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Abstract

The number of studies on insecticides, which constitute an important class of
pesticides, is increasing day by day. These chemicals used in the fight against pests
in the field of agriculture; It is also used to fight mosquitoes and insects in homes,
gardens and rural areas. Excessive use of insecticides has adversely affected many
beneficial organisms besides target organisms. As a result of the negative effects
of insecticides on non-target organisms, the normal balance of nature has been
disturbed and this has led to the decline of some living species in the world. In
many studies from the past to the present, it has been shown that these insecticides
have negative effects on the environment, human and animal health. Some of these
chemicals, which have many benefits in the fight against agricultural pests, have
been banned due to their harmful effects on non-target organisms as a result of
excessive use. Today, however, these chemicals are still used intensively against agri-
cultural pests, threatening non-target organisms and human health. For this reason,
in this book chapter we have prepared, the negative effects of insecticides on living
things are examined by reviewing biochemical and histopathological studies.
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1. Introduction

The rapid and uncontrolled increase in the world population brings along the
need for nutrition and food. Today, the failure to provide agricultural products at
the level to meet the increase in world population causes problems of nutritional
and food needs. In order to meet the nutritional and food needs, it is important
to produce agricultural products with low cost and high quality and efficiency. In
the production of agricultural products, losses of up to 65% may occur in products
due to some pests and diseases. For this reason, producers use different methods to
increase the yield in agricultural areas and to prolong the durability of foodstuffs.
One of these methods is the chemical control method, which is carried out under
the name of agricultural control, which increases product productivity in the agri-
cultural field. In fact, the basis of this method is the use of pesticides. In the global
pesticides market, herbicides rank first among pesticides with a share of 47%. This
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is followed by insecticides (29%), fungicides (19%) and other pesticides (5%). In
Turkey, insecticides (47%) take the first place in the use of pesticides, which is fol-
lowed by herbicides (24%), fungicides (16%) and other pesticides (13%) [1, 2].
Pesticides, which are chemical and biological substances used in the fight against
pests, are widely used for protective purposes against internal and external para-
sites in veterinary medicine and agricultural control. Pesticides are substances that
are frequently used to obtain more products in the control of insects that damage
agricultural products and various vectors that are the cause of disease [3, 4].
Pesticides are widely used in the field of agriculture to control pests. In addition to
agricultural purposes, pesticides are also utilized in the fight against mosquitoes and
weeds in houses, gardens and rural areas. However, pesticides which remain the same
in the soil for a long-time cause water, soil and air pollution and ruin the ecological
balance. The most important harmful effects of pesticides are that they enter the body
through the food chain and cause acute and chronic poisoning in humans and animals.
In addition, it has been reported that pesticide degradation products cause damage to
biological systems as a result of accumulation in tissues and organs over time [5-7].
Pesticides are classified in different ways according to their formulation forms,
the chemical structure of their active substances and the pest group they are used in.
The most widely used classification is the classification made based on the pest group
they are used in. Insecticide (insecticide), fungicide (fungicide), herbicide (weed
killer), acaricide (spider killer), bactericide (bactericide), rodenticide (rodenticide),
nematocide (nematode killer), aphicide (aphid killer), and algicide (algae killer) can
be given as examples to the pesticides in this classification. Among them, herbicides,
insecticides, and fungicides are the most widely used and studied in the world [8, 9].
Knowing the types of insecticides, their chemical structures, and their harmful
effects on the environment and living things will guide the studies that can prevent
the damage of these substances. This study, presented in line with this information,
it is aimed to explain the biochemical and histopathological effects of insecticides
on the organism by considering them with current articles.

2. Classification of insecticides

Insects are one of the factors that threaten our health in the environments we
live in. In addition to its psychological effects such as disgust in humans, it leads to
the spreading of diseases such as plague, jaundice, and typhoid. Apart from these,
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Figure 1.
Classification of insecticides [10].
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insect bites can cause complaints such as itching, skin peeling, and pain in humans.
Pesticides used to kill insects in many living areas such as agriculture, livestock
farming, houses and workplaces are called as ‘insecticide’. Insecticides are the sec-
ond most widely used pesticide type in the world after herbicides [1, 9]. Insecticides
are generally classified as in Figure 1 [10].

