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ABSTRACT

The loss of crops due to pest, plant disease and competition from weeds is very high. To avert or
remedy these losses, farmers now increasingly deploy pesticides in their agronomic practices. This
research aimed at assessing the risk assessment of the different routes (oral and inhalation) of
exposure to chlorpyrifos an organophosphate pesticide and measurement marker parameters of the
organs susceptible to chlorpyrifos toxicity using animal model. A total of 64 male wistar rats were
used for the experiment. The animals were divided into two groups for oral (36 rats) and inhalation
(28 rats) routes of exposure. The oral experimental groups consists of 20 animals, divided into 4
groups of 5 animals each and the inhalation experimental groups consists of 16 animals divided
into 4 groups of 4 animals each. The four experimental groups in both routes of exposure consist
of 3 treatment groups and a control group. Acute toxicity studies and the median lethal dose were
carried out using a modified method. Colorimetric Method was used to determine hepatotoxicity
of aspartate amino transferase (AST), alanine amino transferase (ALT) and alkaline phosphatase
(ALP). Standard methods were used to determine oxidative stress markers of lipid peroxidation,
catalase activity and glutathione peroxidase activity. Immunoassay test kit was used to carry out
the reproductive toxicity studies. Docking of the ligands was carried out using Autodock Vina.
Standard formulae were used to estimate the risk assessment study. The results from the 24 hour
acute toxicity studies revealed that oral exposure to pesticide gave a median lethal dose (LDso) of
155 mg/kg b.w. while inhalation exposure gave a median lethal concentration (LCso) of 1414
mg/kg b.w. for 60 minutes. The hepatotoxicity studies showed that oral exposure to Chlorview®
led to a significant (p<0.05) increase in the activities of AST, ALT and ALP when compared to
the control. Oxidative stress markers (GSH, MDA, CAT and GPx) show that the pesticide induced
appreciable oxidative imbalance in the system. In oral exposure, there was a significant (p<0.05)
increase in group 3 CAT activity when compared to control. The reproductive toxicity studies
revealed that that oral exposure to pesticide led to a significant (p<0.05) increase in the testicular
Cholesterol and a significant (p<0.05) decrease in testosterone and sperm count when compared
to control. Molecular Docking Study shows the binding affinities of a standard ligand (Mevastatin)
and chlorpyrifos docked against the binding site of -keto acyl ACP synthase, HMG CoA synthase
and the rate limiting enzyme in cholesterol synthesis pathway HMG CoA reductase revealed that
chlorpyrifos potentiates the key enzymes resulting in cholesterol production. The risk assessment
studies show a subchronic toxicity of chlorpyrifos at the dose of 15.5 mg/kg b.w of chlorpyrifos
accumulation was recorded for oral exposure. This research concludes that exposure to pesticides
can pose a reasonable risk to human health both through oral and inhalation routes of exposure
which affect many biochemical processes.
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CHAPTER ONE
INTRODUCTION

In Nigeria, the loss of crops due to pest, plant disease and competition from weeds is alarming. To
avert these losses, farmers now increasingly deploy pesticides in their agronomic practices.
Pesticides are chemical substances used in agricultural practices to aid the production and yield by
repelling, preventing, and destroying pests (Oguh et al., 2019a). They may also be used as insect
repellants that are directly applied to the skin or clothing (United States Environmental Protection
Agency, 2018). The dramatic increase in use of pesticides for agricultural, industrial, and
household purposes over the past several decades has created a growing concern about this class
of chemicals. Pesticide residues are now among the most ubiquitous synthetic chemicals in our
environment, detectable in the tissues of humans, animals, aquatic life, and wildlife worldwide
(Milatovic et al., 2006). Its primary purpose is the protection of agricultural products against the
action of pests. The continuous application of synthetic pesticides in agriculture over the years has
caused accumulation of pesticide residues such as heavy metals in the environment leading to
various chronic illnesses and toxicity to non-target organisms (Oguh et al., 2019b). Chemicals
assault or enter the body at almost every hour of the day. They may come through air, food,
products use on the body, and in drinking water. Toxic buildup of these chemicals has been shown
to cause several damages in the body and minimize health. Many modern pesticides (synthetic)
persist in soil for years and compound the store of toxins such as heavy metals and other
metabolites in the soil, air and water (Farahat et al., 2010; Oguh et al., 2019a).

