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ABSTRACT 

 

Atherosclerotic vascular diseases (AVDs) are presently increasing rapidly in 

incidence and have become key contributors to the burden of disease in most 

developing countries like Ghana. The condition has been projected to more than 

double by 2025. The type and amount of dietary fat has been associated with 

several disorders including AVDs and it complications. Diet, as one of the most 

important modifiable risk factors of Coronary Heart Disease (CHD) modulates the 

other known risk factors. Excessive intake of dietary saturated fat and cholesterol 

has been found to increase serum cholesterol, thus leading to a high risk of 

cardiovascular diseases. Saturated fats, both of animal and vegetable or plant 

origin, have been discredited. This study was carried out to investigate the effect 

of vegetable fats including olive oil (OO), red palm oil (RdPO) and refined palm 

oil or palm olein (RfPO) on lipid profile and risk of Atherosclerosis in rat model. 

Three months old male Sprague-Dawley (S-D) rats (n=56) were divided into four 

groups: control, olive, red palm and refined palm oil groups (n=14 per group) 

received water and feed ad libitum. The controls were fed the standard rat chow 

whilst the treatment (oil) groups received diet enriched with extra 6% by weight 

of the corresponding oil. During the 16 weeks of dietary intervention, 7 rats were 

randomly selected from each group and sacrificed at two months intervals, and 

blood samples collected for biochemical analysis. Plasma lipid profile comprising 

of Total Cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), 

Apolipoprotein-A1 (Apo-A1), and Apolipoprotein-B100 (Apo-B100) were 

determined at baseline and at the end of every two months by the enzymatic 
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technique using the Enzyme-Linked Immuno Sorbant Assay (ELISA). Pro-

inflammatory markers including Interleukin-2 (IL-2), Interleukin-6 (IL-6), Tumor 

Necrosis Factor Alpha (TNF-α) and Total Antioxidant Status (TAS) were also 

determined by the ELISA method at baseline and at 2 and 4 months. There was no 

significant difference in the lipid profile of the treatment rats compared to the 

controls. However, there was a significant effect of the intake of the different oils 

on the inflammatory markers TNF-α and IL-6. There were also significant 

differences in the TAS of the rats from the different groups at month 2. Olive oil 

diet caused a significant decrease in the TNF-α and IL-6 mean concentrations 

(p=0.008) and (0.0041) respectively and an increase in the TAS mean 

concentrations (p=0.005). The two palm oil diets (RdPO and RfPO) caused an 

increase in both TNF-α and IL-6 concentrations. The red palm oil diet resulted in 

an increase in the TAS, whilst the refined palm oil diet caused a decrease in the 

TAS. However these effects were not statistically significant. The results suggest 

that the 3 different oils had different effects on the parameters investigated in this 

study. The increase in levels of the inflammatory indicators and reduction in total 

antioxidants levels recorded among rats fed RfPO enriched diet shows a 

likelihood of the oil enhancing inflammation and leading to oxidative stress and 

subsequent oxidative damage respectively, hence may have a potential of 

increasing the risk of development of atherosclerosis in rats. The intake of the red 

palm oil diet, although to some extent improved TAS of the rats, yet was 

associated with increased inflammation (TNF-α and IL-6). Therefore prolonged 

use may probably be associated with increased risk of developing atherosclerosis 

and other inflammatory diseases. On the contrary, intake of olive oil as a major 

source of fat may reduce the risk of atherosclerotic development due to its 

University of Ghana          http://ugspace.ug.edu.gh



iv 

 

association with significant increase in TAS and a decrease in both IL-6 and TNF-

α production in rats. The above findings therefore suggest that, olive oil may be 

most protective against atherosclerosis compared to the other oils. Also the red 

palm oil though unrefined, turned out to have a better antioxidant capacity than 

the refined form. 

University of Ghana          http://ugspace.ug.edu.gh



v 

 

 

DEDICATION 

 

To my beloved husband Tony 

 

 

University of Ghana          http://ugspace.ug.edu.gh



vi 

 

ACKNOWLEGEMENT 

My deepest gratitude to the Almighty God who has enabled me to successfully 

carryout and complete this thesis. Words cannot express my sincere gratitude to 

my beloved parents for all the assistance and encouragement. My profound 

appreciation to my loving husband and children, for their unflinching support, 

inspiration and advice throughout my studies.  

 

It gives me immense pleasure to express my deep sense of gratitude and sincere 

thanks to Prof. A. Amoah, Department of Medicine and Therapeutics, KBTH as 

my principal supervisor and mentor, for his prudent admonitions, guidance, strong 

commitment, keen and sustained interest during the present investigation and 

preparation of this thesis. I am especially thankful for the patience and the quality 

time that was sacrificed for me.  

 

With sincere gratefulness I wish to express my indebtedness and profound thanks 

to my co-supervisors Prof. E. K. Wiredu, Department of Pathology, KBTH, Dr. 

George Asare, the Vise Dean, School of Allied health Sciences, UG and Dr. 

Phyllis Addo, Department of Animal Experimentation, NMIMR: through theirs 

constant advice and constructive criticisms nourished my interest in the subject 

and provided a free and pleasant atmosphere to work against all odds.  

 

The research was generously supported by ORID/UG which made it possible to 

acquire the reagents required for the project. Many thanks to the CHS Grant and 

Scholarship Department for the bench fees. It is also my privilege to extend 

University of Ghana          http://ugspace.ug.edu.gh



vii 

 

heartfelt thanks to former Director of GAFCO Mr. Kubler, Dr Rule and staff of 

CSIR, staff of Animal Experimentation Department, Staff of Diabetes Research 

Lab and the Staff of School of Allied Health Sc. for their affectionate help and 

moral support in numerous ways. 

 

I am extremely grateful and sincerely acknowledge the following people: Rev. 

Prof. P. F. Ayeh-Kumi, Prof. D. Sarpong, Prof. A. A. Agyei , Prof. Atoquafio, 

Prof. Nkyekyer, Dr. Agyemang, Dr. Nortey and Dr. Mettle, Dr. Kwamena Sagoe, 

Dr. Kumogy, Mr. Nii Dodoo, Mr. and Mrs. David Mensah for their cooperation, 

inspiration and valuable advice for the success of this research. I owe many 

thanks to my friends and loved ones, who have been of immense support. Your 

valuable contribution is inestimable. Thank you so much. 

University of Ghana          http://ugspace.ug.edu.gh



viii 

 

TABLE OF CONTENTS 

DECLARATION .................................................................................................... I 

ABSTRACT .......................................................................................................... II 

DEDICATION ....................................................................................................... V 

AKNOWLEDGMENT.........................................................................................VI 

TABLE OF CONTENTS .................................................................................. VIII 

LIST OF FIGURES ........................................................................................... XIV 

LIST OF TABLES .............................................................................................. XV 

LIST OF ABBREVIATIONS ........................................................................... XVI 

CHAPTER ONE .................................................................................................... 1 

1. INTRODUCTION .......................................................................................... 1 

1.1   BACKGROUND ................................................................................................... 1 

1.2   PROBLEM STATEMEN ........................................................................................ 4 

1.3   AIMAND OBJECTIVES ........................................................................................ 5 

1.4   HYPOTHESIS ...................................................................................................... 6 

2. CHAPTER TWO ............................................................................................ 7 

2. LITERATURE REVIEW .............................................................................. 7 

2.1          BACKGROUND ......................................................................................... ..7 

2.1.1     Atherosclerotic Vascular Disease ............................................................. 7 

2.1.2     Epidemiology ........................................................................................... 8 

2.1.2.1 The Global Burden of Atherosclerotic Disease ........................................ 8 

University of Ghana          http://ugspace.ug.edu.gh



ix 

 

2.1.2.2 Vascular Disease distribution in Developing Countries ........................... 9 

2.1.2.3  The Burden in Africa .............................................................................. 10 

2.1.2.4 Sub-Saharan Africa ................................................................................ 11 

2.1.2.5 Prevalence Rate of Atherosclerosis to Countries and Regions .............. 12 

2.1.3     Risk Factors for Atherosclerosis ............................................................ 15 

2.1.3.1 Traditional Risk Factors and Vascular Risk ........................................... 15 

2.1.3.2  Novel Risk Factors for AVD .................................................................. 26 

2.1.3.3 Genetic Risk Factors .............................................................................. 28 

2.1.4     Pathogenesis of Atherosclerosis ............................................................. 29 

2.1.5     Hypotheses of Atherogenesis ................................................................. 33 

2.1.6       Selective Uptake ..................................................................................... 41 

2.1.7       Infections and Coronary Artery Disease (CAD) .................................... 43 

2.1.8     Morphological Features of Atherosclerosis ........................................... 44 

2.1.8.1    Cells Involved in Atherogenesis ............................................................. 46 

2.1.8.2    Morphology of Atherosclerotic Lesions ................................................. 50 

2.1.8.3    Plaque Progression in Atherosclerosis ................................................... 53 

2.1.8.4    Mechanisms of Plaque Rupture .............................................................. 55 

2.1.9     Treatment and Management ................................................................... 56 

2.1.9.1    Lifestyle changes .................................................................................... 56 

2.1.9.2    Surgical intervention .............................................................................. 57 

2.1.9.3     Prophylaxis ............................................................................................ 57 

2.2 THE ROLE OF LIPIDS IN ATHEROGENESIS ....................................................... 58 

2.2.1      Background ........................................................................................... 58 

2.2.2        Lipid Transport ...................................................................................... 62 

2.2.2.1  Apolipoproteins ..................................................................................... 63 

University of Ghana          http://ugspace.ug.edu.gh



x 

 

2.2.2.2  Reverse cholesterol transport and the role of CETP ............................. 65 

2.2.2.3   The Role of lipoproteins in Atherogenesis ............................................ 66 

2.2.3        Effect of Fatty Acids on Blood Cholesterol Levels .............................. 69 

2.2.3.1     Effect of Dietary Fat on Lipoproteins ................................................... 70 

2.2.3.2     Effects of Saturated Fat on LDL-C and HDL Size and Composition ... 73 

2.2.3.3  Factors Affecting Variation in Lipoprotein Response to Saturated Fat 73 

2.2.3.4  Saturated Fat and CVD Risk ................................................................. 74 

2.2.3.5     Lipid Profile and CVD Risk .................................................................. 76 

2.2.3.6   Cholesterol Lowering and Atherosclerosis ........................................... 78 

2.3 OXIDATION AND INFLAMMATION ................................................................... 81 

2.3.1      Background ........................................................................................... 81 

2.3.1        Role of Antioxidants in the Development of Atherosclerosis ............... 83 

2.3.2        Inflammation and Atherogenesis ........................................................... 86 

2.3.2.1  Role of Endothelial Activation, Adhesion Molecules, and   Chemokines

 ………………………………………………………………………….86 

2.3.2.2  Role of Macrophage Inflammation in the Developing Plaque .............. 88 

2.3.2.3  Inflammatory Markers ........................................................................... 88 

2.3.2.4  Proinflammatory Cytokines .................................................................. 89 

2.3.2.5  Predictive Value of Inflammatory Markers ........................................... 92 

2.4 INTERPLAY BETWEEN LIPIDS, INFLAMMATION AND OXIDATION IN 

ATHEROGENESIS................................................................................................ .....94 

2.4.1        Background ........................................................................................... 94 

2.4.2        Dietary lipids and the inflammatory response ....................................... 95 

2.4.2.1  Interleukin 6 .......................................................................................... 96 

2.4.2.2  TNF-α .................................................................................................... 97 

University of Ghana          http://ugspace.ug.edu.gh



xi 

 

2.4.3        Influence of Lipids on Oxidation .......................................................... 97 

2.4.3.1     Dietary antioxidants .............................................................................. 99 

2.4.4        Inflammation and Lipid metabolism ................................................... 100 

2.5 CHARACTERISTICS OF THE DIFFERENT VEGETABLE FATS AND THEIR EFFECT 

ON LIPID PROFILE ................................................................................................. 102 

2.5.1        Background ......................................................................................... 102 

2.5.2      Crude Palm oil ..................................................................................... 102 

2.5.2.1  Red Palm oil ........................................................................................ 104 

2.5.2.2  Oxidized palm oil ................................................................................ 113 

2.5.2.3  Refined Palm oil (Palm Olein ) ........................................................... 113 

2.5.3        Olive Oil .............................................................................................. 115 

2.5.3.1     Effect of Olive Oil on Atherosclerosis ................................................ 117 

3. CHAPTER THREE .................................................................................... 121 

3. MATERIALS AND METHODS ............................................................... 121 

3.1           BACKGROUND ..................................................................................... .121 

3.2           EXPERIMENTAL DESIGN ......................................................................  121 

3.2.1        Diet ...................................................................................................... 122 

3.2.2      Blood Sample Collection .................................................................... 125 

3.2.2.1  Blood Sampling Techniques ............................................................... 127 

3.3    BIOCHEMICAL ANALYSIS ........................................................................ ...128 

3.3.1      Basic Principle of ELISA .................................................................... 129 

3.3.1.1  Common ELISA formats ..................................................................... 130 

3.3.2      Lipid Profile Analysis ......................................................................... 131 

3.3.2.1     Determination of Rat Cholesterol (TC) ............................................... 131 

University of Ghana          http://ugspace.ug.edu.gh



xii 

 

3.3.2.2   Determination of Rat Oxidized Low-density Lipoprotein (OxLDL-C)

 ………………………………………………………………………...135 

3.3.2.3   Determination of Lipid Profile and Inflammatory Markers ............... 139 

3.3.2.4   Determination of Rat Low Density Lipoprotein Concentration (LDL-C)

 ………………………………………………………………………...141 

3.3.2.5   Determination of Rat Apolipoprotein-A1 Concentration ................... 142 

3.3.2.6   Determination of Rat Apolipoprotein-B100 Concentration ............... 143 

3.3.2.7   Determination of Rat Interleukin-2 Concentration ............................ 144 

3.3.2.8   Determination of Rat Interleukin-6 Concentration ............................ 145 

3.3.2.9   Determination of Rat Tumor Necrosis Factor Alpha Concentration . 146 

3.3.3         Antioxidant Capacity Analysis ........................................................... 147 

3.3.3.1   Total Antioxidant Status ..................................................................... 147 

3.4       STATISTICAL ANALYSIS ............................................................................. 153 

4. CHAPTER FOUR ....................................................................................... 154 

4. RESULTS .................................................................................................... 154 

4.1            BACKGROUND ..................................................................................... 154 

4.2            TREND IN GROWTH (WEEK ONE TO EIGHT) .......................................... 154 

4.2.1       Trend in growth (Week eight to sixteen) ........................................... 156 

4.2.2       Effect of Different Vegetable Oils on Growth of Rats ....................... 158 

4.3               LIPID PROFILE ..................................................................................... 160 

4.4               INFLAMMATORY MARKERS AND TOTAL ANTIOXIDANT STATUS .......... 164 

5. CHAPTER FIVE ........................................................................................ 168 

5. DISCUSSION AND CONCLUSION ........................................................ 168 

University of Ghana          http://ugspace.ug.edu.gh



xiii 

 

5.1           BACKGROUND ...................................................................................... 168 

5.2           EFFECT OF THE DIFFERENT OILS ON WEIGHT OF RATS ........................ 169 

5.3           EFFECT OF THE DIFFERENT OILS ON BIOMARKERS IN RATS ................. 171 

5.3.1        Effect of the Different Oils on Lipid Profile ....................................... 171 

5.3.2      Effect of the Different Oils on Inflammatory Process in Rats ............ 177 

5.3.3      Effect of the Different Oils on Antioxidant Status of Rats ................. 183 

5.4  EFFECT OF THE OILS ON ATHEROSCLEROTIC RISK ...................................... 188 

5.5  LIMITATIONS ............................................................................................... 194 

5.6  CONCLUSIONS ............................................................................................. 196 

5.7  RECOMMENDATION ..................................................................................... 197 

6. APPENDIX A .............................................................................................. 198 

7. REFERENCES ............................................................................................ 199 

 

University of Ghana          http://ugspace.ug.edu.gh



xiv 

 

LIST OF FIGURES 

 

FIGURE 2.1: SUMMARY OF RISK FACTORS OF ATHEROSLEROSIS ............................................. 26 

FIGURE 2.2: RESPONSE-TO-INJURY HYPOTHESIS OF ATHEROSCLEROSIS .................................. 36 

FIGURE 2.3: RESPONSE-TO-RETENTION HYPOTHESIS OF ATHEROSCLEROSIS ............................ 38 

FIGURE 2.4: OXIDATIVE MODIFICATION HYPOTHESIS OF ATHEROSCLEROSIS ........................... 41 

FIGURE 2.5: AVERAGE COMPOSITION OF ADVANCED CORONARY PLAQUE ............................... 52 

FIGURE 2.6: LIGHT MICROGRAPH OF A FIBROFATTY PLAQUE IN THE CORONARY ARTERY ....... 53 

FIGURE 2.7: EFFECT OF FATTY ACID TYPE ON BLOOD CHOLESTEROL .................................... 70 

FIGURE 2.8: ROLE OF ROS IN THE DEVELOPMENT OF ATHEROSCLEROSIS. ............................... 85 

FIGURE 2.9: VITAMINE E CONTENT IN FATS AND OILS .......................................................... 106 

FIGURE 3.1: STUDY DESIGN ................................................................................................... 122 

FIGURE 3.2:  BLOOD SAMPLING METHODS ............................................................................ 126 

FIGURE 3.3: TYPES OF DETECTION METHODS ........................................................................ 130 

FIGURE 3.4: CALIBRATION CURVE FOR DETERMINATION OF TC CONCENTRATION .............. 134 

FIGURE 3.5: CALIBRATION CURVE FOR DETERMINATION OF OXLDL-C CONCENTRATION ... 139 

FIGURE 3.6:  FLOW DIAGRAM SHOWING PROCEDURE FOR BIOCHEMICAL ANALYSIS. ........... 140 

FIGURE 3.7: CALIBRATION CURVE FOR DETERMINATION OF LDL-C CONCENTRATION ........ 141 

FIGURE 3.8: CALIBRATION CURVE FOR DETERMINATION OF APO-A1 CONCENTRATION ...... 142 

FIGURE 3.9: CALIBRATION CURVE FOR DETERMINATION OF APO-B100 CONCENTRATION ... 143 

FIGURE 3.10: CALIBRATION CURVE FOR DETERMINATION OF IL-2 CONCENTRATION .......... 144 

FIGURE 3.11: CALIBRATION CURVE FOR DETERMINATION OF IL-6 CONCENTRATION .......... 145 

FIGURE 3.12: CALIBRATION CURVE FOR DETERMINATION OF TNF-Α CONCENTRATION ...... 146 

FIGURE 3.13: CALIBRATION CURVE FOR DETERMINATION OF TAS CONCENTRATION .......... 152 

FIGURE 4.1: MEAN AND FATING WEIGHT OF EXPERIMENTAL ANIMALS AT THE MIDDLE AND 

END OF STUDY PERIOD. .................................................................................................. 159 

 

University of Ghana          http://ugspace.ug.edu.gh



xv 

 

LIST OF TABLES 

 

TABLE 2.1: PREVALENCE RATE OF ATHEROSCLEROSIS BY COUNTRIES AND REGIONS ............ 13 

TABLE 2.2: PERCENTAGE OF SPECIFIC TYPES OF FAT IN COMMON OILS AND FATS ................ 61 

TABLE 2.3: MAIN SOURCES OF DIETARY FATS AND THEIR EFFECT ON CHOLESTEROL LEVELS.

 ........................................................................................................................................ 79 

TABLE 3.1: PROXIMATE ANALYSIS OF FEED .......................................................................... 124 

TABLE 3.2: COMPOSITION OF THE DIETS IN G/100 (%) ........................................................... 125 

TABLE 3.3:  SPREAD SHEET FOR DETERMINATION OF TC CONCENTRATION ......................... 134 

TABLE 3.4: SPREAD SHEET FOR DETERMINATION OF OXLDL-C CONCENTRATION .............. 138 

TABLE 3.5:  SPREAD SHEET FOR DETERMINATION OF LDL-C CONCENTRATION ................... 141 

TABLE 3.6: SPREAD SHEET FOR DETERMINATION OF APO-A1 CONCENTRATION .................. 142 

TABLE 3.7: SPREAD SHEET FOR DETERMINATION OF APO-B100 CONCENTRATION .............. 143 

TABLE 3.8:  SPREAD SHEET FOR DETERMINATION OF IL-2 CONCENTRATION ....................... 144 

TABLE 3.9: SPREAD SHEET FOR DETERMINATION OF IL-6 CONCENTRATION ........................ 145 

TABLE 3.10: SPREAD SHEET FOR DETERMINATION OF TNF-Α CONCENTRATION .................. 146 

TABLE 3.11:  TAS  STANDARD PREPARATION ....................................................................... 150 

TABLE 3.12: SPREAD SHEET FOR DETERMINATION OF TAS CONCENTRATION ...................... 152 

TABLE 4.1: MEAN WEIGHTS OF EXPERIMENTAL ANIMAL MEASURED FROM START TO THE 

EIGHTH WEEK STRATIFIED BY TREATMENT GROUPS ...................................................... 155 

TABLE 4.2 : MEASURED WEIGHT OF EXPERIMENTAL ANIMAL FROM NINTH TO THE SIXTEENTH 

WEEK STRATIFIED BY TREATMENT GROUPS ................................................................... 157 

TABLE 4.3: EFFECT OF DIFFERENT VEGETABLE OILS ON LIPID PROFILE OF S-D RATS BEFORE 

AND AFTER TREATMENT. .............................................................................................. 162 

TABLE 4.4: EFFECT OF DIFFERENT VEGETABLE OILS ON INFLAMMATORY MARKERS AND 

ANTIOXIDANT LEVELS OF S-D RATS BEFORE AND AFTER TREATMENT. ....................... 166 

 

University of Ghana          http://ugspace.ug.edu.gh



xvi 

 

 

LIST OF ABBREVIATIONS 

 

ALA    Alpha-linolenic acid 

APO-A1  Apolipoprotein-A1 

APO-B100  Apolipoprotein-B100 

AVD    Atherosclerotic vascular disease 

CAD    Coronary Artery Disease 

CEs    Cholesteryl esters 

CHD    Coronary heart disease 

CRP    C-reactive protein 

CRPO    Crude palm oil 

CSF   Colony stimulating
 
factors 

CSF-1   Colony-stimulating factor 1 

CSIR    Center for Scientific and Industrial Research 

CVD    Cardiovascular diseases 

CVDH   Cardiovascular disease and hypertension 

DHA  Docosahexaenoic acid 

ELISA   Enzyme-Linked Immuno Sorbant Assay 

EPA    Eicosapentaenoic acid 

FFA    Free fatty acids 

GAFCO   Ghana Agro Food Company 

GM-CSF  Granulocyte-macrophage colony-stimulating factor 

GSH-Px   Glutathione Peroxidase 

University of Ghana          http://ugspace.ug.edu.gh



xvii 

 

GSSG-Rx   Glutathione Reductase 

HDL-C    High-density lipoprotein cholesterol 

HMG-CoA       3-hydroxy-3-methylglutaryl coenzyme A 

IFN    Interferons 

IL-2   Interleukin-2 

IL-6   Interleukin-6 

iTFA    Industrial trans fatty acids 

KBTH    Korle-bu Teaching Hospital 

LDL-C   Low-density lipoprotein cholesterol 

LDL-CR  LDL-C receptor 

LMIC    Low- and middle-income countries 

MCP-1   Monocyte chemotactic protein 1 

MDA   Malondialdehyde 

MUFA   Monounsaturated fatty 

NCEP    National Cholesterol Education Programme 

NMIMR   Noguchi Memorial Institute for Medical Research 

PAD    Peripheral artery disease 

PUFA    Polyunsaturated fatty 

RAS    Renin-angiotensin system 

REFPO   Refined palm olein 

ROS   Reactive oxygen species 

SFA    Saturated fatty acids 

SSA    Sub-Saharan Africa 

SU    Selective uptake 

TAS    Total Antioxidant Status 

University of Ghana          http://ugspace.ug.edu.gh



xviii 

 

TC    Total Cholesterol 

TGF    Transforming growth factors 

TNF    Tumor
 
necrosis factors 

TNF-α   Tumor Necrosis Factor Alpha 

VCAM-1  Vascular cell adhesion molecule-1 

VLDL-C   Very low density lipoprotein 

VSMC   Vascular smooth muscle cells

University of Ghana          http://ugspace.ug.edu.gh



1 

 

 

        CHAPTER ONE 

1. INTRODUCTION 

 

1.1 Background 

It is an established fact that dietary intake influences nutrients and their turnover 

(Martinez et al., 1995). Studies have shown that the type and amount of fat in the 

diet is associated with changes in the levels, composition and metabolism of 

serum lipoproteins (Abraham et al., 1994), triglycerides and other lipids 

(Truswell, 1994). Excessive fat and cholesterol consumption as well as lipid 

structure and configuration affect the lipid profile in plasma (Kritchevsky, 1995). 

 

Experimental and epidemiological studies have demonstrated that elevated levels 

of LDL-C-cholesterol and cholesterol-enriched very low density lipoprotein 

(VLDL-C) increase atherosclerosis susceptibility and lead to clinical sequel such 

as coronary heart disease and stroke which have become the major causes of 

morbidity and mortality in the world today (Breslow, 1997). In humans, it has 

been shown that dietary cholesterol and saturated fatty acids (SFA) increase the 

levels of these atherogenic lipoproteins, and current recommendations include 

decreasing their intake as part of a heart-healthy diet (Ross, 1993a). 

 

Commonly-used cooking oils in Ghana include palm oil, palm kernel oil, coconut 

oil, Olive Oil, soybean oil, sunflower oil, groundnut oil, shea butter and cocoa 
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butter. For many of these oils, their effects on serum lipid profile are still 

unknown. The link between dietary fats and cardiovascular diseases has 

necessitated the high research interest in cooking oils. 

 

Different types of fats (e.g. animal fat, vegetable fats/oils) contain various levels 

of specific fatty acids (saturated fatty acids and unsaturated fatty acids- 

monounsaturated/ polyunsaturated). The quality and quantity of fat in the diet 

influence serum lipid concentrations (Denke and Grundy, 1992). Serum lipids 

play an important role in pathogenesis of many diseases. For instance, excessive 

intake of cooking oils over a period of time can lead to hyperlipidemia and 

consequently related conditions such as arteriosclerosis, hypertension, 

cardiovascular disease (CVD) and certain cancers (Mensink et al., 1992).  

 

Atherosclerosis is a slow progressive disease that can affect the arteries of the 

brain, heart, kidneys, and the legs. It involves the hardening and narrowing of the 

arteries resulting from a build-up of fibrolipid plaques beneath the inner lining 

(the endothelium). This can cause serious diseases and complications including 

coronary artery diseases (angina, heart attack, and sudden death), cerebrovascular 

diseases (stroke, transient ischemic attacks (TIA) or “mini strokes”) and 

peripheral arterial diseases (Boushey et al., 1995). 

 

Diseases caused by atherosclerosis are the leading cause of illness and death in 

many countries (Boushey et al., 1995). An estimated 17 million people worldwide 

die every year from cardiovascular diseases, particularly heart attacks and strokes 

and projected to cause 25 million deaths in 2020 (WHO, 2008). People who 
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survive a heart attack or stroke often need long-term medical treatment. These 

diseases can seriously affect the quality of life of both the patient and his or her 

family members. 

 

A desirable serum lipid profile is one that has low plasma total cholesterol (TC), 

triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C-C) and a high 

level of high-density lipoprotein cholesterol (HDL-C). High levels of TC are a 

risk factor for coronary artery disease and saturated fatty acids have been 

positively implicated (Knopp and Retzlaff, 2004). These include lauric (C12:0), 

myristic (C14:0), palmitic (C16:0), and stearic (C18:0) acids. Palm kernel and 

coconut oil contain more than 65% of their fatty acids in the form of lauric and 

myristic acids, the combination of which have been reported to be atherogenic 

(Lada and Rudel, 2003). 

