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Abstract: This review contains a brief history of the use of insecticides. The peculiarities, main advantages, and disadvantages of 
some modern insecticides are described. The names of the discoverers of some of the most popular insecticide preparations on the 
world market, are listed. The tendencies to find new insecticides to control the quantity of phytophagous insects are discussed. Spe-
cial attention is paid to the perspective of creating preparations based on nucleic acids, in particular DNA insecticides. The use of 
insect-specific, short single-stranded DNA fragments as DNA insecticides, is paving the way in the field of “intellectual” insecticides 
that “think” before they act. It is worth noting, though, that in the near future, the quantity of produced insecticides will increase due 
to the challenges associated with food production for a rapidly growing population. It is concluded, that an agreeable interaction of 
scientists and manufacturers of insecticides should lead to the selection of the most optimal solutions for insect pest control, which 
would be safe, affordable, and effective at the same time.
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Introduction
People engaged in agricultural practices usually face a har-
vest management problem due to loss caused by a variety 
of insect pests. It may be impossible to say who decided to 
apply insecticides first, but apparently it happened a very 
long time ago. It could have been a farmer who thought 
about protecting his crops from pest insects. In any case, 
the very first control means, for controlling pest insects, 
were prompted by nature itself. People noticed the nega-
tive effects of natural compounds on various insects and 
used the natural compounds in everyday life. 

From ancient sulfur and pyrethrum to synthetic 
insecticides and DNA insecticides

Botanical preparations seem to have been the first sub-
stances used as insecticides by ancient people. For exam-
ple, Dalmatian pyrethrum flowers contain up to 1.5% of 
pyrethrin (active insecticidal substance). This ingredient 
was used as an insecticide in ancient China and then in 
the Middle Ages in Persia (Davies et al. 2007). In Europe, 
dried, ground Dalmatian pyrethrum possessing extermi-
nation properties against cockroaches, bedbugs, flies, and 
mosquitoes, was known more than 200 years ago thanks 
to the Armenian merchants who were selling it as Persian 
powder (“Persian dust”, “insect powder”) (Davies et al. 

2007). Some other plants are also used as popular insec-
ticides (Isman 2006). For example, elderberry flowers are 
effectively used against cockroaches (Dagaev 1997), aque-
ous extract of tobacco against aphids (Sohail et al. 2012), 
and an aqueous extract of wormwood against weevils 
(Ignatowicz and Wesołowska 1994). 

Since 1000 BC, people used natural chemicals in the 
struggle against pest insects. Inorganic sulfur (via fumi-
gation) was one of these natural chemicals. Homer wrote 
in “The Iliad and The Odyssey” about the “divine cleans-
ing” ritual using sulfur which helped to get rid of lice. In 
the 900s AD, arsenics began to be used, later lead arsenate 
(PbHAsO4) and cryolite (Na3AlF6) as cellular poisons, 
and borax (Na2B4O7) as a dehydrator, were used in insect 
baits (Popov et al. 2003).

A wider use of plant protection chemicals started to 
be used in the middle of the 19th century. In the struggle 
against the Colorado potato beetle, Paris green (mixed 
copper acetoarsenite) was successfully applied in 1871 
(Alyokhin 2009). Paris green was widely used in many 
countries around the world until the middle of the 20th  
century, in particular for the control of the malaria vec-
tors; mosquitoes of the genus Anopheles (Symes 1952; Ma-
jori 2012).

In 1874, the Austrian student and chemist Othmar 
Tseidler, synthesised DDT; probably the most-known 
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chemical insecticide (Bate 2007). Its insecticidal proper-
ties were found in 1939 by Swiss chemist Paul Müller 
working at that time in J. R. Geigy Ltd. (Davies et al. 2007). 
In 1948, P. Müller won the Nobel Prize in Medicine “for 
the discovery of the high efficiency of DDT as a contact 
poison”. As it turned out later, DDT was effective in ac-
tion and dangerous not only against pest insects but also 
for many other groups of organisms, such as mammals, 
birds, and reptiles.

