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ABSTRACT

Leptin affects insulin secretion and action through either a central or peripheral
mechanism. It increases glucose metabolism and energy expenditure. Though
overweight and obese individuals have been reported to have high circulating leptin
level, these effects of leptin are not evident. Exercise, on the other hand, has been
found to increase glucose uptake in these individuals. This study examined the effect
of chronic leptin treatment and exercise on glucose homeostasis in Sprague-Dawley
rats. Eight-week old rats were treated with either intraperitoneal injection of normal
saline (Control; n=8), or leptin (60 pg/kg body weight/day; Leptin; n=8), or leptin and
exercise (60 pg/kg body weight/day plus running on a treadmill every other day for 30
minutes at a speed of 30 m/min with 10° inclination; Leptin-exercise; n=8) or exercise
only (running every other day for 30 minutes at a speed of 30 m/min with 10°
inclination on a treadmill; Exercise; n=8) for six weeks. Following six weeks of
treatment, glucose challenge was performed by intravenous infusion of 100 mg/ml of
glucose for 5 minutes. Skeletal muscle tissues were collected at 0, 15, and 30 minutes
respectively during the protocol for blood glucose, serum glucose, insulin, TRB3,
GLUT4 protein and mRNA expression determination. Liver was harvested for TRB3
and GLUT?2 protein and mRNA determination. Data were analyzed using One Way
ANOVA with post-hoc analysis, and expressed as mean + standard error of mean
(SEM). Glucose clearance was delayed in the leptin group. This delay in glucose
clearance might be associated with the significantly lower GLUT2 mRNA expression
in the liver of leptin-treated rats. Leptin treatment also significantly reduced TRB3
mRNA levels in both muscle and liver tissues. More importantly, exercise reversed
the leptin effects by promoting glucose clearance despite a significantly lower insulin
peak, indicating a significant increase in insulin sensitivity.  Exercise also
significantly reduced TRB3 mRNA expression levels and increased GLUT4 mRNA
levels in the muscle. In conclusion, six weeks of daily leptin administration resulted
in delayed glucose clearance but concurrent exercise however prevented these effects
of leptin by promoting glucose clearance and increasing insulin sensitivity.

(344 words)

iv



ACKNOWLEDGEMENT

Alhamdulillah. I wish to thank Allah for giving me the opportunity to embark on my
Masters program and for completing this long and challenging journey successfully.
My gratitude and thanks to my supervisor Professor Harbindar Jeet Singh, and co-
supervisors, Associate Professor Dr. Justin Vijay Gnanou and Dr. Brinnell Annette
Caszo. Thank you for the support, patience and ideas in assisting me with this project.
I also would like to express my gratitude to the staff of the Institute of Molecular
Medicine Biotechnology for providing the facilities, knowledge and assistance.

My appreciation goes to Laboratories Animal Care and Use (LACU) of Faculty of
Medicine, Universiti Teknologi MARA that provided the facilities and assistance
during sampling. Special thank to my colleagues and friends for helping me with this
project.

Finally, this thesis is dedicated to my loving husband and both my parents and in laws
as well as my siblings for their continuous support and love. This piece of victory is
dedicated to all of you.



	ABSTRACT
	TABLE OF CONTENTS
	CHAPTER ONE: INTRODUCTION
	1.1 RESEARCH BACKGROUND
	1.2 PROBLEM IDENTIFICATION
	1.3 RESEARCH HYPOTHESIS
	1.4 AIMS OF THE RESEARCH
	1.5 SCOPE OF THE THESIS
	1.6 SIGNIFICANCE OF THE STUDY

	CHAPTER TWO: LITERATURE REVIEW
	2.1 GLUCOSE HOMEOSTASIS
	2.2 LEPTIN
	2.2.1 Leptin Structure and Function
	2.2.2 Leptin Receptors (Lep-R or Ob-R)
	2.2.3 Mechanism of Action of Leptin
	2.2.4 Role of Leptin in Energy Homeostasis
	2.2.5 Leptin and Obesity (Leptin Resistance)
	2.2.6 Leptin and Insulin Interaction
	2.2.7 Effect of Leptin on Glucose Transport

	2.3 INSULIN
	2.3.1 Insulin Receptor
	2.3.2 Insulin Receptor Substrates
	2.3.3 Insulin-Receptor Signaling Pathway
	2.3.4 Insulin Stimulated PI3K/Akt Signaling

	2.4 SKELETAL MUSCLE - IMPORTANCE IN GLUCOSE METABOLISM
	2.4.1 Insulin Signaling in Skeletal Muscle
	2.4.2 Insulin-mediated Glucose Uptake by Muscle Requires Glucose Transporters