3. Bioaccumulation of insecticides and their transfer in the food chain
As from the middle of the twentieth century, human health and the natural

environment have begun to be adversely affected upon the excessive use of pesti-
cides, including insecticides. These substances, which are used against insects that
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Figure 2.
Bioaccumulation of insecticide vesidues in the food chain [9].
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harm agricultural products in the beginning, have indeed brought about signifi-
cant increases in the quality and quantity of agricultural products. Insecticides,
which serve to protect agricultural products by destroying unwanted insects,

have provided great benefits for both the environment and public health by also
controlling pathogenic vectors. However, as a result of excessive use of these
substances to obtain better quality and more products later on, many unexpected
harmful effects have been experienced. These substances remain intact for a long
time in water, soil, fruits and vegetables and cause environmental pollution. Since
insecticides applied to agricultural products can remain intact for a long time,
they can reach the food chain by mixing with soil and water, and then passing
through plants and animals [11-13]. These pollutants enter through the skin, gills,
and digestive systems of aquatic organisms and begin to accumulate in the organs
of these living creatures. These pollutants entering the body are metabolized and
excreted with the help of body fluids. If they cannot be excreted from the body,
they accumulate in tissues with high fat content and may remain in these tissues for
many years [13, 14]. The accumulation increases exponentially when small aquatic
organisms carrying insecticide residues are eaten by larger aquatic organisms

and plants with insecticide residues are eaten by animals. Thus, the residue level
in humans, who are in the last link of the food chain, becomes much higher and
concentrated [11, 12]. The bioaccumulation of pesticide residues in the food chain
is shown in Figure 2 [9].

4. Action mechanisms of insecticides

The nervous system of insects is developed and it has characteristics similar to
the nervous system of mammals. Therefore, insecticides do not have species-spe-
cific selective effects, and all mammals, including humans, are extremely sensitive
to the toxic effects of insecticides. Selective action between insects and mammals
is usually the result of differences in detoxification mechanisms or differential
interactions in their target structures. Insecticides cause more acute poisoning in
non-target organisms compared to the other pesticides [8]. The effects of insecti-
cides may vary depending on features such as their chemical formulations, amount
and duration of application, temperature and pH of the environment etc. [13-15].
The continuous use of the same insecticide species in agricultural practices causes
insect species to lose their sensitivity and become resistant to these insecticides over
time. As aresult, the need for continuous renewal has emerged due to the decreas-
ing effectiveness of organophosphate, carbamate, organochlorine, and pyrethroid
insecticides, and alternative new insecticides such as neonicotinoid insecticides
have been developed [16, 17].

The majority of insecticides used today are neurotoxic substances and act by
poisoning the nervous systems of target organisms [18, 19]. The action mechanism
of organophosphate and carbamate insecticides is based on the inhibition of the
acetylcholinesterase enzyme (AChE). Organophosphate insecticides or their active
metabolites covalently bind to the hydroxyl group of serine in the active site of
AChE with phosphate radicals and cause inhibition of the enzyme. Detoxification
of organophosphates includes hydrolysis reaction catalyzed by A-esterases such as
paraoxonase (PON) and stoichiometric binding reactions to B-esterases such as ace-
tylcholinesterase, butyrylcholinesterase, and carboxylesterase in plasma [19-22].
Carbamate insecticides also involve “carbamylation” of the enzyme. The cholinergic
syndrome that develops in acute poisonings caused by this group of insecticides
is short-lived, since the enzyme’ reactivation time is short after carbamylation
[23]. Organochlorine insecticides are effective on the central nervous system and
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Insecticide Class Example Mechanism Effect
Organophosphate Diazinon Inhibition of AChE Cholinergic syndrome
Chlorpyrifos Peripheral axonopathy
Mipafox
Carbamate Aldicarb Inhibition of AChE Cholinergic syndrome
Carbaryl
Pyrethroid Deltamethrin Prolonged opening of Hyperexcitability
Allethrin sodium
Channels
Organochlorine DDT Prolonged opening of Hyperexcitability, tremors
Lindane sodium Seizures
channel

Inhibition of GABA- and
voltage-dependent
chloride

channels

Table 1.
Mechanisms and effects of neurotoxic insecticides in mammals [18].

their action mechanism may vary according to the structure of the insecticide.