The era of DDT in plant protection, lasted until the 
second half of the 20th century when it was replaced by 
a period of widespread use of organophosphates (di-
chlorvos, cyanophos, fonofos etc.) and carbamates (car-
baryl, carbofuran, aldicarb etc.). Despite harming the 
environment with carbamates and organophosphates, 
these insecticides are still among the most widely used 
classes of preparations (19% of the world market) and 
play a major role in the control of pest insects (Casida 
and Durkin 2013). It should be noted, that production of 
carbaryl is connected to the biggest man-made disaster 
that has ever happened in the world. The disaster took 
place in Bhopal (India), in 1984. An explosion at the 
Union Carbide Corporation plant released toxic methyl 
isocyanate that killed about 3800 people the first day 
(Broughton 2005).

After synthesis of allethrin in 1949, pyrethrins were 
restored as insecticides, because based on them the first 
generation of pyrethroids appeared. Having low toxicity 
to those who were warm-blooded, pyrethroids quickly 
gained popularity among people who cared about their 
health. On the global market of insecticides in the early 
1970s, permethrin, cypermethrin, and deltamethrin had 
a serious drawback; namely that they relatively quickly 
lost activity in the environment when in contact with ul-
traviolet light. Though this property of the pyrethroids 
complicated their application, it helped to prevent the 
accumulation of pyrethroids in the environment. There-
fore, this class of insecticides still finds wide application 
in plant protection. Currently, pyrethroids constitute 17% 
of the global insecticide market (Davies et al. 2007).

Today the most popular insecticides are neonicoti-
noids (Yamamoto 1999; Goulson 2013). They act by sys-
tematically moving in the plant tissues and protecting all 
parts of the plant. Acting as neurotoxins for most arthro-
pods they provide effective control of insect pests (Goul-
son 2013). Neonicotinoids irreversibly bind the nicotinic 
acetylcholine receptors to produce overstimulation of 
nerve cells, which paralyses the insect. The very first 
neonicotinoid that appeared on the insecticide market 
was imidacloprid. It was registered as «Hachikusan» in 
Japan in 1993. Imidacloprid is now the most frequently 
used insecticide in the world (Yamamoto 1999; Jeschke  
et al. 2011). Over the past 20 years, the market of neo-
nicotinoids has expanded. It is now possible to find 
a large number of represented neonicotinoids, such as 
acetamiprid, thiamethoxam, dinotefuran, and thiaclo-
prid. In 2008, the neonicotinoids comprised 24% of the 
global insecticide market (Jeschke et al. 2011). Neonic-
otinoid insecticides are successfully applied to control 
pests in a variety of agricultural crops. It must be noted 
that neonicotinoids may not only affect insect pests but 

also non-target organisms e.g. pollinators, including the 
honey bee (Blacquière et al. 2012).

The search for new insecticides and the improve-
ment of old ones continues today. Almost all species of 
insects develop resistance to applied insecticides. This 
fact pushes scientists to create new preparations. A lot of 
new chemical insecticides are now being elaborated on 
and are appearing on the market. Examples of such insec-
ticides are: phenylpyrazoles, pyrethroids of 4th genera-
tion, avermectins, diamides, spinosyns, also there are in-
sect growth regulators, pyrazole insecticides, macrocyclic 
lactone insecticides, formamidine insecticides (amitraz), 
botanical insecticides (e.g. azadirachtin) etc. The onset 
of the post-genomic period of plant protection led to the 
emergence of new opportunities to create new prepara-
tions. For example, baculoviruses are being genetically 
modified to accelerate their action on insect pests (Inceo-
glu et al. 2006; Rosell et al. 2008). Recombinant (Federici 
et al. 2010) and more efficient serotypes of entomopatho-
genic bacteria are being created. Genetically modified 
plants synthesising bacterial toxins (cry proteins) within 
the plant cell are being produced (Sanchis 2011).

The newest insecticides can be grouped into the fol-
lowing classes:

Macrocyclic lactones (avermectins and milbemycins)

This class comprises natural and semi-synthetic, 
16-membered macrocyclic lactones (Khalil 2013). They 
affect cells by inhibiting the flow of chloride ions. This 
process shuts down the electrical impulses in the nerve 
cells of their target organisms. The naturally occurring 
novel macrocyclic lactones are avermectins, emamectin 
benzoate, and milbemycin. The whole family of mac-
rocyclic lactones displays an unprecedented potency 
against mites and insects as well as nematodes. Avermec-
tin is used on various crops such as citrus, pome fruits 
(for example, apples and pears), vegetables, and cotton. 
The products are non-systemic and are removed rela-
tively rapidly from the environment after application.  In 
human organism, avermectin has been reported to block 
LPS-induced secretion of the tumor necrosis factor, nitric 
oxide, prostaglandin E2, and also blocks an increase of 
intracellular concentration of calcium ions (Viktorov and 
Yurkiv 2003). 