 

On the other hand, olive and canola oils,  high in  monounsaturated fatty acids and 

corn, soybean and sunflower oil with high polyunsaturated fatty acid, have been 

shown in both human and animal studies to reduce serum LDL-C cholesterol 

levels and consequently contribute to reduced risk of atherosclerosis (Rudel et al., 

1998). There are many questions and in some cases contradictory reports on 

dietary vegetable oils: some of these vegetable oils such as the tropical oils (palm 

oil and coconut oil) are believed to increase the cardiovascular risk while other 

investigator claim that these rather reduce risk (Kumar, 1997, Zock et al., 1994). 

In this study, the effect of three different dietary fats (Olive Oil, Red Palm oil and 

oxidized palm oil) on lipid profile and atherosclerosis was assessed. 
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1.2 Problem Statement 

Atherosclerotic vascular disease (AVDs) is becoming a major health problem in 

most developing countries like Ghana (Cappuccio et al., 2006). AVDs are 

presently increasing rapidly in incidence and key contributors to the burden of 

disease. The condition has been projected to more than double by 2025 (WHO, 

2008). Dyslipidaemia is a recognized major determinant of the condition.  

 

Dietary intervention is the first step in the treatment of hypercholesterolemia 

irrespective of the causal factors (Stelmach et al., 1993) There is little doubt that 

saturated fatty acids (SFAs) increase plasma cholesterol concentrations (Morgan 

et al., 1993) and SFA intakes should then be reduced in subjects with 

dyslipidaemia. The SFAs that have cholesterol-elevating effect are lauric (C 

12:0), myristic (C14:0) and palmistic (C 16:0), but Stearic acid (C 18:0) does not 

raise plasma total cholesterol (TC) (Grande et al., 1965).  

 

However, the effect of the different vegetable oils (which have been found to 

possess varing levels and types of fatty acids), on atherogenesis has been unclear: 

with some of the reports appearing conflicting especially regarding the impact of 

certain vegetable oils on atherogenesis (Benson and Devi, 2009, Denke and 

Grundy, 1992). Currently, there appears to be considerable confusion within the 

general population with regard to optimal fat and oil consumption (Lichtenstein et 

al., 1993).   

 

The present study was therefore carried out to investigate and compare the effect 

of some commonly used vegetable oils in Ghana including Olive oil, Red palm oil 
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and Frytol cooking oil on blood lipid profile and risk of atherosclerosis.  Such a 

study is not easy to perform in humans as various other confounding variables 

such as level of exercise can affect the results. In this study animal feed was 

fortified with three different oils (Red Palm oil, oxidized palm oil and Olive Oil) 

and fed to rats with a control group that was fed the normal unfortified feed. The 

study provides controlled experimental conditions to tease out the effect of the 

named oils on lipid profile and consequent risk of atherosclerosis in the rats. 

 

1.3 Aim and Objectives 

Aim 

To investigate the effects of three common vegetable fats on lipid profile and risk 

of atherosclerosis in rats. 

 

Objective 

To investigate the effects of three common vegetable fats (Red   palm, refined 

palm and Olive oil) on lipid profile and other indicators (inflammatory markers 

and antioxidant levels) of atherosclerotic risk in rats. 

  

Specific Objectives 

To determine the effect of red palm oil and the refined palm oil compared to the 

olive oil on 

  lipid profile :  TC, LDL, OxLDL, Apo-B100, Apo-A1;  

  Inflammatory markers: TNF-α, IL-6 and IL-2; 

  Antioxidant marker: TAS  
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1.4  Hypothesis  

The effect of the two vegetable oils (red palm oil and refined palm oil) on the 

selected markers will not be different from that of the olive oil in rats. 
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2. CHAPTER TWO 

2. LITERATURE REVIEW 

 

2.1 Background  

2.1.1 Atherosclerotic Vascular Disease 

 

The term “atherosclerosis” was introduced in attempt to describe the association 

of fatty degeneration and vessel thickening (Cullen et al., 2005). Atherosclerosis 

is a process characterized by patchy intramural thickening of the sub-intima that 

encroaches on the arterial lumen. It affects medium and large-sized arteries 

(Stocker and Keaney, 2004). The earliest visible lesion of atherosclerosis is the 

fatty streak, which is due to an accumulation of lipid-laden cells (foam cells) in 

the intimal layer of the artery.  

 

This deposition leads to a proliferation of certain cell types within the arterial wall 

that gradually forms a plague which impinge on the vessel lumen and impede 

blood flow (Weissberg, 2000). This process may be insidious lasting for decades 

until an atherosclerotic lesion, becomes disrupted and ruptures leading to 

thrombosis and compromised oxygen supply to target organs such as the heart and 

brain, and can precipitate the clinical events such as heart attack and stroke often 

referred to as coronary artery disease and cerebrovascular disease respectively and 

collectively term cardiovascular diseases (Ross, 1990). 
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2.1.2   Epidemiology 

 

2.1.2.1    The Global Burden of Atherosclerotic Disease 

 

Atherosclerosis is considered a public health problem of industrialized countries 

and is one of the most important and common causes of death and disability in the 

United States and throughout the world, accounting for an estimated one third of 

deaths overall (Mahoney et al., 2008). In the United States alone, atherosclerosis 

reportedly affects one in four persons, causing approximately 42% of all deaths. 

Approximately half of these are due to atherosclerotic coronary heart disease 

(CHD) (Faxon et al., 2004b). More than 25 million persons in the United States 

have at least one clinical manifestation of atherosclerosis and in many more, 

“atherosclerosis remains an occult but important harbinger of significant 

cardiovascular events” (Faxon et al., 2004a).  

 

About 60% of deaths in the world are now caused by non-communicable diseases 

(WHO, 2008). According to WHO report (2011), “Cardiovascular diseases 

(CVDs) remain the biggest cause of deaths worldwide. There are also new 

dimensions to this alarming situation. Atherosclerotic CVD now threatens 

developing countries as well. Thus, the need for public health measures to limit its 

impact (O'Connor et al., 2001). Over the past two decades, deaths from CVDs 

have been declining in high-income countries, but have increased at an 

astonishingly fast rate in low- and middle-income countries (LMIC)”. More than 

17 million people died from CVDs in 2008 representing 30% of all global deaths 

of which 80% were from low- and middle-income countries. More than 3 million 
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of these deaths occurred before the age of 60 and could have largely been 

prevented (WHO, 2011). 

 

Deaths from CVD are often premature, and millions of nonfatal events result in 

disability. The percentage of premature deaths from CVDs ranges from 4% in 

high-income countries to 42% in low-income countries, leading to growing 

inequalities in the occurrence and outcome of CVDs between countries and 

populations (Poole-Wilson, 2007). By 2020, studies indicate that mortality from 

CVD is expected to increase by 120% for women and 137% for men. These 

findings highlight the need to explore the nature and magnitude of CVDs and 

other non-communicable diseases in developing countries (Poole-Wilson, 2007). 

 

2.1.2.2    Vascular Disease distribution in Developing Countries 

 

In low income countries, vascular disease accounts for 80% of all deaths (11 

million per year). In these regions, cardiovascular disease occurs 1 to 2 decades 

earlier compared to developed countries. Sadly, because of a high case fatality 

rate, prevalence of cardiac and cerebrovascular disease in developing areas is 

lower compared to the developed world. Epidemiological studies from developing 

regions are scarce and often of limited reliability. Good epidemiology studies are 

costly, complex and demanding and resources in developing countries are limited 

(WHO, 2008).  

 

The details on the distribution and characteristics of Vascular Disease in the 

developing world are needed to identify the areas in greater need to distribute 
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resources accordingly. In countries such as India and China non communicable 

vascular diseases has overwhelmed infectious diseases (TB, HIV and malaria) as 

the number one cause of death; there are about 300 million smokers, 160 million 

hypertensive people and 20% obese children between 7 and 17 years of age, 

something unknown to this region in the past (Poole-Wilson, 2007). 

Cardiovascular diseases (CVD) are increasing in epidemic proportions in 

developing countries. CVD already accounts for almost 10 percent of the 

developing world's burden of disease and is likely to become the developing 

world's leading cause of death (Howson et al., 1998). 

 

2.1.2.3    The Burden in Africa 

 

The burden of cardiovascular disease is increasing rapidly in Africa, and it is now 

a public health problem throughout the African Region. Most important are 

hypertension, stroke, cardiomyopathies and coronary heart disease. Rheumatic 

heart disease is still a major concern. One of the reasons for increased 

cardiovascular diseases (CVDs) worldwide is the increase in aged populations. 

Another reason is exposure to various modifiable risk factors that are responsible 

for at least 75% of all the CVDs (Feigin, 2007).  

 

Deaths caused by chronic diseases dominate mortality statistics even in African 

countries.  As with other non-communicable diseases, CVDs are not often given 

the attention they deserve. As a result, most countries do not have national 

programmes or strategies to address CVDs. Likewise, surveillance systems for 

risk factors are almost non-existent in the Region. An important phenomenon of 
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CVD in developing countries is the trend of complications occurring at younger 

ages (Popkin et al., 2003). Thus, stroke, cardiac failure and renal failure further 

fuel the vicious cycle of ill-health and poverty (Feigin, 2007). 

 

2.1.2.4    Sub-Saharan Africa 

 

Sub-Saharan Africa (SSA), countries  fully or partially located south of the Sahara 

Desert, are currently experiencing one of the most rapid epidemiological 

transitions characterized by increasing urbanization and changing lifestyle factors 

(Fezeu et al., 2007). which in turn have raised the incidence of Non 

Communicable Diseases (NCDs), especially CVD (Poole-Wilson, 2007).  

 

Studies indicate that urbanization and economic development have also led to the 

emergence of a nutritional transition characterized by a shift to a higher caloric 

content diet and/or reduction of physical activity (Popkin et al., 2003). In 

countries such as Nigeria, Ghana and South Africa, the prevalence of chronic 

diseases is increasing, while the threat of communicable and poverty-related 

diseases (malaria, infant mortality, cholera, malnutrition) still exists (Kengne and 

Awah, 2009).  In South Africa, CVD is the second leading cause of death after 

HIV accounting for up to 40% of deaths among adults (Peer et al., 2008). 

 

This double burden of communicable and chronic NCDs has long-term public 

health impact as it undermines healthcare systems. Sub-Saharan African 

countries, similar to most developing countries, often do not have the public 

health infrastructure and finances to address both communicable and poverty-
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related illness and behavior/chronic related illnesses (Yach et al., 2004). In 

addition, there is reluctance on the part of health funding agencies and policy 

makers to divert scarce resources away from communicable diseases into other 

areas of disease burden, such as NCDs (Kengne and Awah, 2009).  

 

However throughout SSA, NCDs such as CVD are anticipated to soon eclipse 

communicable and poverty-related diseases as the leading cause of mortality and 

disability (Kengne et al., 2005). Also, evidence suggests that the increasing 

burden of chronic diseases has grave consequences because very few people will 

seek treatment, leading to high morbidity and mortality rates from potentially 

preventable diseases (Duda et al., 2007). 

 

2.1.2.5    Prevalence Rate of Atherosclerosis to Countries and Regions 

 

The following table (2.1) attempts to extrapolate the prevalence rate for 

Atherosclerosis to the populations of various countries and regions. These 

prevalence extrapolations for Atherosclerosis are only estimates, based on 

applying the prevalence rates from the US (or a similar country) to the population 

of other countries. This extrapolation calculation is automated and does not take 

into account any genetic, cultural, environmental, social, and racial or other 

differences across the various countries and regions for which the extrapolated 

statistics refer to. These extrapolations only give a general indication as to the 

actual prevalence or incidence of Atherosclerosis in that region. 
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Table 2.1: Prevalence Rate of Atherosclerosis by Countries and Regions 

Country/Region Extrapolated 

Prevalence 

Population Estimate Used 

North America 

USA 4,992,142 293,655,4051 

Canada 
552,633 32,507,8742 

Mexico 
1,784,313 104,959,5942 

Central America 

Belize 
4,640 272,9452 

Guatemala 
242,770 14,280,5962 

Nicaragua 
91,115 5,359,7592 

Caribbean 

Puerto Rico 
66,265 3,897,9602 

South America 

Brazil 
3,129,718 184,101,1092 

Chile 
269,007 15,823,9572 

Colombia 
719,283 42,310,7752 

Paraguay 
105,253 6,191,3682 

Peru 
468,253 27,544,3052 

Venezuela 
425,295  25,017,3872 

North Africa 

Egypt 
1,293,996 76,117,4212 

Libya 
95,736 5,631,5852 

Sudan 
665,518 39,148,1622 

West Africa 

Congo Brazzaville 50,966 2,998,0402 
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Ghana 
352,869 20,757,0322 

Liberia 
57,640 3,390,6352 

Niger 
193,129 11,360,5382 

Nigeria 
301,756 12,5750,3562 

Senegal 
184,486 10,852,1472 

Sierra Leone 
100,026 5,883,8892 

Central Africa 

Central African 

Republic 

63,622 3,742,4822 

Chad 
162,155 9,538,5442 

Congo kinshasa 991,389 58,317,0302 

Rwanda 
140,057 8,238,6732 

Eastern Africa 

Ethiopia 
1,212,721 71,336,5712 

Kenya 
560,695  32,982,1092 

Somalia 
141,178 8,304,6012 

Tanzania 
613,203 36,070,7992 

Uganda 
448,634 26,390,2582 

Southern Africa 

Angola 
186,635 10,978,5522 

Botswana 
27,866 1,639,2312 

South Africa 
755,624 44,448,4702 

Swaziland 
19,877 1,169,2412 

Zambia  
187,436 11,025,6902 

Zimbabwe 
62,421 1,2671,8602 

Source: US Census Bureau Population Estimates (International Data Base, 2004). 
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2.1.3 Risk Factors for Atherosclerosis 

 

The major modifiable risk factors for the CVD include dyslipidemia, 

hypertension, cigarette smoking and diabetes. Increasing age, male gender, family 

history and genetics form the major non-modifiable risk factors. Other risk factors 

include, obesity, alcohol intake, stress, trans unsaturated fat intake and 

homocysteine (Lichtenstein et al., 2006). Physical inactivity or sedentary lifestyle 

has also been associated with increased risk of death from cardiovascular disease 

and an increased CHD risk, and conversely, a high level of physical activity is 

followed by a reduction of the CHD risk and favorable effects on overweight and 

plasma lipids and lipoproteins (Wannamethee et al., 1998).  

 

2.1.3.1    Traditional Risk Factors and Vascular Risk 

 

The current approach to atherosclerotic vascular disease (AVD) risk estimation 

involves the assessment of factors such as age, family history, gender, blood 

pressure, cigarette smoking, dyslipidemia and diabetes status. According to 

Mitchell (2007) the findings of the Framingham Heart Study (1948) and similar 

trials have been used to develop risk equations for CHD, intermittent claudication, 

and stroke. A slightly different set of variables is predictive of outcomes for the 

various vascular beds. For example, the effects of cigarette smoking and diabetes 

mellitus are especially important for the development of peripheral artery disease 

(PAD) and intermittent claudication. The use of risk scores provides a reliable 

risk estimate, leading to targeted therapies and reduction in AVD events. The 

effect of risks is multiplicative, with two factors increasing the risk of 
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atherosclerosis fourfold. Hyperlipidemia, hypertension and cigarette smoking 

together increase the risk seven times (Mitchell et al., 2007). 

 

Age 

 

Age is among the most important risk factors for predicting incident 

cardiovascular disease. This concept is, perhaps, best illustrated if one considers 

the risk of developing cardiovascular disease over a 10-year period. Based on 

experience in the United States, the average risk of developing cardiovascular 

disease for a 30- to 34-year-old male is 3% (Wilson and Culleton, 1998). This 

number rises some sevenfold to 21% for a comparable individual aged 60–64 yr. 

Prediction of coronary heart disease uses risk factor categories The exact 

magnitude of age-related risk compared with other cardiovascular disease risk 

factors is illustrated by work from the Framingham Heart Study that has resulted 

in a 14-point scoring system to predict incident 10-yr cardiovascular disease.  

 

In this system, increasing risk is characterized by a higher score, and up to 7 

points can be attributed to age alone. Thus age is an overriding risk factor for 

incident cardiovascular disease (Wilson and Culleton, 1998). Clinical 

manifestations and prognosis of these cardiovascular diseases likely become 

altered in older persons with advanced age because interactions occur between 

age-associated cardiovascular changes in health and specific pathophysiologic 

mechanisms that underlie a disease. A fundamental understanding of age-

associated changes in cardiovascular structure and function ranging in scope from 
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humans to molecules is required for effective and efficient prevention and 

treatment of cardiovascular disease in older persons (Lakatta, 2002). 

 

Gender 

 

Variations in the prevalence of lower-extremity vascular disease have been related 

to gender and ethnicity. Numerous observational studies have indicated that males 

exhibit excess risk for cardiovascular disease compared with age-matched women 

(Barrett-Connor and Bush, 1991). There has been considerable speculation that 

estrogens offer a "protective" effect to women, as cardiovascular disease 

accelerates in women after menopause. However, this speculation has been 

difficult to substantiate, as the treatment with estrogen has not reduced the 

incidence of cardiovascular disease of postmenopausal women (Hulley et al., 

1998). Alternatively, some of this apparent protection could be due to the fact that 

women exhibit relatively higher concentrations of high-density lipoprotein (HDL) 

cholesterol than do age-matched men. Nevertheless, incident cardiovascular 

disease is less common in premenopausal women than their age-matched male 

counterparts (Hulley et al., 1998).  

 

The incidence and the progression rate of cardiovascular disease and hypertension 

(CVDH) are markedly higher in men than in age-matched, premenopausal 

women. However, after menopause, this relationship no longer exists, and the 

incidence as well as the rate of progression of CVDH is very similar in women 

and men (Reckelhoff, 2001). Sex differences in CVDH have also been reported in 

animal models, including the spontaneously hypertensive rat and Dahl salt-
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sensitive rat (Rowland and Fregly, 1992). The mechanisms underlying these sex 

differences in the incidence and progression of CVDH are largely unknown, the 

role of sex hormones in modulating the activity of several regulatory systems, 

including the renin-angiotensin system (RAS), has been suggested. In addition, 

genetic differences, especially with respect to the RAS, have also been implicated 

in mediating sex differences in the incidence and progression of CVDH  

(Reckelhoff, 2001). 

 

Hypertension 

 

Hypertension, defined as a systolic blood pressure in excess of 140 mmHg or a 

diastolic blood pressure above 90 mmHg (Barrett-Connor and Bush, 1991), is a 

main physiological risk factor for other CVDs. The current estimates indicate that 

the elderly are particularly predisposed to hypertension, with up to 75% of people 

over 75 years of age qualifying for this diagnosis (Barrett-Connor and Bush, 

1991). It is estimated that more than 20 million people are affected in the African 

Region, mainly in urban areas. Prevalence ranges from 25% to 35% in adults aged 

25 to 64 years. Some studies (Amoah, 2003)  reveal a clear relationship between 

level of blood pressure, salt and fat consumption, and body weight.  

 

Prevalence rates for hypertension vary across and within regions in Sub-Saharan 

Africa (SSA). An analysis of all national data in Zimbabwe in the 1990s found 

that between 1990 and 1997, the national crude prevalence of hypertension 

increased from 1% to 4% (Mufunda et al., 2006). Study in the Niger Delta region 

of Nigeria found the prevalence of hypertension to be 16% and 12% for males and 
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females respectively (Ofuya, 2007). A study in an urban area of Nigeria in the 

1990s found that among more than 10,000 adults, the crude prevalence of 

hypertension (blood pressure > 160/95 mm Hg) was 12.4 percent with an age-

adjusted rate of 7.4 percent (Lawoyin et al., 2002).  

 

Regardless of gender or type of community, advancing age is associated with an 

increased prevalence of hypertension, and this implies greater burden of 

hypertension as population aging occurs in SSA and failure to address the 

problem may impose significant burden for the health sector and the economy of 

sub-Saharan African countries (Asfaw, 2005) 

 

Diabetes mellitus 

 

Approximately 17 million people in the United States, or 6.2% of the population, 

carry the diagnosis of diabetes mellitus (Cowie et al., 2006). In patients with 

diabetes, the risk of coronary atherosclerosis is three- to fivefold greater than in 

non-diabetics after controlling for other risk factors. A number of other known 

risk factors for coronary disease such as hypertension and abnormal lipids are also 

more common in diabetics than the general population (Bierman, 1992), but 

despite this association, no more than 25% of the excess coronary atherosclerosis 

risk from diabetes can be attributed to these known risk factors (Nishigaki et al., 

1981). 

 

Thus diabetes represents a major contributing factor to atherosclerosis. According 

to International Diabetes Federation (IDF), the current estimated prevalence rate 
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of type 2 diabetes in Africa is about 2.8%. Countries such as Malawi and Ethiopia 

have rates under 2%, whereas Ghana, Sudan and South Africa have prevalence 

rates over 3% (Levitt et al., 1993). Regarding urban areas the crude prevalence of 

type 2 diabetes ranges from 1.3% in Sudan to 6.3% in Cameroon (Elbagir et al., 

1998). 

 

Cigarette smoking 

 

The notion that cigarette smoking is linked to heart disease dates back to a series 

of studies that unequivocally linked smoking and the incidence of myocardial 

infarction (Hammond and Horn, 1958). There is now considerable confidence that 

smoking is causally related to coronary artery disease, as smoking cessation is 

quite effective in lowering the future risk of the disease. In fact, the risk of heart 

attack in ex-smokers approaches that of nonsmokers in only 2 years (Gaziano, 

1996).  

 

Tobacco use remains one of the most serious epidemiological risk factors in terms 

of prevalence of coronary artery disease (Verdier and Fourcade, 2007) and 

smoking prevalence is increasing among men and women in SSA. A review of 

tobacco use and smoking research showed that males are more likely to smoke 

than females, and older males (age 30-49) are more likely to use tobacco products 

than younger males. The prevalence of smoking also increased among women 

with age (Camargo et al., 1997b). 
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Alcohol   

 

Camargo et al. (1997) indicated that, moderate amounts of alcohol reduce the risk 

of CVD including mortality, hospitalizations and angina pectoris both in men and 

women (Camargo et al., 1997a). Moderate alcohol consumption also acts in 

secondary prevention for those who suffered previous myocardial infarct, 

reducing new coronary events and mortality. According to Daluz and Coimbra 

(2001) alcohol is protective in men as well as in women. The Nurses' Health 

Study, based on data from 87.562 women, aged 34-59 years and 200 CVD cases 

found a decreased risk of events in those taking alcoholic beverages, after 

adjustment for other risk factors (daLuz and Coimbra, 2001). 

 

The Framingham Study, also evaluated the clinical manifestations of CVD in 22 

years of follow-up; there was an inverse relationship between alcohol 

consumption and symptoms of CAD (angina, myocardial infarction, sudden 

death) and death from CVD (Wright et al., 1983). In a multicenter study carried 

out in Hawaii, the protective effect of alcohol in women and Asian men was 

smaller than in Caucasian men. 

 

On the other hand abstainers and those who take more than 2 drinks per day have 

increased total mortality and non-cardiac deaths, as well as higher blood pressure. 

Alcohol abuse has been linked to heart failure, ischemic stroke, heart disease, and 

acute myocardial infarction (daLuz and Coimbra, 2001). A study by Ormel et al 

(2007) examining the global burden of substance abuse, found that Nigerian 

patients with alcohol dependency were two times more likely to have heart 
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disease compared to Nigerians who did not suffer from alcohol abuse (Ormel et 

al., 2007).  

 

Similarly, in Nigerian patients being seen for heart failure treatment in a teaching 

hospital in Jos, more than 24% of heart failure patients reported regular alcohol 

intake (Laabes et al., 2008). Alcohol consumption is also correlated with 

increased risk for glucose intolerance (GI) and diabetes. Puepet and colleagues 

(2008) conducted a study to identify risk factors for type 2 diabetes in Jos, 

Nigeria, and found that alcohol consumption was highly prevalent in a random 

sample of 250 households. More than 50% of patients consumed alcohol 

regularly.  In a prospective cohort study among 320 Cameroonian adults, alcohol 

consumption was related to increased probability of cardiovascular death and all-

cause death (Puepet and Ohwovoriole, 2008).  

 

Obesity 

 

Overweight/obesity is a major and well-known modifiable risk factor for CVD. 

The prevalence of overweight and obesity is growing in SSA, while the 

competing epidemic of malnutrition still exists (Agyemang et al., 2009). There is 

now a growing appreciation that obesity, defined as an excess body weight with 

an abnormal high preponderance of body fat. A number of other risk factors for 

cardiovascular disease, such as hypertension, low HDL cholesterol, and diabetes 

mellitus, often coexist with obesity (Wilson, 1999). This relation between obesity 

and cardiovascular disease has become of considerable concern as the prevalence 

of obesity in the developed world is increasing at an alarming rate. 
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Abdominal obesity or increased waist-to-hip ratio puts one at particularly high 

risk for CVD. For example, in a meta-analysis of obesity among West African 

populations, the prevalence of obesity was 10.0% (95% CI, 6.0-15.0) (Abubakari 

and Bhopal, 2008). A study in Benin (Ntandou et al., 2009)  found that abdominal 

obesity was positively associated with increased probability of metabolic 

syndrome. Abdominal obesity also proved to be an important risk factor for heart 

failure among adults in Congo, where adults with increased waist-to-hip ratios 

had increased risk of heart failure (Longo-Mbenza et al., 2008).  

 

Across many sub-Saharan African countries, obesity has been linked to both 

urban residence and wealth - the more wealth a person has, the more likely he or 

she is to be overweight or obese due to nutritional transition (Ntandou et al., 

2009), transitions in energy expenditure due to urbanization and other unknown 

factors (Joubert et al., 2007). Duda and colleagues (2007) found similar results in 

a sample of Ghanaian women. However, another study by Duda et al in Accra, 

Ghana in 2006 found that overweight women would be willing to reduce their 

body size in order to improve their health status (Duda et al., 2007). 

 

Dyslipidemia 

 

A high concentration of plasma total cholesterol is a major risk factor for 

coronary artery disease and responsible for one third of all CVDs in the world 

(Smith and Pekkanen, 1992).  This risk is mediated through the major cholesterol-

carrying lipoprotein, LDL-C, which is considered the major atherogenic 

lipoprotein (Law and Wald, 1994). In a study by Norman and colleagues, high 
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LDL-C cholesterol level (≥ 3.8 mmol/l) accounted for 59% of ischemic heart 

disease and 29% of ischemic stroke burden in adults age 30 and over. Several 

theories exist concerning the mechanisms by which LDL-C produces 

atherosclerosis (Neaton et al., 1992). The concentration, the size and the chemical 

modification of LDL-C are important for atherogenesis. Clinical trials have 

shown that a reduction of total and LDL-C cholesterol is followed by a regression 

of atherosclerotic manifestations (Nguyen and Brownell, 1998).  

 

HDL particles are the smallest lipoproteins and therefore enter and also leave the 

artery wall easily. The plasma concentrations of HDL cholesterol are inversely 

associated with the risk of CHD (Natarajan et al., 2010). The plasma 

concentrations of Apo-AI, the structural protein of HDL, correlate strongly with 

HDL cholesterol levels and are also inversely associated with the CHD risk. That 

HDL cholesterol and Apo-AI are anti-atherogenic, have been shown by animal 

studies and genetic human studies and the effect have been explained, at least 

partly, by the reverse cholesterol transport (Barter and Rye, 1996).  

 

In this mechanism, free cholesterol is transferred from peripheral cells to an 

acceptor HDL subpopulation. The other potential anti-atherogenic mechanisms of 

HDL and Apo-AI include the protection of LDL-C from oxidation (Banka, 1996), 

the protection of endothelial cells from the cytotoxic effect of LDL-C, and the 

stimulation and stabilization of the vasodilator prostacyclin (Barter and Rye, 

1996). The goal for plasma HDL cholesterol concentration is > 1.0mmol/l 

(Stefanick et al., 1998).  
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Although hypertriglyceridemia has been statistically associated with CHD, the 

independent association of plasma triglycerides with the CHD risk is less certain 

than that with LDL-C, and triglycerides may not be causally related to the 

development of atherosclerosis (Kesaniemi, 1998). Population-based studies in 

Tanzania and Gambia showed elevated total serum cholesterol level of 

>5.2mmol/l in up to 25% of people age > 35 years (Njelekela et al., 2009). 

