation of Nerve Cells: As a result of GABA
receptor blockage, nerve cells become less inhibited
and more excitable. This leads to overstimulation of
nerve impulses, causing erratic and uncontrolled nerve
signaling.

Nervous System Dysfunction: The overstimulation of
nerve cells ultimately disrupts the insect’s nervous system,
leading to paralysis and death. Insects exposed to
pyridylpyrazole insecticides often exhibit symptoms such as
tremors, convulsions, and uncoordinated movement. It’s
Important to note that the mode of action of pyridylpyrazole
insecticides is specific to insects and has a relatively low
impact on non-target organisms, including mammals. This
selectivity is due to differences in the structure and function
of GABA receptors between insects and mammals.
However, as with any class of insecticides, there is a
potential for resistance development in insect populations.
To manage resistance and minimize environmental impacts,
integrated pest management practices and rotation of
different classes of insecticides are recommended.

Diamide Insecticides
Phthalic and anthranilic diamides are two classes of
insecticides that share a common mode of action, which
involves affecting the ryanodine receptors (RyRs) in insect
muscle cells. This disruption of calcium regulation within
muscles leads to paralysis and death in insects. Here’s how
the mode of action of phthalic and anthranilic diamides
typically works:

1. Calcium Regulation and Muscle Contraction: In
insects (and other animals), muscle contraction is
initiated by the release of calcium ions from internal
stores within muscle cells. Calcium ions play a critical
role in the interaction between actin and myosin, the
proteins responsible for muscle contraction.

2. Role of Ryanodine Receptors (RyRs): Ryanodine
receptors are ion channels located on the sarcoplasmic
reticulum of muscle cells. These receptors are
resonsible for releasing calcium ions from internal
stores in response to nerve signals.

3. Activation of RyRs: Phthalic and anthranilic diamides
bind to and activate the ryanodine receptors in muscle
cells. This activation causes the release of calcium ions
from the internal stores.
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4. Calcium Overload and Muscle Dysfunction: Unlike
the controlled release of calcium ions during normal
muscle function, the activation of RyRs by diamides
leads to an excessive and uncontrolled release of
calcium ions into the muscle cells.

Muscle Paralysis and Death: The uncontrolled influx of
calcium ions results in continuous and uncoordinated
muscle contractions. This disrupts the insect’s ability to
move and carry out essential functions, ultimately leading to
paralysis and death. The mode of action of phthalic and
anthranilic diamides is specific to insects and has a
relatively low impact on non-target organisms, including
mammals, due to differences in the structure and function of
ryanodine receptors. However, it’s important to manage the
use of these insecticides to avoid resistance development
and minimize potential environmental impacts.

Ketoenol Insecticides
Ketoenol insecticides, such as tebufenozide,
methoxyfenozide, and halofenozide, have a mode of action
that disrupts the development of insects by interfering with
their hormonal regulation. The primary target of ketoenol
insecticides is the process of molting, which is crucial for
the growth and development of insects. Here’s how the
mode of action of ketoenol insecticides typically works:

1. Hormonal Regulation of Molting: Insects go through
a process called molting to shed their old exoskeleton
and grow. This process is regulated by a hormone
called ecdysone, which initiates molting by triggering
the synthesis of enzymes that break down the old
exoskeleton.

2. Role of Ecdysone Receptor (EcR): Ecdysone exerts its
effects by binding to a receptor called the ecdysone
receptor (EcR). When ecdysone binds to EcR, it
activates a cascade of events that lead to molting and
the synthesis of new cuticle (exoskeleton).

3. Inhibition of EcR: Ketoenol insecticides interfere with
the action of ecdysone by binding to the ecdysone
receptor (EcR) but not activating it. This binding
prevents the normal interaction between ecdysone and
EcR, disrupting the molting process.

4. Disruption of Molting: Without proper ecdysone
signaling through the ECR, insects are unable to
properly initiate molting. As a result, they cannot shed
their old exoskeleton and grow into the next
developmental stage.

5. Developmental Arrest: The disruption of molting
leads to developmental arrest in insects. They become
trapped in their current developmental stage and are
unable to progress to the next one. This ultimately
results in reduced growth, infertility, and decreased
survival rates.

