


“
v
Ardabil University of Medical Sciences

School of Pharmacy

Thesis for Doctor of Pharmacy Degree

Title of Dissertation:

Evaluation of the neuro-cognitive toxicity of Dimethoate after sub-
chronic exposure in male Wistar rat

Supervisors:
Dr. Sara Mostafalou

Dr. Hakimeh Saadati

Advisor:
Dr. Ali Abedi

By:

Tara Sabzevari

Thesis Code
218-2

Spring 2024



" ~_’b.)tngd’)'JBﬁ,urw4’)‘3_’&))ULA’J'bUJhUGQh&LMJh‘*JJ&“,SM&

ey e e ey .fyﬂb@_,ambgbo‘&»ﬁabl gw, i

‘ e ([/JHW % wibﬁ‘s,awbgstml
AR L | T WsSueds
'uba!aul.)wﬁ_)wbu‘nﬁ i) @b)&@luubo&uby]'dhﬁ‘,mdb ‘

: .é_,ul.albuhdag}wgoyﬂdukwugwhbl)u%
L e '




'4&1,&,!:
)&\“,l",m _

Seol mm

ket ey ot Sogl g

AVTANR: N gtaddly ojlad ©

Gy bt

iaddl S by

e &)

\'LoV;‘d/Yo

BTN, .




e
/‘{y Parents
Dr, Akmad Sabzevars & Dr, Parisa Alivezkad



Acknowledgments

cstist and Joremost, & offer my heartfelt gratitude to the A/mz’gh[y Jor Vs abundant Dlessings,
which have quided me through my research journcy and enabled me o successfully complete this

endeavor.

& extend my degpest appreciation lo my primary supervisor, . Qdara Mastafiloy, whose
umwavering patience and msightful feedback have been invaluable throughout this research. FCor vast
knowledige and quidance have been instrumental in shaping my work, and & am profoundly grateful for

her mentorship.

& dlso wish to express my sincere thanks lo my secondary supervisor, Sy Iukimeh QPaditi Jor
her valuable quidance and support during this reséarch journey

My advisor, S3r. Ali Abed; deserves special recognition for his contimuous support, enthusiasm, and
motivation  throughout this endeavor. Additionally, & am indebted to Ardabil University a
Chedical QBciences Jor their generous financial support, without which this research would not have

been possible

Co my parents, & owe an immense debt of gratitude for their unconditional love, prayers, and savrifices
in nurturing and preparing me for the fulure. Cheir unmwavering encouragement during challenging times

has been a source of strength and inspiration
& also exlond my thanks lo my sister Jor her love, understanding, and support throughout this journey.

Eastly, & am gratefil to all those who have supported me, both dirctly and indirectly, in completing
this research work. (pur contributions have been invaluable, and & am truly thankful for your

assistance and oNnoontag cment.



Abstract:

Background: Organophosphate pesticides like Dimethoate are widely used in agriculture, posing
potential risks to human health, mostly due to dietary and occupational exposure, and the
environment. Despite regulatory measures, concerns persist regarding their neurotoxic effects,
particularly on cognitive function. The aim of the present study was to evaluate the neuro-cognitive

toxicity of Dimethoate after sub-chronic exposure in male Wistar rats.

Methods and Materials: Male Wistar rats were exposed to sub-chronic doses of Dimethoate
(2mg/kg and 4mg/kg) via oral gavage for a specified period. Behavioral tests, including the
Elevated Plus Maze, Open Field Maze, Novel Object Recognition Memory Test, were conducted to
assess cognitive function. Biochemical assays were performed to measure acetylcholinesterase
activity, oxidative stress markers, brain-derived neurotrophic factor (BDNF) and glycogen synthase
kinase-3 beta (GSK-3p) in hippocampal tissue. Additionally, gene expression of inflammatory

factors was evaluated.

Findings: Sub-chronic exposure to Dimethoate resulted in Improvements in learning memory in
treated rats according to a significant increase in total exploration time and discrimination ratio in
NORM test; also, better performance in anxiety tests in treated rats specially in 4mg/kg dose
according to a significant increase in the percentage of time and entries to open arm at 4mg/kg
treated rats in EPM test and a significant increase in time and entries to inner zone in treated rat in
OFM test. Both doses of Dimethoate led to a significant decrease in acetylcholinesterase activity in
plasma and hippocampal tissue. Additionally, oxidative stress markers and inflammatory factors
were significantly elevated in Dimethoate-exposed groups compared to control. While there was a
nominal decrease in BDNF, GSK-3f levels significantly increased in hippocampal tissue following

Dimethoate exposure.

Discussion: Our findings suggest that sub-chronic exposure to Dimethoate adversely affects neuro-
cognitive function in male Wistar rats. The observed behavioral changes, along with alterations in
biochemical and molecular parameters, indicate potential neurotoxic effects of Dimethoate. These
results underscore the need for further investigation into the mechanisms underlying Dimethoate-
induced neurotoxicity and the development of strategies to mitigate its adverse effects on
neurological health. Additionally, these findings emphasize the importance of regulatory measures

to minimize human and environmental exposure to organophosphate pesticides.
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ABBREVIATIONS
AChE=Acetylcholinesterase

BChE=Butyrylcholinesterase

BDNF=Brain derived neurotrophic factor
cDNA=Complementary Deoxyribonucleic Acid
ChE=Cholinesterase

CNS=Central nervous system
DIM=Dimethoate
DMDTP=dimethyldithiophosphate
DMTP=dimethylthiophosphate
DNA=Deoxyribonucleic Acid
DSM-5=Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
EC=Emulsifiable concentrate
EDTA=Ethylenediamine Tetraacetic Acid
ELISA=Enzyme Linked Immunosorbent Assay
EPM=Elevated Plus Maze
ERK1/2=Extracellular regulated kinase Y2
GABA=Gamma-aminobutyric acid

GAPDH-= Glyceraldehyde-3-phosphate dehydrogenase
GFAP=Glial fibrillary acidic protein
GPx=glutathione peroxidase

GR=glutathione reductase

GSH=glutathione

GSK-3a=Glycogen synthase kinase-3 alpha
GSK-3B=Glycogen synthase kinase-3 betta
IL-1pB=Interlukin-1 betta

IL-6=Interlukin-6

MDA=Malondialdehyde



MRNA= Messenger Ribonucleic Acid
NF-kB=Nuclear Factor-kappa B

NORM=Novel Object Recognition Memory
OFM=0pen Field Maze

OP=0rganophosphate

PCR=Polymerase Chain Reaction
RNA=Ribonucleic Acid

TBARS=Thiobarbituric Acid Reactive Substance
TNF-0=Tumor necrosis factor-alpha

ULV=Ultra-low volume



