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Currently, the use of insecticides is an acute problem. Due to rapid population growth, the
primary task is to increase food production. Beyond abiotic factors (drought, soil salinity,
etc.) that reduce crop yields, farmers face problems with insect pests that can decrease crop
productivity up to 60%. Also, insects are carriers of severe viral and protozoan human
diseases. The need for application of insecticides is not questioned but many of them cause
resistance of insect pests to them. This, in turn, leads to the necessity to invent new insecti-
cides that are safe and more effective for long-term use. Preparations based on conservative
parts of nucleic acids, particularly contact DNA insecticides, could be used to solve insecti-
cide resistance problem as control agents which are well-tailored to target insect pests. This
mini review is devoted to these issues.
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Introduction

Two hundred years ago, around 1 billion people lived
on our planet, but today there are more than 7.5 bil-
lion people. Developments in science, medicine and
biotechnology are the reasons for such a population
explosion. Despite rapid advancements in scientific
potential, the standard of living of many people in
Asia and Africa is near the poverty level. In developing
countries, especially in rural areas, every fifth person is
affected by hunger (Atinmo et al. 2009). The deficiency
of vitamin A, iron and iodine is also a common issue
for these countries (Hunt 2005; Atinmo et al. 2009;
Mirmiran et al. 2012). About 300 million people fight
for survival every day. Thousands of them, especially
children, lose this battle (Atinmo et al. 2009; Gulati
2010). In many respects, the current situation is ex-
plained by a great loss of crops caused by abiotic (ir-
radiation, water, temperature and nutrients) and biotic

(weeds, animal pests and pathogens) factors. Overall,
weeds are responsible for the greatest losses (34%),
with animal pests and pathogens being less impor-
tant (losses of 18 and 16%, respectively) (Oerke 2006).
Among pests, insects cause the greatest harm to crops.
More than 10,000 species of insect pests can attack
plants (Dhaliwal et al. 2007). They cause drying up of
trees, and full or partial damage of agricultural plants
and herbs, thereby reducing their productivity. They
also damage the stored products, spoil the appearance
of ornamental plants, and transfer viral and protozoan
diseases, etc. For example, the area of the Colorado
potato beetle [Leptinotarsa decemlineata (Say)] has al-
ready reached 16 million km? in North America, Eu-
rope and Asia and continues growing (Weber 2003).
The 2016 gypsy moth [Lymantria dispar (Linnaeus)]
population boom caused over 349,000 acres of damage
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statewide in Massachusetts (USA) (Charles 2017). In
2007 on a global market 11.2 billion dollars were spent
on the purchase of insecticides. This comprises nearly
28% of all world expenses on pesticides (Grube et al.
2011).

The need for the application
of insecticides and reasons
for the creation of new preparations

Despite the fact that every year new insecticides are
developed for plant protection, the cost of losses from
insect pests stays almost at the same level, about 30%
of pre-crop part and 10% of post-crop part (Sanchis
2011). Taking into consideration the rapid population
growth, the annual reduction of cultivated areas and
substantial losses from insect pests, most experts con-
sider that there is no serious alternative to insecticides
(Furlan and Kreutzweiser 2015) because they help to
preserve 20% of all crops (Oerke and Dehne 2004).
Also, it is impossible to overestimate the role of insecti-
cides in the prevention of viral and protozoan diseases
(Aktar et al. 2009). For example, diseases transmitted
by mosquitoes, including malaria, yellow fever, Japa-
nese encephalitis, filariasis and others are spread in
more than 100 countries. Worldwide, each year more
than 700 million people are infected with the partici-
pation of insects. Only with the help of insecticides it
is possible to reduce the significant occurrence of these
insect-borne diseases (Ghosh et al. 2012).