Elevated cholesterol was more prevalent in urban than rural areas in the Gambian 

study. A Nigerian study among diabetics also demonstrated high prevalence of 

dyslipidemia among type 2 diabetics (Bonilla et al., 2006).  

 

A community-based study of healthy adults in Port Harcourt, Nigeria, found that 

more than 30% of the 92 participants had elevated LDL-C-levels. Additionally, 

LDL-C and total cholesterol increased with increasing social-class (Akpa et al., 

2006). In a study of 248 diabetic patients attending a hospital in an urban 

community in Ghana, the distribution of dyslipidemia were as follows: 45% had 

total cholesterol above 5.2mmol/L, 30.5% had HDL-cholesterol below 

1.03mmol/L, and 72.4% had high LDL-C-cholesterol. Thus, prevalence of 

abnormal cholesterol levels among the diabetic patients was high (Eghan and 

Acheampong, 2003).  
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Figure 2.1: Summary of Risk Factors of Atheroslerosis 

Two major risk factors: modifiable (behavioral) and non modifiable may lead to physiological risk 

factors and eventually may develop into the disease state (end points). Source: (Wong et al., 

2005). 

 

2.1.3.2   Novel Risk Factors for AVD 

 

New factors, especially those that determine risk associated with cardiovascular 

disease but have low correlations with existing factors, may be key to improving 

the current risk estimation approach. The compelling evidence for the role of 

inflammation in atherothrombotic vascular disease has fueled investigation of 

novel risk factors (Faxon et al., 2004b). Several novel markers for AVD are under 

investigation. These include lipoprotein (a) Lp(a), apolipoprotein-A1 (Apo-A1), 

apolipoprotein-B100 (Apo-B100), high-sensitivity C-reactive protein (hs-CRP), 

fibrinogen, and homocysteine. Lp(a) concentration, correlate with the CHD risk 

and may be directly involved in the atherogenic process and, furthermore, 
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interfere with fibrinolysis (Kronenberg et al., 1999). Lp(a) is largely resistant to 

modifications, only dietary trans fatty acids and possibly alcohol consumption 

may alter Lp(a) concentrations (Paassilta et al., 1998).  

 

Nevertheless, Lp(a) can be used to identify subjects with increased risk of CHD. 

Apo-B is the major protein component of LDL-C, IDL, VLDL-C and 

chylomicrons, and all apo-B containing lipoproteins are atherogenic. Since there 

is one ApoB molecule per each lipoprotein particle, the Apo-B concentration is a 

good indicator of the risk of atherosclerosis and CHD (Sniderman  et al., 1980).  

In the evaluation of any such novel risk factor or marker, it is very important that 

its additive effect be directly confirmed in the presence of other established risk 

factors in a given population to determine its true value. 

 

Studies among both men and women provide information about the additive value 

of certain novel risk factors. In a comparison of lipid and non-lipid risk factors for 

AVD prospectively among apparently healthy middle-aged women, the addition 

of hs-CRP to screening based on standard lipid levels improved prediction of 

increased risk for stroke and myocardial infarction. In men, a study comparing 11 

biomarkers associated with the development of PAD revealed the ratio of total 

cholesterol to HDL cholesterol to be the strongest lipid predictor of risk (Lackner 

et al., 1993). The addition of either CRP or fibrinogen to the lipid screening 

significantly improved predictive value, whereas the addition of Apo-B100, 

Lp(a), or homocysteine did not add significant value (Banka, 1996).  
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Although homocysteine and Lp(a) do not seem to add significant clinical 

predictive value in the general population for screening, they may be useful in the 

setting of premature or accelerated AVD and probably reducing homocysteine 

may be associated with improved outcomes (Paassilta et al., 1998). With regard to 

inflammatory markers, the Center for Disease Control and AHA scientific 

statement specifies that hs-CRP has the analysis and assay characteristics most 

conducive to use in clinical practice. The statement recognized hs-CRP as an 

independent marker of cardiovascular risk that might be used at the discretion of 

the physician to assist in global risk prediction (Paassilta et al., 1998). 

 

2.1.3.3    Genetic Risk Factors  

 

Evidence from several lines of research indicates that atherosclerosis is, at least 

partially, genetically determined.  Findings from the Framingham Heart Study 

indicate that up to 50% of the variation in abdominal calcification, another 

surrogate marker of atherosclerosis is determined by familial factors (Karvonen et 

al., 1998). Blood-derived inflammatory factors also play a key role. It has been 

postulated that common polymorphisms with frequent alleles probably account 

for most of the genetic component of atherosclerosis and CHD (Tymchuk et al., 

2006) and rare monogenic disorders associated with a high absolute risk for CHD, 

such as familial hypercholesterolemia, are only observed in a small proportion of 

the patients with CHD. 

 

The rare genetic disorders associated with myocardial infarction or atherosclerosis 

at young age, such as familial hypercholesterolemia and familial defective Apo B-
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100, are relatively well documented (Funke and Assmann, 1999). Apo-B, which 

is an essential lipoprotein for lipid metabolism and also for the absorption of 

dietary fats and fat-soluble vitamins have many common polymorphic variations, 

some of them associating with increased plasma total and LDL-C cholesterol 

concentrations and CHD (Plump et al., 1992). 

 

Apo E polymorphism is an example of a common polymorphism with three major 

isoforms: apo E2, Apo E3 and Apo E4. Apo E2 differs from E3 by a cysteine for 

arginine substitution at amino acid residue 158, whereas Apo E4 differs from E3 

by an arginine for cysteine substitution at residue 112. Collectively, variation in 1 

or more of these genes may be etiologically relevant to the initiation or 

progression of atherosclerosis, although there is little known about the 

independent or interactive effects of these genes as risk factors for atherosclerosis 

in the population or differences in the frequencies of the at-risk alleles of these 

genes in different ethnic groups. Research is needed to understand the importance 

of these genes, alone or in combination, in defining AVD in clinical and 

population settings (Faxon et al., 2004a). 

 

2.1.4 Pathogenesis of Atherosclerosis 

 

The pathogenesis of atherosclerosis involves endothelium dysfunction, insudation 

of lipoproteins into the vessel wall, adhesion and infiltration of monocytes, 

activation of monocytes into macrophages, and smooth muscle cell migration and 

proliferation, formation of lesions and plaques and plaque rapture (Ross, 1993a). 

Molecular changes on the endothelial surface are considered important 
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contributors to the initiation, progression, and thrombotic complications of 

atherosclerosis.  Desquamation of the endothelium after injury was once 

considered a contributing mechanism in atherogenesis; however, it is now 

accepted that atheroma form in the absence of endothelial cell detachment (Ross, 

1993b).  

 

Studies in animals and humans have shown that hypercholesterolemia causes 

focal activation of endothelium in large and medium-sized arteries. The 

infiltration and retention of LDL-C in the arterial intima initiate an inflammatory 

response in the artery wall (Steinberg, 2002). Modification of LDL-C, through 

oxidation or enzymatic attack in the intima, leads to the release of phospholipids 

that can activate endothelial cells, preferentially at sites of hemodynamic strain. 

Patterns of hemodynamic flow typical for atherosclerosis-prone segments (low 

average shear but high oscillatory shear stress) cause increased expression of 

adhesion molecules and inflammatory genes by endothelial cells (Ross, 1999). 

The platelet is the first blood cell to arrive at the scene of endothelial activation. 

Its glycoproteins Ib and IIb/IIIa engage surface molecules on the endothelial cell, 

which may contribute to endothelial activation. Inhibition of platelet adhesion 

reduces leukocyte infiltration and atherosclerosis in hypercholesterolemic mice.  

 

Activated endothelial cells express several types of leukocyte adhesion molecules, 

which cause blood cells rolling along the vascular surface to adhere at the site of 

activation. Since vascular cell adhesion molecule-1 (VCAM-1) is typically up-

regulated in response to hypercholesterolemia, cells carrying counter-receptors for 

VCAM-1 (i.e., monocytes and lymphocytes) preferentially adhere to these sites 
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(Nakashima et al., 1998). Once the blood cells have attached, chemokines 

produced in the underlying intima stimulate them to migrate through the inter-

endothelial junctions and into the subendothelial space. M-CSFr produced in the 

inflamed intima induces monocytes to enter the intima and differentiate into 

macrophages. This step is critical for the development of atherosclerosis (Carlos 

and Harlan, 1994).  

 

 Infiltrating macrophages contribute in several ways to the local inflammation. 

Mature macrophages rely on pattern recognition receptors that discriminate 

between self and non-self to remove selectively modified forms of LDL-C but not 

native LDL-C (Greaves and Gordon, 2005). Although the removal of cytotoxic 

and pro-inflammatory LDL-C particles may initially be atheroprotective, the 

progressive accumulation of lipid-laden macrophages or foam cells ultimately 

leads to the formation of atherosclerotic lesions (Greaves and Gordon, 2005).  

 

The secretion of reactive oxygen species by the inflammatory cells may further 

contribute to the oxidation of LDL-C retained in the intima (Greaves and Gordon, 

2005). The production of growth factors and cytokines propagates the 

inflammatory response in an autocrine or paracrine manner, and chemokines 

facilitate a persistent influx of monocytes. Various mediators of inflammation 

including adhesion molecules, cytokines, and chemoattractant factors, have been 

shown to initiate the extravasation of leukocytes (Greaves and Gordon, 2005). 

It is well recognized that leukocytes continually interact with the endothelium as 

part of the immune surveillance.  
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A T-cell infiltrate is always present in atherosclerotic lesions. T-cell cytokines 

cause the production of large amounts of molecules downstream in the cytokine 

cascade.  As a result, elevated levels of interleukin-6 and C-reactive protein may 

be detected in the peripheral circulation. In this way, the activation of a limited 

number of immune cells can initiate a potent inflammatory cascade in the lesions 

and eventual formation of plaques (Li et al., 1993c). These inflammatory 

mediators, in addition to oxidized LDL-C, can stimulate the expression of matrix 

metalloproteases in macrophages, contributing to lesion remodeling and plaque 

rupture (Fukumoto et al., 2004).  

 

Doran et al., (2008) emphasized the important role of vascular smooth muscle 

cells (VSMCs) in the initiation and progression of atherosclerosis. Serveral 

studies have reported that VSMCs derived from the outer medial layer migrate, 

proliferate, and synthesize extracellular matrix components on the luminal side of 

the vessel and thereby leading to neointimal hyperplasia (Charo and Taub, 2011).  

 

VSMCs are the major producers of extracellular matrix within the vessel wall and 

in response to atherogenic stimuli can modify the type of matrix proteins 

produced. Margariti et al (2006) also stated that, VSMCs migrate from the media 

into the intima, where they contribute to neointimal formation by turning into 

foam cells and producing extracellular matrix. It has also been found that, the type 

of matrix present can affect the lipid content of the developing plaque and the 

proliferative index of the cells that are adherent to it (Margariti et al., 2006). 

VSMCs are also capable of functions typically attributed to other cell types. Like 
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macrophages, smooth muscle cells (SMCs) can express a variety of receptors for 

lipid (Doran et al., 2008).  

 

In a recent article by Park et al. (2011) it was stated that Cholesterol accumulation 

in VSMCs and monocytes/macrophages leads to the formation of lipid-loaded 

cells, a key step in the process of atherosclerosis. It is considered that 

macrophages taking up oxidized low-density lipoprotein cholesterol (ox-LDL-C) 

could modify the production of cytokines and other factors through oxidative-

sensitive signaling pathways, and then initiate and promote atherosclerosis (Park 

et al., 2011).  

 

2.1.5 Hypotheses of Atherogenesis  

 

These hypotheses of atherosclerosis are not mutually exclusive but rather 

emphasize different concepts as the necessary and sufficient events to support the 

development of atherosclerotic lesions. Three distinct hypotheses have emerged 

that are currently under active investigation: 1) the response-to-injury, 2) the 

response-to-retention, and 3) oxidative modification. 

 

The Response-to-Injury Hypothesis 

 

In this hypothesis, the proposed initial step in atherogenesis is endothelial 

denudation leading to a number of compensatory responses that alter the normal 

vascular homeostatic properties. For example, injury enhances endothelial 

adhesiveness for leukocytes and platelets and alters the local vascular 
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anticoagulant milieu to a procoagulant one (Ross and Glomset, 1976). Recruited 

leukocytes and platelets then release cytokines, vasoactive agents, and growth 

factors that promote an inflammatory response that is characterized by migration 

of VSMCs  into the intima and their proliferation to form an intermediate lesion 

(Wang et al., 2011).  

 

Another component of the inflammatory response is the recruitment of 

macrophages into the arterial wall. These macrophages take up deposited LDL-C 

lipid to form lipid-laden “foam cells,” the hallmark of an early atherosclerotic 

lesion. The process of lipid accumulation and foam cell formation perpetuates an 

inflammatory response that enables macrophage and lymphocyte recruitment 

(Park et al., 2011). Continued inflammation allows for cellular necrosis, with a 

concomitant release of cytokines, growth factors, and proteolytic enzymes that 

sets the stage for autocatalytic expansion of the lesion to form a space-occupying 

collection in the intima not unlike an abscess that would form in other tissues. As 

the lesion enlarges it begins to encroach upon the lumen and, ultimately, blood 

flow is impaired (Xie et al., 2011).  

 

This response-to-injury hypothesis was originally based on the notion of 

endothelium desquamation as a principal event initiating atherosclerosis (Ross 

and Glomset, 1976). More recently, it has become clear that endothelial 

desquamation is not common and that an intact endothelial cell layer covers 

developing atherosclerotic lesions. These facts, among others, promoted 

refinement of the initial hypothesis such that endothelial dysfunction is sufficient 
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to initiate atherogenesis through increased endothelial permeability to atherogenic 

lipoproteins (Ross, 1999) (Fig. 2.2).  

 

However, normal artery segments exhibit rates of LDL-C entry that exceed the 

rate of LDL-C accumulation  suggesting that atherogenic lipoprotein entry into 

the arterial wall may not depend on endothelial dysfunction. In fact, the rate of 

LDL-C entry into the arterial wall is rather uniform, but the accumulation of 

atherogenic lipoproteins is concentrated in areas that are predisposed to future 

lesion development (Schwenke and Carew, 1989).  Such lesion-prone sites tend 

rather to demonstrate an enhanced retention of atherogenic apolipoprotein B-

containing lipoproteins (Simionescu and Simionescu, 1993). Such observations 

have prompted alternative hypotheses for the initiation of atherosclerosis. 
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Figure 2.2: Response-to-injury hypothesis of atherosclerosis  

In this hypothesis proposed by Ross (1999), atherosclerosis begins with endothelial injury or 

dysfunction (A) that is characterized by enhanced endothelial permeability and low-density 

lipoprotein (LDL-C) deposition in the subendothelial space. This is followed by leukocyte 

adhesion and transmigration across the endothelium. In intermediate stages (B), atherosclerosis is 

characterized by foam cell formation and an inflammatory response including T-cell activation, 

the adherence and aggregation of platelets, and further entry of leukocytes into the arterial wall 

along with migration of smooth muscle cells into the intima. Finally, advanced atherosclerosis (C) 

is characterized by continued macrophage accumulation, fibrous cap formation, and necrosis in 

the core of the lesion. [From Ross (1999), Massachusetts Medical Society.] 
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The Response-to-Retention Hypothesis 

 

This hypothesis submits that the lipoprotein retention is the inciting event for 

atherosclerosis (Fig. 2.3). Within 2 hours of injecting LDL-C into rabbits, arterial 

retention of LDL-C and its microaggregates can be observed (Olsson et al., 1993). 

It is estimated that ~85% of sub-endothelial lipoprotein delivery is the result of 

transcytosis, and this `process is restricted to particles <70 nm in diameter 

(Simionescu and Simionescu, 1993).  

 

This size restriction is important as it suggests that lipoprotein lipase activity is 

needed for triacylgycerol-rich lipoproteins to reach the sub-endothelial space 

(Wallin et al., 1993). The retention of lipoproteins within the arterial wall, 

however, appears tightly linked to components of the extracellular matrix. 

Apolipoprotein-B100, the single protein associated with LDL-C, is retained 

within the arterial wall in close association with arterial proteoglycans (Camejo et 

al., 1993).  

 

This interaction is mediated by specific residues (3359–3369) that, when mutated, 

protect experimental animals against the development of atherosclerosis (Boren et 

al., 1998a). Apolipoprotein-B containing lipoproteins in the early stages of 

atherosclerosis (Boren et al., 1998b). In addition to proteoglycan binding, 

lipolytic and lysosomal enzymes in the extracellular matrix also appear to play a 

role. For example, lipoprotein lipase enhances the adherence of LDL-C in vitro 

and this effect is independent of enzymatic activity (Williams et al., 1992).  
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Once retained within the arterial wall, LDL-C can form microaggregates, through 

the action of secretory sphingomyelinase (Xu and Tabas, 1991), an enzyme that 

also generates ceramides that mediate apoptosis and mitogenesis, as well as 

lysosomal enzymes such as lysosomal acid lipase (Hakala et al., 2003). Most 

importantly, aggregated LDL-C is avidly taken up by macrophages and VSMCs 

and thus can support foam cell formation. Thus many features of atherosclerosis 

can be attributed to enhanced retention of LDL-C within the arterial wall and its 

association with proteoglycans (Vijayagopal et al., 1992). 

 

 

Figure 2.3: Response-to-retention hypothesis of atherosclerosis 

According to the original hypothesis (Williams and Tabas, 1995), mild to moderate 

hyperlipidemia causes lesion development only in specific sites within the arterial tree 

characterized by local synthesis of apolipoprotein B-retentive molecules such as biglycan and 
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decorin. The diagram shows the initial stages of arterial lipoprotein delivery, retention, and efflux 

(1–5). Accumulation (5) is thought to result from both apolipoprotein B-100 motifs that mediate 

proteoglycan binding and arterial factors such as secretory sphingomyelinase that facilitate 

lipoprotein aggregation. The accumulation of apolipoprotein B-100-containing lipoproteins 

within the arterial wall is thought to further trigger a proinflammatory cascade (6–13). 

Lipoprotein oxidation (not shown) may or may not be part of these responses. [Modified (Proctor 

et al., 2002)]. 

 

The Oxidative-Modification Hypothesis of Atherosclerosis 

 

Oxidative modification of LDL-C is probably the most important and widely 

regarded critical event in the atherogenic process (Leake, 1993). The relationship 

between hypercholesterolemia, elevated level of low-density lipoprotein (LDL-C) 

and premature atherosclerosis is now firmly established (Parthasarathy et al., 

1990). The cholesterol that accumulates in atherosclerotic lesions in vessel walls 

is derived primarily from lipoproteins, predominantly LDL-C (Khoo et al., 1990).  

 

Post-secretory modifications in the structure of lipoproteins significantly affect 

their atherogenicity. Current studies suggest that oxidative stress, particularly the 

oxidation of LDL-C, represents a risk factor and plays a key role at several steps 

of atherosclerosis, according to the oxidative-modification hypothesis of 

atherosclerosis (Westhuyzen, 1997). This hypothesis suggests that oxidatively 

modified LDL-C (ox-LDL-C), but not native (unmodified) LDL-C, is taken by 

scavenger receptors on monocytes, VSMCs and macrophages in the intima of 

blood vessel, by an unregulated process leading to the formation of lipid-laden 

foam cells (Fig. 2.4).  
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According to this hypothesis, LDL-C initially accumulates in the extracellular sub 

endothelial space of arteries because of the augmented permeability of the 

endothelial cells secondary to any injury that leads to endothelial dysfunction 

(Westhuyzen, 1997). Through the action of resident vascular cells, LDL-C is 

oxidized to a form known as minimally modified LDL-C (mm-LDL-C). This mm-

LDL-C induces local vascular cells to produce monocyte chemotactic protein 1 

(MCP-1), granulocyte-macrophage colony-stimulating factor (GM-CSF) and 

colony-stimulating factor 1 (CSF-1), which stimulate monocyte recruitment and 

differentiation to macrophages in arterial walls (Parhami et al., 1993).  

 

The accumulating activated monocytes and macrophages stimulate further 

peroxidation of LDL-C. This completely oxidized LDL-C is recognized by 

scavenger receptors on macrophages and internalized leading to formation of 

foam cells (Quinn et al., 1987). In contrast to the uptake of native LDL-C by the 

LDL-C receptor on macrophages and other cells, the uptake of oxidized LDL-C 

by the scavenger-receptor pathway is not subject to negative-feedback regulation 

and thus results in massive uptake of cholesterol by macrophages (Palinski et al., 

1989). 

 

The oxidative-modification hypothesis is supported by evidence that LDL-C 

oxidation occurs in vivo. In fact, antibodies raised against oxidized LDL-C react 

with atherosclerotic lesions but not with normal arterial segments (Yla-Herttuala 

et al., 1989) Patients with carotid atherosclerosis have also higher levels of auto 

antibodies to oxidized LDL-C than normal subjects (Salonen et al., 1992). This 

link between LDL-C oxidation and atherogenesis provides a convenient and 
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simple rationale for the potential beneficial effects of antioxidants on 

atherosclerosis disease (Stephens et al., 1996). 

 

 

Figure 2.4: Oxidative modification hypothesis of atherosclerosis 

LDL-C becomes entrapped in the subendothelial space where it is subject to oxidative 

modification by resident vascular cells such as smooth muscle cells, endothelial cells, and 

macrophages. Oxidized LDL-C stimulates monocyte chemotaxis (A), prevents monocyte egress 

(B), and supports foam cell formation (C). Once formed, oxidized LDL-C also results in 

endothelial dysfunction and injury (D), and foam cells become necrotic due to the accumulation of 

oxidized LDL-C (E). Source: (Diaz et al., 1997). 

 

2.1.6   Selective Uptake 

 

Although the LDL-C receptor (LDL-CR) is a major pathway for systemic LDL-C 

clearance and for cholesterol delivery to many cell types (Brown and Goldstein, 
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1986), cholesterol accumulation in the arterial wall with limited LDL-CR 

expression indicates that cholesterol delivery is mediated by mechanisms 

independent of the LDL-CR..  

Pathologic arterial lipid accumulation, an important contributor to atherogenesis, 

is linked to a number of pathways involving CD36 or other scavenger receptors 

that bind to normal or modified LDL-C  (Rigotti et al., 1995) to promote the 

progression of atherosclerosis  (Handzha, 1997). Moreover, cell surface 

proteoglycans that are ubiquitously expressed in cells have been shown to mediate 

LDL-C uptake via low-affinity but high-capacity processes, which leads to 

substantial cholesterol accumulation in cells. These processes have generally been 

studied by evaluating apo-B uptake, an indicator for LDL-C cholesterol uptake 

(Seo and St Clair, 1997) . 

 

LDL-C cholesteryl esters (CEs) can be independently delivered to cells without 

concomitant uptake of the whole LDL-C particle, a process named “selective 

uptake” (SU) (Rinninger et al., 1995). SU leads to accumulation of cholesterol in 

cells and tissues that exceed cholesterol delivery accounted for by whole-particle 

uptake. SU from HDL via scavenger receptor type B-I (SR-BI) has been well 

characterized (Krieger and Kozarsky, 1999) and is linked to steroidogenesis 

(Temel et al., 1997) and reverse cholesterol transport (Seo et al., 2002).  

 

Unlike those of HDL SU, the pathways and physiological significance of LDL-C 

SU are less defined. However, studies by Green and Pittman (Green et al., 1991) 

indicated that LDL-C SU occurs in lipoprotein lipase–rich (LPL-rich) tissues such 

as muscle, heart, and adipose tissues. In keeping with these observations, LDL-C-
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SU in muscle is significantly increased in mice overexpressing human LPL in 

muscle (Green et al., 1997).   

 

Seo et al (2002) previously demonstrated that non–SR-BI–mediated SU in 

cultured macrophages was markedly enhanced by free fatty acids (FFAs). Thus, it 

is possible that alterations in plasma FFA levels and/or composition, induced by 

diet or by disease (e.g., diabetes), lead to increased cholesterol delivery via SU to 

the arterial wall. FFAs and cholesterol often interact and influence systemic lipid 

homeostasis and LDL-C cholesterol metabolic pathways (Green et al., 1997).  

 

2.1.7    Infections and Coronary Artery Disease (CAD) 

 

Several studies have linked infections to atherosclerosis and CAD. Elevated titers 

of antibodies against chlamydia were found in patients with CAD, and it was 

speculated that this microbe caused atherosclerosis. However, Chlamydia 

pneumoniae infection does not cause atherosclerosis in animals, although it may 

stimulate disease progression and plaque activation (Grayston et al., 1997). This 

could be due either to a direct action in plaques or to remote signaling by 

inflammatory mediators. 

 

 Molecular mimicry between C. pneumoniae antigens and human molecules may 

contribute to the activation of inflammation (Maass and Gieffers, 1997). Herpes 

family viruses may also contribute to CAD. Cytomegalovirus is found in lesions, 

can modulate immune-cell as well as vascular-cell activity, and increases 

experimental atherosclerosis. Clinical data imply an important role for 
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cytomegalovirus in transplantation-related arteriosclerosis causing graft rejection 

(Dobrilovic et al., 2001). More studies will be needed to determine whether the 

virus is involved in more common forms of CAD. Since several types of 

pathogens may contribute to CAD, it is unlikely that a single microbe causes 

atherosclerosis. Instead, the total burden of infection at various sites may affect 

the progression of atherosclerosis and elicit clinical manifestations (Peterson and 

Noskin, 2001).  

 

2.1.8  Morphological Features of Atherosclerosis 

 

The normal artery 

The arterial wall normally consists of three well-defined concentric layers that 

surround the arterial lumen, each of which has a distinctive composition of cells 

and extracellular matrix. The layer immediately adjacent to the lumen is called the 

intima, the middle layer is known as the media, and the outermost layer comprises 

the arterial adventitia. These three layers are demarcated by concentric layers of 

elastin, known as the internal elastic lamina that separates the intima from the 

media, and the external elastic lamina that separates the media from the adventitia 

(Wittram, 2003).  

 

Intima 

 

The intima is composed of a single contiguous layer of endothelial cells lining the 

luminal surface of arteries. These cells sit on a basement membrane of 

extracellular matrix and proteoglycans that is bordered by the internal elastic 
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lamina. Although smooth muscle cells are occasionally found in the intima, 

endothelial cells are the principal cellular component of this anatomic layer and 

form a physical and functional barrier between flowing blood and the stroma of 

the arterial wall. Endothelial cells regulate a wide array of processes including 

thrombosis, vascular tone, and leukocyte trafficking among others (Kumar et al., 

1992). 

 

Media 

 

Progressing outwards from the internal elastic lamina, the media consists 

principally of smooth muscle cells arranged in layers, the number of layers 

depending on the arterial size. An extracellular matrix consisting largely of elastic 

fibers and collagen with a lesser content of proteoglycan holds the smooth muscle 

cells together (Kumar et al., 1992). The outer limit of the media of most arteries is 

marked by a well-defined external elastic lamina. In large and medium sized 

arteries, smooth muscle layers of the media near the vessel lumen depend on the 

direct diffusion of oxygen from the vessel lumen for their nutritional needs (Ross, 

1993b). Diffusion is facilitated by fenestrations in the internal elastic lamina. 

Small arterioles (vasa vasorum) arising from outside the vessel perforate the 

external elastic membrane and sends twigs into the outer 2/3rds of the media 

because diffusion from the lumen provides inadequate oxygen to the outer portion 

of the large and medium-sized vessels. In the large or elastic arteries, the media is 

rich in elastic fibers, disposed in fairly compact layers separated by and 

alternating with layers of smooth muscle cells. The elastic component of the aorta 
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allows it to expand during systole therefore storing some of the energy of each 

heart beat (Ross, 1993b). 