Organochlorines are a class of pesticide used in agricultural and house hold pest control. The use
of organochlorines have been banned or restricted in most developed countries but are still being
used in some countries (eg. dichlorodiphenyltrichloroethane (DDT) for Malaria control and
benzenehexachloride (BHC) as lindane insecticide). Ninety percent of the applied synthetic
pesticides like Dichlorodiphenyltrichloroethane (DDT) enter the various environmental resources
as a result of run-off, exposing the farmers as well as consumers of the agricultural produce to
severe health issues and sometimes take decades for some of these chemicals to break down. The
accumulation of pesticides in low concentration in the body fat of mammals (through food chain)
may pose health problems in the long run. Literatures have been reviewed regarding the tissue
concentration of pesticide residues/metabolites in fishes. The data indicating that fish, birds,

reptiles, mammals and other species inhabiting in polluted environments with number of known



and unknown synthetic compounds suffer from reproductive problems has been reported (Singh
and Singh, 2008).

Potential adverse health impacts of organophosphate (OP) pesticide exposures are an ongoing
public health concern for agricultural workers in low-middle income countries, particularly in
regard to acute health effects. An increasing number of studies have identified neurobehavioral
effects associated with occupations involving chronic or subchronic exposures to OP pesticides
that did not cause systemic toxicity (Farahat et al., 2010). Organochlorine and organophosphate
insecticides are persistent organic pollutants displaying high fish toxicity and bioaccumulation
potential. These pollutants after biomagnifications in aquatic food web finally reach human beings
and may cause reproductive problems. Several experiments on the exposure of organochlorine
pesticide in fish have been carried out and recorded that the toxic substances affect the fish in
several ways like inhibition of lipid metabolism, steroidogenesis, and reproductive failure and also
as indicator of pesticide contamination (Singh and Singh 2008). Chlorpyrifos affects the nervous
system by reversibly inhibiting the activity of cholinesterase (ChE), an enzyme necessary for the
proper functioning of the nervous system (Smegal, 2000). This work was designed to assess the risk

of exposure to pesticides.

1.1  Pesticides

The variety of pesticides available today is much greater than it was 20 years ago. It includes some
made from bacteria, insect-killing fungi or viruses; products such as insecticidal soaps that kill by
physical processes; and products like the clay-based deterrents that don’t directly kill insects, but
protect plants. Most of the insecticides in common use today are toxic to people as well as well as
insects, although the degree of toxicity to people depends on the dose of the material and the
mechanism of action, among other factors. Some toxicants affect the nervous system. Others affect
water balance, oxygen metabolism, an insect’s molting or maturation process, or other aspects of
physiology. Some of the newer insecticides have toxicity mechanisms that scientists don’t fully
understand. New materials are being synthesized and tested constantly (Alan, 2017).

1.1.1 Classes of Pesticides

Organophosphates (OP) Chlorpyrifos and malathion are organophosphates. They interfere with
the transmission of nerve impulses. Their point of action is the synapse, the tiny gap between one



nerve fiber and the next. Nerve impulses jump such gaps with the aid of chemicals called
neurotransmitters. Enzymes normally destroy these chemicals immediately after the nerve impulse

crosses the gap (Alan, 2017).

Carbamates Carbaryl, bendiocarb, and propoxur are examples of carbamates. Like the
organophosphates, carbamates act as cholinesterase inhibitors, and insects exposed to them show

similar symptoms. Unlike the OP’s, the action of carbamates can be reversed (Alan, 2017).

Pyrethroids Permethrin, cypermethrin, fenvalerate and cyfluthrin are all examples of pyrethroids.
The first pyrethroids were synthesized by chemists who studied the structure of insecticidal
pyrethrins, chemicals found in the seeds of certain chrysanthemums. Pyrethroids last longer than
their natural counterparts and seem to have a similar mode of action, disrupting the normal
transmission of nerve impulses by affecting the potassium or sodium ion channel in nerve cells
(Alan, 2017).

Insect Growth Regulators (IGRs) Methoprene and pyriproxifen are examples of IGRs. Insects
go through a process of growth and development that necessitates molting, a process of shedding
the “skin” and growing a new one. Some molts also result in a change in form — a caterpillar
changes to a chrysalis, for example. Certain hormones control the entire process of molting and
changing form. IGRs mimic those hormones or their actions. This results in changes that cause the
insects to die, such as trying to change into an adult or pupa when the insect is not physiologically
ready. IGRs only affect immature insects. If you expose adult insects to IGRs, they show no effect.
Since humans don’t have these insect hormones, IGRs appear to have a wide margin of safety for

people (Alan, 2017).