It should be noted that in nature the number of
insects is regulated by parasites without human in-
tervention. Insect population outbreaks eventually
are replaced by a population decline (Lotka-Volterra
predator-prey model) (Weisberg and Reisman 2008).
It is a constant process which is uncontrollable by hu-
man. But in an agrobiocenosis, the number of insect
pests should be permanently kept under control in or-
der to save a particular crop. Furthermore, it is neces-
sary to consider r-strategy of insects survival in which
a large number of descendants are formed (Odum
1986; Karunaratne 1998). Based on the Lotka-Volterra
model, during the decline of the pest population under
the action of a parasite, the population of the parasite
also decreases with some delay (Odum 1986; Weisberg
and Reisman 2008). Thus, in the insect population,
during the phase of decline, the majority of individu-
als have genotypes that are adapted for parasites which
have genotypes prevailing at the moment. Under these
circumstances, the insect population will start to grow
until the genotypes of the parasite population, capable
of suppressing the insect pest population significantly,
appear again. The same line of reasoning can be ap-
plied to a “chemical insecticide-insect pest” system.
The only exception is an insecticide can’t change by

itself. Proceding from this situation, in agriculture and
forestry it is necessary to apply insecticides constantly,
changing them every few years to avoid the emergence
of insecticide resistance to chemical and biological
preparations (Daly et al. 1998; Read et al. 2009; Gour-
ley et al. 2011). Taking into consideration such ge-
netic mechanisms as mutations, random assortment of
homologous chromosomes during meiosis, crossing-
over, amplification of genes of cytochrome P450 mo-
nooxygenases, etc., it is impossible to imagine how an
insect pest can be deprived of the opportunity to gen-
erate insecticide resistance. For example, after World
War II the operational validity of chemical insecticides
for malaria control in regions with their wide use aver-
aged only about 5 years (Koella et al. 2009).

In 1979 the United Nations Environment Pro-
gramme (UNEP) declared that globally pesticide re-
sistance is an environmental problem (Sanchis 2011).
The general mechanism underlying insecticide resist-
ance is the natural selection that leads to an increase
in frequency of resistance alleles, formed as a result of
random mutations, in insect pest population (Fig. 1).
The emergence of resistance to insecticides is an ex-
ample of Darwin’s microevolution. Most experts agree
that if the pressure of natural selection is not reduced,
resistance to the used insecticide always appears. Thus,
the only alternative to modern insecticides is in crea-
tion and use of new preparations that are selective and
less dangerous for the environment (Van Steenwyk and
Zalom 2005; Koella et al. 2009; Read et al. 2009; Gour-
ley et al. 2011). First of all, it concerns chemical insec-
ticides (carbamates, organophosphates, pyrethroids,
neonicotinoids, etc.) because biological preparations
(bacteria, viruses) have minimum negative impact on
the environment, but unfortunately, they are less af-
fordable and less effective than chemical preparations.

There are also cases when resistance to insecticides
does not develop, e.g. the absence of resistance to DDT
in the tsetse fly (Hemingway and Ranson 2000). This
is explained by the fact that this insect leaves few off-
spring, thereby not allowing the emergence of a “suc-
cessful mutation”. Actually, resistance to the insecticide
does develop, but very slowly. The emergence of resist-
ance to insecticides is a normal evolutionary phenom-
enon leading to adaptation of an insect pest to envi-
ronmental conditions. In this regard, it is impossible
to talk about an insecticide which can completely solve
the problem of controlling any target insect pest, per-
haps with a number of exceptions.

It is possible to slow down the emergence of in-
secticide resistance through the creation of prepa-
rations blocking the functioning of cell structures
which change very slowly during microevolution. For
example, preparations based on conservative parts
of nucleic acids can be used for this purpose. The ef-
fect of such preparations is based on mechanisms of
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Fig. 1. Scheme of the emergence of resistance to insecticides: 1, 2, 3 — the composition of the population of an in-
sect pest in generations which varies with time under the influence of the applied insecticide and natural selection;
S - insecticide-sensitive individuals of the insect pest; R - insecticide-resistant individuals of the insect pest