Phenylpyrazoles

A well-known member of this class of insecticides is fipro-
nil. Fipronil can be applied to the foliage, soil, and seeds. 
Fipronil is a broad-spectrum insecticide that disrupts an 
insect’s central nervous system by blocking GABA-gated 
(γ-Aminobutyric acid) chloride channels and glutamate-
gated chloride (GluCl) channels, resulting in central ner-
vous system toxicity. However, it has a limited ability 
to translocate through the plant. Fipronil acts on insect 
pest species such as the Lepidoptera (moths), Coleoptera 
(beetles), and Diptera (flies, mosquitoes). It is also used 
to control urban pests such as ants and cockroaches, and 
is also effective in controlling termites. In animal health 
care, they are used on cats and dogs to combat ticks and 
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fleas. However, Fipronil is known to be highly toxic to 
fish, aquatic invertebrates, and bees. 

Nereistoxin analogues 

Much research has been done to finding chemicals, which 
will inhibit the nicotinic acetylcholine receptor (nAChR) 
from functioning correctly. The first examples of these 
insecticides are cartap, thiosultap, bensultap, and thiocy-
clam. They break down either by action of water or light 
to produce the toxin which is called nereistoxin; a sub-
stance that was first isolated from the naturally occurring 
marine nereid worm Lumbrineris heteropoda. Nereistoxin 
acts by effectively paralysing the insect pest. 

Neonicotinoids

The neonicotinoids are another group of insecticides 
which affect the nicotinic acetylcholine receptor. The neo-
nicotinoids are now the fastest growing group of insecti-
cides and one of the major classes of insecticides in insect 
pest management. They are active against a broad range 
of insect pests, and exhibit activity through both oral 
(ingestion) and contact routes of application. They have 
a high level of efficacy, and a favorable environmental 
and toxicological profile. This has led to their rapid adop-
tion in numerous agricultural areas for quick control of 
a broad range of chewing and sucking pests. Neonicoti-
noids are said to have a minimum impact on beneficial in-
sects. This group of insecticides acts on and overstimulate 
the insect’s central nervous system (Gordana and Janko 
2013). Examples of neonicotinoids are: imidacloprid, thia-
methoxam, clothianidin, thiacloprid, and acetamiprid.

Diamides

This is a new class of insecticides, which includes the 
phthalic acid diamides and the anthranilic diamides 
(chlorantraniliprole). Diamides potently activate the ry-
anodine receptor, releasing stored calcium from the sar-
coendoplasmic reticulum causing impaired regulation of 
muscle contraction. (Qi et al. 2013). A good example of 
a phthalic acid diamide is flubendiamide. An example of 
anthranilic diamide is chlorantraniprole. It is marketed 
under several names, one of which is Rynaxypyr. Di-
amides protect fruit and vegetables from beetles, weevils, 
leaf miners, and caterpillars. They act on the ryanodine 
receptors of vertebrates very weakly, most probably ex-
plaining their excellent toxicological profile, being spe-
cific to the insect pests and  relatively non-toxic to mam-
mals, fish, and birds.

Benzoylureas

Benzoylureas have been developed and used as commer-
cial insect growth regulators (IGRs) acting by inhibiting 
the biosynthesis of chitin (Msangi et al. 2011). Difluben-
zuron was one of the first of this class to be used com-
mercially. It is used for the control of chewing insects and 
coleopteran pests (beetles and weevils) in fruit, cotton, 
soybeans, and vegetable crops.

Due to their relative non-toxic nature to vertebrates, 
benzoylureas, such as lufenuron and triflumuron, are 
also used in veterinary medicine and in the home against 
animal and human health pests such as fleas, ticks, and 
cockroaches. It is important to note, though, that benzo-
ylureas possess a high potential for bioaccumulation in 
the food chain, and benzoylureas are a high risk to aquat-
ic organisms.