 

Adventitia 

 

The adventitia is the outermost layer of the artery and typically consists of a loose 

matrix of elastin, smooth muscle cells, fibroblasts, and collagen. It is a layer of 

connective tissue in which nerve fibers and vessels that nourish the vasa vasorum 

are dispersed (Kumar et al., 1992). Most of the neural input into blood vessels 

also traverses through the adventitia. At one time, the adventitia was considered 

inactive with respect to vascular homeostasis; however, recently it has become 

clear that the adventitia, through the production of reactive oxygen species (ROS), 

may play an important role in controlling vascular remodeling and nitric oxide 

(NO) bioactivity (Ross, 1993b). 

 

2.1.8.1    Cells Involved in Atherogenesis 

 

 Endothelial Cells 

 

The vascular endothelium is capable of producing numerous bioactive molecules, 

thereby acting as an autocrine, paracrine, and endocrine organ. In a normal 

system, endothelial cells maintain vascular tone via endothelium derived relaxing 

factors including NO, prostacyclin, and endothelium-derived hyperpolarizing 

factors (Jiang and Dusting, 2001). in an integrated balance with sympathetic and 

myogenic tone as well as parenchymal cell influences. These molecules help to 
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regulate the homeostasis of the vascular system by adjusting to a number of 

systemic demands on blood flow, coagulation, inflammation, platelet aggregation, 

and signal transduction, with any decay in efficacy considered as dysfunction 

(O'Riordan et al., 2005). Atherosclerotic lesions begin to develop under an intact 

but leaky, activated, and dysfunctional endothelium. Later, endothelial cells may 

vanish and de-endothelialized (denuded) areas appear over advanced lesions, with 

or without platelets adhering to the exposed subendothelial tissue.  

 

Depending on size and concentration, plasma molecules and lipoprotein particles 

extravasate through the leaky and defective endothelium into the subendothelial 

space, where potentially atherogenic lipoproteins are retained and modified (e.g., 

oxidized) and become cytotoxic, proinflammatory and proatherogenic (Dilaveris 

et al., 2007). The mechanisms responsible for the atherogenic modification of 

LDL-C are not clear but could include oxidation mediated by myeloperoxidase, 

15-lipoxygenase, and/or nitric oxide synthase (NOS). Nitric oxide (NO), 

synthesized from the amino acid L-arginine through the enzyme nitric oxide 

synthase (NOS), has been widely considered as an endothelium-dependent 

regulator of vascular tone, with additional roles in preventing platelet activation, 

inhibiting oxidative stress, cell growth, and inflammation, among others 

(Aggarwal et al., 2001). 

 

Nitric oxide is a potent oxidant produced by both endothelial cells and 

macrophages that appears to exert both protective and atherogenic effects, 

depending on its source of production. Nitric oxide produced by endothelial NOS 

has vasodilator function and is potentially atheroprotective (Ogita et al., 2001). In 
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contrast, nitric oxide produced via the much higher capacity inducible-NOS in 

macrophages, serving antimicrobial functions based on its potent oxidative 

properties, is potentially proatherogenic.  

 

In addition, activated macrophages secrete inflammatory cytokines, such as TNF-

α, that contribute to the induction of the expression of monocyte chemotactic 

protein-1 (MCP-1), macrophage colony stimulating factor (M-CSF), intercellular 

adhesion molecule-1 (ICAM1), and vascular cell adhesion molecule-1 (VCAM1) 

in human aortic endothelial cells (HAECs) (Schleser et al., 2006). The 

endothelium becomes activated by atherogenic and proinflammatory stimuli, and 

the expression of adhesion molecules, primarily VCAM-1, are up-regulated, and 

monocytes and T cells are recruited. Besides VCAM-1, other adhesion molecules, 

such as ICAM1, E selecton, and P selecton, probably contribute to the recruitment 

of blood borne cells to the atherosclerotic lesion (Hansson, 2005).  

 

Leukocytes 

 

One of the earliest cellular responses in atherogenesis is the local recruitment of 

circulating monocytes and, to a lesser extent, T lymphocytes (Libby, 2002a). The 

persistence of this cellular response seems to underlie disease progression. The 

mere adhesion to the endothelium is not enough for blood-borne cells to arrive in 

the lesion, as transendothelial migration also is required. Experimental studies 

indicate that the most important atherogenic chemoattractants are oxidized LDL-

C and MCP-1 (Libby, 2002a). Cytokines (e.g., interleukin-8) also may play a role 

in monocyte-macrophage trafficking (Glass and Witztum, 2001).  
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Within intima, the monocytes differentiate into macrophages and internalize the 

atherogenic lipoproteins via so called scavenger receptors, of which SR-A and 

CD36 have been demonstrated to play quantitatively significant roles in 

experimental atherosclerosis (Falk, 2006). Aside from their scavenger function, 

macrophages also possess destabilizing and thrombogenic properties by 

expressing matrix-degrading proteolytic enzymes (e.g., matrix 

metalloproteinases) and tissue factor (Libby, 2002a).  

 

Thus, these innate protective cells initially recruited to combat cytotoxic lipids, 

turn into devastating “friendly fire” during the progression of atherothrombosis 

(Hansson, 2005). There are a number of candidate antigens in the lesion that 

could be responsible for immune activation, including modified LDL-C, heat-

shock proteins, beta-2-glycoprotein I, and microbial antigens. Of these, the most 

extensive data support an important role for oxidized LDL-C, which is abundantly 

present in atherosclerotic plaques, where it is recognized by T cells (Hansson, 

2005). 

 

Smooth muscle cells 

Only endothelial cells, macrophages, and a few T cells participate in the 

development of the early and asymptomatic foam-cell lesion, the fatty streak. In 

disease progression, the immunoinflammatory response is joined by a 

fibroproliferative response mediated by intimal smooth muscle cells. These cells 

are responsible for healing and repair after arterial injury. If the atherogenic 

stimuli persist over the course of years, as they often do, the reparative responses 

may become so voluminous and dominating that lumen is lost, blood flow is 
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reduced, and ischemia sets in (Kragel et al., 1989b). Nevertheless, smooth muscle 

cells and the collagen-rich matrix they produce do confer stability to plaques, 

protecting them against much more ominous consequences; plaque rupture and 

thrombosis. The smooth muscle cell is the principal connective tissue producing 

cell in the normal and diseased (atherosclerotic) intima (Schwartz et al., 2000).  

 

2.1.8.2    Morphology of Atherosclerotic Lesions 

 

Atherosclerosis manifests itself as arterial lesions known as plaques that have 

been extensively characterized (Stary, 1990) into six major types of lesions that 

reflect the early, developing, and mature stages of the disease. In lesion-prone 

arterial sites, adaptive thickening of the intima is among the earliest histological 

changes. As macrophages accumulate lipid, type II lesions form as nodular areas 

of lipid deposition that are also known as “fatty streaks”.  

 

Continued foam cell formation and macrophage necrosis can produce type III 

lesions that contain small extracellular pools of lipid. Types II and III lesions are 

readily apparent through the use of fat-soluble dyes that stain cholesterol esters 

accumulated in macrophages and the extracellular space. These early lesions are 

often evident by age 10 (Stary et al., 1995a) and can occupy as much as one-third 

of the aortic surface by the third decade.  

 

Developing lesions represent the next two types of lesions and, are characterized 

by significant areas of extracellular lipid that represents the "core" of the 

atherosclerotic lesion. Type IV lesions are defined by a relatively thin tissue 
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separation of the lipid core from the arterial lumen, whereas type V lesions exhibit 

fibrous thickening of this structure, also known as the lesion "cap." These type IV 

and V lesions can be found initially in areas of the coronary arteries, abdominal 

aorta, and some aspects of the carotid arteries in the third to fourth decade of life 

(Stary et al., 1995b). Mature type VI lesions exhibit architecture that is more 

complicated and characterized by calcified fibrous areas with visible ulceration.  

 

These types of lesions are often associated with symptoms or arterial 

embolization. It was once thought that end-organ damage and infarction were due 

to gradual advancement of these lesions, but we now know the processes involved 

in precipitating heart attack and stroke are considerably more complex (Lusis and 

Navab, 1993). 

 

Plague Morphology 

 

Plaques contain a central lipid core that is most often hypocellular and may even 

include crystals of cholesterol that have formed in the aftermath of necrotic foam 

cells (Guyton et al., 1990). The lipid-rich atheromatous core is a vascular, soft-

like gruel, and totally devoid of supporting collagen. Its size is, of course, critical 

for the stability of a plaque (Fig. 2.5). In this late stage of lesion development, 

residual foam cells may be difficult to see but have often left the core with an 

abundant quantity of tissue factor (Wilcox et al., 1989) an important activator of 

the clotting cascade.  
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This lipid core is separated from the arterial lumen by a fibrous cap (fig. 2.6) and 

myeloproliferative tissue that consists of extracellular matrix and smooth muscle 

cells. The junction between the cap and the morphologically more normal area of 

artery is known as the "shoulder" region of the atherosclerotic plaque. This area is 

typically more cellular than other areas of the plaque and may contain a variable 

composition of smooth muscle cells, macrophages, and even T cells. The shoulder 

region is most prone to rupture (Lendon et al., 1991). 

 

 

Figure 2.5: Average composition of advanced coronary plaque 

Pie diagram illustrating the average composition of advanced atherosclerotic plaques (75% 

stenosis by histology) in the coronary artery tree in fatal myocardial infarction (Kragel et al., 

1989a). 
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Figure 2.6: Light micrograph of a fibrofatty plaque in the coronary artery 

The lumen is eccentric and separated from the fibrous cap (FC) by myeloproliferative (MP) tissue. 

Under the fibrous cap are calcified (C) areas of the plaque indicative of advanced lesions. The 

fibrous cap is separated from the more normal area of the artery by the “shoulder” region that, in 

this plaque, demonstrates evidence of a healed fissure (F). The adventitia (A) is the outermost 

area of the artery, and its border with the media is defined by the external elastic lamina *. Source 

(Gravanis, 1994). 

 

2.1.8.3    Plaque Progression in Atherosclerosis 

 

Cell Death 

 

During the progression of atherosclerosis, endothelial cells, macrophages, and 

smooth muscle cells die by apoptosis or necrosis. Disintegration of foam cells and 

loss of smooth muscle cells may have detrimental consequences, leading to the 

formation of a destabilizing lipid-rich core and a fragile and rupture prone fibrous 

cap (Geng and Libby, 2002). Furthermore, apoptosis contributes dramatically to 
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the high tissue factor activity and thrombogenicity of the lipid-rich core (Tedgui 

and Mallat, 2001). During regression of atherosclerosis induced by cholesterol 

lowering in animals, inflammatory cells (macrophages) disappear, but their fate 

remains elusive. Many macrophages appear to die within the lesion, but others 

probably emigrate from regressive plaques (Llodra et al., 2004). 

 

Calcification 

 

Focal calcification in atherosclerotic plaques is very common and increases with 

age (Hoffmann et al., 2003). The total amount of calcification the coronary artery 

calcium score is a genuine marker of coronary plaque burden and provides 

prognostic information beyond that provided by traditional risk factor scoring 

(Pletcher et al., 2004). Plaque calcification is to some extent active and controlled, 

resembling calcification in bone, and both lipid and connective tissue may calcify. 

In coronary arteries, calcification is almost always caused by atherosclerosis; 

medial calcification (Mönckeberg‟s calcinosis) is exceedingly rare. Clinical 

observations suggest that culprit lesions responsible for acute coronary syndromes 

generally are less calcified than plaques responsible for stable angina, and the 

pattern of plaque calcification also differs (Ehara et al., 2004). 
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Neovascularization of plaque  

 

Endothelial proliferation and sprouting usually originates from vasa vasorum in 

adventitia and extends through media into the base of the plaque, where 

neovascularization is most conspicuous. The new microvessels are fragile, are 

leaky, and express cellular adhesion molecules (VCAM-1, intercellular adhesion 

molecule-1), resulting in local extravasation of plasma proteins, erythrocytes, and 

inflammatory cells. Thus, angiogenesis and inflammation often coexist and could 

mediate rapid plaque progression (Casscells et al., 2003). Regardless of the 

integrity of the plaque surface, extravasated erythrocytes are common in 

neovascularized areas, but there is no convincing evidence that these low-pressure 

bleedings may precipitate rupture of the plaque surface and/or acute luminal 

thrombosis (Davies and Thomas, 1984).  

 

2.1.8.4     Mechanisms of Plaque Rupture 

 

Plaque rupture 

 

Rupture of the plaque surface is followed by amounts of hemorrhage into the 

plaque and luminal thrombosis, causing sudden and rapid but often clinically 

silent progression of the lesion. It is probably the most important mechanism 

underlying the episodic (versus linear) progression of coronary lesions observed 

by serial angiography (Burke et al., 2001). 
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During atherogenesis, multiple sites of endothelial denudation and plaque rupture 

develop and heal. When sub-endothelial tissue is exposed, platelets adhere and 

fibrin forms. The magnitude of this thrombotic response depends on the 

thrombogenic stimulus; plaque rupture probably is much more thrombogenic than 

plaque erosion. In the pathogenesis of arterial thrombosis, platelet aggregation is 

responsible for the initial flow obstruction but fibrin formation is necessary for the 

subsequent stabilization of the platelet-rich thrombosis. Thus, both platelets and 

fibrin may accumulate over ruptured and eroded plaques (Falk et al., 2007).  

 

2.1.9    Treatment and Management 

 

The prevention and treatment of atherosclerosis requires Control of the known 

modifiable risk factors for this disease. Treatment involves aggressive 

modification of risk factors to slow progression and induce regression of existing 

plaques. 

 

2.1.9.1    Lifestyle changes 

 

Lifestyle changes include diet modification, smoking cessation, and regular 

participation in physical activity. Medical treatment of hypertension, dislipidemia, 

diabetes mellitus are often required. These lifestyle changes and drugs directly or 

indirectly improve endothelial function, reduce inflammation, and improve 

clinical outcome. The statins can decrease atherosclerosis-related morbidity and 

mortality even when serum cholesterol is normal or slightly high. Antiplatelet 
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drugs help all atherosclerotic patients. Patients with CAD may benefit 

additionally from ACE inhibitors and β-blockers (Hauer et al., 2005). 

 

In general, the group of medications referred to as statins has been the most 

popular and are widely prescribed for treating atherosclerosis. They have 

relatively few short-term or longer-term undesirable side-effects, and multiple 

comparative treatment/placebo trials have fairly consistently shown strong effects 

in reducing atherosclerotic disease events (Maseri, 2003). 

 

2.1.9.2    Surgical intervention 

 

Other physical treatments, helpful in the short term, include minimally invasive 

angioplasty procedures that may include stents to physically expand narrowed 

arteries (Huang et al., 2007) and major invasive surgery, such as bypass surgery, 

to create additional blood supply connections that go around the more severely 

narrowed areas. 

 

2.1.9.3    Prophylaxis 

 

Patients at risk for atherosclerosis-related diseases are increasingly being treated 

prophylactically with low-dose aspirin and a statin. The high incidence of 

cardiovascular disease led Wald and Law to propose a Polypill, a once-daily pill 

containing these two types of drugs in addition to an ACE inhibitor, diuretic, beta 

blocker, and folic acid. They maintain that high uptake by the general population 

by such a Polypill would reduce cardiovascular mortality by 80%. It must be 
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emphasized however that this is purely theoretical, as the Polypill has not been 

tested in a clinical trial (Wald and Law, 2003). 

 

2.2 The Role of Lipids in Atherogenesis  

2.2.1 Background 

 

Lipids generally refer to a major class of tissue components or naturally occurring 

molecules (750 to 1500 in molecular weights) which are hydrophobic in nature 

They encompass diverse group of chemical compounds that share the common 

characteristic of being insoluble in water but soluble in organic solvents and 

include fats and oils, waxes, steroids and other related compounds (Edidin, 2003). 

Lipids are produced, transported, and recognized by the concerted actions of 

numerous enzymes, binding proteins, and receptors. Lipids that are solid at room 

temperature (25ºC) are known as fats, and those that are liquid at room 

temperature are known as oils, although they are also generically referred to as 

fats (Fahy et al., 2005).  

 

Fats and oils 

Fats are naturally occurring complex mixtures of triacylgycerol molecules solid at 

room temperature.  A molecule of true fat is formed when three fatty acid 

molecules are covalently link with a molecule of glycerol by means of three ester 

bonds. Glycerol (glycerine) is a trihydric alcohol, containing three alcoholic or 

hydroxyl (OH) groups to which the three fatty acids link one after the other to 

form triglyceride or triacylglycerol (TAG). Triglycerides have lower densities 
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than water, and at normal room temperatures may be solid or liquid. When solid, 

they are called "fats" or "butters" and when liquid they are called "oils" (Bender 

and Bender, 2005). 

Triglycerides constitute about 98% of total dietary lipids; the remaining 2% 

consisting of phospholipids, cholesterol and its esters (Fahy et al., 2005). Nearly 

all the commercially important fats and oils of animal and plant origin consist 

almost exclusively of triacylglycerols (Laakso and Voutilainen, 1996). This 

includes all the vegetable oils, such as those from corn (maize), olive, palm, and 

sunflower, and animal fats, such as tallow, lard and butter (Laakso and 

Voutilainen, 1996).  

 

The more abundant animal triacylglycerols are depot fats (from adipose tissue) or 

milk fats, where their main function may be as a store of energy, but some 

triacylglycerols (e.g. those of plasma or liver) may have a more dynamic role 

(Andrikopoulos, 2002). Similarly, seed oils serve as a source of energy and 

structural fatty acids for the developing embryo. In animals, adipocytes contain 

very large quantities of triglycerides in the form of fat droplets, which fill almost 

the entire cell volume (Fahy et al., 2005).  

Oils are also naturally occurring complex mixtures of triglycerole molecules, 

liquid at room temperature (25ºC). They are typically obtained from plant sources 

although there are also fish oils. The major oilseeds are soybeans, rapeseed, 

cottonseed, sunflowerseed, groundnut, palm, copra, sesame, linseed & castorseed, 

maize oil, coconut oil palm kernel (seed, meal, oil) palm oil and Olive Oil 

(Laakso and Voutilainen, 1996).  
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Cholesterol  

 

Cholesterol is a wax-like substance made by the liver and occurs either free or as 

fatty esters in all animal cells. It is the principal sterol of higher animals and is 

especially abundant in nerve tissues and in some gallstones  (Bolton-Smith et al., 

1991). Cholesterol has both hydrophilic properties, due to its hydroxyl end, and 

hydrophobic properties, due to its hydrocarbon side-chain. It is commonly found 

in the lipid bilayer of cell membranes (Loose-Mitchell et al., 1991). 

  

Normal healthy adults synthesize cholesterol at a rate of approximately 1 g/day 

and consume approximately 0.3 g/ day. A relatively constant level of cholesterol 

in the body (150 – 200 mg/dL) is maintained primarily by controlling the level of 

de novo synthesis and that makes up about 85% of blood cholesterol, while only 

about 15% comes from dietary sources (Ravnskov et al., 2006, Ravnskov, 2005).  

 

The level of cholesterol synthesis is regulated in part by the dietary intake of 

cholesterol. Exogenous cholesterol down-regulates cholesterol synthesis in the 

liver to maintain cholesterol balance (Omoigui, 2007). Cholesterol also 

contributes to the development and working of the central nervous system, and it 

has major functions in signal transduction and sperm development (Dart et al., 

2004). 
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Table 2.2: Percentage of Specific Types of Fat in Common Oils and Fats 

Cooking Oils Saturated Mono-

unsaturated 

Poly-

unsaturated 

Trans 

Canola 7 58 29 0 

Safflower 9 12 74 0 

Sunflower 10 20 66 0 

Corn 13 24 60 0 

Olive 13 72 8 0 

Soybean 16 44 37 0 

Peanut 17 49 32 0 

Palm 50 37 10 0 

Coconut 87 6 2 0 

Cooking Fats 

Shortening 22 29 29 18 

Lard 39 44 11 1 

Butter 60 26 5 5 

Margarine/Spreads     

70% Soybean Oil, Stick 18 2 29 23 

67% Corn & Soybean 

Oil  

Spread, Tub 

16 27 44 11 

48% Soybean Oil 

Spread, Tub 

17 24 49 8 

60% Sunflower, 

Soybean, and Canola Oil 

Spread, Tub 

18 22 54 5 

 

*Values expressed as percent of total fat; data are from analyses at Harvard School of Public Health 

Lipid Laboratory and U.S.D.A. publications. 
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2.2.2    Lipid Transport 

Lipids are insoluble in water but are soluble in alcohol and other solvents. When 

dietary fats are digested and absorbed into the small intestine, they eventually re-

form into triglycerides, which are then packaged into lipoproteins (Birtcher et al., 

2000).  

 

Dietary fats, including cholesterol, are absorbed from the small intestines and 

transported into the liver by lipoproteins called chylomicrons. Chylomicrons are 

large droplets of lipids with a thin shell of phospholipids, cholesterol, and protein. 

Once chylomicrons enter the bloodstream, an enzyme called lipoprotein lipase 

breaks down the triglycerides into fatty acid and glycerol. After a 12- to 14-hour 

fast, chylomicrons are absent from the bloodstream. Thus, individuals who are 

having a lipid profile done are advised to fast overnight to ensure that 

chylomicrons have been cleared (Borgman and Wardlaw, 1975).  

 

The liver removes the chylomicron fragments, and the cholesterol is repackaged 

for transport in the blood in very low-density lipoproteins (VLDL-Cs), which 

eventually turn into low-density lipoproteins (LDL-C). LDL-C cholesterol (LDL-

C-C) consists mainly of cholesterol. Most LDL-C particles are absorbed from the 

bloodstream by receptor cells in the liver (Fielding et al., 1995). Cholesterol is 

then transported throughout the cells. Diets high in saturated fats and cholesterol 

decrease the uptake of LDL-C particles by the liver. LDL-C particles are also 

removed from the bloodstream by scavenger cells, or macrophages, which are 

white blood cells that bury themselves in blood vessels such as arteries. 

Scavenger cells prevent cholesterol from reentering the bloodstream, but they 
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deposit the cholesterol in the inner walls of blood vessels, eventually leading to 

the development of plaque (Havel and Hamilton, 2004). 

2.2.2.1    Apolipoproteins  

The protein moieties of lipoproteins are called apolipoproteins. Presently, 16 

apolipoproteins have been isolated and characterized: apolipoprotein (Apo) A-I, 

apo A-II, Apo A-IV, apo(a), Apo B, Apo C-I, Apo C-II, Apo C-III, Apo C-IV, 

Apo D, Apo E, Apo F, Apo G, Apo H, Apo I, and Apo J (Alaupovic, 1996). The 

apolipoproteins solubilize highly hydrophobic lipids, permitting their transport in 

blood. Certain apolipoproteins function as ligands for specific receptors that 

facilitate the uptake and removal of lipoprotein particles or regulate the movement 

of particular lipids into and out of specific target cells and tissues (Murdoch and 

Breckenridge, 1995). Other apolipoproteins serve as cofactors for enzymes 

important in lipoprotein metabolism (Mowri et al., 1996). The following are the 

various types with their main (but not exclusive) lipoprotein associations, 

molecular weights and broad functions are listed in table 2.5. 

Dietary triacylglycerol, cholesteryl ester, and phospholipids are emulsified in the 

intestine by bile salts, their fatty acids are hydrolyzed by pancreatic lipases, and 

the resultant molecules (fatty acids, 2 monoacylglycerols, and cholesterol) are 

taken up by intestinal cells. Triacylglycerol and cholesteryl ester are reformed in 

the intestinal cells and packaged into chylomicrons for transport in lymph and 

then blood (Alaupovic, 1996). Apo B-48, A-1, and A-IV are on the surface of 

chylomicrons. Apo B-48 is essential for secretion of chylomicrons from the 

intestine. Once in the circulation, Apo C-II, a cofactor for lipoprotein lipase (LPL) 
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is transferred from HDLs to chylomicrons, a process facilitated by Apo A-IV 

(Rader et al., 1993b).  

Triacylglycerols in chylomicrons are hydrolyzed within minutes by LPL, which is 

located on the surface of endothelial cells lining the capillaries of adipose and 

other peripheral tissues, such as muscle. As the triacylglycerols are hydrolyzed, 

chylomicron remnants are produced, which are rapidly taken up by the liver 

through the interaction of Apo E on the surface of the chylomicron remnant with 

the chylomicron receptor. The released fatty acids are either taken up and stored 

in adipose tissue for future use or utilized by muscle for energy (Rader et al., 

1993a).  

Inside the liver, the cholesteryl esters in the chylomicron remnants are hydrolyzed 

and the liberated unesterified cholesterol down-regulates the genes for both the 

LDL-C receptor and the rate-limiting enzyme of cholesterol biosynthesis, 

hydroxymethylglutaryl-CoA (HMG-CoA) reductase. Thus, the potential effect of 

dietary cholesterol to increase LDL-C concentrations is offset by the inhibition of 

hepatic cholesterol synthesis (Young et al., 1987).  

 

The triacylglycerol-rich VLDL-Cs are assembled and secreted as particles 

containing triacylglycerol and cholesteryl ester in the core, surrounded by Apo B-

100, E, C-I, C-II, and C-III. The fatty acids attached to the glycerol moiety of the 

triacylglycerol may be derived from either the endogenous synthesis of fatty acids 

from acetyl CoA or the mobilization of fatty acid from adipose tissue back to the 

liver (Dang et al., 1988). Acetyl CoA derived from amino acids, sugars, and fatty 

acid oxidation can be used to synthesize fatty acids.  
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Apo B-100 is essential for the secretion of VLDL-C. Once in the circulation, the 

triacylglycerol in VLDL-C is hydrolyzed by LPL and apo C-II, producing fatty 

acids and the VLDL-C remnant (Steinberg et al., 1999). The triacylglycerol in the 

VLDL-C remnant can be further hydrolyzed to smaller particles called 

intermediate density lipoproteins (IDLs), which are either taken up by the 

interaction of apo E with the LDL-C (B,E) receptor on the surface of the liver or 

converted by the action of hepatic lipase (hepatic triacylglycerol lipase) into the 

cholesteryl ester–rich LDL-C. About two-thirds of LDL-C is removed by the liver 

and the rest by peripheral tissues. LDL-C also serves as the major carrier of 

vitamin E (Steinberg et al., 1999). 

 

2.2.2.2     Reverse cholesterol transport and the role of CETP 

 

Cholesterol that is synthesized or deposited in peripheral tissues is returned to the 

liver in a process referred to as reverse cholesterol transport in which HDL plays a 

central role (Fielding and Fielding, 1995). The nascent HDL-C particles, 

consisting of phospholipid and apolipoprotein A-I, interacts with peripheral cells, 

such as macrophages, to facilitate the removal of excess free cholesterol, a 

process facilitated by the ATP-binding cassette protein 1 (ABC1) gene. HDL is 

then converted into mature cholesterol ester-rich HDL as a result of the plasma 

cholesterol-esterifying enzyme lecithin-cholesterol acyltransferase (LCAT), 

which is activated by ApoA-I (Weinstock et al., 1995). 

 

Cholesterol esters may be removed by several different pathways, including 

selective uptake by the liver i.e., the removal of lipid without the uptake of HDL 
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proteins. Selective uptake appears to be mediated by the scavenger receptor class-

B, type I (SR-BI), which is expressed in the liver and has been shown to be a 

receptor for HDL (Stevenson et al., 1993). Cholesterol esters derived from HDL 

contributes to the hepaticcholesterol pool used for bile acid synthesis. Cholesterol 

is eventually excreted from the body either as bile acid or as free cholesterol in 

the bile (Tall, 1993). 

 

2.2.2.3    The Role of lipoproteins in Atherogenesis 

 

LDL-C   

 

Research has shown that LDL-C particles play a vital role in the formation of 

plaques; increased levels are associated with atherosclerosis (Roe et al., 2008). 