posttranscriptional inactivation of genes (antisense
oligonucleotides, RNA-DNA hybrids, RNAi approach)
(Lin and Ying 2001; Dias and Stein 2002; Zotti and
Smagghe 2015). The functionally important genes and
their conservative sites for which the speed of muta-
tions is slow can serve as targets for these preparations.
Nucleic acids will not be accumulated in the environ-
ment, their manufacture will become more and more
affordable, and the definite combination of nucleotides
in a sequence will be effective only against a certain
insect pest. Therefore, in the foreseeable future, the
arsenal of existing insecticides can be supplemented
with a new class of preparations based on nucleic ac-
ids, e.g. contact DNA insecticides (Simchuk et al. 2012;
Oberemok et al. 2015, 2016, 2017). In particular, in our
research antisense conservative DNA oligonucleotide,
oligoRING (5-CGA CGT GGT GGC ACG GCG-3’)
from RING (really interesting new gene) domain of
IAP-3 (inhibitor of apoptosis) gene of L. dispar mul-
ticapsid nuclear polyhedrosis virus (LAMNPV) which
is complementary to host IAP-Z gene, can elevate the
mortality of LAMNPV-free and LdMNPV-infected
gypsy moth (L. dispar) larvae. The results of elevated
insect mortality, down-regulation of target IAP genes,
strong apoptotic DNA fragmentation, decreased bio-
mass accumulation, and a decreased number of de-
veloped female imagos suggested that oligoRING in-
duces apoptotic processes in both LAMNPV-free and
LdMNPV-infected insect cells but they were more
pronounced in the latter. These data open possibilities
for new promising routes of insect pest control using
antisense DNA oligonucleotides from conservative
parts of functionally important genes of apoptosis—
antiapoptosis system.

Environmental impact of insecticides

Chemical and bioactive properties of insecticides, re-
leased into the environment, make their inclusion into
bioaccumulation and biotransformation processes in-
evitable. During the process of bioaccumulation, the
multiple increase of insecticide concentration (biomag-
nification) occurs as it passes through a food chain (Es-
sumang et al. 2009; Hu et al. 2010; Ghosh et al. 2012).
Thus, with each subsequent link of a food chain, the
amount of insecticide can be increased by 10-20 times
(Essumang et al. 2009). For this reason, the insecticides
which are not found in the abiotic environment can be
present in the tissues of living organisms at very sig-
nificant and biologically dangerous concentrations. It
is assumed that during treatment of crops, only about
0.1% of the insecticides reach insect pests (Carriger
et al. 2006), whereas most applications of the insecti-
cides miss the target and 99.9% go into the soil, water
reservoirs, the atmosphere and from there into plants,
animals and human organisms. The chemicals, as a ma-
jor part of the world market of insecticides, enter food
chains involving not only the target insect pests but also
other participants of the ecosystem. For example, DDT,
a popular insecticide in the past, is capable of accumu-
lating in adipose tissue of animals and human. Despite
its low solubility in water, its bioconcentration occurs
in aquatic organisms, and the content of DDT in some
hydrobionts reaches 223.9 mikrogramms per 1 kg of
wet biomass (Malakhova 2014). Along with the bioac-
cumulation of insecticides, the processes of their trans-
formation occur. Any applied insecticide sooner or later
undergoes decomposition either in the organisms of
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plants, animals, microorganisms, or under the influence
of physical and chemical factors of the environment. Fu-
thermore, the processes of degradation can be accom-
panied by the detoxification of insecticides (Sogorb and
Vilanova 2002), a loss of toxic properties by the initial
substance, as well as by toxification, a creation of more
toxic substances. For example, the malathion molecule,
which can miss the target insect pest, under the influ-
ence of sunlight is oxidized into more toxic malaoxon.
Malaoxon, in turn, is more dangerous not only for in-
sects but also for warm-blooded animals (Aker et al.
2008).

Such often-used insecticides like organophosphates
are highly toxic for human health. Organophospho-
rous insecticides are mutagens and teratogens. A large
number of modern diseases of the nervous and immune
systems of mammals can be caused by their effect, e.g.
Parkinson’s disease, Alzheimer’s disease, multiple scle-
rosis, etc. This emphasizes the need for more careful
investigation of the toxicological profiles of organo-
phosphates and other insecticides (Ragnarsdottir 2010).
There are also cases of poisoning by contamination with
insecticide products, casual professional intoxications,
as well as the use of insecticides for suicide purposes. It
was calculated that in Asia around 200,000 people die
each year from self-poisoning by organophosphorous
insecticides (Eddleston et al. 2008). In rural areas of
China, 60% of all suicides are committed by self-poison-
ing with pesticides (Phillips et al. 2002).

