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ABSTRACT

Diabetes mellitus is one of the most common endocrine disorders accompanied by many 
metabolic syndromes. Many studies have examined the hypoglycaemic effect of Allium 
sativum oil and its major component allicin in both types of diabetes mellitus, but till now 
the mechanism has not been discussed regarding type 1 diabetes mellitus (T1DM). The 
objectives of this study were to determine the potential immunomodulatory effect of the 
administration of Allium sativum oil and its major compound allicin in the disease process 
of T1DM by assessing the levels o f anti- islet cell antibodies, Pan T lymphocytes marker 
(CD90), Pan B lymphocytes markers (CD19), Pan innate cells marker (C D llb) and 
serum insulin. Method: Male Sprague-Dawley rats with Streptozocin (STZ)-induced 
T1DM were used. T1DM induced to overnight fasted rats by intraperitoneal injection 
with a single dose of STZ 65mg/kg body weight. The six groups (6 rats in each group) 
under study received different doses of Allium sativum oil and allicin. Blood glucose 
levels were tested every morning (at 8 am) through 30 days of the experimental period. At 
the end of the experiment, and after completion of the experimental protocols, blood 
samples were collected from overnight fasting rats by cardiac puncture under anesthesia. 
Serum was assayed for anti- islet cell antibodies, Pan T lymphocyte marker (CD90), Pan 
B lymphocyte markers (CD 19), Pan innate cells marker (CD1 lb) and serum insulin using 
enzyme-linked immunosorbent assay (ELISA). Pancreatic tissues were taken from the 
rats for histology and they were fixed in 10%neutral formalin solution, Results: The 
results were compared to the ones obtained from healthy and non treated diabetic rats. 
The diabetic rats exhibited consistent hyperglycaemia and increased level of T, B 
lymphocytes markers, innate cells marker, and anti islet cells antibodies (ICA). There was 
a decrease in the serum insulin concentrations. Meanwhile administration of Allium 
sativum oil and allicin especially at high doses to the T1DM rats leads to significant 
decreases in the levels of all immunological parameters and increased semm insulin level. 
Conclusions: From this experiment it was observed Allium sativum oil and its major 
compound allicin exhibited immunomodulatory effect against autoimmune reactions in 
T1DM. The data provide new strategies for using Allium sativum and allicinto be 
recommended in the clinical management, control, and prevention of T1DM. In addition, 
our study suggested the possibility of using Allium sativum oil and allicin in the 
management of other autoimmune diseases.
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CHAPTER ONE 

INTRODUCTION

1.1 GENERAL INTRODUCTION

Diabetes mellitus (DM) is one of the most common endocrine disorders accompanied 

by metabolic syndromes. DM is characterized by a loss of glucose homeostasis with 

disturbances of carbohydrate, fat and protein metabolism resulting from defects in insulin 

secretion, insulin action, or both (Phil.R and Ashraf.I, 2011). Diabetes affects 1-2 % of 

the populations and currently there are around 100 million diabetic patients world wide 

(Phil and Ashraf, 2011). Diabetes is characterized by hyperglycaemia and long time 

complications which affect the eyes, nerves, blood vessels, skin, and kidneys. 

Complications in some of these organs can lead to death (Brownlee, 2001; Weiss and 

Sumpio, 2006). A study carried out by Eidi et al., (2006) stated number of diabetics 

worldwide is 150 million and this is likely to increase to 300 or more by the year 2025. 

The reasons for this rise include increase in sedentary lifestyle, consumption of energy 

rich diet and obesity (Eidi at el., 2006).

Currently, Typel Diabete smellitus (T1DM) (previously called Insulin-dependent 

diabetes mellitus- IDDM) is considered to be an autoimmune disease characterized by 

insulin deficiency due to T-cell mediated damage of pancreatic cells. T1DM usually 

begins in childhood or in young adult years (Edem, 2009. Insulin is the only treatment for 

T1DM patients, and as it is a biochemical agent it leads to many side effects (Metwally,

2009). Synthetic hypoglycaemic drugs, which are currently the main form of treatment 

for T1DM have been shown to have unwanted side effects and high secondary failure 

rates (Baily., 2000; Erasto et al., 2005; Dey et al., 2002).‘In addition, these drugs are not 

affordable by the majority of people living in rural communities of developing countries 

such as South Africa because of their high cost (Baily, 2000). Due to the limitations of 

currently available antidiabetic pharmacological agents have prompted researchers all 

over the world to investigate alternative antidiabetic remedies. In particular, consideration