DDT (Dichlorodiphenyltrichloroethane) changes the permeability of sodium-
potassium channels in the nerve membrane and causes excessive nerve stimulation
by causing slow closure of sodium channels. In cyclodiene and lindane exposure,
neurotransmitter release from synapses is affected. These compounds antagonize
GABA (y-aminobutyric acid) and cause depolarization and overstimulation in the
postsynaptic membrane [23, 24]. Pyrethroid insecticides, on the other hand, change
the properties of voltage-dependent sodium channels and cause prolonged opening
of the channel. In this way, excessive excitation occurs in the central nervous system
[18, 23]. Table 1 shows the action mechanisms of insecticides [18]. In recent years, it
has been reported that insecticides, in addition to these effects, increase the produc-
tion of reactive oxygen species (ROS), thus causing an increase in oxidant molecules
and a decrease in antioxidant molecules in the organism [5-7, 17, 19, 25, 26]. ROS
formation rate and elimination work in balance. If it breaks down in favor of ROS,
oxidative stress occurs. Due to oxidative stress, peroxidative damage to macro-
molecules and membranes of cells occurs in organisms. Moreover, their metabolic
activities in cell components are impaired. Known to tissue and organ pathologies
occur in the presence of oxidative stress in the organism [27-34].

5. Biochemical effects of insecticides

Pesticides are metabolized in the liver by cytochrome P450 enzyme systems,
passing through the human body through the skin, respiration, and digestion.
Pesticides stimulate lipid peroxidation in hepatic microsomes and cause a decrease in
cytochrome P450 enzymes, glucose 6-phosphatase and pyrophosphatase activities
[35]. Detoxification of organophosphate pesticides, including organophosphate insec-
ticides, is provided by A-esterases such as paraoxonase (PON) and B-esterases such as
acetylcholinesterase, butyrylcholinesterase, and carboxylesterase in plasma [19, 20].

In a study conducted on agricultural laborers who were exposed to pesticides for
along time, it has been observed that protein levels significantly reduced and aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), and lactate dehydrogenase (LDH) activities significantly increased in these
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people, compared to people who were not directly exposed to pesticides [36]. On
the other hand, in a study conducted on pesticide sales people in the GAP Region, it
was observed that AST and ALT activities increased, while ALP and LDH activities
decreased in those who worked at pesticide sales locations for a long time [37].

In an experimental study in which the organophosphate insecticide diazinon was
applied to rats for 4 weeks, it was reported that this insecticide caused significant
changes in hematological and biochemical parameters. Accordingly, it was reported
that serum biochemical parameters AST, ALT, ALP, LDH, creatine kinase (CK)
activities, and urea, uric acid, and creatinine values of rats, to which diazinon was
administered, significantly increased, compared to the control group [38]. It was
reported that DDT administration to rats increased serum AST and ALT levels,

Insecticide Used Experimental Oxidative Stress Parameters References
Model

Chlorpyriphos Fish Increase in MDA, NO [48]

Chlorpyriphos Mice Increase in TOC [19]
Decrease in TAC, PON

Chlorpyriphos Rat Increase in lipid peroxidation [49]
Decrease in TAC, GSH, GPx, SOD, CAT

Cypermethrin Fish Increase in MDA, SOD, CAT [50]
Decrease in GSH, GPx

Cypermethrin Mice Increase in lipid peroxidation (TBARS) [51]
Decrease in GST, SOD

Cypermethrin Rat Increase in MDA, CAT [52]
Decrease in GSH, GPx, SOD

Deltamethrin Fish Increase in MDA [43]
Decrease in CAT, SOD, GSH, GPx

Deltamethrin Mice Increase in MDA [53]

Deltamethrin Rat Increase in MDA [54]
Decrease in GSH

Diazinon Fish Increase in MDA, CAT [55]
Decrease in SOD, TAC

Diazinon Mice Increase in MDA [56]
Decrease in GSH, SOD

Diazinon Rat Increase in MDA, NO [38]
Decrease in GSH, GPx, SOD, CAT, TAC

Dichlorvos Fish Increase in lipid peroxidation (TBARS) [57]
No significant changes in GST

Dichlorvos Mice Increase in MDA [58]
Decrease in CAT, SOD, GPx

Dichlorvos Rat Increase in MDA, NO [7]
Decrease in PON

Malathion Fish Increase in LPO, CAT, SOD, GST, GPx [59]
Decrease in GSH, TAO

Malathion Mice Increase in MDA [60]
Decrease in GSH, GPx, SOD, CAT

Malathion Rat Increase in MDA [61]
Decrease in GSH

Table 2.