Increasing evidence has revealed that the concentration and size of the LDL-C 

particles relate to the degree of atherosclerosis progression more than the 

concentration of cholesterol contained within all the LDL-C particles (Weber and 

Noels, 2011). The healthiest pattern, though relatively rare, is to have small 

numbers of large LDL-C particles and no small particles. High concentrations of 

small LDL-C particles (even though potentially carrying the same total 

cholesterol content as a low concentration of large particles) correlates with much 

faster growth of atheroma, progression of atherosclerosis and earlier and more 

severe cardiovascular disease events and death (Superko et al., 2002). 

 

Modification of LDL-C particles within the blood vessel walls (oxidized by free 

radicals) has been found to play a major role in atherogenesis (Sacks and Campos, 
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2003). It is therefore postulated that ingesting antioxidants and minimizing free 

radical exposure may reduce LDL-C's contribution to antioxidants, though results 

are not conclusive over time, with more clinical research, LDL-C reduction  has 

been the most effective strategy for reducing free radical death rates in large 

double blind, randomized clinical trials; far more effective than coronary 

angioplasty/stenting or bypass surgery (Tornvall et al., 1991). 

 

The Heart Protection Study demonstrated that LDL-C cholesterol reduction to 

levels as low as 1.7mmol/l was associated with significant clinical benefit in a 

wide range of high-risk individuals, irrespective of baseline cholesterol levels, 

with no apparent threshold level for LDL-C cholesterol with respect to 

cardiovascular risk. The Heart Protection Study also demonstrated that the 

benefits of LDL-C cholesterol reduction extend into peripheral vascular disease 

and cerebrovascular disease prevention (Heart Protection Study Collaborative 

Group., 2002). 

 

HDL-C  

 

The development of human atherosclerosis is inversely related to the 

concentration of the high density lipoproteins (HDL). High and low 

concentrations of plasma HDL are associated with decreased and increased risk of 

developing premature atherosclerotic cardiovascular disease, respectively. It has 

been proposed that a 1% increase in the concentration of HDL would lead to a 3% 

reduction in risk of developing clinical atherosclerosis in man (Eriksson et al., 

1999). There is increasing epidemiological evidence to show that high levels of 
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HDL are protective against coronary heart disease (CHD). A low serum HDL 

cholesterol concentration (less than 35 mg/dl) is associated with a significant 

increase in coronary risk in both men and women (Garg et al., 1991). 

 

According to Wolf (1996) earlier work with human subjects showed that a low-

fat, low-cholesterol diet lowered plasma high-density-lipoprotein-cholesterol 

(HDL-C) and the production rate of apolipoprotein A-I (Apo A-I). More recent 

research with transgenic mice demonstrated that a high-fat, high-cholesterol diet 

raised plasma HDL-C and the production rate of Apo A-I by a mechanism 

involving the regulation of translation of the Apo A-I mRNA (Wolf, 1996).  

 

In attempt to study the effect of a high-fat, high-cholesterol diet raising plasma 

HDL cholesterol, Wolf (1996) concluded that the rise induced in HDL-C by a 

high-fat, high-cholesterol diet is defensive and therefore, should not be interpreted 

as a desirable dietary change. Garg (1991) explained that, the changes in plasma 

HDL in response to alterations in dietary intake of fat have been largely attributed 

to changes in fractional clearance of HDL. The reduced cholesterol content of 

HDL accelerates its clearance. The lack of compensatory increase in HDL 

production in the face of increasing HDL clearance causes decreased plasma 

levels of HDL. In contrast, the increased HDL clearance in subjects with familial 

hypercholesterolemia is associated with compensatory increase in HDL 

production. Thus, it is possible that low-fat diets may also interfere with HDL 

production (Eriksson et al., 1999). 
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2.2.3    Effect of Fatty Acids on Blood Cholesterol Levels 

 

Fatty acids modulate lipid metabolism and other physiological systems that affect 

risk factors for chronic diseases. Whether these effects on health outcomes are 

beneficial or harmful depend on the specific fatty acids and the mix of fatty acids 

in the diet and the body. Individual fatty acids are present in foods as mixtures. 

Different foods are rich sources of specific fatty acids (Clarke, 2004).  

 

Research on dietary fats by Hegsted and others has shown that myristic acid 

(C14:0), and palmitic acid (C16:0) increase cholesterol levels, whereas 

polyunsaturated fats such as linoleic acid (C18:2) reduce cholesterol levels 

(Zamora and Hidalgo, 1995). High blood serum cholesterol levels are associated 

with increased risk of cardiovascular diseases (Hegsted et al., 1993).  

 

It has been found that, blood cholesterol levels can be lowered by reducing the 

sources of dietary cholesterol, increasing the amount of fiber in the diet, and by 

consuming oils high in polyunsaturated fatty acids while reducing the intake of 

saturated fats. Animal fats and tropical oils which are high in myristic acid and 

low in linoleic acid increase cholesterol levels (Hegsted et al., 1965). 
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Figure 2.7: Effect of Fatty Acid Type on Blood Cholesterol 

The chart above shows the effects of individual dietary fatty acids on Total Serum Cholesterol, 

LDL-C cholesterol and HDL cholesterol when l% of the energy from carbohydrates in the diet is 

replaced by 1% of energy of the specific fatty acids. The chart shows cholesterol increases from 

lauric acid (C12:0), myristic acid (C14:0), and palmitic acid (C16:0) which are found in coconut 

oil, palm oil, and butter. Elaidic acid (trans-C18:1), which is present in hydrogenated fats, is the 

worst because it increases LDL-C and decreases HDL. The saturated fatty acid stearic acid 

(C18:0), the monounsaturated oleic acid (C18:1), and the polyunsaturated linoleic acid (C18:2) 

decrease LDL-C and increase HDL to various degrees (Katan et al., 1994).  

 

2.2.3.1    Effect of Dietary Fat on Lipoproteins 

 

Previous reports have shown that different class of dietary lipids may promote 

beneficial or detrimental health conditions (Adams et al., 2008, Mukherjee et al., 

2009) by their capacity to alter blood lipid profile. A critical health issue related 

to dietary fat is the quality of fat in the diet. The composition of the diet 
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influences the concentration of cholesterol and lipoproteins in the blood of man 

and experimental animals. The consumption of certain fats, such as saturated fatty 

acids (SFA) and trans fatty acids, is associated with a poor lipid/lipoprotein 

profile and increased risk of CVD (Mensink and Katan, 1990). The plasma 

lipoprotein that is mostly found to affect CVD risk is elevated LDL-C-cholesterol 

concentrations (Mensink and Katan, 1992). 

 

It has been established that it is the type of fat, rather than total fat intake that 

affects common intermediate risk factors, such as serum lipid and lipoprotein 

levels (Hu et al., 2001) some studies in humans and animals
 
have demonstrated 

that oils containing saturated fatty acids
 
(SATS) raise serum total cholesterol (TC) 

and, in particular,
 
low density lipoprotein cholesterol (LDL-C-C) levels (Keys and 

Grande, 1957, Keys et al., 1957),
 
while those enriched in unsaturated fatty acids)

 

lower LDL-C-C when replacing saturated fat (Brousseau et al., 1995). 

 

 When a relatively high level of a trans fatty acid, 11% of energy as elaidic acid 

(18:1 trans 9), was substituted for a cis fatty acid, oleic acid (18:1 cis 9), or a 

saturated fatty acid, stearic acid (18:0), total and low-density lipoprotein (LDL-C) 

cholesterol levels increased, whereas high-density lipoprotein (HDL) levels were 

comparable to levels obtained when the subjects consumed the oleic- or stearic 

acid–enriched diets whilst HDL levels were lower in subjects who  consumed the 

elaidic acid–enriched diet (Mensink and Katan, 1990).   

 

Isocaloric substitution of polyunsaturated fat for saturated fat reduces 

concentrations of total plasma cholesterol (Cortese et al., 1983) and high density 
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lipoproteins (HDL) in nonhuman primates (Sorci-Thomas et al., 1989, Rudel et 

al., 1995b, Rudel et al., 1995a). The biochemical mechanisms through which 

polyunsaturated fat lowers plasma HDL concentrations are not well understood 

but must involve changes in HDL production or HDL clearance from plasma, or 

both  postulated that serum hypercholesterolemia accelerates atherogenesis by 

augmenting cholesterol accumulation in the arterial intima (Shepherd et al., 

1980b, Shepherd et al., 1980a). 

 

The predictive
 
equations of Keys et al. and Hegsted et al. in general have 

demonstrated
 
that the fatty acid components and cholesterol in the diet are

 
the 

primary determinants of diet induced hypo- or hypercholesterolemia (Kris-

Etherton and Yu, 1997, Kris-Etherton et al., 1997).
  

 

However, a review of several studies has also indicated a hypocholesterolemic
 

effect of some unsaponifiables, in particular, plant sterol
 
components. Several 

investigators have reported that not
 
only can plant sterols significantly lower 

LDL-C-C levels, even
 
at relatively low intakes (Lees et al., 1977), but also that 

some
 
plant sterols are more active than others. 

 

 In
 

addition, cholesterol-lowering effects of other unsaponifiables
 

such as 

tocotrienols, an analog of tocopherol found in rich
 
concentrations in palm oil and 

oryzanol, a ferulic
 
acid ester of phytosterols and tritrepene alcohols found in

 

soybean oil, have been reported (Elson and Qureshi, 1995). 
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2.2.3.2     Effects of Saturated Fat on LDL-C and HDL Size and Composition 

 

Smaller and denser LDL-C particles have been implicated as being more strongly 

involved in atherosclerotic CVD than larger LDL-C particles. The reduction in 

LDL-C cholesterol known to occur with a decreased saturated fat intake appears 

to be specific to larger more buoyant particles (Obarzanek et al., 2001). In persons 

placed on a baseline high-saturated-fat diet and then switched to a diet high in 

monounsaturated or polyunsaturated fat, a small but significant reduction in LDL-

C particle size was observed (Dreon et al., 1998).  

 

Furthermore, It was recently showed that the lower concentrations of small, dense 

LDL-C particles resulting from a reduced carbohydrate intake (26% compared 

with 54% of energy) were similar with diets high (15%) or low (8%) in saturated 

fat derived primarily from dairy products. In contrast, the higher saturated fat 

intake raised concentrations of larger, more cholesterol-enriched LDL-C particles, 

thus offsetting the reduction in total LDL-C concentrations that was observed 

with lower saturated fat intake (Siri and Krauss, 2005).  

 

2.2.3.3    Factors Affecting Variation in Lipoprotein Response to Saturated Fat 

 

There is considerable inter individual variability in the lipoprotein response to 

variations in saturated fat intake, and this is related to some extent to variation in 

response to dietary cholesterol, which suggests a role for intrinsic differences in 

the regulation of lipid metabolism (Wiberg et al., 1997). Baseline LDL-C-

cholesterol concentrations appear to be strongly related to dietary responsiveness 
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and it was reported that this may be related to differences in the fractional 

catabolic rates of LDL-C (Katan et al., 1988).  

 

Other factors that have been reported to be associated with a reduced LDL-C 

response to reductions in saturated fat include decreased BMI, insulin resistance, 

and female sex (Lefevre et al., 2005). A relation between triglyceride metabolism 

and the LDL-C response to diet is supported by the finding that saturated fats 

increase LDL-C cholesterol in normotriglyceridemic but not in 

hypertriglyceridemic persons  (Rudel et al., 1997, Weggemans et al., 1999). Low 

birth weight has been associated with reduced HDL cholesterol in response to 

saturated fat in men (Robinson et al., 2006).  

 

Genetic factors may also contribute to variability in the dietary response to 

saturated fat (Krauss and Dreon, 1995). Among these, the apoE4 isoform, which 

is associated with increased plasma LDL-C cholesterol in comparison with the 

more common apoE3 isoform, has been most consistently found to be predictive 

of a greater LDL-C-cholesterol reduction in response to diet (Williams et al., 

1995, Dreon et al., 1995).  

 

2.2.3.4      Saturated Fat and CVD Risk  

 

Reduced intake of saturated fat and cholesterol is associated with reduced plasma 

cholesterol content of various lipoproteins including low-density lipoprotein 

(LDL-C), very low-density lipoprotein (VLDL-C), and HDL (Jain et al., 1991).  
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More recently, some researchers showed positive associations between saturated 

fat in plasma phospholipids and CHD mortality (Clarke and Armitage, 2009). 

However, these fatty acids are not necessarily valid biomarkers for dietary 

saturated fat, because they can be endogenously synthesized (Sun et al., 2007).  

 

There is evidence from other studies (Cui et al., 2007, Iso et al., 2003) that 

saturated fat intake may be inversely related to ischemic and/or hemorrhagic 

stroke, but a meta-analysis including results from 6 other studies (Fehily et al., 

1993, Leosdottir et al., 2005) did not yield a statistically significant risk reduction 

(Xu et al., 2006). Overall, despite the perception that reduced dietary saturated fat 

intake is beneficial for cardiovascular health, the evidence for a positive, 

independent association is lacking (Xu et al., 2006). These conclusions are 

consistent with a recent review of the relation between dietary patterns and 

nutrient factors and CVD risk (Sauvaget et al., 2004). 

 

Presently, there is general acceptance that dietary SFA are positively associated 

with atherosclerosis due to increased concentration of blood cholesterol. 

However, the type of SFA should be distinguished when considering these 

atherogenic effects. Medium-chain SFA (8:0 to 10:0) have no effect, stearic acid 

(18:0), initially considered as being neutral, decreases plasma CHL level 

(Bonanome et al., 1992, Bonanome and Grundy, 1989) and only 12:0, 14:0 and 

16:0 appear to elevate plasma CHL level (Bonanome and Grundy, 1988, Denke 

and Grundy, 1992). 
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2.2.3.5    Lipid Profile and CVD Risk 

 

High TC and LDL-C-C have been correlated with the increased risk of 

atherosclerosis (Martin et al., 1986). Triglyceride-rich lipoproteins of both 

intestinal and liver origin are considered to be atherogenic factors (Zilversmit, 

1995). Hypertriglycerideia has been associated with an increased risk of coronary 

heart disease (Hokanson and Austin, 1996).The triglyceride (TG) level is one of 

several lipid parameters that can aid prediction of coronary heart disease (CHD) 

risk. An elevated plasma TG level is strongly associated with an increased risk of 

CHD. Raised TG levels can be present in individuals at risk for CHD when the 

total cholesterol is normal.  

 

However, not all individuals with raised TG levels have increased risk of CHD 

(Charland et al., 2008). Factors such as: diet, age, lifestyle, and a range of medical 

conditions, drug therapy and metabolic disorders, can all affect the TG level. In 

some of these circumstances, other factors protect against the risk of CHD, and 

can minimise or negate the effect of the risk factors present. Although TG 

reducing therapy has been shown to be associated with an improved clinical 

outcome, more research is needed to determine whether this is an independent 

effect of TG reduction or an effect of normalising the overall lipid profile in 

hypertriglyceridemic patients (Cziraky et al., 2008). 

 

In addition to the critical role that LDL-C-C plays, recent studies have shown the 

contribution of other lipid fractions, such as high-density lipoprotein cholesterol 

(HDL-C) and triglycerides (TG), to overall cardiovascular health (Cziraky et al., 
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2008). Also, a substantial body of evidence suggests that remnant lipoproteins 

IDL, and smaller VLDL-C, share with LDL-C the potential for promoting 

atherosclerosis. However, very large VLDL-C and chylomicrons do not seem to 

have this effect (Eriksson et al., 1999). 

 

Although low-density lipoprotein cholesterol (LDL-C) remains the primary target 

for coronary heart disease (CHD) prevention in the latest guidelines of the 

National Cholesterol Education Program (USA), many individuals who have 

CHD do not have substantially elevated LDL-C but have derangement of other 

lipid fractions, most commonly low levels of high-density lipoprotein cholesterol 

(HDL-C) (Campbell et al., 2007). In the guidelines, HDL-C is important in risk 

stratification in primary prevention, influencing the need for and intensity of 

treatment of LDL-C, and both HDL-C and triglyceride are defined as risk factors 

for the metabolic syndrome, a secondary target of therapy (Freiberg et al., 2008). 

 

Triglyceride level also determines in which individuals‟ non-HDL-C should be a 

secondary target of therapy. Risk assessment that takes into account the entire 

lipid profile will identify more high-risk individuals than evaluating LDL-C alone 

(Singh et al., 2009). Some epidemiologic data suggest that instead of measuring 

the cholesterol in LDL-C or HDL, measuring their respective apolipoproteins, 

apolipoprotein (apo) B-100 and Apo A-I may improve CHD risk assessment, and 

in some observational and interventional studies, ratios of lipids and/or 

apolipoproteins have been better predictors of CHD risk than levels of any one 

lipid fraction (Singh et al., 2009, Barter et al., 2007).  
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Trials of lipid-modifying therapy also suggest that apolipoproteins and ratios may 

provide improved targets for therapy beyond LDL-C, but optimal values have not 

been established. Because lipid-modifying therapy affects multiple components of 

the lipid profile, the effect on all lipid parameters should be considered when 

selecting the most appropriate agent (Shahar et al., 2003). Arsenault et al in a 

recent study discovered that independently of their plasma LDL-C levels, 

participants with high non-HDL-C levels, high TG levels, or with an elevated 

TC/HDL-C ratio were at increased CHD risk (Arsenault et al., 2009). 

 

2.2.3.6    Cholesterol Lowering and Atherosclerosis 

 

Both cholesterol level and prevalence of coronary heart disease are influenced by 

environmental factors, including diet. It has been found that individuals who 

immigrate from countries where the prevalence of coronary heart disease and the 

serum cholesterol levels are low to a country with a high prevalence of coronary 

heart disease often have increases in both serum cholesterol levels and rates of 

coronary heart disease (Blankenhorn et al., 1987). The evidence that decreasing 

serum cholesterol levels with cholesterol-lowering drugs or dietary modification 

slows or reverses the progression of coronary atherosclerosis and reduces 

coronary events comes from many randomized trials that include more than 

40,000 subjects (Yusuf et al., 2009, Yusuf and Anand, 1996). Lowering the serum 

cholesterol level with diet or drug therapy also slows the progression of 

angiographically documented coronary atherosclerosis in patients with arterial 

bypass grafts (Blankenhorn et al., 1987). 
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 Modifying several risk factors, such as lowering the serum cholesterol level, the 

blood pressure, and the levels of LDL-C cholesterol and by cessation of smoking, 

reduces the risk of ischemic heart disease (Sacks et al., 1996). Aggressive 

lowering of the serum cholesterol level in patients with recent MI results in a 

rapid decrease in the risk of subsequent ischemic cardiac complications, the need 

for surgical revascularization, and death rates.  

 

This effect occurs even when the total cholesterol level falls within the upper 

range of normal (5.5–5.8 mmol/L, 213–310 mg/dl) (Pedersen, 1995). As high 

total cholesterol levels are considered to be a major independent risk factor for 

development of PVD and CAD, considerable attention has been directed toward 

evaluating the impact and mechanisms of cholesterol lowering therapies and 

interventions for cardiovascular outcomes (Selvin and Erlinger, 2004). 

 

For adults, age 20 years or over, the most recent federal guidelines--from the 

National Cholesterol Education Program--recommend the following target levels: 

Total cholesterol less than 200 milligrams per deciliter (mg/dl) 

HDL cholesterol levels greater than 40 mg/dl 

LDL-C cholesterol levels less than 100 mg/dl 
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Table 2.3: Main Sources of Dietary Fats and Their Effect on Cholesterol 

Levels. 

Type of Fat Main Source State at Room  

Temperature 

Effect on  

Cholesterol 

Levels 

Mono- 

unsaturated 

Olives; Olive Oil, 

canola oil, peanut oil; 

cashews, almonds, 

peanuts, and most 

other nuts; avocados. 

Liquid Lowers LDL-C;  

raises HDL 

Poly- 

unsaturated 

Corn, soybean, 

safflower, and 

cottonseed oils; fish 

Liquid Lowers LDL-C;  

raises HDL 

 

Saturated Whole milk, butter, 

cheese, and ice cream; 

red meat; chocolate; 

coconuts, coconut 

milk, and coconut oil. 

Solid Raises both  

LDL-C and HDL 

Trans Most margarines; 

vegetable shortening; 

partially hydrogenated 

vegetable oil; deep-

fried chips; many fast 

foods; most 

commercial baked 

goods 

Solid or semi-solid Raises LDL-C 

A display of the various types of fat, their main sources, state at room temperature and their effect 

on cholesterol levels. 
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2.3 Oxidation and Inflammation 

2.3.1 Background 

 

Atherosclerosis is known to have oxidative and inflammatory components playing 

major roles in its cause. Aside genetic factors, environmental factors with 

particular emphasis on nutrition appear to be responsible for these aberrant 

oxidative and inflammatory components and the lipid abnormalities associated 

with the disease (Osorio et al., 2011, Ortega et al., 2011).  

 

Much of the progress in understanding atherosclerosis over the past years has 

depended on the lipid hypothesis with LDL-C cholesterol contributing 

importantly to atherosclerosis in many cases. However, it is important to note that 

most individuals with proven coronary artery disease have „average‟ levels of 

cholesterol (absence of abnormalities in the lipoprotein profile). In many cases, 

LDL-C levels often remain in the average range, although the particles may have 

qualitative alterations that render them small and dense, making them particularly 

prone to oxidation and hence evoking inflammation (Han et al., 2002).  

 

Thus, in addition to LDL-C, many putative non-traditional factors may aggravate 

atherogenesis by promoting inflammation. It is therefore imperative to identify 

individuals at risk for concerted intervention before problems manifest.  Based on 

the evidence supporting a role for inflammation in the pathogenesis of 

atherosclerosis, serum markers of inflammation have garnered substantial interest 

as markers of atherosclerotic risk; these add to the information available from 
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traditional measures such as the lipid profile (Osorio et al., 2011, Ortega et al., 

2011).  

 

Therefore in this study, in addition to lipid profile, measurements of important 

markers of inflammation (TNF-α, IL-2 and 6) as well as the antioxidant capacity 

of the rats were determined to assess the atherosclerotic risk in the rats. The 

quality of dietary fat has been shown to affect immune responses (Han et al., 

2002). Data from experiments in macrophage cell lines from animals (Siri-Tarino 

et al., 2010b) and humans have shown that saturated fats can  induce the 

activation of  inflammatory markers,  including interleukin-6 and tumor necrosis 

factor-α (TNF-α) an effect thought to be mediated by the Toll-like receptor  (Siri-

Tarino et al., 2010b, Siri-Tarino et al., 2010a). 

 

It is now clear that inflammatory mediators are intimately involved in atherogenic 

process (Libby, 2002b, Libby and Aikawa, 2002), thereby demonstrating 

atherosclerosis as an inflammatory disease (Burger-Kentischer et al., 2006) . 

Excessive inflammation leads to pathological situation that stimulate leucocytes 

migration into the inflammatory site. Numerous mediators are involved in 

development of vascular atherosclerosis augmenting the inflammatory process, 

with leucocytes and ECs playing major cellular roles (Zakynthinos and Pappa, 

2009). ECs has been shown to coordinate the recruitment of inflammatory 

leucocytes to sites of vascular injury that consequently result in production and 

release of inflammatory cytokines (Akira et al., 1990a). Among these are the pro-

inflammatory cytokines, tumour necrosis factor (TNF) and interleukins (1L)-1, 2 

and 6 (Kunkel et al., 1990). 
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2.3.1    Role of Antioxidants in the Development of Atherosclerosis  

 

Lipid oxidation is initiated by reactive oxygen species (ROS) affecting 

polyunsaturated fatty acids, which comprise about 50% of the lipid moiety in 

LDL-C. The initiation reaction is followed by oxygen addition and a propagation 

reaction resulting in lipid radicals. Lipid radicals can react further or can be 

scavenged by antioxidants such as tocopherol. Alternatively they may react with 

other lipid radicals (termination reaction) (Esterbauer et al., 1993, Esterbauer, 

1993).  

 

One LDL-C particle contains between 5 and 12 molecules of tocopherol, whereas 

concentrations of other antioxidants (eg. tocopherol, carotene, ubiquinone-10, and 

lycopene) are less than 1 molecule per LDL-C particle. However, the 

concentration of these antioxidants in the lipid moiety of LDL-C poorly reflects 

their antioxidant potential with respect to the oxidation of LDL-C in vitro (Jessup 

et al., 2004, Stocker and Keaney, 2004).  

 

In contrast, water soluble antioxidants (e.g. vitamin C) cannot scavenge lipid 

radicals in the propagation reaction, but they are able to regenerate oxidized 

vitamin E and to preserve carotene levels during oxidative stress. Vitamin C is the 

major water-soluble antioxidant and is able to scavenge free radicals in the 

cytoplasm (Mason and Diamond, 2001). Vitamin E reduces oxidation of LDL-C 

by means of CuSO4 ex vivo and by means of ROS synthesized from different 

cells in vitro (Carr et al., 2000b). In addition, vitamin E inhibits oxLDL-C-

induced formation of thrombin in vitro (Rota et al., 1998).  
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Impaired endothelial functions (eg, increased expression of cellular adhesion 

molecules, cytokines, and growth factors; variations in the synthesis of 

arachidonic acid metabolites and prostacycline [PGI2] and variations of synthesis 

and stability of endothelium- derived relaxing factor (Nitrous oxide, NO) play a 

central role in the development of atherosclerosis and are also in part induced by 

ROS (Fig. 2.21) (Drexler, 1999). Like other factors influencing the bioavailability 

of NO, ROS are able to inhibit the synthesis of NO or to inactivate the molecule 

after its synthesis and release (Dembinska-Kiec and Gryglewski, 1986). 

 

 However, the effect of ROS is very complex, and the bioavailability of NO in 

endothelium can be reduced by three different mechanisms (Landmesser et al., 

2004). In the first one, O2 rapidly reacts with NO to form peroxynitrite anions 

(ONOO-), causing a diminished bioavailability of NO. Another mechanism is the 

redox-dependent inhibition of the enzyme dimethylarginine 

dimethylaminohydrolase (DDAH) by ROS. The inhibition of this enzyme is 

followed by an increased concentration of asymmetric dimethylarginine 

(ADMA), an endogenous inhibitor of the endothelial NO synthase (eNOS), which 

in consequence is followed by a reduced synthesis of NO. In the third mechanism, 

tetrahydrobiopterin (H4B), which is an essential cofactor of eNOS, is subject to 

oxidative degradation by ROS (Landmesser et al., 2004).  

 

The resulting H4B deficiency causes an “uncoupling” of the enzyme, which is 

followed by a decrease of NO synthesis and an increase of O2 production 

(Landmesser et al., 2004). All three mechanisms reduce the bioavailability of NO 

which is followed by the development of endothelial dysfunction and 
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morphological changes of the vascular wall (Berliner et al., 1995). Different 

antioxidants, especially vitamins C and E, may protect endothelial function from 

ROS (Chan, 1998).  

 

 

 

Figure 2.8: Role of ROS in the development of atherosclerosis. 

Basic fibroblast growth factor (bFGF); ICAM-1 intercellular adhesion molecule 1; IL-1 

interleukin 1; MCP-1 monocyte chemotactic protein 1; M-CSF monocyte colony-stimulating 

factor; NO nitrogen oxide; PAF platelet activating factor; PAI-1 plasminogen-activator-inhibitor 

1; PDGF platelet-derived growth factor; PGI2 prostacycline; TGF-tissue growth factor beta; 

TNF-tumor necrosis factor-alpha; t-PA tissue-type plasminogen activator; TxA2 thromboxane A2;  
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VCAM-1 vascular cell adhesion molecule 1; VEGF vascular endothelial growth factor; VLA-4 

very late antigen (Ruef et al., 1999). 

 

 

2.3.2    Inflammation and Atherogenesis 

 

Traditionally, plasma lipoprotein profiles and lipid accumulation in the blood 

vessel wall have been the major focus of research related to atherogenesis. More 

recently, a preponderance of evidence from clinical and experimental data 

suggests that inflammatory responses play a critical role (Willerson and Ridker, 

2004). 

