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ABSTRACT

Introduction: Chlorpyrifos (CPF) is an organophosphate (OP) that is widely used as
pesticide in agriculture. Epidemiological studies reported that the incidence of chronic
kidney disease (CKD) of unknown cause was increasing among agricultural workers
who were exposed to OPs during their working life through dermal contact. However,
there is little information on the effects of chronic subcutaneous low dose of OP CPF
on kidney in experimental animals. To date, the mechanism of OP-induced kidney
damage is not fully elucidated. Objective: The aim of this study was to assess the effects
of chronic subcutaneous low dose of OP CPF exposure on the kidney by investigating
the structure and function of kidney and to assess the possible mechanisms of OP-
induced kidney damage. Methodology: Eighteen male Sprague Dawley rats were
randomly divided into three groups, with six rats in each group. Group 1 served as
control group, while groups 2 and 3 received subcutaneous vehicle (3% dimethyl
sulfoxide + 97% v/v soy oil) and CPF (18.0 mg/kg) respectively, every other day for
180 days. Blood was taken for biochemical analysis while kidney tissues were harvested
for histology, immunohistochemistry (IHC) and selective gene expression. Cystatin C,
acetylcholinesterase (AChE), advanced glycation end products (AGEs) and
malondialdehyde (MDA) levels were measured using quantitative sandwich enzyme
immunoassay. Results: Biochemical parameters (urea, creatinine, uric acid, glucose),
cystatin C, AGEs and MDA levels were significantly increased (p < 0.05), while AChE
activity and electrolytes levels were significantly decreased (p < 0.05) in the CPF-
exposed rats. Structural damage of kidney, including diffuse global glomerular
hypercellularity and diffuse necrosis of proximal tubular cells were observed in CPF-
exposed kidney. IHC revealed strong immunostaining of polyclonal anti-AGEs in
glomeruli and polyclonal anti-MDA in the proximal tubular cells of CPF-exposed rats.
The expression of genes involved in glucose metabolism (Ager), oxidative stress (Sod3,
Cat, Gsr, Ponl and Nos2) and cell death pathways (Cycs, Casp3, Casp, 8, Casp, 9,
Ripkl, Ripk3, Cst3, Havcrl and Lcn2) showed downregulation trend. Conclusion:
Chronic subcutaneous low dose of CPF caused renal dysfunction as evidence by
increased endogenous glomerular filtration markers and reduced electrolytes levels and
structural kidney damage. The downregulation of these genes could be due to selective
exhaustion of pathways that were persistently activated during the prolonged chronic
OP-mediated injury. In brief, chronic subcutaneous low dose of CPF caused
nephrotoxicity. The process could be facilitated by the effects of CPF on glucose
metabolism and oxidative stress.
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CHAPTER ONE

INTRODUCTION

Organophosphorous (OP) compound is commonly used as a pesticide in the
environment, public health and agriculture industry, particularly in developing
countries. It is also used as chemical warfare nerve agents, therapeutic drugs, fire
retardants, solvents and plasticizers (Balali-Mood, 2014). Due to its widespread use
worldwide, OP poisoning was estimated to be between 750,000 to 3,000,000 cases
globally per year (Soltaninejad & Shadnia, 2014).

Chlorpyrifos (CPF) is an OP which was first introduced in the U.S in 1965
(Christensen, Harper, Luukinen, Buhl, & Stone, 2009). It is used as insecticide,
acaricide, and miticide (Koshlukova & Reed, 2014).

CPF is oxidized by cytochrome P450 in the liver to form CPF-oxon, which is a
strong acetylcholinesterase (AChE) inhibitor. CPF-oxon is metabolized by hepatic and
extra-hepatic esterases (Elersek & Filipi¢, 2011) to form water soluble 3,5,6-trichloro-
2-pyridinol (TCP) and diethylphosphate (Timchalk, 2006). Both are excreted in urine
(Tang, Rose, & Chambers, 2006).

Although, CPF is classified as moderately hazardous (Class Il) pesticide
(Organization, 2010), it is widely used in the agrochemical industry in Malaysia (Farina,
Abdullah, Bibi, & Khalik, 2016; Ismail, Halimah, Tan, & Tayeb, 2017; Zaidon, Ho,
Hashim, Saari, & Praveena, 2018) because of its potency, broad-spectrum activity
against a wide range of pests, short residuality on foliar surfaces and moderate

residuality in soil, as well as low mammalian toxicity (Science, 2017).



The routes of CPF exposure include inhalation, ingestion, dermal contact and
conjunctival route (Christensen et al., 2009). Dermal contact is the main route of entry
in agrochemical chemistry (Costa, 2013; Soltaninejad & Shadnia, 2014).

Pest control, agricultural and industrial workers are exposed to low dose of OP
throughout their lifetime, mostly through dermal contact (Costa, 2013). Agriculture
related OP exposure may involve 25.96 % and 10.67% of all OP exposures in the world
and Malaysia, respectively (ILOSTAT, 2019). In Malaysia, Indian has the highest
prevalence of pesticide poisoning and death. Due to poor education, many of the
farmers are often lack of adequate knowledge on safety practices and use of personal
protective equipment (PPE) (Ali & Shaari, 2015; Rajasuriar, Awang, Hashim, &
Rahmat, 2007).

The primary target organ for CPF toxicity is the central and peripheral nervous
system because the accumulated acetylcholine (ACh) neurotransmitter in nerve endings
causing sustained cholinergic hyperstimulation in central and peripheral nervous
systems (Elersek & Filipi¢, 2011). However, the previous animal studies showed that
CPF may also cause tissue damage to literally any tissue, including kidneys (Tripathi &
Srivastav, 2010), liver, spleen, lymph node, adrenal gland, epididymis, and testis
(Akhtar, Srivastava, & Raizada, 2009).

Epidemiological studies have reported that there is an association between
chronic kidney disease (CKD) and long-term occupational exposure to OP (Johnson,
Wesseling, & Newman, 2019). However, there is limited evidence of chronic exposure
to low dose OP effects on the kidney in animal models.

As CPF is regarded as a neurotoxin, the studies on the effects of subclinical or
subthreshold dose of CPF on the nervous system in animal models were done (Rush,

Liu, Hjelmhaug, & Lobner, 2010; Speed et al., 2012; Terry et al., 2007). However, the



effects on other major organs, such as the kidneys were not mentioned. Based on few
available studies, the possible mechanism of nephrotoxicity in chronic low dose of CPF
exposure could be through CPF induction of oxidative damage to the kidney (Heikal,
Mossa, Marei, & Rasoul, 2012; Nasr, ElI-Demerdash, & El-Nagar, 2016). Hence, this
study aimed to assess the effects of chronic subcutaneous low dose of CPF exposure on

the rat kidneys.

1.1 JUSTIFICATION OF THE STUDY

i. OPs are widely used in agriculture and agrochemical industry. The
incidence of CKD of unknown aetiology increases in agriculture workers
who are routinely exposed to low dose OPs throughout their life via dermal
contact may give rise to OP-induced nephrotoxicity.

ii. CPF is widely used as an agrochemical in Malaysia.

iii. There is limited study on the effects of chronic subcutaneous exposure to
low dose CPF on the kidney.

iv. Understanding the toxic mechanisms for nephrotoxicity provides useful

information on the management and prevention of the complications.

1.2 GENERAL OBJECTIVE

To assess the effects of chronic subcutaneous low dose of CPF exposure on the kidney

1.3 SPECIFIC OBJECTIVES
i.  Toassess the renal function parameters (urea, creatinine, uric acid, cystatin

C and electrolytes) in rats exposed to chronic low dose CPF