The mode of action of ketoenol insecticides is selective to
insects due to the specific interaction between ecdysone and
its receptor. Mammals and other non-target organisms have
different hormonal systems, reducing the potential impact of
these insecticides on noninsect species. However, as with
any class of insecticides, resistance management practices
and integrated pest management strategies are important to
maintain their effectiveness and minimize environmental
impacts.
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Tetramic acid Insecticides
Tetramic acid derivatives, such as spirotetramat, are a class
of insecticides that affect insects by disrupting their feeding
and growth processes. The mode of action of tetramic acid
derivatives involves targeting multiple physiological
pathways, including those related to insect growth
regulation and energy production. Here’s how the mode of
action of tetramic acid derivatives typically works:

1. Disruption of Feeding: Tetramic acid derivatives can
have a deterrent effect on feeding behavior in insects.
When insects come into contact with or ingest these
insecticides, they may lose interest in feeding on treated
plants, which can reduce their ability to obtain essential
nutrients.

2. Disruption of Growth Regulation: Tetramic acid
derivatives can interfere with the insect’s hormonal
regulation, particularly the juvenile hormone pathway.
Juvenile hormone plays a key role in regulating insect
development and metamorphosis. By disrupting this
pathway, tetramic acid derivatives can prevent insects
from progressing through their life stages.

3. Inhibition of Energy Production: Some tetramic acid
derivatives can interfere with the oxidative
phosphorylation process within insect cells. This
process is essential for producing adenosine
triphosphate (ATP), which is the primary energy
currency of cells. Inhibition of ATP production can lead
to reduced energy availability for normal physiological
processes.

4. Negative Impact on Reproduction: Tetramic acid
derivatives can also affect insect reproduction. By
disrupting growth and energy processes, these
insecticides can lead to reduced fertility and impaired
reproductive success in treated insects.

5. Gradual Impact: The mode of action of tetramic acid
derivatives may take some time to manifest noticeable
effects on insects. This gradual impact is due to the
disruption of multiple physiological processes, which
collectively affect the insect’s overall fitness. It’s
Important to note that the exact mode of action can vary
among different tetramic acid derivatives, and each may
have its own specific mechanisms of activity.
Additionally, like with any class of insecticides, the
development of resistance in insect populations is a
concern. Integrated pest management practices,
including proper rotation and use of different
insecticide classes, are crucial for managing resistance
and preserving the effectiveness of tetramic acid
derivatives and other insecticides.

Tetronic Acid Insecticides
Tetronic acid insecticides, such as spinetoram, have a mode
of action that targets insects’ nervous systems by affecting
the normal function of neurotransmitters. The mode of
action of tetronic acid insecticides involves interacting with
nicotinic acetylcholine receptors (nAChRs), which play a
crucial role in nerve signal transmission. Here’s how the
mode of action of tetronic acid insecticides typically works:
1. Targeting Nicotinic  Acetylcholine  Receptors
(nAChRs): Nicotinic acetylcholine receptors are ion
channels found on nerve cells in insects (and other
animals). These receptors are involved in transmitting
nerve signals by allowing the flow of ions, such as
sodium and calcium, across the cell membrane.
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2. Normal Nerve Signal Transmission: In a normal
nerve impulse transmission, the neurotransmitter
acetylcholine binds to nAChRs on the postsynaptic
membrane of a nerve cell. This binding triggers the
opening of ion channels and the flow of ions, leading to
the transmission of the nerve signal.

3. Interference with nAChRs: Tetronic acid insecticides,
like spinetoram, bind to NAChRs on nerve cells but do
not trigger the same ion channel opening response that
acetylcholine does. This binding disrupts the normal
transmission of nerve signals

4. Nerve Signal Disruption: Due to the binding of
tetronic acid insecticides, nerve cells are less able to
transmit signals properly. This disruption leads to
impaired communication between nerve cells and
results in a range of effects, including paralysis and
eventual death of the insect.

5. Selective Impact: The mode of action of tetronic acid
insecticides is more specific to insects due to
differences in the structure of NAChRs between insects
and mammals. This selectivity helps minimize the
impact on non-target organisms. The mode of action of
tetronic acid insecticides can be effective against a
variety of insect pests, but as with any class of
insecticides, there is a potential for the development of
resistance over time.