It should be noted that modern and frequently used
neonicotinoid and pyrethroid pesticides are harmful for
the environment as well. Neonicotinoid insecticides are
a threat to vertebrates due to their high toxicity, envi-
ronmental persistence, water solubility, and potential
for surface- and groundwater contamination (Zeng et al.
2013). Pyrethroids are ion channel toxins that interfere
with the function of the nervous system. The toxic ef-
fects of pyrethroids result from this neuronal excitation
and include a wide spectrum of signs and symptoms
from paraesthesia and increased salivation, to seizures
and potentially death (Bradberry et al. 2005). Though
claimed to be selectively toxic to insects, synthetic py-
rethroids are extremely toxic to aquatic organisms, in-
cluding fish in concentrations similar to those used for
controlling mosquitoes, black flies and tsetse fly larvae,
which are the actual targets of pyrethroids. Many py-
rethroids have been linked to the disruption of the en-
docrine system, reproduction and sexual development,
interference with the immune system and the induction
of breast cancer. The widespread use of pyrethroids is
a major problem as they pollute agricultural lands and
water resources and affect non-target organisms and
humans (Thatheyus et al. 2013).

It is necessary to take into account that each insect
pest species, which is subject to control, lives together
with hundreds of non-target species which are essential

for ecosystem balance. This is especially true when it
concerns natural enemies of the target insect pests that
can reach dozens of species in specific places. For exam-
ple, in certain areas of Mexico, there are 18 insect spe-
cies which are parasites of the Colorado potato beetle
(L. decemlineata) (Cappaert et al. 1991). Their elimina-
tion is undesirable. How one can efficiently and protract-
edly control populations of the target insect pests with
pinpoint accuracy, without affecting non-target organ-
isms? It is necessary to apply advanced knowledge of bi-
ology and chemistry in order to create such insecticides.
One thing is certain, there are still no insecticides on the
global market with both safe and efficient properties.
From the viewpoint of safety and selectivity the develop-
ment of the above mentioned DNA insecticides is also
promising. DNA insecticides designed for gypsy moth
(L. dispar) larvae can be selective, and thus non-harmful
for non-target insects, such as black cutworm [(Agrotis
ipsilon (Hufnagel)] and tobacco hornworm [(Manduca
sexta (Linnaeus)] (Oberemok and Skorokhod 2014). By
evaluating alkaline phosphatase activity, glucose con-
centration and biomass accumulation, we also deter-
mined that DNA insecticides do not have a long-term
negative effect on plants such as wheat (Triticum aesti-
vum L.) (Oberemok et al. 2013), English oak (Quercus
robur L.) and apple tree (Malus domestica Mill.) (Zaitsev
et al. 2015). This paves the way to the creation of selec-
tive DNA insecticides that are well-tailored to target in-
sect pests.

It is important to note, that DNA insecticides can
solve the problem of resistance to insecticides. If we use
short single-stranded fragments of very conservative
parts of host insect antiapoptosis genes, the resistance
to insecticides will grow more slowly. This is due to the
fact that potential mutations, changing target apoptosis
genes, occur at a very slow rate in conservative parts. In
this way, if we cannot stop genetic processes that lead to
resistance of insecticides, we could slow down the emer-
gence of resistance to insecticides by using DNA insec-
ticides based on very conservative regions of function-
ally important genes such as the genes of antiapoptosis.
Developments in this area can lead to safe and cheap
agriculture supported by DNA insecticides (Oberemok
et al 2016).

Conclusions

Due to undernourishment, food insecurity and the
emergence of resistance to insecticides, the need for
the application and creation of new chemical insecti-
cides is unquestionable. Unlike developed countries, it
is extremely important for developing countries to use
insecticides, since refusal to use them threatens a rapid
onset of hunger and increases in frequency of insect-
borne diseases, e.g. malaria. The creation and use of new
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chemicals must be pragmatic. In other words, all actions
related to insecticides have to be based first of all on sci-
entific arguments instead of commercial reasons (Aktar
et al. 2009). Contact DNA insecticides based on con-
servative antisense fragments of genes of an apoptosis—
antiapoptosis system, as next-generation preparations
of a post-genomic era, could be used to solve the insec-
ticide resistance problem since they are well-tailored to
target insect pests.
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