Cyclic ketoenols

They are a new chemical class of insecticides affecting 
development by inhibiting acetyl-CoA-carboxylase and 
subsequent lipid biosynthesis (Nojumian et al. 2015). An 
example of this class is spirodiclofen that has excellent 
long-lasting efficacy. Spirodiclofen is effective in early 
to late season applications for mite/insect control. Spi-
rodiclofen is being developed for worldwide use in pome 
fruit (e.g. apples, pears), stone fruit, citrus fruit, grapes, 
almonds, and nuts; being very effective against mites. 
Spiromesifen is a new foliar contact acaricide and has 
been used worldwide on vegetables, fruits, cotton, corn, 
beans, tea, and some ornamentals.

Chemical insecticides were largely influenced by the 
development of chemistry. In addition to chemical insec-
ticides, biological preparations have been in use as well. 
Louis Pasteur and Ilya Metchnikov were the first to use 
microbiological preparations in insect pest control in the 
1870s (Sanchis 2011). In practice the most commonly used 
biological preparations are of bacterial, viral, and fungal 
origin. 

Bacterial agents

Among the bacterial agents, an important role is played 
by the Gram-positive, ubiquitous, spore-forming soil bac-
terium Bacillus thuringiensis. The first successful attempt 
to use preparations based on B. thuringiensis was made 
in the late 1920s on the gypsy moth in the United States 
(Metalnikov and Chorine 1929). For plant protection, 
the endospores of the bacterium as well as its diamond-
shaped crystal protein endotoxins (cry proteins) are being 
used against different groups of insect pests. Cry proteins 
have a high specificity in their action on the target insects 
(Lepidoptera, Diptera, Coleoptera, Hymenoptera) while 
they are harmless to vertebrates as well as other insects 
(De Maagd et al. 2001). In today’s market, there are a lot 
of insecticide-like preparations based on B. thuringiensis, 
namely “Biobit”, “Agree”, “Crymax”, “Lepinox”, and 
“Novodor”. These products, based on B. thuringiensis, 
constitute 75% of the market of biological preparations 
and 4% of all insecticides (Sanchis 2011). As far as bac-
terial preparations are concerned, the more complex the 
structure of the insecticidal agent – the more selective it 
is in action, and the more expensive it is to produce. Viral 
preparations are not an exception to this rule.

Viral agents

Almost all registered viral preparations that are used 
to protect plants are based on baculoviruses (Bahvalov 
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2001; Szewczyk et al. 2006). Baculoviruses started to be 
used widely as insecticides after the application of the 
nuclear polyhedrosis virus against alfalfa caterpillars by 
the American microbiologist Edward Steinhaus, in 1945 
(Тarasevich 1985). Subsequently, viral preparations have 
proven to be expensive and selective, acting effectively 
but slowly (Rosell et al. 2008). The slow action of baculo-
viruses is associated with a latent period in the life cycle 
of the virus when it has to “look around” in the cell. Bacu-
loviruses are represented by two phenotypes, namely the 
budded virus and the occlusion-derived virus. The bud-
ded virus transmits viral infection from cell to cell where-
as the occlusion-derived virus transmits infection from 
insect to insect (Jehle et al. 2006). The process of polyhedra 
formation continues until the cell nucleus is completely 
filled with them; as a consequence, one larva may contain 
around 1010 polyhedra representing more than 30% of the 
dried biomass of the insect (Miller et al. 1983). Viral poly-
hedra are composed of virions embedded in a matrix of 
the polyhedrin protein which is highly resistant to vari-
ous environmental factors (Chiu et al. 2012). Baculoviral 
preparations are made based on viral polyhedra to cause 
oral infection of phytophagous insects. The use of baculo-
viral preparations lag significantly behind that of prepa-
rations based on B. thuringiensis (Moscardi et al. 2011).

Fungal agents

Nowadays, fungi are not often used as insecticides, com-
pared to other chemical pesticides, due to the fact that 
fungal agents are slow in action and rather inconsistent in 
use. They have the advantage of being cheap and of hav-
ing little adverse effect on the environment as compared 
to some chemical insecticides. In recent years, crop pro-
tection management has also looked into integrated pest 
management through the use of fungi. Approximately 
750 species of fungi are pathogenic to insects. Generally, 
those fungi used as an insecticide include: Beauveria bassi-
ana, Metarhizium anisopliae, Nomuraea rileyi, Vericillium 
lecanii, Lagenidium giganteum, and Hirsutella thompsonii 
(Chakoosari 2013).