To manage resistance and reduce potential environmental
impacts, integrated pest management practices that include
the rotation of different insecticide classes are
recommended. Fenazaquin is an acaricide, which means it is
primarily used to control mites and ticks. It belongs to the
quinazoline class of compounds. The mode of action of
fenazaquin involves disrupting the mitochondrial electron
transport chain, leading to the impairment of energy
production within the cells of mites and ticks. Here’s how
the mode of action of fenazaquin typically works:

1. Mitochondrial  Electron  Transport  Chain:
Mitochondria are the energy-producing organelles
within cells. The mitochondrial electron transport
chain is a series of protein complexes that play a
crucial role in generating adenosine triphosphate
(ATP), the cell’s energy currency.

2. Inhibition of Complex I11: Fenazaquin interferes with
the function of complex 111 (cytochrome bcl complex)
of the mitochondrial electron transport chain. Complex
Il is responsible for transferring electrons between
molecules in the chain.

3. Disruption of Electron Transport: Fenazaquin binds
to the Qo site of complex Ill, which inhibits the
transfer of electrons. As a result, the normal flow of
electrons through the chain is disrupted.

4. Production of Reactive Oxygen Species (ROS): The
disruption of the electron transport chain by
fenazaquin can lead to the accumulation of electrons
and a buildup of certain molecules. This can increase
the production of reactive oxygen species (ROS),
which are harmful to cells.

5. Mitochondrial Dysfunction: The disruption of the
electron transport chain and the increase in ROS
production ultimately lead to  mitochondrial
dysfunction. Mitochondria are less efficient at
producing ATP, which is essential for various cellular
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processes, including muscle function and energy
generation.

Paralysis and Death: The impairment of cellular energy
production and overall cellular dysfunction result in
paralysis and death of the mites or ticks that have been
exposed to fenazaquin. It’s important to note that the mode
of action of fenazaquin is specific to mites and ticks due to
differences in their physiology compared to other
organisms. While fenazaquin has low toxicity to mammals,
including humans, it’s still essential to use it properly and
follow recommended guidelines to minimize potential risks
and to avoid the development of resistance in target
populations.

Sulfoximine Insecticides
Sulfoximine insecticides, like sulfoxaflor, have a mode of
action that affects the nervous systems of insects by
targeting a specific type of receptor called the nicotinic
acetylcholine receptor (NAChR). This disruption in nerve
signal transmission leads to paralysis and eventual death in
the targeted insects. Here’s how the mode of action of
sulfoximine insecticides typically works, using sulfoxaflor
as an example:

1. Targeting nAChRs: Nicotinic acetylcholine receptors
(nAChRs) are ion channels found on nerve cells in
insects (and other animals). These receptors are
involved in transmitting nerve signals by allowing the
flow of ions, such as sodium and calcium, across the
cell membrane.

2. Normal Nerve Signal Transmission: In a normal
nerve impulse transmission, the neurotransmitter
acetylcholine binds to nAChRs on the postsynaptic
membrane of a nerve cell. This binding triggers the
opening of ion channels and the flow of ions, leading to
the transmission of the nerve signal.

3. Disruption of nAChRs: Sulfoxaflor and other
sulfoximine insecticides bind specifically to AChRs on
nerve cells, causing these receptors to become
overstimulated.

4. Hyperexcitation of Nerve Cells: The binding of
sulfoxaflor leads to excessive and prolonged opening of
ion channels in NAChRs. This results in hyperexcitation
of nerve cells, causing continuous and uncontrolled
nerve signaling.

5. Nerve Signal Disruption: The hyperexcitation of nerve
cells disrupts the normal transmission of nerve signals.
This can lead to a range of effects, including paralysis
and eventual death of the insect.

Selective Impact: The mode of action of sulfoximine
insecticides like sulfoxaflor is relatively specific to insects
due to differences in the structure of nAChRs between
insects and mammals. This selectivity helps minimize the
impact on non-target organisms. As with any class of
insecticides, there is a potential for the development of
resistance in insect populations. To manage resistance and
minimize potential environmental impacts, integrated pest
management practices that include the rotation of different
insecticide classes are recommended when using
sulfoximine insecticides.
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Oxime Carbamate Insecticide

Thiodicarb is an oxime carbamate insecticide with a mode

of action that affects insects’ nervous systems by inhibiting

the activity of the enzyme acetylcholinesterase (AChE).