Chlorinated Hydrocarbons Methoxychlor and dicofol are examples of this group. These
chemicals interfere with the normal movement of potassium and sodium ions across nerve cell
surfaces. This prevents normal nerve cell function and produces symptoms similar to those from
OP and carbamate insecticides (Alan, 2017).



Microbial Insecticides These are made from microorganisms that attack insects. They are so
specialized to attack insect cuticle and cells that they are not very dangerous to people. Insecticides
based on viruses must be eaten by insects in order to harm them. Then the viruses take over the
function of certain insect cells (those of the gut first), making many copies of themselves. As a
result, the insect’s cells burst and die. Elcar and Madex are examples of insecticides with insect
viruses as their active ingredient. Insecticides based on the bacterium Bacillus thuringiensis (B.t.)
also need to be eaten by insects in order to work. The microbes attack the gut lining, and then
invade the insect’s body and multiply. Examples are Dipel and XenTari. Most B.t. insecticides are
made from strains that harm only caterpillars. A few are available that harm immature fungus gnats
or mosquito and black fly larvae, and not caterpillars. Sawflies will not be harmed by these
materials. Fungal insecticides attack insects from the outside. The spores land on the insect’s body
and grow right into it, eventually penetrating inside and growing throughout the body. They require
relatively high humidity to germinate and grow into the insect’s body. Examples include Met52
and Botanigard (Alan, 2017).

1.2 Chlorpyrifos

Chlorpyrifos (O,0-diethyl O-[3,5,6-trichloro-2-pyridinyl]-phosphorothioate, CPF) is a widely
used organophosphorus insecticide all over the world both for agricultural and nonagricultural
purposes (Quintana et al., 2018). Chlorpyrifos is rapidly absorbed, metabolized and excreted by
experimental animals. A single dose of [36Cl]chlorpyrifos (50 mg/kg) administered to rats (strain
not specified) by gavage resulted in 90.1% excretion of the administered radioactivity in 26 h, with
90% of the excreted material being in urine and 10% in feces. Excretary products identified were
[36CI]-3,5,6- trichloro-2-pyridyl phosphate (75-80%), 3,5,6-trichloro-2-pyridinol (TCP) (15—
20%), and traces of chlorpyrifos, suggesting deethylation is a significant metabolic pathway in
rats. However, the pyridyl phosphate is likely to be only a transitory intermediate in the hydrolysis
of chlorpyrifos to the pyridinol moiety. Tissue residues of chlorpyrifos with a radioactive half-life

of about 62 h were found mainly in fat (Clegg and VVan Gemert, 1999).

1.2.1 Toxicity of Chlorpyrifos
Chlorpyrifos is moderately toxic following acute oral, dermal and inhalation exposures (toxicity

category Il). Chlorpyrifos affects the nervous system by reversibly inhibiting the activity of



cholinesterase (ChE), an enzyme necessary for the proper functioning of the nervous system.
Inhibition of ChE is the most sensitive effect in all animal species evaluated and in humans,
regardless of route or duration of exposure. In animals, significant inhibition of plasma and red
blood cell (RBC) ChE occur at doses below those that cause brain ChE inhibition. Data from two
human studies suggest that humans are similarly and possibly more sensitive than animals
following acute and short-term oral exposure and acute dermal exposure based on plasma ChE
inhibition and/or possible clinical signs. Females are slightly more sensitive than males based on
ChE inhibition and acute toxicity (comparison of LDsg's). Studies in the scientific literature
suggest that neonates are more sensitive to oral chlorpyrifos exposure than adults for ChE
inhibition and behavioral effects. The increased sensitivity of the young may be attributed to a

reduced capacity to detoxify chlorpyrifos (Smegal, 2000).

Developmental and reproductive effects have been observed in rats, rabbits and/or mice, but only
at doses that induced maternal or parental toxicity. In rats, chlorpyrifos causes delayed alterations
in brain development in offspring of exposed mothers. Several studies in the peer reviewed
literature and results of the guideline developmental neurotoxicity study are supportive of the
possibility that chlorpyrifos exposure may affect brain development (e.g., altered synaptic
development, alterations in DNA, RNA, and protein synthesis, inhibition of mitosis and mitotic
figures, and disruption of the structural architecture of the brain). There are suggestive data that

these effects may arise independent of cholinesterase inhibition (Smegal, 2000).

Chlorpyrifos did not induce treatment-related tumors or provide evidence of carcinogenicity in
two chronic rat or two chronic mouse studies. Chlorpyrifos was not mutagenic in bacteria, or
mammalian cells, but did cause slight genetic alterations in yeast and DNA damage to bacteria
(Smegal, 2000).