 

2.3.2.1    Role of Endothelial Activation, Adhesion Molecules, and           

           Chemokines 

 

Despite the current appreciation that inflammatory cells are involved in 

atherosclerosis (Gimbrone et al., 1990), the specific mechanisms whereby 

vascular inflammation is initiated remains elusive.  In 1991, Cybulsky and 

Gimbrone made a seminal observation that early rabbit atherosclerosis was 

associated with induction of a leukocyte adhesion molecule on the endothelium 

that was homologous to human vascular cell adhesion molecule-1. It is known 

that the recruitment of inflammatory cells is dependent on cellular adhesion 

molecules (Cybulsky and Gimbrone, 1991).  
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Adhesion molecules are a diverse group of surface proteins that are divided, 

among others, into selectins, integrins, and immunoglobulin superfamily 

members. Vascular inflammation begins with leukocyte rolling on the 

endothelium that is facilitated by endothelial expression of P-selectin and its 

interaction with leukocyte P-selectin ligand-1 (Bevilacqua and Nelson, 1993).  

 

Firm leukocyte adhesion requires interaction between leukocyte B1- and B2- 

integrins and endothelial immunoglobulin superfamily members such as vascular 

cell adhesion molecule-1 and intercellular adhesion molecule-1, respectively 

(Zimmerman et al., 1992). Once firm adhesion is established, leukocytes may 

then transmigrate across the endothelium along a chemotactic gradient such as 

that produced by monocyte chemotactic protein-1 (Cybulsky and Gimbrone, 

1991). 

 

Cellular adhesion molecules are an important component in atherosclerosis and 

the response to vascular injury. Histological studies demonstrate increased 

endothelial expression of vascular cell adhesion molecule-1 and intercellular 

adhesion molecule-1 in developing and established atherosclerotic lesions (Li et 

al., 1993b, Li et al., 1993a). Early atherosclerotic events and the initiation of 

lesion formation appear particularly dependent on vascular cell adhesion 

molecule-1 (Hwang et al., 1997). Human studies have demonstrated that plasma 

levels of intercellular adhesion molecule-1 and E-selectin correlate with the 

clinical manifestations of coronary atherosclerosis (Ridker, 1998). Thus adhesion 

molecules modulate the biologic response to vascular injury, with atherosclerosis 

and plaque activation representing two prominent examples of vascular injury. 
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2.3.2.2    Role of Macrophage Inflammation in the Developing Plaque 

 

Macrophage scavenger receptor 1 (MSR1) and CD36 are two scavenger receptors 

involved in cholesterol influx (Moore and Freeman, 2006). Two macrophage 

membrane receptors involved in cholesterol efflux are ATP-transporter cassette 

A1 (ABCA1) and scavenger receptor B class 1 (SR-B1) (Baranova et al., 2002). 

When macrophage cholesterol influx is greater than efflux, cholesterol 

homeostasis is disturbed and cholesteryl ester (CE) accumulates in cytoplasmic 

droplets. The resulting macrophage-derived foam cells secrete pro-inflammatory 

factors, which amplify the local inflammatory reaction and produce reactive 

oxygen species, which in turn modify lipoproteins (Baranova et al., 2002). 

 

2.3.2.3    Inflammatory Markers 

 

Established risk factors for CHD do not fully account for all risk of disease or 

adequately explain the etiology of the disease process. Therefore, identifying 

novel risk factors and markers warrants continued investigation. Among the 

inflammatory markers for CHD risk that have received attention are cytokines and 

CRP (Tabas, 2005). Cytokines are grouped into several
 
classes: interleukins (33 

have been identified to date), tumor
 
necrosis factors (TNF), interferons (IFN), 

colony stimulating
 

factors (CSF), transforming growth factors (TGF), and 

chemokines.
 

They are especially important for regulating inflammatory and
 

immune responses and have crucial functions in controlling both
 
innate and 

adaptive immunity (Willerson and Ridker, 2004).  
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The predominant actors in adaptive
 
immunity, helper-T (Th) cells, have been 

categorized on the
 
basis of the pattern of cytokines that they can secrete, resulting

 

in either a cell-mediated immune response (Th1) associated with
 
IL-2 and IFN-  

secretion, or a humoral immune response (Th2),
 
associated with IL-4, IL-5, IL-10, 

and IL-13 secretion (Tedgui and Mallat, 2006). 

 

Cytokines are categorized according to the structural homology
 
of their receptors 

as class I or class II cytokines (Boulay et al., 2003).
 
Most ILs, CSFs, and IFNs 

belong to one of these two
 
classes of cytokines. Three other major cytokine 

families encompass
 
the IL-1 family (including IL-1 , IL-1 , IL-1ra, and IL-18), 

TNF
 
family, and TGF-  superfamily. IL-1 and TNF family

 
members activate the 

nuclear factor- B (NF- B) and mitogen-activated
 
protein (MAP) kinase signaling 

pathways, while TGF-  superfamily
 
members activate signaling proteins of the 

Smad family (Tedgui and Mallat, 2006). Cytokines are often classified according 

to their pro- (TNF,
 
IL-1, IL-12, IL-18, IFN- ) or anti-inflammatory (IL-4, IL-10,

 

IL-13, TGF- ) activities (Boulay et al., 2003). 

 

2.3.2.4     Proinflammatory Cytokines 

 

 

 

 

 

Cytokines can affect endothelial permeability, the expression of adhesion 

molecules, scavenger receptors (SR), lipid metabolism, and proliferation and 

migration of smooth muscle cells (SMCs) and endothelial cells (ECs) (Canault et 

al., 2008). Macrophages, the first inflammatory cells to be associated with 

atherosclerosis, participate in lipid retention and vascular cell remodeling, and 
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express scavenger receptors (SRs), Toll-like receptors (TLRs), and other receptors 

for pathogen-associated molecular patterns (PAMPs). Engagement of these 

receptors results in release of proinflammatory cytokines IL-1, IL-6, IL-12, IL-15 

etc (Tabas, 2005). 

 

An increase in macrophage apoptosis in early lesions appears to cause the 

attenuation of atherogenesis, whereas impairment in macrophage apoptosis in the 

late stage may contribute to secondary necrosis, leading to increased 

proinflammatory responses and further apoptotic signals for SMCs, ECs, and 

leukocytes within the plaques (Tabas, 2005). 

 

Under conditions of hyperlipidemia, macrophages produce TNF-α, IL-1, IL-6, IL-

12, IL-15, and IL-18 but also the anti-inflammatory cytokines IL-10 and TGF-β. 

Proatherogenic mast cells generate IL-6 and IFN-γ that are crucial in the induction 

of mast cell–dependent acceleration of atherosclerosis (Canault et al., 2008). 

Among the inflammatory pathways the cytokines are central players. Plasma 

levels of cytokines and related proteins, such as CRP, have been investigated in 

cardiovascular patients (Zhang et al., 2006). Consistent with these findings the 

generation of cytokine-deficient animals has provided direct evidence for a role of 

cytokines in atherosclerosis (Weber, 2008).  

 

In vitro cell culture experiments further support the suggestion that cytokines and 

other innate mechanisms contribute to atherogenesis. Among the initiation 

pathways of atherogenesis are innate mechanisms, such as toll-like-receptors 

(TLRs), including the endotoxin receptor TLR4. On the other hand, innate 
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cytokines, such as IL-1 or TNF, or even autoimmune triggers may activate the 

cells. Cytokines potently activate multiple functions relevant to maintain or spoil 

homeostasis within the vessel wall (Loppnow et al., 2008). 

 

Key cytokines responsible for the coordination of both immune and inflammatory 

responses include tumor necrosis factors (TNF-α and TNF-β), interleukins (ILs), 

and interferons (IFN-α, -β, and -γ) (Gabay and Kushner, 1999). Serum TG levels 

are increased by multiple cytokines, including TNF, IL-1, IL-2, IL-6, leukemia 

inhibitory factor (LIF), ciliary neurotropic factor (CNTF), nerve growth factor 

(NGF), keratinocyte growth factor (KGF), platelet-activating factor (PAF), and 

parathyroid hormone-related protein (PTHrP) (Argiles and Lopez-Soriano, 1998, 

Nonogaki et al., 1995a, Nonogaki et al., 1995b). 

 

The cytokine, tumor necrosis factor (TNF), has been shown to rapidly increase 

serum triglyceride levels (Feingold et al., 1988, Krauss et al., 1990). Studies have 

shown that TNF decreases the activity of lipoprotein lipase (LPL) in cultured fat 

cells and in the epididymal fat pad of rats treated in vivo. A decrease in adipose 

tissue LPL activity could produce hypertriglyceridemia by decreasing the 

clearance of triglyceride-rich lipoproteins (Semb and Olivecrona, 1987).  

 

Recent studies indicate that TNF increases serum triglyceride levels in rodents 

primarily by stimulating hepatic lipid secretion. Firstly, TNF increases de novo 

hepatic lipogenesis before the increase in serum triglyceride levels (Feingold and 

Grunfeld, 1987, Grunfeld et al., 1988).  Secondly, the increase in serum 

triglycerides precedes the decrease in LPL activity in the epididymal fat pad. In 

University of Ghana          http://ugspace.ug.edu.gh



92 

 

addition, little or no decrease is seen in LPL activity in several other sites of 

adipose tissue or muscle in vivo (Grunfeld et al., 1988, Feingold and Moser, 

1987).  

 

In fact, LPL activity is increased in the post heparin plasma of TNF-treated 

animals. These observations indicate that TNF stimulation of hepatic triglyceride 

production is the major cause of the hyperlipidemia that follows TNF 

administration. Studies by others (Starnes et al., 1988) have demonstrated a 

decreased deposition of dietary fat in adipose tissue in TNF-treated animals, 

suggesting that under some experimental conditions, the TNF inhibition of 

adipose tissue LPL may play a role in hypertriglyceridemia. The two major 

cytokines released by stimulated macrophages are TNF and interleukin-1 (IL-1), 

and there is extensive but not complete overlap in the immunological properties of 

TNF and IL-1 (Nathan and Sieff, 1987, Nathan, 1987). 

 

2.3.2.5     Predictive Value of Inflammatory Markers 

 

Interleukin-6 (IL-6), a circulating cytokine, has been identified as a marker of 

inflammation in coronary atherosclerotic plaques. Serum levels of IL-6 increase 

in response to acute MI, unstable angina, percutaneous coronary intervention, and 

late restenosis (Schieffer et al., 2004) IL-6 stimulates platelet aggregation and the 

expression of tissue factor, macrophage LDL-C receptors, CRP, and fibrinogen. 

IL-6 also regulates the expression of other inflammatory cytokines, such as 

interleukin-1 (IL-1) and tumor necrosis factor (TNF) (Ikeda et al., 2001). CRP, 

one of many human acute-phase reactants, is produced in the liver in response to 
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IL-6, IL-1, and TNF. It activates the classic complement cascade, mediates 

phagocytosis, regulates inflammation, and is a nonspecific but sensitive marker of 

infection and tissue inflammation (Mortensen, 2001). 

 

Prospective studies have shown that an elevated level of CRP is associated with 

increased risk for cardiovascular events in apparently healthy persons (Ridker, 

2001). Studies also support the prognostic value of CRP in patients with a prior 

history of cardiovascular disease (Ridker, 2001).  CRP might directly promote 

vascular disease; alternatively, it may indicate the presence of a chronic infection 

associated with an increased risk for CHD or an already identified CHD risk 

factor such as smoking, obesity, or preexisting atherosclerosis (Mortensen, 2001). 

Because of their interrelationship, CRP could simply be a surrogate marker for 

IL-6 or some other factor (Ridker, 1997). 

 

IL-6 also promotes the synthesis of acute-phase reactants and monocyte 

chemoattractant protein-1 (MCP-1) (Fiotti et al., 1999). MCP-1 and its receptor, 

CC chemokine receptor 2 (CCR2), direct the migration of monocytes into the 

intima. Subsequent exposure of the monocytes to macrophage colony-stimulating 

factor promotes their differentiation to macrophages (Willerson and Ridker, 

2004). Macrophages avidly take up modified apolipoprotein (apo) B-containing 

lipoproteins, resulting in the formation of macrophage-derived foam cells (Haddy 

et al., 2003).  

 

These cells secrete pro-inflammatory factors that amplify the local inflammatory 

response and produce reactive oxygen species, which modify lipoproteins 
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resulting in increased uptake by scavenger receptors. Overexpression of MCP-1 is 

positively associated with accumulation of monocytes in fatty streaks (Vita et al., 

2004). The inflammatory process plays a major role in the development of 

atherosclerotic plaque (Paoletti et al., 2004). IL-6, MCP-1 and TNF-α are 

important inflammatory biomarkers for atherosclerosis (Brueckmann et al., 2004). 

 

2.4   Interplay between Lipids, Inflammation and Oxidation in Atherogenesis 

2.4.1   Background 

 

The inflammatory response is a series of local cellular and vascular responses 

which are triggered when the body is injured, or invaded by pathogens with the 

attempt to remove the injurious stimuli and to initiate the healing process 

(Grimble, 1996). Inflammatory and immune processes are mediated and 

controlled by a diverse range of molecules.  

 

Among these molecules are: proteins; the pro-inflammatory cytokines, tumour 

necrosis factor (TNF) and interleukins (1L)-1 and -6; derivatives from membrane 

phospholipids; the eicosanoids (prostaglandins (PG), leukotrienes (LT)); 

diacylglycerol and ceramide; miscellaneous compounds such as inositol 

phosphates and reactive oxygen species (Akira et al., 1990b).  

 

The pro-inflammatory cytokines are predominantly products of the immune 

system; Biologically, TNF acts as a trigger which activates a cascade of cytokine 

production. The molecule is released rapidly in response to inflammatory and 
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infective agents, and induces production of a large number of other cytokines, 

including IL-1 and IL-6 (Akira et al., 1990a).  

 

2.4.2    Dietary lipids and the inflammatory response  

 

In theory, fats may influence inflammation by altering the production of cytokines 

and other inflammatory mediators, or by changing the sensitivity of target tissues 

to inflammatory mediators, or by acting at both levels. Cholesterol may exert a 

pro-inflammatory effect by enhancing cytokine production. Cholesterol may also 

exert a more generalized pro-inflammatory effect (Hughes et al., 1992). In 

summary, it seems that the intensity of the multiplicity of metabolic changes, 

which are part of the inflammatory process, is influenced by the unsaturated fatty 

acid and cholesterol content of the diet. While n-6 PUFA and cholesterol exert a 

pro inflammatory influence, n-3 PUFA and monounsaturated fatty acids exert the 

opposite effect (Hughes et al., 1992).  

 

Recent studies are now demonstrating that IL-6 and TNF alpha are stronger 

predictors of cardiovascular disease than C-reactive protein and other 

inflammatory markers (Grimble, 1998a, Grimble, 1998b). Tappia and Grimble 

(1994) examined the ability of TNF to induce IL- 1 and IL-6 production by 

peritoneal macrophages from rats fed for 4 and 8 weeks on a range of fats 

representing the wide range of types encountered in human diets. The fats studied 

were maize, olive, coconut and fish oils and butter; chow-fed animals were 

included in the studies.  

 

University of Ghana          http://ugspace.ug.edu.gh



96 

 

Complex modulation occurred, after 4 weeks fish and olive oils suppressed IL-1 

production (relative to chow-fed animals). However, after 8 weeks, while fish and 

coconut oils suppressed IL-1 production, olive oil and maize oil enhanced 

production. After 4 weeks IL-6 production was enhanced by fish and olive oils, 

and after 8 weeks all the fats except coconut oil had resulted in enhanced 

production. However, despite the complexity of these effects, after 8 weeks of 

receiving the diets, there was a positive relationship between production of IL-1 

and the n-6 PUFA intake of the animals and between IL-6 production and the total 

intake of unsaturated fatty acids (Tappia and Grimble, 1994).  

 

2.4.2.1    Interleukin 6 

 

The interleukin-6 (IL6) family comprises interleukin (IL) - 6, IL-11, leukemia 

inhibitory factor, oncostatin M, ciliary neurotrophic factor and cardiotrophin-1. 

Among its many functions, IL-6 plays an active role in inflammation, 

immunology, bone metabolism, reproduction, arthritis, neoplasia, and aging. IL-6 

expression is regulated by a variety of factors, including steroidal hormones, at 

both the transcriptional and post-transcriptional levels (Zhao and Brinton, 2004). 

The Interleukin-6 family of cytokines, signaling through the common receptor 

subunit (glycoprotein) subsequently activates signal transducers and activators of 

transcription (STAT3), mitogen-activated proteinkinase (MAPK), and 

phosphatidylinositol 3-kinase (PI3K) (Zhao and Brinton, 2004). Elevated levels of 

IL-6 are associated with the highest risks for subclinical cardiovascular disease as 

well as for clinical cardiovascular disease in older men and women (Cesari et al., 

2003b). 
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2.4.2.2    TNF-α  

It has been shown that circulating TNF-α levels are significantly increased in 

patients with premature coronary heart disease compared with age-matched 

healthy Controls (Jovinge et al., 1998). In addition, Solheim et al. (2001) reported 

that hypercholesterolemic individuals treated with pravastatin, a cholesterol 

lowering agent, showed a significant reduction in the level of circulating TNF-α 

compared with placebo. It has been shown that TNF-α induces arteriosclerosis-

like lesions in coronary arteries in vivo (Solheim et al., 2001, Fukumoto et al., 

1997), and promotes in vitro vascular calcification by increasing osteoblastic 

differentiation of vascular cells (Fukumoto et al., 1997).  

According to Popa et al. (2007) TNF-α among inflammatory markers, seems to be 

a critical element in the pathogenesis of these conditions. Although lipid changes 

are beneficial to the host in the case of acute circulatory TNF-α-increasing 

conditions, prolonged TNF-α has been found to induce lipid modifications and 

increase cardiovascular risk and subsequent morbidity and mortality (Popa et al., 

2007, Ohta et al., 2005). In this light, chronic inflammation in general and TNF-α 

in particular are likely to represent the driving force connecting atherosclerosis, 

and the impaired insulin sensitivity that may occur simultaneously in an 

individual (Hotamisligil et al., 1993). 

 

2.4.3   Influence of Lipids on Oxidation  

 

In recent years some studies have emphasized the role of Mediterranean diet in 

prevention of some diseases including atherosclerosis, attributing the positive 

University of Ghana          http://ugspace.ug.edu.gh



98 

 

influence of such diets to their low saturated and high monounsaturated fatty acids 

content (Spiller, 1991, Mattson and Jandacek, 1985). It has established that 

atherosclerotic plaque lipids are derived from plasma oxidized low-density 

lipoprotein cholesterol, thus prevention of atherosclerosis involves a fight against 

low-density lipoprotein (LDL-C) oxidation (Harris, 1992). 

 

It is known that diets low in saturated fatty acids and high in monounsaturated 

fatty acids are effective in controlling blood lipid levels (Manson et al., 1993, 

Hennekens and Gaziano, 1993). For instance, when a typical diet high in saturated 

fat is replaced with a southern Mediterranean-type diet, plasma cholesterol levels 

were decreased.  

 

Several studies have shown through laboratory animal Experimentation that, 

nutritional antioxidants and, especially phenolic substances, prevent lipid 

peroxidation (Frankel et al., 1993). Some authors have also reported that 

antioxidant capacity of oils in vitro is directly connected to their phenolic content 

(Espin et al., 2000). Some inverstigators observed that certain vegetable oils such 

as the olive oil, affect lipid peroxidation and antioxidant parameters, and lead to 

favorable changes in the plasma lipid status (Gustafsson et al., 1994, Scaccini et 

al., 1992, Visioli et al., 1995). 

 

It was demonstrated that, .LDL-C-C oxidation was inhibited by olive oil 

constituents. Furthermore, it has been seen that, phenolics of olive oils inhibit 

platelet aggregation (Petroni et al., 1995). For these reasons most investigations 

claim that olive oils are preferable to other vegetable oils (Gorinstein et al., 2002). 
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2.4.3.1    Dietary antioxidants 

 

Several epidemiological studies have reported an inverse relationship between 

intake of foods rich in antioxidant vitamins including vitamins C and E and β-

carotene, and risk for CVD (Gaziano, 1999). The protective effects of these 

antioxidant vitamins on atherosclerosis have been intensively investigated in 

animal and human studies. According to the oxidative modification hypothesis, 

oxidized LDL-C is immunogenic and atherogenic and LDL-C oxidation triggers 

atherosclerotic processes. Therefore, the protection of LDL-C from oxidation may 

be crucial to the prevention of atherosclerosis; the antioxidant components of 

LDL-C may prevent LDL-C oxidation (Bazzano et al., 2002).  

 

Vitamin E is the generic term for all tocopherol and tocotrienol derivatives that 

exhibit the biological activity of α-tocopherol. There are eight naturally occurring 

isoforms synthesized in plants. α-Tocopherol is the most biologically and 

chemically active form of vitamin E. The hydroxyl groups at the C-6 position of 

tocopherols enable them to scavenge free radicals and superoxide (Munteanu et 

al., 2006). α-Tocopherol is the major antioxidant in LDL-C and one LDL-C 

particle contains approximately six molecules of α-tocopherol. α-Tocopherol in 

LDL-C plays a role in preventing LDL-C oxidation. Vitamin E depletion in LDL-

C may trigger LDL-C oxidation; and the addition of micromolar concentrations of 

vitamin E inhibits LDL-C oxidation (Carr et al., 2000a).  

 

All other antioxidants, such as γ-tocopherol, carotinoids, and ubiquinol-10, are 

present in much smaller amounts than α-tocopherol. In contrast to α-tocopherol, 
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carotenoids play only a minor or no role in LDL-C protection (Esterbauer et al., 

1992a, Esterbauer et al., 1992c). However, many clinical studies have failed to 

demonstrate the protective effects of vitamin E. One explanation may be that 

vitamin E exhibits prooxidant activity in the absence of co-antioxidant 

compounds capable of reducing the tocopherol radical (Esterbauer et al., 1992b). 

A similar situation may occur with other antioxidants, such as β-carotene (Zhang 

and Omaye, 2001). Depending on the concentrations, environmental conditions 

and presence of oxygen or other oxidants, compounds with antioxidant properties 

may exhibit prooxidant or other non-antioxidant properties (Brown et al., 1998). 

 

2.4.4    Inflammation and Lipid metabolism 

In several animal models of atherosclerosis, signs of inflammation occur hand-in-

hand with incipient lipid accumulation in the artery wall. For example, blood 

leukocytes, mediators of host defenses and inflammation, localize in the earliest 

lesions of atherosclerosis, not only in experimental animals but in humans as well 

(Ross, 1979).  

In a review by Libby et al. (2002) it was explained further that, though for many 

years lipids have been regarded as the sine qua non of atherosclerosis, over the 

last few decades, a plausible model linking lipids and inflammation to 

atherogenesis has emerged. According to the oxidation hypothesis, low-density 

lipoprotein (LDL) retained in the intima, in part by binding to proteoglycan, 

undergoes oxidative modification (Libby, 2002b, Bots et al., 2007).  
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These modified lipids can induce the expression of adhesion molecules, 

chemokines, proinflammatory cytokines, and other mediators of inflammation in 

macrophages and vascular wall cells. The apoprotein moieties of the lipoprotein 

particles can also undergo modification in the artery wall, rendering them 

antigenic and capable of inciting T-cell responses, thus activating the antigen-

specific adaptive limb of the immune response (Croce and Libby, 2007). In some 

experimental situations, administration of antioxidants can retard the progression 

of atherosclerotic lesions that develop in the face of hyperlipidemia. 

 

 However, even though attractive, theoretically compelling, and supported by a 

considerable body of experimental evidence, the relevance of the LDL oxidation 

hypothesis to human atherosclerosis remains unproven (Croce and Libby, 2007). 

Chemical analysis of the types of modified lipids and proteins extracted from 

human atheroma do not necessarily correspond to the compounds derived from 

lipoproteins oxidized in vitro that have furnished much of the evidence linking 

oxidized lipoproteins to inflammation.  

 

Inflammation contributes across the spectrum of cardiovascular disease, including 

the earliest steps in atherogenesis. This recognition has had a profound impact on 

our understanding of atherothrombosis as more than a disease of lipid 

accumulation, but rather as a disorder characterized by low-grade vascular 

inflammation (Libby et al., 2002).  Practically, this concept can be used to predict 

future cardiovascular risk. To date, elevated levels of several inflammatory 

mediators among apparently healthy men and women have proven to have 

predictive value for future vascular events. In particular, prospective 
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epidemiological studies have found increased vascular risk in association with 

increased basal levels of cytokines such as IL-6 and TNF-α (Libby, 2006). 

 

2.5 Characteristics of the Different Vegetable Fats and their Effect on  

            Lipid Profile 

2.5.1    Background 

 

Approximately 75% of the world‟s production of oils and fats come from plant 

sources (Okpuzor et al., 2009). Research has shown that different fatty acids 

occur at various levels or concentrations in different types of vegetable fats. 

Specific fatty acid types may affect vascular wall integrity: by affecting 

lipoprotein concentration, composition and degree of oxidation and consequently 

the process of atherosclerosis and its related cardiac complications (Penalva et al., 

2008). 

 

2.5.2 Crude Palm oil 

 

Palm oil is produced from the fruit of the Elaeis guineensis. It is a vegetable oil 

and therefore does not contain cholesterol. It has been used for thousands of years 

as a nutritious source of oil surpassing soybean oil as the most widely produced 

vegetable oil in the world. Palm oil is extracted from the fleshy mesocarp of palm 

fruit and the kernel or seed of the fruit generates Palm Kernel Oil (PKO). These 

two oils have different fatty acid compositions. The mesocarp comprises about 70 

- 80% by weight of the fruit and about 45 -50% of this is oil. The mesocarp oil is 
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rich in palmitic acid (C 16.0) which may constitute up to 44% of the oil although 

it also contains oleic acid (C 18.1) about 39% and contains mainly long chain 

fatty acids (Pereira et al., 1990a, Edem, 2002). 

 

The extracted oil is known as crude palm oil (CPO). The rest of the fruit 

comprises the shell, kernel, moisture and other non fatty fiber. In the kernel, the 

oil consists mainly of lauric acid (C12.0.) about 50%, while myristic (C14.0) and 

oleic acids (C18:1) constitute about 16% each. The kernel contains a very high 

proportion of medium chain fatty acids. A physical barrier, the shell, separates 

these two tissues in the fruit (the mesocarp and the kernel) (Edem et al., 2002). 

 

Crude palm oil is consumed refined at various stages of oxidation. It is an energy 

source for the body (Ladeia et al., 2008). Refined palm olein (REFPO) is the 

light-colored liquid fraction obtained from the refining, bleaching and 

deodorization of the crude palm oil. There are a few varieties of the palm tree 

including Tenera, which is a hybrid of the Dura and the Pisifera (Edem, 2002). 

Palm oil is used worldwide (more than 100 countries) for cooking and other food 

preparations. Palm oil is one of the most widely consumed vegetable oils in West 

Africa, Central Africa and South East Asia. It has been used in domestic cuisines 

and food processing industries. It is a bio-effective source of vitamin A. It is 

consumed as a cooking oil, in margarines and shortening, and as an ingredient in 

fat blends and a vast array of food products and is currently the number two 

edible oil in the world (Zeba et al., 2006, Edem, 2002, Edem et al., 2002). 
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2.5.2.1   Red Palm oil 

 

The Red Palm oil (virgin Red Palm oil) is a minimally processed palm oil that 

naturally contains extremely rich source of Vitamin E and carotenoids (vitamin 

A) which gives the oil its red color and makes it a good source of provitamin A 

(Zeba et al., 2006). 

 

Major Composition 

 

Palm oil consists of 50% saturated and 50% unsaturated fatty acids. The saturated 

fatty acids are made up of 44% palmitic acid and 5% stearic acid. The unsaturated 

fatty acids consist of 39% oleic acid (monounsaturates) and 10% linoleic acid 

(polyunsaturates) as shown below (Oguntibeju et al., 2009). 