This disruption in nerve signal transmission leads to

paralysis and eventual death in the targeted insects. Here’s

how the mode of action of thiodicarb typically works:

1. Role of Acetylcholinesterase (AChE)
Acetylcholinesterase is an enzyme that plays a critical
role in the transmission of nerve signals. After the
neurotransmitter acetylcholine is released from a nerve
cell, AChE breaks down acetylcholine in the synapses
(junctions between nerve cells). This termination of the
nerve signal allows the nerve cell to reset for the next
transmission.

2. Normal Nerve Signal Termination: In a normal nerve
impulse transmission, acetylcholine binds to receptors
on the postsynaptic membrane of a nerve cell. This
triggers the transmission of the nerve signal. After the
signal is transmitted, AChE rapidly breaks down
acetylcholine, terminating the signal.

3. Inhibition of AChE: Thiodicarb inhibits the activity of
AChE. When AChE is inhibited, acetylcholine
accumulates in the synapses, prolonging nerve
signaling.

4. Nerve Signal Disruption: Due to the inhibition of
AChE, nerve signals are not properly terminated. This
results in continuous and uncontrolled nerve signaling,
which can lead to paralysis and other effects in insects.

5. Impact on Nervous System: The prolonged nerve
signaling and disrupted nerve transmission ultimately
lead to paralysis and death of the insect. It’s important
to note that the mode of action of thiodicarb is specific
to insects due to the differences in the structure of
AChE between insects and mammals. However, similar
to other classes of insecticides, there is a potential for
the development of resistance in insect populations.
Integrated pest management practices that include the
rotation of different insecticide classes are
recommended to manage resistance and minimize
potential environmental impacts.

Thiourea Insecticides
Diafenthiuron is a thiourea insecticide that affects insects by
disrupting their nervous systems and causing paralysis. The
mode of action of diafenthiuron involves interfering with the
proper functioning of mitochondria, which are the energy-
producing organelles within cells. Here’s how the mode of
action of diafenthiuron typically works:

e Mitochondrial Uncoupling: Diafenthiuron interferes
with the process of oxidative phosphorylation that
occurs in the mitochondria. This process is responsible
for generating adenosine triphosphate (ATP), which is
the cell’s primary energy source. Diafenthiuron acts as
a mitochondrial uncoupler, which means it disrupts the
normal coupling of electron transport and ATP
synthesis.

e Proton Leakage: Diafenthiuron allows protons
(positively charged hydrogen ions) to leak across the
mitochondrial inner membrane. Normally, the flow of
protons is tightly regulated and is coupled with ATP
synthesis. However, the uncoupling action of
diafenthiuron disrupts this regulation, leading to the
loss of the proton gradient used to generate ATP.
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e Reduced ATP Production: As protons leak back into
the mitochondrial matrix without contributing to ATP
synthesis, the production of ATP is significantly
reduced. ATP is essential for many cellular processes,
including muscle contraction and nerve signal
transmission.

e Energy Depletion: The reduced production of ATP
impairs the insect’s ability to carry out essential
physiological functions, such as muscle movement and
normal nerve signaling.

Paralysis and Death: The disruption of ATP production
and overall energy depletion ultimately leads to paralysis
and death in insects. It’s important to note that the mode of
action of diafenthiuron is specific to insects due to
differences in the structure and function of mitochondria
between insects and other organisms. However, as with any
class of insecticides, the potential for the development of
resistance exists. Integrated pest management practices,
including proper rotation and use of different insecticide
classes, are essential for managing resistance and
minimizing potential environmental impacts.

Butenolide Insecticide

Flupyradifurone is a butenolide insecticide that has a mode

of action affecting the nervous systems of insects. It targets

a specific type of receptor known as the nicotinic

acetylcholine receptor (nAChR), disrupting nerve signal

transmission and leading to paralysis and death in the
targeted insects. Here’s how the mode of action of
flupyradifurone typically works:

1. Targeting nAChRs: Nicotinic acetylcholine receptors
(nAChRs) are ion channels found on nerve cells in
insects (and other animals). They play a crucial role in
transmitting nerve signals by allowing the flow of ions,
such as sodium and calcium, across the cell membrane.