DNA insecticides

Entirely new approaches are now used to control insect 
pests. One of them is the creation of insecticides based 
on nucleic acids. In particular, there are the DNA insec-
ticides based on short single-stranded fragments of anti-
apoptotic (IAP) genes of nuclear polyhedrosis viruses 
(Oberemok 2008a; Oberemok 2011; Simchuk et al. 2012; 
Oberemok et al. 2013a, b; Oberemok and Skorokhod 2014; 
Oberemok and Nyadar 2015; Oberemok et al. 2015), and 
formulations based on long double-stranded RNA frag-
ments (Wang et al. 2011; Gu and Knipple 2013). The idea 
of the development and application of such preparations 
is similar to methods of blocking the expression of genes 
important for life using the mechanisms of RNA interfer-
ence (Fire et al. 1998; Wang et al. 2011) and DNA interfer-
ence (Kawai-Toyooka et al. 2004) and application of anti-
sense technologies (Weiss et al. 1999; Lu et al. 2004). The 
first practical results in this direction show the potential 

of the insecticidal preparations based on nucleic acids. It 
was Oberemok and Skorokhod (2014) who showed that 
the insecticidal potential of the viral DNA fragments can 
be used to create safe, relatively inexpensive, and fast-
acting DNA insecticides to control the quantity of gypsy 
moth populations. The gypsy moth is a serious pest of 
agriculture and forestry. Gypsy moth populations are 
controlled by Lymantria dispar Meyers multicapsid nucle-
ar polyhedrosis virus (LdMNPV), in nature (Oberemok 
2008b). Their results show that DNA insecticides based 
on DNA fragments of the anti-apoptosis gene of LdM-
NPV can be selective in action, and are not harmful to the 
tobacco hornworm [Manduca sexta (Linnaeus)] and black 
cutworm [Agrotis ipsilon (Hufnagel)]. The perspective 
of such an approach in practice is clearly seen because 
it provides the same effect with less effort. For example, 
instead of the expensive baculovirus preparation based 
on LdMNPV, it is possible to use small parts of the viral 
genome and get the same effect. Also, we recently found 
that treating baculovirus-infected gypsy moth caterpillars 
with sense and antisense DNA oligonucleotides of vIAP 
gene significantly increased insect mortality. Such treat-
ments eventually lead to a more effective use of baculovi-
ral preparations. The data of this work indicates that spe-
cific DNA oligonucleotides may interfere with expression 
of vIAP gene(s) to induce apoptosis in infected insects. 
This hypothesis is supported by the finding that the virus 
Oligo-IAPs affect the insect body mass and up-regulate 
the host pro-apoptotic genes (Oberemok, Laikova, Zait-
sev, Skorokhod, Gushchin, unpublished data).

It is important to show that DNA insecticides will be 
safe for the environment. The scientific literature discuss-
es how the potential hazards posed by RNA interference 
(RNAi)-based pesticides and genetically modified crops 
to non-target organisms include off-target gene silencing, 
silencing the target gene in unintended organisms, im-
mune stimulation, and saturation of the RNAi machinery 
(Auer and Frederick 2009). Currently, there is not much 
evidence regarding possible side effects of DNA insecti-
cides on the environment. We recently evaluated the pos-
sible side effects of the DNA insecticides on wheat (Triti-
cum aestivum L.) and biomass of wheat sprouts (Obere-
mok et al. 2013b). We did not find negative effects of DNA 
insecticides on the plant during the investigation of some 
important biochemical parameters (concentration of glu-
cose and activity of alkaline phosphatase). The use of 
insect-specific, short single-stranded DNA fragments as 
DNA insecticides, paves the way for the creation of “in-
tellectual” insecticides that “think” before they act (Ober-
emok and Skorokhod 2014).

Conclusions
The evolution of insecticides will go on and new prepara-
tions will continue to appear on the market. The popu-
lation of the world will continue to grow over the next 
50 years and may reach 9 billion people. This will cause 
an increased global demand for food. More intensive 
food production is associated with more intensive use 
of pesticides, including insecticides. It is assumed that in 
2050, the use of pesticides will be 2.7 times higher than 
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in 2000, which will put people and the environment in 
much greater danger (Sexton et al. 2007). We need to be 
prepared. In this situation, an agreeable interaction of sci-
entists and the manufacturers of insecticides will lead to 
the selection of the most optimal solutions for the control 
of insect pests. The insecticides should be safe, affordable, 
and effective at the same time. 
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