The effects of insecticides on oxidative stress parameters in experimental animal models.
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stimulated inflammation, and suppressed the immune system [39]. In another
study conducted on rats with the carbamate insecticide carbofuran, it was observed
that this insecticide increased cholesterol level and AST, ALT, LDH activities and
decreased high-density lipoprotein (HDL) level and AChE activity in rat serum
after 24-hour treatment [40]. In a study conducted on fish with the organochlo-
rine insecticide lindane, it was reported that glucose increased and total protein
decreased at low doses and increased at high doses [41]. In another study conducted
on fish, it was stated that the pyrethroid insecticide deltamethrin increased the
biochemical parameters cholesterol and glucose values and AST, ALT, ALP activities
and decreased the total protein and albumin values [42].

Oxidative stress parameters are among the most important biochemical param-
eters affected by pesticides. Most environmental pollutants, including pesticides,
have the ability to induce oxidative stress in almost all organisms, especially fish.
Some studies with pesticide-treated fish revealed that pesticide treatment caused
oxidative stress by increasing reactive oxygen species (ROS) in the cells and tissues
of fish [43-45]. Oxidative stress negatively affects life of living creatures by causing
genotoxic effects, lipid peroxidation and enzyme inhibitions. Lipid peroxidation,
which occurs as a result of the toxic effects of pesticides, is an important indicator
of oxidative stress and can be demonstrated by measuring malondialdehyde (MDA)
levels [16, 46].

As in the other higher organisms, fish have important defense mechanisms to
cope with oxidative stress. This defense mechanism, generally called as antioxidant,
plays an important role in the survival of fish and in their adaptation to chemical
stress. Antioxidant defense systems are composed of enzymatic components such as
Paraoxonase (PON), superoxide dismutase (SOD), catalase (CAT), glutathione-S-
transferase (GST), glutathione peroxidase (GPx), glutathione reductase (GR) and
non-enzymatic components such as glutathione (GSH). SOD and CAT are impor-
tant antioxidant enzymes that form the first defense mechanism against pesticides.
GSH is also an important non-enzymatic antioxidant molecule that protects cells
against the harmful effects of oxidative stress [16, 19, 46, 47].

Insecticides that contaminate aquatic systems not only cause toxic effects on fish
but also adversely affect living creatures at higher trophic levels through the food
chain and cause many negative situations in humans and animals. Insecticides cause
significant changes on oxidative stress parameters in humans and animals as well
as in fish. Table 2 shows the effects of insecticides on oxidative stress parameters in
experimental animal models.

6. Histopathological effects of insecticides

Pesticides have been widely used from past to present so that food production
in the world is not affected by external factors. The most common use in the world
is seen in the United States, and almost 15 billion dollars are spent annually for the
pesticides [62, 63] and the most common of them is the herbicide glyphosate [62, 64].
Besides their use for sectoral beneficial results, they cause many metabolic disorders
and lead to even death, especially due to their intake and absorption into the living
body in various ways. OP compounds [65] are responsible for half of the deaths by
inhibiting the acetylcholinesterase enzyme (AChE) in the central and autonomic
nervous systems, lungs and neuromuscular junctions [62, 66, 67]. AChE inhibition
increases cholinergic activity in both the central and peripheral nervous systems.
Loss of consciousness, diarrhea, bronchospasm, paralysis and vomiting are the most
typical symptoms of poisoning [62, 68], and death can occur as a result of respiratory
failure [69, 70]. The toxicity of the substances taken into the organism, its chemical
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structure, the human resources involved in the poisoning event and the quality of

the institution providing medical support affect the mortality rate [71]. Almost half
of the patients who are affected by pesticides and apply to the hospital are intubated
due to their symptoms and receive ventilation support. Approximately 23-50% of
patients in this condition die [72, 73]. The way to diagnose a significant part of the
diseases and to obtain sufficient information about clinicopathological parameters is
performed by assessing the samples taken from the organism in diseases or suspicious
cases. In addition to determining the morphological characteristics of the tissues
taken in this process, the role of scientists and especially the contributions of histopa-
thologists in this field are undeniably important in evaluating and interpreting from
different scientific dimensions also by using the latest developments in which science
has evolved [74]. Histopathological changes are associated with complex biochemical
and physiological responses to any stressor. Although histopathological parameters
are not highly specific and do not provide quantitative information, they are popular
biomarkers for environmental pollution [75]. The histopathological studies, one of
the most promising areas for assessing animal health and response to different chemi-
cal species, include various studies that show generally cellular differences between
control and pesticide-exposed animals [76]. Histopathological markers are considered
very important in terms of showing the health status of the organism, together with
other branches of science that provide data [77].