1.2.2 Metabolism of Chlorpyrifos

Chlorpyrifos, and some other organophosphate (OP) compounds, are detoxified via a two-step
pathway involving bioactivation of the parent compound to an oxon by the cytochrome P450
systems, and then hydrolysis of the resulting oxon compounds by esterases such as liver or serum
paraoxonase (PON1) (located in the plasma). In the human population, serum PON1 activity is
genetically determined (polymorphic) and individuals express widely different levels of this



enzyme. Therefore, it is possible that some individuals may be more sensitive to chlorpyrifos
toxicity based on genetic factors that regulate serum PON1 activity resulting in a reduced capacity

to detoxify chlorpyrifos-oxon (Smegal, 2000).

1.2.3 Mechanism of Toxicity

The classical mechanism of chlorpyrifos toxicity is the ability of its oxon metabolite to bind and
inhibit the serine hydrolase AChE. The primary target is the nervous system because AChE
hydrolyzes the neurotransmitter acetylcholine thereby terminating its synaptic action. AChE
inhibition increases the availability of acetylcholine at the neural synapse leading to excessive
stimulation of the cholinergic pathways in the central and peripheral nervous systems. Significant
inactivation of AChE causes acute cholinergic effects, morbidity, or death. Chlorpyrifos oxon
interacts with other esterases such as butyrylcholinesterase, neuropathy target esterase (NTE),
carboxylesterase, and PON1. Carboxylesterases and PON1 are key enzymes involved in
detoxification of chlorpyrifos. Carboxylesterases act as alternative targets to AChE for
chlorpyrifos oxon thereby decreasing its concentration in blood. Gender and age differences are
observed in the carboxylesterase activity in animals. PON1 is a polymorphic enzyme with
allozymes differing in their ability for hydrolytic detoxification of chlorpyrifos oxon. The PON1
status is an important determinant in modulating the acute toxicity of chlorpyrifos.
Butyrylcholinesterase may function as a molecular scavenger for chlorpyrifos in the blood or
substitute for AChE where it is low. NTE may be involved in the OP-induced delayed

neurotoxicity syndrome (Koshlukova and Reed, 2014).

Chlorpyrifos itself is a weak ChE inhibitor. In risk assessment, the co-occurrence of chlorpyrifos
and chlorpyrifos oxon is addressed by applying a toxicity equivalence factor or relative potency
factor of 10 to chlorpyrifos oxon. Concerns were raised regarding regulatory standards of
chlorpyrifos established based on its inhibitory effects on ChE activity that may overlook
potentially more sensitive non cholinergic mechanisms. Besides AChE, potential targets include
neurogenesis, nervous system development, cytotoxicity, macromolecule synthesis,
neurotransmitter receptors, oxidative stress, cell signaling, nuclear transcription factors, and

neuronal-glial cell interactions (Koshlukova and Reed, 2014).



Cl Cl
AChE Whibition £ ﬁw:g]]:
Toxieity ) o
S Chlorpyrifos
@ ; s kCHa
C

& Diethylthiophosphate
5 Cl Cl Z CI-«I3 |S|
CH
3 I 5 \—O—P\
\__0—P. | SoH
| Cl e, o}
(o) Ste,.
Chlorpyrifos-oxon 8. e A
k\: s’e"as OIV_, 3,5,6-trichloro-2-pyridinol Ha
Ha 9. Y (TCP)
Cl Cl
CH, o
QP OH al

Diethylphosphate O

) :mil
Conjugates- N |

Sulfate or glucuronides of TCP

Figure 1: Metabolic scheme for (1) Chlorpyrifos (CPF), and the major metabolites (2)
Chlorpyrifos-oxon (CPF-oxon), (3) Trichloropyridinol (TCP), Diethyl phosphate, and
Diethylthiophosphate. (Timchalk et al., 2007)