2. Normal Nerve Signal Transmission: In a normal
nerve impulse transmission, the neurotransmitter
acetylcholine binds to nAChRs on the postsynaptic
membrane of a nerve cell. This binding triggers the
opening of ion channels and the flow of ions, leading to
the transmission of the nerve signal.

3. Disruption of nAChR: Flupyradifurone and other
butenolide insecticides bind specifically to nAChRs on
nerve cells, causing these receptors to become
overstimulated.

4. Hyperexcitation of Nerve Cells: The binding of
flupyradifurone leads to excessive and prolonged
opening of ion channels in nAChRs. This results in
hyperexcitation of nerve cells, causing continuous and
uncontrolled nerve signaling.

5. Nerve Signal Disruption: The hyperexcitation of nerve
cells disrupts the normal transmission of nerve signals.
This can lead to paralysis and eventual death of the
insect.

6. Selective Impact: The mode of action of
flupyradifurone is relatively specific to insects due to
differences in the structure of nAChRSs between insects
and mammals. This selectivity helps minimize the
impact on non-target organisms. As with any class of
insecticides, there is a potential for the development of
resistance in insect populations. Integrated pest
management practices that include the rotation of
different insecticide classes are recommended to
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manage  resistance and  minimize  potential
environmental impacts when using flupyradifurone and
other butenolide insecticides.

Mode of Action of Bacillus thuringiensis

Bacillus thuringiensis (Bt) is a type of bacteria commonly
used as a biological pesticide. Its mode of action involves
producing proteins called crystal toxins or Cry toxins. When
insects consume plants treated with Bt or Bt-based
insecticides, these toxins are ingested. Inside the insect’s
gut, the toxins bind to specific receptors on the gut lining.
This binding disrupts the integrity of the gut membrane,
causing it to break down. As a result, the insect’s gut
contents, including bacteria and toxins, leak into its body,
leading to a condition called septicemia. This systemic
infection overwhelms the insect’s immune system and
causes it to stop feeding. Additionally, the Cry toxins can
disrupt ion balance within the gut cells, leading to paralysis
and further gut disruption. Ultimately, the combination of
gut breakdown, systemic infection, and paralysis leads to the
death of the insect. Importantly, Bt toxins are highly specific
to certain groups of insects and are generally considered
safe for humans, animals, and most non-target organisms.
This specificity is due to the specific receptors present on
the gut lining of susceptible insects. Bt-based insecticides
have been widely used in agriculture to control pest
populations, offering an environmentally friendly alternative
to chemical pesticides. However, the development of
resistance in some insect populations over time has
highlighted the importance of using Bt in integrated pest
management strategies to maintain its effectiveness.

Mode of Action Nuclear Polyhedrosis Virus

The mode of action of NPV, or Nuclear Polyhedrosis Virus,

involves several steps.

1. Attachment and Entry: NPV infects insects,
particularly caterpillar larvae. The virus particles attach
to the insect’s cuticle (outer surface) and are ingested
when the insect feeds on virus-contaminated plant
material. The alkaline environment of the insect’s
midgut dissolves the protective protein coat of the virus,
releasing the viral particles.

2. Primary Infection and Replication: Once inside the
insect’s midgut cells, the virus starts replicating. The
viral genome takes control of the cellular machinery to
produce more virus particles. This process eventually
causes the infected cells to lyse (burst), releasing a large
number of new virus particles into the insect’s body.

3. Secondary Infection and Spread: The newly
produced virus particles infect neighboring cells within
the insect’s body, leading to the further replication of
the virus. The virus spreads throughout the insect’s
hemolymph (insect blood), affecting various tissues and
organs.

4. Polyhedra Formation: As the infection progresses,
some cells near the end of the infection cycle produce
large crystalline structures called polyhedra. These
polyhedra contain thousands of virus particles each and
serve as a protective casing for the virus, helping to
preserve it In the environment.

5. Lethal Effects: The rapid replication and spread of
NPV within the insect’s body eventually cause severe
damage to the insect’s tissues and disrupt its
physiological processes. This leads to the characteristic
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symptoms of NPV infection, such as lethargy, loss of
appetite, and eventually death.