1


	Potential Immunomodulatory Effect of Allium sativum oil and its Major Component Allicin in the Disease Process of Type 1 Diabetic Rats
	AUTHOR’ S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENT
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURE
	LIST OFABBREVIATIONS
	CHAPTER ONE INTRODUCTION
	1.1 GENERAL INTRODUCTION
	1.2 SIGNIFICANCE OF STUDY
	1.3 OBJECTIVES OF THE STUDY
	1.3.1 General Objective
	1.3.2 Specific Objectives

	1.4 PROBLEM STATEMENT
	1.5 HYPOTHESIS

	CHAPTER TWO LITERATURE REVIEW
	2.1 PANCREAS
	2.1.1 Anatomy of the Pancreas
	2.1.2 Histology of Pancreas
	2.1.3 Physiology of Pancreas
	2.1.4 Pancreatic Hormones

	2.2 DIABETES MELLITUS
	2.2.1 Definition of Diabetes Mellitus
	2.2.2 Epidemiology of Diabetes Mellitus
	2.2.3 Classification of Diabetes Mellitus
	2.2.4 Clinical Presentation of Diabetes Mellitus
	2.2.5 Type 1 diabetes mellitus
	2.2.6 Pathogenesis of T1DM
	2.2.7 Clinical Picture of Type 1 Diabetes
	2.2.8 Diagnosis of Diabetes Mellitus
	2.2.9 Complications of diabetes mellitus (DM)
	2.2.10 Treatment and Management of Miabetes Mellitus
	2.2.11 Type 1 Diabetes is an Immune Mediated Disease

	2.3 IMMUNE SYSTEM
	2.3.1 Innate and Adaptive Immunity
	2.3.2 Cellular Immunity Studies in Type 1 Diabetes
	2.3.3 Humoral Immunity Studies in Type 1 Diabetes

	2.4 MEDICAL PLANT AND IMMUNOMODULATORY
	2.5 (AIIIUM SATIVUM)
	2.5.1 History of Allium Sativum (Garlic)
	2.5.2 Description of Allium Sativum
	2.5.3 Nutritional Value of Allium sativum
	2.5.4 Active ingredients of Allium Sativum
	2.5.5 Metabolism of Allium sativum
	2.5.6 Allium Sativum Consumption and Supplements

	2.6 HEALTH BENEFITS OF ALLIUM SATIVUM
	2.6.1 Allium Sativum and Blood Pressure Effect
	2.6.2 Allium Sativum and LDL Cholesterol Effect
	2.6.3 Allium Sativum and Cancer Effect
	2.6.4 Allium Sativum and Oxidative Stress Effect
	2.6.5 Allium Sativum and the Immune System Effect
	2.6.6 Allium Sativum and Anti-Hyperglycemic or Anti-Diabetic Effect

	2.7 DOSAGE AND TOXICITY OF ALLIUM SATIVUM
	2.8 ALLICIN THE ACTIVE COMPONENT OF ALLIUM SATIVUM
	2.9 MEDICINAL PROPERTIES OF ALLICIN
	2.9.1 Antitumor Property
	2.9.2 Anti-ypertensive Property
	2.9.3 Anti- microbial Property
	2.9.4 Immunomodulating Property
	2.9.5 Allicin and Diabetes Mellitus

	2.10 STREPTOZOTOCIN (STZ)
	2.10.1 Streptozotocin Overview
	2.10.2 Streptozotocin Induced Model of Type 1 Diabetes Mellitus


	CHAPTER THREE MATERIALS AND METHODS
	3.1 CHEMICALS AND REAGENTS
	3.1.1 Streptozotocin
	3.1.2 Immunoassay Kits

	3.2 Allium Sativum Oil
	3.3 Allicin
	3.4 Animals: Experimental and Det Preparation
	3.5 Experimental Design
	3.6 Induction of Experimental Type 1 Diabetes Mellitus (T1DM)
	3.7 Fasting Blood Glucose Measurement
	3.8 Body Weight Measurement
	3.9 Collection of Blood Samples and Tissue
	3.10 Clotting of Blood Samples
	3.11 Centrifugation of Blood Samples
	3.12 Freezing of Serums
	3.13 BIOCHEMICAL STUDY
	3.13.1 Serum insulin level

	3.14 IMMUNOLOGICAL STUDY
	3.14.1 Anti Islet Cell Antibodies (ICA)
	3.14.2 Cluster of Differentiation 19 (CD19); Pan B Cells Marker
	3.14.3 Thy 1Cell Surface Antigen (CD90); Pan T Cells Marker
	3.14.4 Cluster of Differentiation 11b (CD11 b)