As aresult of the intake, absorption and participation of pesticides in the
systemic circulation and their effects on a cellular basis, the formation of biochemi-
cal and histopathological changes in tissue integrity and the emergence of negative
symptoms are provided [7, 78-82]. The effects of environmental pollutants on fish
tissues can also be determined by histopathological methods. Gills are especially
important biomarkers as they are the first organ to encounter pollutants in the envi-
ronment [13, 83]. In addition, the liver and kidneys are also target organs for the
examination of histopathological and biochemical parameters [84]. In Oncorhynchus
mykiss, as a result of application of clothianidin at different doses for 21 days, the
histopathological state caused by this application in muscle, gill, brain and kidney
tissues was examined and necrosis ranging from mild to severe in muscle tissue,
atrophy and edema in myocytes, hyaline degeneration in muscle fibers and dissolu-
tion in connective tissue between myotomes were determined. In the gill tissue,
primary and secondary lamella edema, secondary lamella fusion and hyperplasia,
primary lamella hyperplasia, secondary lamella lifting, vasodilation, primary
lamella thinning and secondary lamella shortening, and secondary lamella pecu-
liar malformations were reported. Pericellular edema and necrosis, Purkinje cell
degeneration, cell infiltration, congestion, gliosis, vascular dilatation and dystro-
phic changes were detected in the brain tissue. In kidney tissue, glomerular atrophy,
decrease in hematopoietic tissue cells, tubular degeneration, and an increase in the
number and spread of melanomacrophage centers depending on the increasing dose
of clothianidin were observed [26].

The LC50 value (50% mortality) of malathion at the end of 96 hours in Orthrias
angorae exposed to malathion administration was determined to be 3.0237 mg L7
and it was reported that the frequency of micronucleus formation in erythro-
cytes increased due to the increasing dose [85]. In a study with rainbow trout
(Oncorhynchus mykiss) juveniles, the acute effects of maneb and carbaryl were
examined and it was reported that edema and lamellar fusion, epithelial swelling
and necrosis were observed in the gill lamellae of the fish [86]. In a study investigat-
ing the histopathological effects on the gill and kidney tissues of Cyprinus carpio
as a result of acute application of deltametrine, necrosis, spills, aneurysm, hemor-
rhages, edema, and hyperplasia were reported in the gills of fish [87]. Different
doses of chlorpyrifos-based termifos pesticide were applied to Clarias gariepinus



An Overview of the Biochemical and Histopathological Effects of Insecticides
DOI: http://dx.doi.org/10.5772/intechopen.100401

(African catfish) fish for 5, 10 and 15 days. An increase in white blood cell counts
and a decrease in erythrocyte counts and hematocrit levels were observed in fish
[88]. In a study in which clothianidin, a neoniconioid insecticide, was applied in
rainbow trout for 7 and 21 days, it was reported that clothianidin caused hepato-
cellular degeneration, focal necrosis areas, sinusoidal dilatation and congestion,
fibrous and vacuole formation, mild steatosis and pycnosis in the liver tissue,
depending on the increasing dose [17].

In a study in which dichlorvos was administered in rats in a subacute manner
[7], enlargement of Bowman’s capsule, inflammatory cell infiltration, vascular
occlusion, glomerular atrophy, and tubular degeneration areas were demonstrated
in kidney tissue obtained from the substance-administered group. On the other
hand, glomerular lobulation, tubular degeneration, separation in the basal lamina
and inflammatory cell infiltration were observed in the group in which dichlorvos
and vitamin E were administered. No significant decrease was observed in the
severity and frequency of histological changes compared to the dichlorvos adminis-
tered group (Figure 3a—f).