Transmission: After the insect dies, the polyhedra are
released into the environment along with the insect’s body
fluids. These polyhedra can persist for some time, protecting
the virus from environmental factors. When other insects
come into contact with the infected remains, they can ingest
the polyhedra and become infected themselves, continuing
the cycle. Overall, NPV is an example of a naturally
occurring biological control agent used in pest management.
It’s effective in reducing pest populations because it
specifically targets certain insect species without harming
non-target organisms.

Mode of action of Granulovirus

Granulovirus is a type of virus that infects insects,

particularly various species of Lepidoptera (moths and

butterflies). Its mode of action involves several steps:

1. Attachment and Entry: Granulovirus particles attach
to the insect’s cuticle (outer protective layer) through
specific interactions. Once attached, the virus enters the
insect host through natural openings or minor abrasions
on the cuticle.

2. Primary Replication: After entering the host, the virus
particles release their genetic material, which typically
consists of double-stranded DNA. This genetic material
starts replicating within the insect cells, utilizing the
host’s cellular machinery to create more virus particles.

3. Expression of Viral Genes: Granuloviruses produce
various proteins encoded by their genes. Some of these
proteins manipulate the host’s cellular processes,
effectively shutting down its normal functions to favor
virus replication. Others are involved in the formation
of specialized structures called occlusion bodies.

4. Occlusion Body Formation: One of the distinguishing
features of granuloviruses is the production of occlusion
bodies. These are dense protein structures that
encapsulate numerous virus particles. They provide
protection for the virus against environmental factors,
ensuring its survival until it can infect another host.

5. Cell Lysis and Spreading: As the virus replication
progresses, infected cells start to lyse (burst open),
releasing a large number of occlusion bodies into the
insect’s body cavity. These occlusion bodies contain
viral particles and are the source of infection for other
insects. When an uninfected insect comes into contact
with these occlusion bodies, the cycle begins anew.

6. Secondary Replication and Spread: Once ingested or
otherwise entered into an uninfected insect, the
occlusion bodies dissolve, releasing the virus particles.
These particles infect the midgut cells of the new host
insect. The replication process starts again, creating
more virus particles and ultimately leading to the
formation of new occlusion bodies.

7. Death and Transmission: The host insect eventually
succumbs to the infection, usually due to the disruption
of vital functions caused by the virus. The dead insect’s
body contains a high concentration of occlusion bodies.
This provides a potent source of infection for other
insects that might consume the remains or come into
contact with them. Overall, granuloviruses use a
combination of strategies to infect, replicate within, and
spread to new host insects. The production of occlusion
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bodies is a key element in their lifecycle, ensuring their
survival in the environment and aiding in the
transmission of infection to other susceptible insects.

Juvenile Hormone Mimics
Juvenile hormone mimics are chemicals that imitate the
effects of juvenile hormone in insects. Juvenile hormones
are natural compounds that play a crucial role in regulating
insect development and metamorphosis. Juvenile hormone
mimics have been developed as insecticides to disrupt the
normal growth and development of insects. Their mode of
action involves several steps:

1. Binding to Juvenile Hormone Receptors: Juvenile
hormone mimics are designed to bind to the same
receptors as the natural juvenile hormones. These
receptors are found on the surface of insect cells,
particularly those involved in regulating growth and
metamorphosis.

2. Disruption of Hormonal Signaling: When the juvenile
hormone mimic binds to its receptor, it triggers a
cascade of signaling events within the insect’s cells.
This disrupts the normal hormonal signaling pathways
that control various aspects of development, including
metamorphosis, reproduction, and behavior.

3. Prolonged Larval State: Insects typically undergo
metamorphosis from larva to pupa and then to the adult
stage. Juvenile hormone mimics interfere with this
process by preventing the transition from larva to pupa.
This leads to the insect remaining in its larval state for
an extended period, disrupting its development and
preventing it from maturing into a reproductive adult.

4. Inhibition of Molting: Juvenile hormone mimics can
also interfere with the process of molting, which is the
shedding of the old exoskeleton to allow for growth. By
disrupting the proper timing and regulation of molting,
these mimics cause abnormalities in the insect’s growth
and development.

5. Reduced Fertility and Reproduction: The disruption
of hormonal signaling caused by juvenile hormone
mimics often leads to reduced fertility and reproductive
capacity in insects. This is particularly important in
agricultural and pest control contexts, as it can limit the
insect population’s ability to reproduce and grow.