	3.15 Enzyme-Linked Immunosorbent Assay (ELISA)
	3.15.1 Reagents and Materials Lrovided
	3.15.2 Reagents Preparation
	3.15.3 Assay Procedures

	3.16 HISTOPATHOLOGY STUDY
	3.16.1 Histopathology Process
	3.16.2 Analysis of Histological Sections

	3.17 STATISTICAL ANALYSIS

	CHAPTER FOUR RESULTS
	4.1 BODY WEIGHT
	4.1.1. Effect of Allium Sativum oil on Body Weight
	4.1.2 Effect of Allicin on Body Weight

	4.2 BIOCHEMICAL STUDY
	4.2.1 Daily Fasting Blood Glucose
	4.2.2 Effect of Allium Sativum Oil on Serum Insulin Level
	4.2.3 Effect of Allicin on Lerum Lnsulin Level
	4.2.4 Effect of Allium Sativum oil at doses (10 & 20mg/kg) and Allicin at doses (8 & 16mg/kg) on the levels of insulin

	4.3 IMMUNOLOGICAL STUDY
	4.3.1 Effect of Allium Sativum Oil on Anti Islet Cell Auto Antibodies ICA Level
	4.3.2 Effect of Allicin on Anti Islet Cell Auto Antibodies ICA Level
	4.3.3 Effect of Allium Sativum oil at doses (10 & 20mg/kg) and Allicin at doses (8 & 16mg/kg) on the levels of ICA
	4.3.4 Effect of Allium Sativum Oil on Serum Level of Pan B-Lymphocytes Marker, (CD19)
	4 3.5 Effect of Allicin on Serum Level of B-Lymphocytes Marker, (CD19)
	4.3.6 Effect of Allium Sativum oil at doses (10 & 20mg/kg) and Allicin at doses (8 & 16mg/kg) on the levels of CD19
	4.3.7 Effect of Allium Sativum Oil on the Serum Level of Pan T- Lymphocytes Marker (CD90)
	4 3.8 Effect of Allicin on the Serum Level of Pan T- Lymphocytes Marker (CD90)
	4 3.9 Effect of Allium Sativum oil at doses (10 & 20mg/kg) and Allicin at doses (8 & 16mg/kg) on the levels of CD90
	4.3.10 Effect of Allium Sativum on Innate Cells Marker (CD11b)
	4.3.11 Effect of Allicin on Innate Cells Marker (CD11b)
	4.3.12 Effect of Allium Sativum oil at doses (10 & 20mg/kg) and Allicin at doses (8 & 16mg/kg) on the levels of CD11b

	4.4 HISTOPATHOLOGICAL STUDY
	4.4.1 Normal Control Group (GA)
	4.4.2 Diabetic Rats Induced STZ without Treatment (GB)
	4.4.3 Diabetic Rats Treated with lOmg/kg Allium Sativum Oil (GC)
	4.4.4 Diabetic Rats Treated with 20mg/kg Allium Sativum Oil (GD)
	4.4.5 Diabetic Rats Treated with 8mg/kg Allicin (GE)
	4.4.6 Diabetic Rats Treated with 16mg/kg Allicin (GF)


	CHAPTER FIVE DISCUSSION
	5.1 BODY WEIGHT CHANGES
	5.2 B IOCHEMICAL STUDIES
	5.2.1 Serum Blood Llucose Level
	5.2.2 Serum insulin level

	5.3 IMMUNOLOGICAL STUDY
	5.3.1 Effect of Allium Sativum Oil and Allicin on the Level of Auto Islet Cell Antibodies (ICA)
	5.3.2 Effect of Allium Sativum Oil and Allicin on the Level of Pan T Lymphocytes Marker (CD90)
	5.3.3 Effect of Allium Sativum Oil and Allicin on the Level of Pan B Lymphocytes Marker (CD 19)
	5.3.4 Effect of Allium Sativum Oil and Allicin on the Level of (CDb11)

	5.4 HISTOPATHOLOGICAL STUDY
	5.5 The effects of Allium Sativum Oil and Allicin on the Biochemical, Immunololgical and Histopatholigical Parameters of STZ-induced T1DM Rats: Summary of Comparisons

	CHAPTER SIXC ONCLUSION AND RECOMMENDATION
	REFERENCES
	APPENDICES