1.2.4 Permissible limit of Chlorpyrifos

The acute dietary RfD of 0.005 mg/kg/day is based on a no-observed adverse effect level (NOAEL)
of 0.5 mg/kg/day from an acute oral rat blood time-course study that observed 28-40% plasma
cholinesterase (ChE) inhibition 3-6 hours after dosing male rats with a single dose of 1 mg/kg/day
(the lowest-observable adverse effect level, LOAEL). This NOAEL is supported by statistically
significant 30% RBC ChE inhibition 4 hours after a single 1.5 mg/kg/day exposure by a study in
the scientific literature (Zheng et al. 2000). The chronic RfD of 0.0003 mg/kg/day is based on an
oral NOAEL of 0.03 mg/kg/day for significant plasma and red blood cell (RBC) ChE inhibition at
0.22 to 0.3 mg/kg/day (LOAEL) based on a weight of the evidence consideration of 5 toxicity
studies in dogs and rats. An uncertainty factor of 100 (10X for interspecies extrapolation and 10X
for intraspecies variability) was applied to the NOAELSs to obtain the RfDs (Smegal, 2000). The



acceptable daily intake (ADI) of chlorpyrifos is 0.003 mg/kg/day while maximum permissible
limit (MPI) is 0.18 mg/kg/day (Chen et al., 2012).

A route-specific short-term dermal NOAEL of 5 mg/kg/day from a 21-day dermal rat study has
been selected based on plasma and RBC ChE inhibition of 45% and 16%, respectively at 10
mg/kg/day (LOAEL). A dermal absorption adjustment is not necessary because a dermal study
was selected. The intermediate- and long-term dermal NOAELSs and long-term inhalation NOAEL
are 0.03 mg/kg/day based on statistically significant plasma and RBC ChE inhibition that occurred
at 0.22 to 0.3 mg/kg/day based on a weight of the evidence of 5 toxicity studies in dogs and rats.
Because an oral NOAEL was selected, a 3 percent dermal absorption factor was used. Dermal
absorption was estimated to be 3 percent based on the ratio of the oral LOAEL of 0.3 mg/kg/day
from the rat developmental neurotoxicity study to the dermal LOAEL of 10 mg/kg/day from the
21-day rat dermal study. This absorption factor is comparable to the dermal absorption estimated
from human data of 1-3% (Smegal, 2000).

The short- and intermediate-term inhalation NOAEL is 0.1 mg/kg/day from two separate 90-day
rat inhalation studies that did not observe effects at the highest vapor concentration tested. HED
selected a LOAEL of 0.3 mg/kg/day for 43% plasma and 41% RBC ChE inhibition from the oral
developmental neurotoxicity study in rats to complete the dose-response assessment. A 100%
default inhalation absorption factor (i.e., inhalation and oral absorption are equivalent) was used
(Smegal, 2000).

1.2.5 Bioaccumulation and Biomagnification

Both chlorpyrifos and atrazine are bioaccumulated in L. variegatus tissues. The bioaccumulation
of chlorpyrifos was clearly stronger, as expected on basis of its greater lipophilicity. The uptake
clearance coefficients (ks) increased in the same order for both chemicals, those of chlorpyrifos
being distinctly larger than those of atrazine. The elimination rate coefficients (ke) are of the same
order of magnitude for both chemicals and largest in sediment S4, where the animals

bioaccumulated the greatest amount of both compounds (Jantunen et al., 2008).



1.3 Oxidative Stress

In acute exposure, the main mechanism of OP toxicity is irreversible inhibition of AChE activity
that results in accumulation of ACh and acute muscarinic and nicotinic effects. In subchronic or
chronic OP exposition induction of oxidative stress has been reported as the main mechanism of
its toxicity (Ranjbar et al., 2005). Both the increased production of reactive oxygen species and
attenuation of the antioxidant barrier of the organism are likely to induce oxidative stress. In other
words, oxidative stress can be defined as an imbalance between the production of free radicals and
the body antioxidant defense system—enzymatic and non-enzymatic (Lukaszewicz-Hussain,
2010).

The reactive oxygen species (ROS) may be produced as the result of the metabolism of
organophosphates by cytochrome P450s. The P450s are monooxygenases and catalyze oxidation
by addition of one atom of molecular oxygen into a substrate (organophosphate) by an electron
transport pathway (Lukaszewicz-Hussain, 2010). In this reaction reactive oxygen species are
generated. The OP change normal antioxidant homeostasis resulting in antioxidant depletion, if
the requirement of continuous antioxidants is not maintained (Possamai et al., 2007). The other
way of ROS generation in OP toxicity is high energy consumption coupled with inhibition of
oxidative phosphorylation, which has been described by Milatovic et al., 2006 and increased
release of glucose by induction of glycogenolysis in the liver and subsequent release of ATP to
meet the body’s energy requirement (Rahimi and Abdollahi, 2007). High energy consumption
leads to decreased ability of cells in maintenance of its energy levels. For this reason, the excessive
amounts of ROS may be generated in different organs (Milatovic et al., 2006). Thus disturbance
in the cell redox system is another mechanism implicated in the generation of reactive oxygen
species in OP exposure (Lukaszewicz-Hussain, 2010). MDA may be increase due to adverse effect

of chlorpyrifos on cell membrane (Uzun and Kalender, 2013).