Insecticidal Effects: Over time, the prolonged exposure to
juvenile hormone mimics and the resulting disruption of
growth and development ultimately lead to the death of the
insect. Without the ability to complete metamorphosis,
insects become more vulnerable to environmental stresses
and predators, further contributing to their decline. In
summary, the mode of action of juvenile hormone mimics
involves interfering with the normal hormonal regulation of
insect development. By disrupting growth, development,
and reproduction, these mimics effectively act as
insecticides, providing a targeted way to control insect
populations in agriculture and other settings.

Chitin Biosynthesis Inhibitors

Chitin biosynthesis inhibitors (CBIs) are a class of
insecticides that disrupt the formation of chitin, a key
component of insects’ exoskeletons. The mode of action of
CBIs involves targeting the synthesis of chitin and
subsequently interfering with insect growth and
development. Here’s how they work:
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1. Chitin Synthesis: Chitin is a tough, structural
polysaccharide that forms the major component of
insects’ exoskeletons, as well as other arthropods.
Insects produce chitin through a process called chitin
biosynthesis. This involves the enzymatic conversion of
glucose, a simple sugar, into chitin chains that are then
assembled into the exoskeleton.

2. CBIs Binding: Chitin biosynthesis inhibitors are
designed to bind to specific enzymes involved in the
chitin biosynthesis pathway. These enzymes include
chitin synthase, which is responsible for polymerizing
glucose into chitin chains.

3. Enzyme Inhibition: Once CBIs bind to chitin synthase
or other related enzymes, they inhibit the enzymes’
activity. This prevents the proper polymerization of
glucose into chitin chains, disrupting the formation of a
functional exoskeleton during molting and growth.

4. Molting and Growth Disruption: Insects undergo
molting, a process where they shed their old
exoskeleton to accommodate growth. Without a
properly formed exoskeleton, insects cannot undergo
successful molting. CBIs effectively block this process,
leading to deformities, incomplete molting, and growth
abnormalities.

5. [Exoskeleton Integrity: The exoskeleton not only
provides structural support but also helps insects retain
body moisture and protects them from environmental
factors. When the chitin biosynthesis is inhibited, the
integrity of the exoskeleton is compromised, leaving
insects vulnerable to desiccation, physical damage, and
predation.

6. Delayed Development and Death: Insect larvae
treated with CBIs typically experience prolonged larval
stages due to the inability to molt and progress through
their development. This delayed development can lead
to reduced feeding, decreased mobility, and increased
susceptibility to stressors. Eventually, the insects may
die due to the disruption of their growth and their
vulnerability to external threats.

7. Selective Impact: One advantage of CBIs is their
relatively specific mode of action, targeting insects’
chitin  biosynthesis  pathways without affecting
vertebrates or other non-target organisms that lack
chitin in their bodies. Overall, the mode of action of
chitin  biosynthesis inhibitors results in growth
disruption, molting abnormalities, and eventually, the
death of insects. CBIls are widely used in agricultural
pest management to control various insect pests that can
damage crops while posing a reduced risk to non-target
species.

Ecdysone Agonists
Ecdysone agonists are a class of insecticides that mimic the
action of ecdysone, a natural hormone responsible for
regulating the molting and metamorphosis processes in
insects. The mode of action of ecdysone agonists involves
manipulating the insect’s hormonal system to disrupt its
development and ultimately lead to its death. Here’s how
they work:

e Ecdysone Receptor Binding: Ecdysone agonists are
designed to bind to ecdysone receptors on the surface of
insect cells. Ecdysone receptors are proteins that
normally bind to the insect’s natural ecdysone hormone,
initiating a series of biological responses related to
molting and metamorphosis.
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e Hormonal Signaling: When an ecdysone agonist binds
to the ecdysone receptor, it triggers a signaling cascade
within the insect’s cells. This cascade mimics the
natural signaling pathway initiated by ecdysone, which
is crucial for controlling the timing and regulation of
molting and metamorphosis.

e Molting Disruption: Ecdysone agonists can disrupt the
precise timing and coordination of molting in insects.
Instead of progressing through the usual molting stages,
insects treated with these agonists may experience
abnormal and incomplete molting, leading to
deformities and growth inhibition.