 

C12:0 Lauric  -   0.2% 

C14:0 Myrstic -   1.1% 

C16:0 Palmitic - 44.0% 

C18:0 Stearic  -   4.5% 

C18:1 Oleic  - 39.2% 

C18:2 Linoleic - 10.1% 

Others   -   0.9% 
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Minor Component 

 

These are classified into one category because they are fatty in nature but are not 

really oils. They are referred to as unsaponifiable matter and they include the 

following: antioxidants, carotineoids, vitamin e, phytonutrients, sterols, polar 

lipids, impurities (Bonnie and Choo, 1999 ). 

Palm Kernel Oil (PKO) is composed vertually of esterified saturated fatty acid 

(approximately 80%) and there are contradictory research finding on the health 

implications as a result of the consumption of PKO and PO (Gustafsson et al., 

1994). The saturated fatty acids that have been shown through various 

epidemiological studies, to increase LDL-C cholesterol level are the C12 Lauric 

and C14 Myristic saturated fatty acid. These two saturated fatty acids are 

abundantly found in coconut oil and palm kernel oil (Tholstrup et al., 1994, 

Vessby et al., 1994).  

 

Palmitic acid in palm oil is predominantly placed within the triglyceride molecule 

on the Sn1 and Sn3 positions. In contrast, the majority of palmitic acid from 

animal sources is placed in the Sn2 position. Consequently, research has shown 

that this unique structure of palmitic acid in palm oil influences the way it is 

metabolized, resulting in a neutral effect on cholesterol levels (Kritchevsky et al., 

2002, Kritchevsky, 2002). Palm Oil contains a very rich supply of powerful 

natural antioxidants. It also contains significant amounts of lycopene and 

coenzyme Q10. Coupled with this, it contains extremely low and only a moderate 

proportion of linolenic and linoleic acid respectively, the two components of oils 
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that are most readily oxidised (Kritchevsky and Sundram, 2002, Lietz et al., 

2001).  

Antioxidant Component of Red Palm oil  

 

Vitamin E is a general term used for all tocopherols and their derivatives. There 

are eight different forms of Vitamin E found in nature. These include alpha, beta, 

gamma, and delta-tocopherols and alpha, beta, gamma and delta-tocotrienols. 

With the exception of beta tocopherol, Virgin Red Palm Oil contains all of the 

Vitamin E derivatives as shown below (Patel et al., 2006). 

 

 

                Figure 2.9: Vitamine E Content in Fats and Oils 

Levels of tocopherol and tocotrienol of various oil types in ppm. The palm oil has been found to 

contain substantial amounts of both forms of vitamin E. 
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Vitamin A is produced in the body from beta carotene and other carotenoids; it 

can also be consumed in a preformed state known as retinol. Palm oil is 

considered the richest natural source of bioavailable carotenoids in terms of 

retinol (provitamin A) equivalent, (500 – 700 mg / L) in the crude oil (Rao and 

Sharma, 2001, Ong and Goh, 2002) with concentrations of 700-1000 ppm. A 

single tablespoon of Virgin Red Palm Oil contains 1,200 µg of Vitamin A in the 

form of provitamin A carotenoids. Red Palm oil, by virtue of its B-carotene 

content, may protect against vitamin A deficiency and certain forms of cancer 

(Edem, 2002). 

 

It is generally believed that diets high in saturated fatty acids elevate serum 

cholesterol (Hegsted et al., 1965) and promote thrombosis and hence 

atherogenesis, palm oil (PA) is considered to exert the untoward effects on these 

measures.  The high saturated fat content in palm oil has been a major source of 

objection to it use (Cottrell, 1991). Palm oil has also been shown to increase 

cholesterol levels, and thus considered worse than animal fat, mainly due to the 

growing concern over the relationship between atherosclerosis and high 

cholesterol levels (Anderson et al., 1976).  

 

However, several years later other inverstigators, have indicated that palm oil is 

hypocholesteremic, increases protective High density lipoprotein (HDL), and does 

not cause atherogenesis, in spite of its low P/S ratio (0.31) and low linoleic acid 

content (10%) (Vles et al., 1964, Abdellatif et al., 1972). Animal experiments 

have also shown that Palm oil is similar to other oils in absorption, feed efficiency 

ratio (FER) and growth promotion. In humans, it not only decreases cholesterol, 
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(Rand et al., 1988), but also increases HDL and decreases apo B, relative to the 

control diets (Sundram et al., 1990a, Sundram et al., 1992).  

 

Subsequent studies by have unequivocally demonstrated that palm oil though low 

in linoleate content, is not hypercholesterolemic because of: (a) the equal 

distribution of saturated and unsaturated fatty acids in it, and (b) the high content 

of oleic acid (18:1, n-9) which has been proved to reduce cholesterol levels 

(Mattson and Jandacek, 1985, Grundy et al., 2009, Grundy, 1994).  

 

Effect of red palm oil on cholesterol 

 

Vitamin E has been shown to help reduce LDL-C cholesterol and triglycerides, 

raise HDL cholesterol, reduce risk of heart attack, boost the immune system, fight 

cancer and lower the risk of developing cataracts (Walton et al., 2002). 

Tocotrienols have also been found to significantly inhibit HMG-CoA reductase 

(the enzyme that Controls the rate at which cholesterol is synthesized), which 

ultimately results in lower cholesterol (Qureshi et al., 1986). This effect has been 

observed in people after they ingested palm oil. 

 

Moreover, it was reported in a recent review (Edem, 2002) that although palm oil-

based diets induce a higher blood cholesterol level than do corn, soybean, 

safflower seed, and sunflower oils, the consumption of palm oil causes the 

endogenous cholesterol level to drop due to the presence of the tocotrienols and 

the peculiar isomeric position of its fatty acids. 
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Again, red or unrefined palm oil at moderate levels in the diet of experimental 

animals has been found to promote efficient utilization of nutrients, favorable 

body weight gains, induction of hepatic drug metabolizing enzymes, and adequate 

hemoglobinization of red cells and improvement of immune function (Edem, 

2002). 

 

Sundram et al., (1992) performed a dietary intervention study on a free-living 

Dutch population which normally consumes diets high in fats. Using a double 

blind cross-over study design consisting of two periods of six weeks of feeding, 

the normal fat intake of a group of 40 male volunteers was replaced with 70% of 

palm oil. The palm oil diet did not raise serum total cholesterol and LDL-C-

cholesterol, and caused a significant increase in the HDL-cholesterol and a 

significant reduction in LDL-C-triglycerides.  

 

In another study the effect of palm olein and canola oil on plasma lipids was 

examined in double blind experiments in healthy Australian adults. Palm oil 

performed better than canola oil in raising the HDL-cholesterol (Truswell, 2000, 

Choudhury et al., 1995). 

 

Furthermore, studies conducted by researchers from China compared the effects 

of palm oil, soybean oil, peanut oil and lard (Zhang et al., 2003, Zhang et al., 

1997). They showed that palm oil had the effect of decreasing total blood 

cholesterol and LDL-C-cholesterol and increasing the level of HDL-cholesterol. 

Soya bean oil and peanut oil had no effect on the blood cholesterol but lard 

increased the cholesterol levels. Another study conducted on healthy Indian 
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subjects (Ghafoorunissa et al., 1995) showed that palm olein and groundnut oil 

have comparable effects. Both oils do not induce hypercholesterolemia.  

 

Some studies have shown that palm oil does not promote arteriosclerosis and 

arterial thrombosis in spite of it high saturated fat content (Pereira et al., 1990a). 

On the contrary, it has been found to improve cholesterol values. In a another 

study, researchers demonstrated a 10 percent decrease in total cholesterol in 36 

hypercholesterolemic (high cholesterol) subjects given palm oil capsules for four 

weeks. A follow-up study of 16 subjects resulted in a 13 percent lowering of total 

cholesterol (Qureshi et al., 1995). 

 

Again, palm oil supplement was administed daily to 31 subjects for 30 days. The 

results showed that palm oil supplementation lowered both total cholesterol and 

LDL-C cholesterol in all the volunteers. The magnitude of reduction of total 

cholesterol ranged from 5 to 35.9 percent and the reduction of LDL-C cholesterol 

ranged from 0.9 to 37 percent. The cholesterol ratio was reduced in 78 percent of 

the subjects, demonstrating a highly significant and favorable response to 

supplementation (Tan et al., 1991). 

 

Tocotrienols also strengthen the heart so that it can better withstand stress. 

Researchers can purposely induce heart attacks in lab animals by cutting off blood 

flow to the heart. This causes severe injury and death. However, if the animals are 

fed palm oil the survival rate is greatly increased, injury is minimized, and 

recovery quicker (Esterhuyse et al., 2005b, Esterhuyse et al., 2005a). 

. 
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Eidangbe et al. (2010) compared the effect of palm oil (rich in saturated fatty 

acid) and egusi melon oil (rich in unsaturated fatty acids) on serum and liver 

lipids and their antioxidant status. Lipid profiles, Malondialdehyde (MDA) levels 

and activities of Glutathione Peroxidase (GSH-Px) and Glutathione Reductase 

(GSSG-Rx) were determined in serum and liver of rats fed a high cholesterol diet 

for 6 weeks. It was found that palm oil and egusi melon fed rats exhibited 

improved serum and liver lipid profiles and had a more significant reduction in 

serum and liver MDA levels as compared to Control rats (Eidangbe et al., 2010). 

Similarly, GSH-Px and GSSG-Rx activities were significantly higher in rats fed 

palm oil and egusi melon oil compared to Control. It was concluded that palm oil 

and egusi melon improve serum and liver lipid profile in rats fed a high fat diet, 

their consumption could thus offer protection against lipid-related disorders 

(Elson, 1992).  

 

Palm oil contains negligible amounts (less than 1.5%) of the hypercholesterolemic 

saturated fatty acids, namely lauric acid (12:0) and myristic acid (14:0). it has 

moderately rich amounts of the hypocholesterolaemic, monounsaturated oleic 

acid (18:1, omega-9) and adequate amounts of linoleic acid. (18:2, omega-6).  The 

major saturated fatty acid, palmitic acid (16:0) has recently been shown to be 

neutral in its cholesterolaemic effect, particularly in situations where the LDL-C 

receptors have not been down-regulated by dietary means or through a genetic 

effect (Chong and Ng, 1991).  

 

Moreover, it contains minor components such as the vitamin E tocotrienols which 

are not only powerful antioxidants but are also natural inhibitors of cholesterol 
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synthesis (Chong and Ng, 1991). Feeding experiments in various animal species 

and humans have proven that palm oil is not atherogenic. Palm oil consumption 

has been found to reduce blood cholesterol contrary to what is normally observed 

in the traditional sources of saturated fats such as coconut oil, dairy and animal 

fats. In addition, palm oil consumption has been found in some researches to raise 

HDL levels and reduce platelet aggregability (Chong and Ng, 1991). 

 

Effect of palm oil on Atherogenesis and CVD 

 

In a study, in which 1899 men with a diet rich in fats were surveyed, it was 

concluded that those with the highest levels of carotenes in their blood, had 36% 

less risk of contracting cardiovascular disease. Kritchevsky of the Wister Institute 

in Philadelphia (US) demonstrated that when consuming Red Palm oil the risk of 

atherosclerosis is lowest in comparison with refined, bleached and deodorized 

palm oil. The protection against atherosclerosis is a result of the high levels of 

antioxidants in Red Palm oil, specifically red carotenes and tocotrienols. The risk 

of atherosclerosis reduces as the levels of alpha-carotene intake increase 

(Kritchevsky et al., 2002).  

 

Recent studies have shown that dietary red palm oil (RPO) supplementation 

improves functional recovery following ischaemia/reperfusion in isolated hearts. 

Bester et al (2010) investigated the effects of dietary RPO supplementation on 

myocardial infarct size after ischaemia/reperfusion injury. Dietary RPO-

supplementation was found to be more effective than Sunflower oil-

supplementation in reducing myoreperfusion injury (Bester et al., 2010). 
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2.5.2.2    Oxidized palm oil 

 

Palm oil has been used in the fresh state and/or at various levels of oxidation. 

Oxidation is a result of processing the oil for various culinary purposes (Edem, 

2002, Edem et al., 2002). Studies have revealed that relative to fresh palm oil, 

oxidized palm oil induces an adverse plasma lipid profile, free fatty acids, 

phospholipids and cerebrosides (Ebong et al., 1999). 

 

Additionally, oxidized palm oil induces reproductive toxicity and organotoxicity 

particularly of the kidneys, lungs, liver and heart. Also, available evidence 

suggests that impact of the oxidized oil on health reflects in the generation of 

toxicants due to oxidation. The reduction of the dietary level of oxidized oil 

and/or the level of oxidation may reduce the health risk associated with 

consumption of oxidized fats (Ebong et al., 1999). 

 

2.5.2.3    Refined Palm oil (Palm Olein ) 

Palm oil is usually a semi-solid, in the tropics, but at colder temperatures it is a 

solid fat. The solid consistency makes the palm oil less acceptable as cooking oil 

in cold countries. The process of fractionation by cooling leads to the formation of 

high-melting triglycerides (palm stearin) leaving behind low-melting glycerides 

(palm olein). Palm olein and palm stearin also differ in fatty acid composition. 

Palm stearin is characterized by a low Polyunsaturated/Saturated ratio, and is 

more saturated than palm olein. Palm olein is therefore the liquid fraction 
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obtained by fractionation of palm oil after crystallization at controlled 

temperatures. The physical characteristics of palm olein differ from those of palm 

oil. It is fully liquid in warm climate and has a narrow range of glycerides (Kusum 

et al., 2011). 

 

In addition to finding uses as in the case of palm oil, palm olein is widely used as 

a cooking oil. It also blends perfectly with other popular vegetable oils that are 

traditionally used in many parts of the world. Like palm oil, palm olein is also 

widely used as a frying oil and much of its popularity is due to its good resistance 

to oxidation and formation of breakdown products at frying temperatures and 

longer shelf life of finished products. In fact, palm olein is considered as the gold 

standard in frying and is perhaps, on its own, the most widely used frying oil 

worldwide (Kusum et al., 2011). 

 

Refined palm oil may be further refined through treatment with phosphoric acid, 

followed by de-acidification with alkali, bleaching and deodorization. Melting 

and degumming removes impurities. The oil is then filtered and bleached. Such 

refined palm oil is called chemically refined palm oil (CRPO). Next, physical 

refining removes smells and coloration, to produce "refined bleached deodorized 

palm oil", or RBDPO (Faessler, 2007). The CRPO has a lower free fatty acid 

content than the physically refined palm oil (PRPO).  

 

The quantity of palm oil refined by these two methods is commonly judged by 

chemical and physical criteria (Williams and Padley, 1985, Miyazawa et al., 

1994). CRPO does not seem to be nutritionally superior to the physically refined 
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palm oil, as both these oils produce similar rates of growth in rats. However, 

chemical refining does not reduce the free fatty acids to lower levels than physical 

refining (Duff, 1991). 

 

2.5.3   Olive Oil 

 

Olive oil comes in different grades including extra-virgin, fine virgin or virgin 

and refined. Extra Virgin is the unrefined oil derived from the first pressing of the 

olives and has the strongest flavor. The extra virgin oils are called cold pressed as 

they are produced by mechanically squeezing the oil under pressure. The flavor of 

extra virgin olive oil varies depending on the place where it has been grown and 

the type of olives. Virgin olive oil is refined oil that is light in color, odor and 

taste whilst the refined olive oil is mild in flavor. Extra virgin olive oil is a richer 

source of polyphenols than refined olive or other refined oils and is believed to be 

the best vegetable oil for heart health (Covas et al., 2006). 

 

Virgin also has a higher acidity level than extra virgin olive oil (as well as less 

phytonutrients and a less delicate taste). Chemically, the difference between extra 

virgin olive oil and virgin olive oil involves the amount of free oleic acid, which 

is a marker for overall acidity. According to the standards adopted by the 

International Olive Oil Council, "virgin" can contain up to 2% free oleic acid, 

while "extra virgin" can contain up to 0.8% of free oleic acid (Beauchamp et al., 

2005). 
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Among the major components of extra virgin olive oil are antioxidants. Olive oil 

provides beta carotene (pro-vitamin A) and tocopherol (vitamin E). Extra virgin 

olive oil contains 88% of its vitamin E in the form of alpha-tocopherol. Olive oil 

is also rich in vitamins A, D, E and K. Olive oil is one of the few widely used 

culinary oils that contains about 75% of its fat in the form of oleic acid (a 

monounsaturated, omega-9 fatty acid). Research has long been clear about the 

benefits of oleic acid for proper balance of total cholesterol, LDL cholesterol, and 

HDL cholesterol in the body. Oleic acid is known to be a prime component of the 

Mediterranean Diet. Olive oil is a natural juice which preserves the taste, aroma, 

vitamins and properties of the olive fruit. It is the only vegetable oil that can be 

consumed as it is - freshly pressed from the fruit (Bermudez et al., 2011). 

 

The health effects of olive oil are due to both its high content of monounsaturated 

fatty acid and its high content of antioxidative substances (Coni et al., 2000): 

other recent studies (Valavanidis et al., 2004, Masella et al., 2001) confirmed that 

such heart-healthy effects from olive oil are due not only to its high content of 

monounsaturated fats, but also to its hefty concentration of antioxidants, including 

chlorophyll, carotenoids and the polyphenolic compounds tyrosol, hydrotyrosol 

and oleuropein all of which not only have free radical scavenging abilities, but 

protect the vitamin E (alpha-tocopherol) also found in olive oil.  

 

Olive oil has been shown to have beneficial effects on various aspect of body 

function, development and maintenance, including brain development, bone  

structure, digestion, aging process, the condition of skin and hair, metabolism, and 

on plaque formation in the blood vessels. Studies have shown that olive oil offers 
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protection against heart disease by Controlling LDL-C cholesterol levels while 

raising HDL levels (WHO, 1990 ). 

 

In another study, it was  shown that people who consumed 25 milliliters(ml) about 

2 tablespoons - of virgin olive oil daily for 1 week showed less oxidation of LDL-

C cholesterol and higher levels of antioxidant compounds, particularly phenols, in 

the blood. It does not disturb the critical omega 6 to omega 3 ratio and most of the 

fatty acids are actually omega-9 oil which is monounsaturated 

(http://www.explorecrete.com/nature/olive-oil-health-benefits.html). 

 

2.5.3.1    Effect of Olive Oil on Atherosclerosis 

 

Oleic acid, predominant fatty acid in olive oil and the most common 

monounsaturated fatty acid found in the diet, is more resistant to free radical or 

oxidative damage and reduces inflammation (Moreno, 2003). Numerous studies 

indicate that monounsaturated fat is about as effective as polyunsaturated fat in 

lowering total blood cholesterol and LDL-C cholesterol, when substituted for 

saturated fat in the diet.  

 

Moreover, monounsaturated fat does not lower beneficial HDL cholesterol or 

raise triglycerides, unlike polyunsaturated fat, which, at high intakes, may lower 

HDL cholesterol (Aguilera et al., 2001). Shad in 2002 compared the effects of 

PUFA fat (corn oil) and MUFA fat (olive oil) on serum lipid profile. It was seen 

that both PUFA diet and MUFA diet decreased all the serum lipid fractions; 

PUFA diet was rather more potent in this regard. The only difference was in 
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HDL-C fraction. HDL-C was significantly decreased in case of PUFA diet while 

it was significantly increased in case of MUFA diet. So MUFA diet is more 

advantageous for patients with atherosclerotic vascular diseases. 

 

A comparative study in young Australian adults showed that the total blood 

cholesterol, triglycerides and HDL-cholesterol levels of those fed on palm oil 

(palm olein) and olive oil were lower than those fed on the usual Australian diet 

(Choudhury et al., 1995). They showed that young Australian adults fed on palm 

oil diets had the same total blood cholesterol, triglycerides and HDL-cholesterol 

levels as those fed on olive oil. Also a cross-over feeding study showed that the 

blood cholesterol, triglycerides, HDL-cholesterol and LDL-C-cholesterol levels of 

palm olein and olive oil diets were comparable (Ng et al., 1992). 

 

Studies on olive oil and atherosclerosis reveal that particles of LDL-C cholesterol 

that contain the monounsaturated fats of olive oil are less likely to become 

oxidized. A recent in vitro study also showed that polyphenolic compounds 

present in olive oil, including oleuropein, inhibit the adhesion of monocyte cells 

to the blood vessel lining, a process that is involved in the development of 

atherosclerosis (Covas et al., 2006). 

 

 In addition, when people with high cholesterol levels removed the saturated fat 

from their diets and replaced it with olive oil, their total cholesterol levels dropped 

on the average of 13.4%, and their LDL-C cholesterol levels dropped by 18%. 

However, these benefits occurred only when olive oil was used in place of other 
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fats, rather than simply adding olive oil to a diet high in unhealthy fats (Covas, 

2007b). 

 

It was found in another study (Marrugat et al., 2004) that the phenols in olive oil 

have very potent antioxidant effects. The protective effects exerted by extra virgin 

olive oil biophenols, namely, protocatechuic acid and oleuropein, against LDL-C 

oxidation included: completely preventing LDL-C's oxidation when placed in a 

medium containing macrophage-like cells; inhibiting the production of two 

powerful oxidants that would normally have been produced and would have 

damaged LDL-C, thus preventing the expected decrease in glutathione, a 

powerful antioxidant the body produces to disarm oxidants, restoring to normal 

levels the protective activities of two free radical-disarming enzymes that contain 

glutathione, glutathione reductase and glutathione peroxidase, inducing higher 

than normal production and activity of both of these glutathione-containing 

enzymes.  

 

A review of the research by Covas strongly suggests that diets in which olive oil 

is the main source of fat can be a useful tool against a wide variety of risk factors 

for cardiovascular disease (Covas, 2007b). Compared to diets high in saturated fat 

and low fat, high carbohydrate diets, a number of studies have shown that olive 

oil-rich diets not only reduce LDL-C cholesterol levels, but also lower blood 

sugar levels and decrease insulin requirements in persons with type 2 diabetes.  

 

Some investigators discovered that diet rich in olive oil prevented drop in 

adiponectin. Adiponectin, a hormone produced and secreted by fat cells, regulates 
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sugar and fat metabolism, improves insulin sensitivity, and has anti-inflammatory 

effects on the cells lining the blood vessel walls. Low blood levels of adiponectin 

are a marker for metabolic syndrome, are common in obesity, and are also 

associated with increased heart attack risk (Paniagua et al., 2007). 

 

El Sewiedy and co examined the effects of unsaturated fatty acid levels on the 

oxidative susceptibility of lipoprotein, chemokine expressions and their 

relationship to atherosclerotic lesion development in experimental rats. Male 

Wistar rats were fed an atherogenic diet for 4 months and the diet was then 

supplemented with 10% v/w of virgin olive oil group (OO), sunflower oil group 

(SO) or fish oil group (FO) for 4 and 8 weeks.  

 

Dietary treatment of atherosclerotic rats with OO greatly reduced lipoprotein 

oxidative susceptibility (LOS) and remarkably increased aortic superoxide 

dismutase and reduced glutathione contents as compared to the (SO)- and (FO)-

treated groups. The FO-supplemented diet had a more pronounced lowering effect 

on monocyte chemoattractant protein (MCP-1) compared to the OO and SO diets. 

This study demonstrated a strong relationship between LOS and circulating levels 

of chemokines. OO was found to be a potent antioxidant and moderate anti-

inflammatory, which effectively reduced aortic atherosclerotic lesions more than 

the SO- or FO (El Seweidy et al., 2005). 
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3. CHAPTER THREE 

3. MATERIALS AND METHODS 

 

3.1 Background 

This section comprises the study procedures adopted and the various methods 

employed in conducting this study. 

 

3.2  Experimental Design 

Fifty-six Spangue-Dawley (SD) male rats were studied. Animals were obtained 

from the Department of Animal Experimentation at the Noguchi Memorial 

Institute for Medical Research (NMIMR), University of Ghana. They were 

weight- matched and divided into 4 groups of 14 animals each, comprising 3 

Treatment groups and a Control group (C). They were marked, coded and housed
 

in groups (randomly grouped into 4 or 5 per cage depending on the size of the 

cage) in a controlled environment (ambient temperature of 24-25°, relative 

humidity of 55-60%, and a 12-hour light/dark cycle).  

 

The animals were given humane care. Ethics clearance was obtained from the 

Ethics Review Committee of the University of Ghana Medical School, Korle-Bu, 

with ethics number MS-Et/M.6.1 - P.1/2006-07. The study was conducted over a 

four-month period, with seven rats from each group (∑n=28) being sacrificed 
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every two months (i.e., at 2 months and 4 months) to obtain sufficient blood 

samples for biochemical analysis (Figure 3.1). The animals were weighed weekly 

for the four- month period. 

 

 

Figure 3.1: Study Design  

A total of 56 rats were divide into two main groups: a control group of 14 animals and a treatment 

group of42 animals which sub divided into 3 groups (representing the oil types) consisting of 14 

animals each. The milking method was used for baseline blood sampling of the rats. After feeding 

commenced, 7 rats were selected from each group and blood samples collected by cardiac 

puncture every two months for biochemical analysis.     

 

3.2.1  Diet 

 

The animals were provided with feed and water ad libitum. The feed was obtained 

from the Ghana Agro Food Company (GAFCO) and analyzed at the Center for 
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Scientific and Industrial Research (CSIR), Accra, to ensure that the composition 

was up to standard specifications (Table 3.1). The animals were acclimated to 

their respective cages and groups for one week before the diet treatment. At the 

end of the first week, the rats were placed on the experimental diet for 16 weeks.  

 

Feeding was carried out with the different dietary formulations: the Control group 

(C) received the standard diet (~4% fat) while the 3 treatment groups received a 

fortified diet enriched with additional 6% fat: olive oil, red palm oil and frytol 

cooking oil respectively (Table 3.2). The choice of the 6% fat was in order to 

achieve a total of 10% fat in the treatment diets, with the aim of obtaining 

approximately a double of the recommended amount of fat in rat diet (4-5%) 

(5001* Laboratory Rodent Diet, 2005 Appendix-A). This is to avoid high 

fortification which normally affects the palatability texture and intake of the feed 

by the rats.  

 

Also considering the relatively long duration (16 weeks) of study compared to 

others 28 days (Edem, 2009), 4-12 weeks (Kamisah et al., 2005), a lower level of 

fortification was required. The diets were prepared according to the 

recommendations of the International Laboratory Rodent Diet (5001* Laboratory 

Rodent Diet, 2005 Appendix-A). 
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Table 3.1: Proximate Analysis of Feed 

Parameter Method      Units     Results 

Moisture AOAC 925.10 (1990) 15
th 

Editions 

     g/100g      10.8 

Ash AOAC 923.03 (2000) 15
th 

Editions 

     g/100g      7.6 

Fat AOAC 920.39 (2000) 15
th 

Editions 

     g/100g      4.2 

Protein AOAC 984.13 (1990) 15
th 

Editions 

     g/100g      23.8 

Carbohydrate By difference      g/100g      53.6 

Energy At water Factor KCal/100g      347.4 

Calcium Permanganate Titration      mg/100g      1050.7 

Phosphorus Molybdenum Blue Calorimetric      mg/100g      968.6 

The various constituents of recommended rat feed analyzed using appropraite methods displayed, 

results presented in grams (g). 
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Table 3.2: Composition of the diets in g/100 (%) 

Ingredients Control 

group 

Red Palm   

oil group 

Ref. palm 

oil group 

Olive oil 

group 

Maize 51.70 51.70   51.70      51.70 

Wheatbran 15.95 15.95   15.95      15.95 

Fishmeal 13.80 13.80   13.80      13.80 

Soyabean Meal 17.10 17.10   17.10      17.10 

Salt 0.20 0.20   0.20      0.20 

Oyster shells 1.00 1.00   1.00      1.00 

Premix (vitamin + Minerals) 0.25 0.25   0.25      0.25 

Added oil 0 6.00   6.00      6.00 

Water 6.00 0    0       0 

Total 100.00 100.00 100.00 100.00 

Composition of diet for the different groups: fortified diet with specific oil type for treatment 

groups and standard diet (normal rat chow- no oil added) for control group (Kamisah et al., 

2005). 