Carbon tetrachloride (CCI4) is a fumigant used to kill insects in cereals and
in a study examining the effects of green tea (Camellia sinensis) and parsley
(Petroselinum crispum) diets against carbon tetrachloride hepatoxicity in albino
mice, liver degeneration, cellular infiltration, sinusoidal bleeding focuses, conges-
tion and necrotic areas were observed in the CCI4-administered group. No signifi-
cant decrease in lesion severity and frequency was observed in the histopathological
evaluation obtained from the groups using parsley and green tea separately with
CCI4 [89]. It was demonstrated that histopathological changes occurred in tissues
at doses of 0.1and 0.05 mg kg™" in mice exposed to deltamethrin. Degenerative and
vascular changes in the liver, polymorphonuclear cell infiltration and focal necrosis

Figure 3.

The effect of dichlorvos (5 mg/kg), corn oil (5 ml/kg) and vit-E (120 mg/kg) either separately or 1 h ago
dichlorvos histology of venal section by using hematoxylin and eosin staining (HeE): (a) vit-E group; Gl:
Glomeruli, P: Proximal tubule, Dt: Distal tubule, bowman capsule (arrow head), (b, ¢, d) Dichlorvos
group; enlargement in bowman capsule and glomerular atrophy (arrow head), inflammatory cell infiltration
(split arrows), BV: Blood vessel, vascular occlusion (asterisks), tubular degeneration (arrows), (e, f)
Dichlorvos+vit-E; Gl: Separation in the basal lamina (arrows), tubular degeneration (asterisks), glomerular
lobulation (arrow head), magnification: X 400, x 600, (bar: 50 , 100 ) [7].
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in hepatocytes were detected. Tubule degeneration and polymorphonuclear cell
infiltration in the kidneys, and polymorphonuclear cell infiltration in the peribron-
chial and perivascular areas of the lungs were reported. Spermatogenic cell degen-
eration, tubule degeneration, and hyalinization in the seminiferous tubules were
demonstrated in the testicles [90]. As a result of malathion application on Channa
punctatus, the 96-hour LC50 value was determined to be 8.0 mg L%, sinusoidal
dilatation and congestion were observed in the liver, and hypertrophy and pyknotic
nuclei were detected in the hepatocytes. In the kidney, histopathological separa-
tion of the renal tubular epithelial layer from the basal membrane, vacuolization

in the cytoplasm, renal tubule degeneration and necrosis, nuclear pyknosis and
hypertrophy were reported in parallel with biochemically high creatinine, urea and
BUN values. As the duration of exposure to malathion increased, damage to tissues
increased in terms of severity and frequency [91].

7. Conclusion

Objective evaluation of biochemical markers is more practical than histological
changes, and the formation of pathological damage in tissue occurs after the reflec-
tion of pesticide effects on biochemical parameters [92]. However, the results from
histological evaluations alone do not necessarily indicate a direct effect of pesti-
cides. In addition to the histopathological evaluation, examining other results and
determining the source of the effects in the organism in this way will be accepted
as a more accurate scientific approach. In response to the increasing human popu-
lation on the planet we live in, the ever- increasing use of pesticides in order for
agricultural production to meet this, and their presence at certain doses in food
and the risk of mixing with the aquatic ecosystem is an important public health
problem that will adversely affect the health of living creatures. Even exposure to
pesticides in the above- mentioned amounts that are allowed to be taken into the
body daily will cause accumulation in the body over a long period of time and,
thus the changes primarily reflected in biochemical parameters, and, in the longer
term, histopathological changes will occur due to increased tissue destruction.

The oxidant/antioxidant balance in the organism may change in favor of oxidants
as a result of external factors such as irregularity in physiological reactions or
pesticide accumulation that may occur in the body. Thus, the changes occurring in
cellular basis primarily provide outputs as a result of biochemical assessments, and
when the damage reaches a textural dimension, histopathological results emerge
following the changes in tissue integrity. The necessity of use of pesticides is an
undeniable fact, considering the objectives it aims, but it is also known that there
will be a decrease in pesticide use as a result of obtaining plant breeds, especially by
making use of the developments in the field of biotechnology, that are more resis-
tant to foreign factors such as insects, fungi, algae, weeds, bacteria, nematodes and
rodents. In addition, more use of the biological control option against the factors
that reduce the plant yield at a higher level will also produce beneficial results in
terms of human health.
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