e Metamorphosis Abnormalities: Insects go through a
complex process of metamorphosis, transitioning from
larva to pupa and then to the adult stage. Ecdysone
agonists can interfere with this process, causing insects
to remain stuck in earlier developmental stages or
preventing them from reaching the adult stage
altogether.

o Inhibition of Reproduction: By disrupting the natural
hormonal processes, ecdysone agonists often lead to
reduced fertility and reproductive capacity in insects.
This is a significant advantage in pest management, as
it limits the ability of insects to reproduce and maintain
their populations.

e Impaired Adult Formation: Even if insects treated
with ecdysone agonists manage to reach the adult stage,
they may exhibit abnormalities in adult morphology and
behavior. This further reduces their ability to survive,
reproduce, and contribute to the pest population.

Selective Impact: Ecdysone agonists can have a relatively
selective impact on insects due to the specific targeting of
ecdysone receptors. This reduces the risk of harming non-
target organisms that do not have the same hormonal
pathways. In summary, the mode of action of ecdysone
agonists involves manipulating the hormonal regulation of
insect development, leading to disrupted molting, abnormal
metamorphosis, and reduced reproductive capacity. These
effects collectively contribute to the control of insect
populations and are utilized in integrated pest management
strategies.

Conclusion

In the grand tapestry of pest management, the mode of
action of novel insecticides emerges as a thread that weaves
together innovation, precision, and ecological stewardship.
As we cast our gaze back over this exploration, we glimpse
a future where the battle against insect pests is no longer
waged with broad strokes, but rather with the finesse of a
surgeon’s scalpel. The conventional era of indiscriminate
chemical warfare is yielding to a new era of sophistication
one where science listens to nature’s whispers and adapts its
solutions accordingly. The mode of action of novel
Insecticides is not merely a scientific curiosity; it is a beacon
guiding us towards a landscape where agricultural bounty
thrives without leaving ecological wreckage in its wake. It is
a testament to the relentless pursuit of knowledge, where
molecular insights become the compass that directs us away
from the pitfalls of resistance and towards the shores of
sustainable pest control. The narrative of innovation does
not end here; it is a living narrative, one that continues to
unfold in laboratories, fields, and research institutions
around the world. As we bid adieu to this exploration, let us
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carry forward the lessons learned from the mode of action of
novel insecticides an homage to the power of scientific
inquiry and the promise of a future where human ingenuity,
coupled with nature’s wisdom, charts a course towards a
more balanced and prosperous world.

References

1.

Biondi A, Mommaerts V, Smagghe G, Vifiuela E,
Zappala L, Desneux N. The nontarget impact of
spinosyns on beneficial arthropods. Pest Management
Science. 2012;68(12):1523-1536.

Bret BL, Larson LL, Schoonover JR, Sparks TC,
Thompson GD. Biological properties of spinosad.
Down to Earth. 1997;52(1):6-13.

Cloyd RA, Bethke JA. Impact of neonicotinoid
insecticides on natural enemies in greenhouse and
interiorscape environments. Pest Management Science.
2010;66(2):136-143.

Cordova D, Benner EA, Sacher MD, Rauh JJ, Sopa JS,
Lahm GP, et al. Anthranilic diamides: A new class of
insecticides with a novel mode of action, ryanodine
receptor activation. Pesticide Biochemistry and
Physiology. 2006;84(3):196-214.

Eger JE, Lindenburg LB. Utility of spinosad for insect
control in vegetables. Proceedings of the Florida State
Horticultural Society. 1998;111:55-57.

Ghanim M, Ishaaya I. Insecticides with novel modes of
action: Mechanism and resistance management. In:
Tolerance to Environmental Contaminants.
K10919.indb. 2016. p. 385-407.

Hardy MC. Resistance is not futile: It shapes insecticide
discovery. Insects. 2014;5(1):227-242.

Hemingway J, Hawkes NJ, McCarroll L, Ranson H.
The molecular basis of insecticide resistance in
mosquitoes. Insect Biochemistry and Molecular
Biology. 2004;34(7):653-665.

Insecticide Resistance Action Committee (IRAC).
Resistance management for sustainable agriculture and
improved public health. 2007. Available from:
https://irac-online.org/

~ 1896 ~

https://www.biochemjournal.com



https://www.biochemjournal.com/