There are several mechanisms to counteract the damage caused by ROS in the human and animal
organism. Many compounds have antioxidative capacity and can be categorized in two main
systems. One of them is the enzymatic system which consists of such enzymes as superoxide
dismutase (SOD) (manganese in the active enzymatic centre or copper and zinc), catalase (CAT),

glutathione peroxidase (GPx) and glutathione reductase (GR) (Morgan et al., 2007).
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Another antioxidative system is non-enzymatic and consists of a reduced form of glutathione
(GSH) and such vitamins as vitamin C, vitamin E and beta-carotene. Each of these antioxidative
systems has a specific activity/concentration, but they work synergistically to enhance the
antioxidant capacity of the organism. In the antioxidative action, GPx uses reduced glutathione
and in this reaction reduced glutathione (GSH) is converted to oxidized glutathione form (GSSG).
To recycle GSSG to GSH, the cells utilize the enzyme named glutathione reductase (Lukaszewicz-
Hussain, 2010). GR needs NADPH as a substrate for reduction of oxidized form of glutathione to
its reduced form. The source of NADPH is the pentose phosphate pathway and glucose-6-phoshate
dehydrogenase (catalyzes the initial step of this pathway)- enzyme, whose more important
function is reduction of nicotinamide adenine dinucleotide phosphate (NADP) to NADPH.
Glucose 6-phosphate dehydrogenase needs glucose as a substrate for its activation (Rahimi and
Abdollahi, 2007).

1.4 Hepatotoxicity

The liver is the first organ to encounter ingested nutrients, drugs and chemicals like pesticides that
enter the hepatic portal vein from the digestive system, and liver function can be detrimentally
altered by injury resulting from acute or chronic exposure to toxicants (Al-Attar, 2011). The most
common serum biomarkers of liver damage are aspartate transaminase (AST) and alanine
transaminase (ALT). There is strong evidence that both are increased by chlorpyrifos (Somayyeh
et al., 2017).Hepatotoxicity are characterized by both intracellular and extracellular changes in
hepatocytes (Kobylinska et al., 2015). Some symptoms are traditionally taken as pertaining to liver
lesion, such as bile ducts damage, hepatocytes lysis, transport protein degradation, T-cell cytolytic
activity, apoptosis of hepatocytes, and disintegration of mitochondria (Kobylinska et al., 2015).
Nevertheless, the particular mechanisms of hepatotoxicity of pharmaceuticals, including
anticancer drugs, remain largely unknown. Elevated serum levels of alanine aminotransferase
(ALT), alkaline phosphatase (ALP) and y-glutamyltransferase (GGT) are observed at liver
pathologies. This is explained by their increased biosynthesis in bile ducts cells, solubilization and
release in bloodstream (Panchyshyn et al., 2010). These phenomena are observed during
intrahepatic as well as extrahepatic obstruction, when activity of the mentioned enzymes may

exceed normal levels 5 to 10 times (Mohort et al., 2010).
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Figure 2: Histopathological disorders in the hepatic lobule after exposure to

organophosphorus pesticides (Somayyeh et al., 2017)

In the liver, organophosphorus pesticides cause ultrastructural, biochemical, metabolic, and
mitochondrial damage, evidenced by changes in hepatic biomarkers such as serum
aminotransferase and direct and indirect bilirubin (Somayyeh et al., 2017). Many studies confirm
that the liver tissue is the primary target organ of OP toxicity. Chlorpyrifos is a typical
representative of the OPs, which causes detrimental effects both on liver function and that a two-
day i.p. exposure to a sub-lethal dose of this insecticide resulted with mid-zonal liver necrosis,
fatty deposition at the periphery, and glycogen deposition at one side of the hepatic cell and around
the central vein. (Goel et al., 2016) studied liver histoarchitecture in chlorpyrifos treated rats and
observed hepatocyte vacuolisation and necrosis, sinusoidal dilatation, and increase in binucleated

cells at higher doses and longer exposure to chlorpyrifos.

Recent findings by Ezzi et al. 2016 suggest that chlorpyrifos had a dose-dependent effect on dilated
sinusoids, central vein, and portal triad in rats. An excessive amount of liver blood and
degenerative changes were found in the liver of fish exposed to c