	2.5 INSULIN RESISTANCE AND ITS RELATION WITH SKELETAL MUSCLE METABOLISM
	2.5.1 Mammalian Tribbles
	2.5.2 Role of Exercise in the Regulation of Glucose Transport and Insulin Sensitivity
	2.5.3 Effect of Exercise on Leptin Level and Sensitivity
	2.5.4 Exercise and Its Effect on TRB3 Expression and Function


	CHAPTER THREE: RESEARCH METHODOLOGY
	3.1 INTRODUCTION
	3.2 EXPERIMENTAL ANIMAL
	3.2.1 Calculation of Sample Size

	3.3 EXPERIMENTAL DESIGN AND PROCEDURES
	3.3.1 Leptin Injection Preparation
	3.3.2 Glucose Loading Test
	3.3.3 Exercise Protocol

	3.4 SAMPLE ANALYSIS
	3.4.1 Serum Glucose Estimation
	3.4.2 Fasting Serum Insulin Quantification
	3.4.3 Calculation of Insulin Sensitivity Index
	3.4.4 Tissue Extraction
	3.4.5 TRB3, GLUT4, GLUT2, Leptin and Insulin Receptor Determination
	3.4.6 RNA Extraction (From Tissue Samples)
	3.4.7 Total RNA Determination
	3.4.8 Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) Analysis
	3.4.9 Oligomers

	3.5 STATISTICAL ANALYSIS

	CHAPTER FOUR: RESULTS
	4.1 EFFECT OF EXERCISE AND CHRONIC LEPTIN ADMINISTRATION ON GLUCOSE HOMEOSTASIS
	4.2 BODY WEIGHT
	4.3 SERUM GLUCOSE LEVELS DURING GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN ADMINISTRATION
	4.4 SERUM INSULIN LEVELS DURING GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN ADMINISTRATION
	4.5 INSULIN SENSITIVITY INDEX OF CONTROL AND LEPTIN AND EXERCISE TREATED RATS
	4.6 CELLULAR GLUT4 PROTEIN CONTENT IN SKELETAL MUSCLE DURING GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE
	4.7 GLUT4 mRNA EXPRESSION IN SKELETAL MUSCLE DURING GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE
	4.8 GLUT2 PROTEIN CONTENT IN THE LIVER AFTER GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE
	4.9 GLUT2 mRNA EXPRESSION IN THE LIVER AFTER GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE
	4.10 TRB3 PROTEIN CONTENT IN SKELETAL MUSCLE DURING GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE
	4.11 TRB3 mRNA EXPRESSION IN SKELETAL MUSCLE DURING GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE
	4.12 TRB3 PROTEIN CONTENT IN THE LIVER AFTER GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE
	4.13 TRB3 mRNA EXPRESSION IN THE LIVER AFTER GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE
	4.14 INSULIN RECEPTOR PROTEIN CONTENT IN THE LIVER AFTER GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE
	4.15 LEPTIN RECEPTOR PROTEIN CONTENT IN THE LIVER AFTER GLUCOSE CHALLENGE FOLLOWING CHRONIC LEPTIN TREATMENT AND EXERCISE

	CHAPTER FIVE: DISCUSSION
	5.1 EFFECT OF EXERCISE AND CHRONIC LEPTIN ADMINISTRATION ON BODY WEIGHT
	5.2 EFFECT OF EXERCISE AND CHRONIC LEPTIN ADMINISTRATION ON SERUM GLUCOSE AFTER GLUCOSE CHALLENGE
	5.3 EFFECT OF EXERCISE AND CHRONIC LEPTIN ADMINISTRATION ON SERUM INSULIN AFTER GLUCOSE CHALLENGE
	5.4 EFFECT OF LEPTIN AND EXERCISE ON GLUT4 PROTEIN CONTENT AND mRNA EXPRESSION IN SKELETAL MUSCLE
	5.5 EFFECT OF LEPTIN AND EXERCISE ON TRB3 PROTEIN CONTENT AND TRB3 mRNA EXPRESSION IN SKELETAL MUSCLE
	5.6 EFFECT OF LEPTIN AND EXERCISE ON HEPATOCYTE GENE EXPRESSION OF GLUT2, INSULIN RECEPTOR, TRB3, LEPTIN RECEPTOR INVOLVED IN GLUCOSE METABOLISM
	5.7 SUMMARY OF THE FINDINGS

	CHAPTER SIX: CONCLUSION AND RECOMMENDATION
	REFERENCES
	APPENDICES
	AUTHOR'S PROFILE