 

3.2.2 Blood Sample Collection 

 

Before the commencement of the experiment, blood samples were taken from the 

tails of all the rats (after overnight fasting) using the milking method, to establish 

the baseline levels of the studied parameters. Subsequently, blood samples were 
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collected from 28 overnight fasted rats (seven rats randomly selected from each 

group) at the 2nd and 4th month before they were sacrificed.  

 

The rats were anesthetized with ethyl ether, and blood was drawn from the heart 

(cardiac puncture). From each rat, two blood samples were collected. The first 

blood sample (4ml) was collected into 5ml litium heparin anticoagulant tubes to 

obtain plasma.  The second (for the serum) was put into 5ml (BD Vacutainer® 

SST™) plain tubes and allowed to clot at room temperature. The samples were 

centrifuged at 3000 g for 10 min to separate the plasma and sera into Eppendorf 

tubes, labeled and stored in laboratory freezer at −80°C until analysis. The stored 

samples (plasma) were thawed to room temperature before assaying. Rats were 

later euthanized.  

 

 

Figure 3.2:  Blood Sampling Methods 

Shows the two blood sampling methods used. The milking method for baseline blood sampling 

involving the total number of rats (n=56) and the cardiac puncture method used for 28 rats at 

both months 2 and 4.  
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3.2.2.1   Blood Sampling Techniques 

Blood sampling methods used were according to standard protocol (Diehl et al., 

2001). 

 

Blood draw by Tail Clipping 

 

 

• This technique was used because it is relatively non-traumatic to allow the 

animals survive the four months period even though obtainable blood 

volumes from tail clipping are usually small.  

• Extra care was taken during the milking to avoid contamination with 

tissue and skin products and samples of variable quality.  

• Warming of tail was done with the aid of a heat lamp to increase 

obtainable blood volume. 

• Bleeding was done by clipping (i.e., cutting off the tip of the tail) 1-2 mm 

of the distal tail after animal was effectively restrained. 

• The blood was collected by carefully draining the blood along the tail 

directly into a prepared test tube and labeled immediately. 

 

Blood draw by cardiac puncture  

 This technique was used as a terminal procedure to permit the collection 

of larger amounts of blood from each animal.  

 Animals were anesthesised with ethyl ether before the procedure (cardiac 

puncture).  

  5 ml syringes with 23G1 needles were used.  
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 Rats were deeply anesthesized and placed on their back, facing away. 

 The left index finger was placed at the level of the lowest ribs, without 

applying any pressure. The heart was gently located ~ 1 cm above this 

point, slightly to the right.  

 Holding the syringe at a 45-degree angle, the needle was inserted between 

two ribs. A drop of blood entering the needle indicated that the needle was 

in the heart. Without moving the syringe, the plunger was pulled on to fill 

the syringe.  

 Once the syringe was full, it was carefully disconnected from the needle 

and emptied into the respective tube and labeled. The syringe was then re-

attached to the needle for drawing more blood.  

 The rats were immediately euthanized  

These techniques were done in the presence of a veterinarian and a veterinary 

technician who assessed that animals were handled properly and not subjected to 

unnecessary pain or distress. 

 

3.3 Biochemical Analysis  

 

Plasma lipid profile comprising of Total Cholesterol (TC), low-density lipoprotein 

cholesterol (LDL-C), Apolipoprotein-A1 (Apo-A1), and Apolipoprotein-B100 

(Apo-B100) was determined at baseline and at the end of every two months by 

biochemical analysis using the Enzyme-Linked Immuno Sorbant Assay (ELISA). 

Pro-inflammatory markers including Interleukin-2 (IL-2), Interleukin-6 (IL-6), 

Tumor Necrosis Factor Alpha (TNF-α) were determined. Total Antioxidant Status 
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(TAS) was also determined by the ELISA method at baseline and at months 2 and 

4. All immunoassay kits were obtained from the CUSABIO BIOTECH CO., 

LTD. (Wuhan, China) with the exception of the Total Antioxidant Assay kit 

which was imported from CAYMAN (Ann Abor, USA). 

 

3.3.1    Basic Principle of ELISA  

 

Enzyme-linked immunosorbent assays (ELISAs) are plate-based assays designed 

for detecting and quantifying substances such as peptides, proteins, antibodies and 

hormones. ELISAs are typically performed in 96-well (or 384-well) polystyrene 

plates, which will passively bind antibodies and proteins. Having the reactants of 

the ELISA immobilized to the microplate surface makes it easy to separate bound 

from non-bound material during the assay. This ability to wash away 

nonspecifically bound materials makes the ELISA a powerful tool for measuring 

specific analytes within a crude preparation. 

 

ELISAs can be performed with a number of modifications to the basic procedure. 

The key step, immobilization of the antigen of interest, can be accomplished by 

direct adsorption to the assay plate or indirectly via a capture antibody that has 

been attached to the plate. The antigen is then detected either directly (labeled 

primary antibody) or indirectly (labeled secondary antibody). The most powerful 

ELISA assay format is the sandwich assay.  

Source: (Perry, et al., 2002; http://www.piercenet.com).  
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3.3.1.1     Common ELISA formats  

 

In the assay, the antigen of interest is immobilized by direct adsorption to the 

assay plate or by first attaching a capture antibody to the plate surface. Detection 

of the antigen can then be performed using an enzyme-conjugated primary 

antibody (direct detection) or a matched set of unlabeled primary and conjugated 

secondary antibodies (indirect detection). 

                           

Figure 3.3: Types of Detection Methods  

The key step in the detection of antigen involves immobilization of the antigen of interest, which 

can be accomplished by direct adsorption to the assay plate or indirectly via a capture antibody 

that has been attached to the plate. The antigen is then detected either directly (labeled primary 

antibody) or indirectly (labeled secondary antibody). The most powerful ELISA assay format is 

the sandwich assay. Source: (Perry, et al., 2002; http://www.piercenet.com).  

 

 

 

The direct detection method uses a labeled primary antibody that reacts directly 

with the antigen. Direct detection can be performed with antigen that is directly 

immobilized on the assay plate or with the capture assay format.  

 

The indirect detection method uses a labeled secondary antibody for detection and 

is the most popular format for ELISA. The secondary antibody has specificity for 
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the primary antibody. In a sandwich ELISA, it is critical that the secondary 

antibody be specific for the detection primary antibody only (and not the capture 

antibody) or the assay will not be specific for the antigen  

 

For sandwich assays, it is beneficial to use secondary antibodies that have been 

cross-adsorbed to remove any antibodies that have affinity for the capture 

antibody. In addition to the individual components and general principles of 

ELISA, complete kits are available for detection of specific cytokines and other 

targets, such as interferon gamma (IFN gamma) and interleukin 6 (IL-6) 

(http://www.piercenet.com). 

 

3.3.2  Lipid Profile Analysis 

 

3.3.2.1    Determination of Rat Cholesterol (TC) 

 

CUSABIO BIOTECH CSB-E11706r (Wuhan, China) Rat Cholesterol kit was 

used and the manufacturer‟s instruction followed accordingly. 

 

Principle of the Assay 

 

The microtiter plate provided in the kit was pre-coated with rat cholesterol. 

Standards or samples are added to the appropriate microtiter plate wells with 

Horseradish Peroxidase (HRP) – conjugated antibody preparation specific for rat 

Cholesterol, mix well and incubated.  The more the amount of rat Cholesterol in 

samples, the less Harseradish Peroxidase (HRP) – conjugated antibody 
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preparation specific for rat Cholesterol is bound by pre-coated rat Cholesterol. 

Then a TMB (3,3‟,5,5‟ tetramethyl-benzidine) substrate solution is added to each 

well and the color develops in inverse proportion to the amount of rat Cholesterol 

in the sample. The color development is stopped and the intensity of the color is 

measured. 

 

Materials Provided 

 Reagent   Quantity 

 Assay plate             1 

 Standard     6 (0.5 ml) 

 HRP-conjugate    1 (6 ml) 

 Sample Diluent    2 (20 ml) 

 Wash Buffer     1 (20 ml) 

TMB Substrate    1 (10 ml) 

 Stop Solution               1 (10 ml) 

 

Sample Preparation 

 

The suggested 5000-fold dilution was achieved by the addition of 5 µl sample to 

45 µl of Sample Diluent, followed by addition of 5 µl of the diluted sample to 95 

µl of Sample Diluent. The 5000-fold dilution was completed by adding 5 µl of the 

solution to 120 µl of Sample Diluent. 
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Assay Procedure 

 

1. 50 µl of Standard or Sample was added per well.  50 µl HRP – conjugate 

was immediately added to each well mixed well for 60 seconds and 

incubated for 60 minutes at 37°C. 

 

2. Each well was aspirated and washed, with 200 µl of Wash Buffer using an 

auto-washer.  The process was repeated for a total of five time washes.  

After the last wash, remaining Wash Buffer was removed by decanting 

and blotting against clean paper towels. 

 

3. 90 µl of TMB Substrate was added to each well and incubated for 20 

minutes at 37°C away from drafts and other temperature fluctuations in 

the dark. A blue color developed after 50 µl of Stop solution was added to 

each well.  

 

4. The optical density of each well was determined within 15 minutes, using 

a microplate reader set to 450 nm. 

 

Calculation of Results 

 

A calibration curve of absorbance of standards against the Log10 of the 

concentration was plotted. The concentrations of the various samples were read 

from the standard curve. Since samples were diluted, the concentration read from 

the standard curve was multiplied by the dilution factor (x 5000). 
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Example of Spread Sheet and calibration Curve  

Table 3.3:  Spread Sheet for Determination of TC Concentration 

Samples 

(STD) Abs STD Conc. Log of Conc. TC Conc. (pmol/ml) 

SI 1 0  

  S2 0.962 23.44  1.369958 23.44 

S3 0.697 93.75 1.971971 93.75 

S4 0.394 375 2.574031 375 

S5 0.192 1500 3.176091 1500 

S6 0.085 6000 3.778151 6000 

 

Test Samples 

 

 

  CT1T 0.77  1.747312 55.89 

CT4B 0.733  1.846774 70.27 

 

 

             

Figure 3.4: Calibration Curve for Determination of TC Concentration 
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3.3.2.2     Determination of Rat Oxidized Low-density Lipoprotein (OxLDL-C) 

 

CUSABIO BIOTECH CSB-E11706r (WUHAN, CHINA) kit was used according 

to the manufacturer‟s instruction.  

 

Principle of the Assay 

 

The microtiter plate provided in the kit was pre-coated with an antibody specific 

to OxLDL-C.  Standards or samples are then added to the appropriate microtiter 

plate wells with a biotin-conjugated antibody preparation specific for OxLDL-C 

and Avidin conjugated to Horseradish Peroxidase (HRP) is added to each 

microplate well and incubated.  TMB (3,3‟,5,5‟ tetramethyl-benzidine) substrate 

solution is then added to each well.  Only those wells that contain OxLDL-C, 

biotin-conjugated antibody and enzyme- conjugated Avidin will exhibit a change 

in color, which is directly proportional to the amount of OxLDL-C in the sample. 

The enzyme-substrate reaction is terminated by the addition of a sulphuric acid 

solution and the color change is measured spectrophotometrically at a wavelength 

of 450 nm ± nm.  The concentration of OxLDL-C in the samples is then 

determined by comparing the O.D. of the samples to the standard curve. 

 

Materials Provided 

               Reagent   Quantity 

 Assay plate         1 

 Standard         2 

 Sample Diluent                        2 (20 ml) 
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            Biotin-antibody Diluent  1 (10 ml) 

            HRP-avidin Diluent              1 (10ml) 

 Biotin-antibody              1 (120µl) 

 HRP-avidin    1 (120µl) 

            Wash Buffer                             1 (20 ml) 

            TMB Substrate               1 (10 ml) 

 Stop Solution     1 (10 ml) 

 

Reagent Preparation 

Wash Buffer: 20 ml of Wash Buffer Concentrate was diluted into 

deionized or distilled water to prepare 500 ml of Wash Buffer. 

 

Standard: The standard vial was centrifuged at 6000 – 10000 rpm for 30 s.  

The Standard was reconstituted with 1.0 ml of Sample Diluent. This 

reconstitution produced a stock solution of 400 pg/ml.   

 

The standard was allowed to sit for a minimum of 15 minutes with gentle 

agitation prior to making serial dilutions.  The undiluted standard served 

as the high standard (400 pg/ml). The Sample Diluent served as the zero 

standards (0 pg/ml).  

 

Biotin-antibody: The vial was centrifuged before opening and diluted to 

the working concentration using Biotin-antibody Diluent (1.100), 

respectively. 
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HRP-avidin: The vial was centrifuged before opening and diluted to the 

working concentration using HRP-avidin Diluent (1:100), respectively. 

 

Assay Procedure 

The suggested 1000-fold dilution was achieved by addition of 5µl sample 

to 120 µl of Sample Diluent first, then the 1000-fold dilution was 

completed by addition of 5 µl of the prepare solution to 195µl of Sample 

Diliuent.   

 

100µl of Standard, Blank, or Sample was add per well, covered with the 

adhesive strip and Incubated for 2 hours at 37°C. The liquid of each well 

was removed and 100µl of Biotin-antibody working solution was added to 

each well. After incubating for 1 hour at 37°C.  

 

Biotin-antibody working solution appeared cloudy. The solution was 

cooled to room temperature and mixed gently until it appeared uniform. 

Each well was aspirated and washed, and the process repeated three times 

for a total of three washes.  

 

The liquid was removed by flicking the plate over a sink.  The remaining 

drops were removed by patting the plate on a paper towel. Hundred 

microliters (100) µl of HRP-avidin working solution was added to each 

well and the microtiter plate was covered with a new adhesive strip and 

Incubated for 1 hour at 37°C.  

University of Ghana          http://ugspace.ug.edu.gh



138 

 

The aspiration was repeated and washed five times as step 3. Ninety 

microliters (90) µl of TMB Substrate was added to each well, incubated 

for 10-30 minutes at 37°C.   

Fifty microliters (50) µl of Stop Solution was added to each well when the 

first four wells containing the highest concentration of standards develop 

obvious blue color.   

The optical density of each well was determined within 30 minutes, using 

a microplate reader set to 450 nm. 

 

Calculation of Results 

A calibration curve of absorbance of standards against the Log10 of the 

concentration was plotted. The concentrations of the various samples were read 

from the standard curve. Since samples were diluted, the concentration read from 

the standard curve was multiplied by the dilution factor (x 20). 

 

Example of Spread Sheet and calibration Curve 

Table 3.4: Spread Sheet for Determination of OxLDL-C Concentration 

Samples (STD) Abs STD Conc.  Log of Conc. OxLDL-C Conc. (ng/ml) 

SI 0.105 0 

    S2 0.424 50 

 

1.69897 50 

 S3 0.566 100 

 

2 100 

 S4 0.938 200 

 

2.30103 200 

 S5 1.23 300 

 

2.477121 300 

 S6 1.233 350 

 

2.544068 350 

 S7 1.256 400 

 

2.60206 400 
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Test Samples 

 

CT1T 0.727 
  

2.060784 115.02 
 

CT4B 
 

 

0.68 
 

 

 

 
2.017647 
 

104.15 
 

 

 

                 

Figure 3.5: Calibration Curve for Determination of OxLDL-C Concentration   

 

3.3.2.3  Determination of Lipid Profile and Inflammatory Markers 

 

The six subsequent tests followed the same principle and procedure as specified 

above with the exception of the TAS, the various steps carried out have been 

illustrated in a flow chart below (Fig.3.6). The different spread sheets and 

caliberation curves are also shown below (Figs.3.7 to 3.13: Tables 3.5 to 3.10). 
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Primary Antibody                                                    Recommended                 LDL-C (1000-fold) 

(Plate pre-coated with                                             dilution factors of             Apo-A1 (1000-fold) 

 antibody specific to test)                                         specific tests                    Apo-B100 (2000-fold) 

                                                                                                                          IL-2; IL-6; TNF-α 

 

                                                                                                  100 µl standard, blank or sample 

                Incubated at 37ºC for 1 hrs  

 

  

          

                                                                        100µl secondary antibody soln. 

            Incubated at 37ºC for 1 hrs 

    

    3 times (200µl wash solution)   

100 µl working solution 

Incubated at 37ºC for 1hr  

    5 times (200 µl wash solution) 

  

                                                                                                      90 µl reconstituted enzyme  

                                                                                                      substrate 

                                                                                                      Incubated at 37ºC for 30 min 

 

       50 µl of stop soln. was added 

                                   Obvious blue color developed 

   

   

 

Figure 3.6:  Flow Diagram Showing Procedure for Biochemical Analysis. 

Preparation of Reagents Preparation of Sample 

Sample/ Antibody Incubation 

Liquid Removed without Washing 

Secondary/ Antibody Incubation 

 

Plate was washed 

 Preparation of Enzymes 

Plate was washed 

 

Substrate Incubation 

 

Reaction Termination Step 

 

Absorbance Reading at 450 nm 

 
Calculation of Results 
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3.3.2.4      Determination of Rat Low Density Lipoprotein Concentration (LDL-C) 

 

Example of Spread Sheet and calibration Curve 

Table 3.5:  Spread Sheet for Determination of LDL-C Concentration 

Samples 

(STD)  Abs. STD Conc. Log Conc. LDL-C Conc. (ng/ml) 

SI 0.007 

    S2 0.039 0 

   S3 0.135 125 2.09691 125 

 S4 0.365 250 2.39794 250 

 S5 0.565 500 2.69897 500 

 S6 1.52 1000 3 1000 

 S8 2.091 2000 3.30103 2000 

 Test Samples 

     
CT1T 0.043 

 

2.168746 147.48 
 

CT4B 

 

 

0.088 

 

  

2.195484 

 

 

    156.85 

 

 
 

   

Figure 3.7: Calibration Curve for Determination of LDL-C Concentration 
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3.3.2.5    Determination of Rat Apolipoprotein-A1 Concentration  

 

Example of Spread Sheet and calibration Curve 

Table 3.6: Spread Sheet for Determination of Apo-A1 Concentration 

Samples (STD) 

     

Abs STD Conc. Log of Conc. Apo-A1 Conc. (ug/ml) 

SI 0.485 2 0.30103 2 

S2 0.554 3 0.477121 3 

S3 0.692 4 0.60206 4 

S4 0.712 5 0.69897 5 

S5 0.66 6 0.778151 6 

S6 0.707 8 0.90309 8 

S7 0.878 9 0.954243 9 

Test Samples 

    CT3H 0.277 

 

0.50332 3.19 

CT2N 0.24 

 

0.426556 2.67 

 

   

Figure 3.8: Calibration Curve for Determination of Apo-A1 Concentration 
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3.3.2.6    Determination of Rat Apolipoprotein-B100 Concentration  

 

Example of Spread Sheet and calibration Curve 

Table 3.7: Spread Sheet for Determination of Apo-B100 Concentration 

 

Samples (STD) Abs. STD Conc. Log of Conc. Apo-B100 Conc. (ng /ml) 

SI 0.249 1000 3 1000 

S2 0.34 2000 3.30103 2000 

S3 0.544 3000 3.477121 3000 

S4 0.605 4000 3.60206 4000 

S5 0.681 5000 3.69897 5000 

S6 0.831 6000 3.778151 6000 

S7 0.812 7000 3.845098 7000 

     Test Samples 

CT1T 0.292 

 

3.133242 1359.07 

CT3H 0.295 

 

3.137363 1372.03 

 

 

 

 

 

 

 

 

Figure 3.9: Calibration Curve for Determination of Apo-B100 Concentration 
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3.3.2.7     Determination of Rat Interleukin-2 Concentration  

 

Example of Spread Sheet and calibration Curve 

Table 3.8:  Spread Sheet for Determination of IL-2 Concentration 

Samples (Std)     Abs STD Conc. Log of Conc. Il2 Conc. (pg/ml) 

S1 0.126 50 

 

1.69897 

 

50 

S2 0.147 100 

 

2 

 

100 

S3 0.185 150 

 

2.176091 

 

150 

S4 0.205 200 

 

2.30103 

 

200 

S5 0.219 250 

 

2.39794 

 

250 

S6 0.246 300 

 

2.477121 

 

300 

S7 0.254 350 

 

2.544068 

 

350 

Test Samples 

      CT1T      0.1 

 

      1.613924 41.11 

CT5N      0.094 

 

      1.575949 37.67 

         

   

    Figure 3.10: Calibration Curve for Determination of IL-2 Concentration 
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3.3.2.8     Determination of Rat Interleukin-6 Concentration  

 

Example of Spread Sheet and calibration Curve 

Table 3.9: Spread Sheet for Determination of IL-6 Concentration 

Samples (STD) Abs. STD Conc.     Log of Conc. IL6 Conc. (pg/ml) 

S1 0.084 2.5 

 

0.39794 2.5 

S2 0.129 5 

 

0.69897 5 

S3 0.165 7.5 

 

0.875061 7.5 

S4 0.221 10 

 

1 10 

S5 0.271 15 

 

1.176091 15 

S6 0.283 17.5 

 

1.243038 17.5 

S7 0.291 20 

 

1.30103 20 

Test Samples 

     CT2B 0.39 

  

1.700405 50.17 

CT4T 0.466 

  

2.008097 101.88 

 

      

Figure 3.11: Calibration Curve for Determination of IL-6 Concentration 

University of Ghana          http://ugspace.ug.edu.gh



146 

 

3.3.2.9     Determination of Rat Tumor Necrosis Factor Alpha Concentration 

 

Example of Spread Sheet and calibration Curve 

Table 3.10: Spread Sheet for Determination of TNF-α Concentration 

Plasma Abs Std Conc. Log Of Conc. TNF-α Conc. (pg/ml) 

S1 0.126 500 2.69897 500 

 S2 0.188 1000 3 1000 

 S3 0.213 1500 3.176091 1500 

 S4 0.273 2000 3.30103 2000 

 S5 0.324 2500 3.39794 2500 

 S6 0.34 3000 3.477121 3000 

 S7 0.459 3500 3.544068 3500 

 Test Samples      

CT2H 0.107 

 

2.746398 557.70 

 CT1B 0.155 

 

2.884726 766.88 

  

         

Figure 3.12: Calibration Curve for Determination of TNF-α Concentration 

University of Ghana          http://ugspace.ug.edu.gh



147 

 

3.3.3     Antioxidant Capacity Analysis 

 

3.3.3.1    Total Antioxidant Status 

CAYMAN CHEMICAL COMPANY 709001 (Ann Abor, USA). Antioxidant 

Assay kits was used and the test was carried out according to the manufacturer‟s 

instructions. 

 

Introduction 

 

Reactive oxygen species (ROS) are produced as a consequence of normal aerobic 

metabolism. Unstable free radical species attack cellular components causing 

damage to lipids, proteins, and DNA which can initiate a chain of events resulting 

in the onset of a variety of diseases. Living organisms have developed complex 

antioxidant systems to counteract ROS and to reduce their damage.  

 

These antioxidant systems include enzymes such as superoxide dismutase, 

catalase, and glutathione peroxidase; macromolecules such as albumin, 

ceruloplasmin, and ferritin; and an array of small molecules, including  ascorbic 

acid, α-tocopherol, β-carotene, reduced glutathione, uric acid, and bilirubin. The 

sum of endogenous and food-derived antioxidants represents the total antioxidant 

activity of the system.  

 

The cooperation among different antioxidants provides greater protection against 

overall oxidative capacity and may provide more relevant biological information 

compared to that obtained by measurement of individual components, as it 
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considers the cumulative effect of all antioxidants present in plasma and body 

fluids. 

 

Principle 

 

The assay relies on the ability of antioxidants in the sample to inhibit the 

oxidation of ABTS® (2, 2‟- Azino-di [3-ethylbenzthiazoline sulphonate]) to 

 by metmyoglobin. The amount of  produced can be monitored 

by reading the absorbance at 750 nm or 405 nm to a degree which is proportional 

to their concentration. The capacity of antioxidants in the sample to prevent 

oxidation is compared with that of Trolox, a water-soluble tocopherol 

analogue, and is quantified as millimolar Trolox equivalents. 

 

Reagents in Kit: The kit contained the following 

1. Antioxidant Assay Buffer (10×) 

2. Antioxidant Assay Chromogen 

3. Antioxidant Assay Metmyoglobin 

4. Antioxidant Assay Trolox 

5. Antioxidant Assay Hydrogen Peroxide 

6. 96-Well Plate (Colorimetric Assay) 

7. 96-Well Cover Sheet 
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Reagent preparation 

 

Antioxidant Assay Buffer (10×): 3 ml of Assay Buffer concentrate was diluted 

with 27 ml of HPLC-grade water. This diluted Assay Buffer (5 mM potassium 

phosphate, ph 7.4, containing 0.9% sodium chloride and 0.1% glucose) was used 

to reconstitute the metmyoblobin.  

 

Antioxidant Assay Chromogen: The chromogen was reconstituted by adding 6 

ml of HPLC-grade water to the vial and vortexed well. 

 

Antioxidant Assay Metmyoglobin: The metmyoblobin was reconstituted by the 

addition of 600 µl   of Assay Buffer to the vial and vortexed well.  

Antioxidant Assay Trolox: Reconstitution of the Trolox (6-hydroxy-2,5,7,8-

tetrathylchroman-2-carboxylic acid) was done by adding 1 ml of HPLC-grade 

water to the vial and vortexing well.  

 

Antioxidant Assay Hydrogen Peroxide: 10 µl of Hydrogen Peroxide was 

diluted with 990 µl of HPLC-grade water. Further dilution was done by removing 

20 µl and diluting with 3.98 ml of HPLC-grade water to yield a 441 µM working 

solution.  

Performing the Assay 

1. The Trolox Standards were prepared according to the manufactures‟ 

instruction as follows. Seven clean test tubes were marked A-G. The 
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amount of reconstituted Trolox and Assay Buffer added to each test tube 

are indicated in the Table (3.11) below. 

 

Table 3.11:  TAS  Standard Preparation  

Tube Reconstituted Trolox 

(µl) 

Assay Buffer 

(µl) 

Final Concentration 

(Mm Trolox) 

A 0 1,000 0 

B 30 970 0.045 

C 60 940 0.090 

D 90 910 0.135 

E 120 880 0.18 

F 150 850 0.225 

G 220 780 0.330 

 

Trolox Standards preparation 

 

2. Trolox Standards Wells –10 µl of Trolox Standards (tubes A-G), 10 µl 

Metmyoglobin, and 150 µl of chromogen were added  per well in the 

designated wells on the plate   

 

3. Sample Wells –10 µl of sample, 10 µl of Metmyoglobin, and 150 µl of 

Chromogen were added to two wells.  
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4. The reaction was initiated by adding 10 µl of Hydrogen Peroxide working 

solution to all the wells being used as quickly as possible ( within one 

minute as recommended). 

 

5. The plate was covered with the plate cover and incubated on a shaker for 

five minutes at room temperature. The cover was removed and the 

absorbance read at 405 nm using a plate reader. 

 

Calculations 

 

The average absorbance of each standard and sample was calculated. The 

average absorbance of standards plotted as functions of the final trolox 

concentration (Mm)  

 

The antioxidant concentration of samples using the equation obtained 

from the linear regression of the standard curve was calculated by 

substituting the average absorbance values for each sample into the 

equation. 

 

Antioxidant (Mm) = sample average absorbance –(y-intercept) × dilution 

Slope 
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Determination of Rat Total Antioxidant Status 

 

Example of Spread Sheet and calibration Curve 

Table 3.12: Spread Sheet for Determination of TAS Concentration 

Sample (STD) T AS Conc (nM)     Abs (A) 

SI 0 1.874 

 S2 0.045 1.619 

 S3 0.09 1.507 

 S4 0.135 1.539 

 S5 0.18 1.479 

 S6 0.225 1.509 

 S7 0.33 1.175 

 Test Samples 

   CT1T 1.912 0.230 

 CT4B 1.713 0.335 

  

   

 Figure 3.13: Calibration Curve for Determination of TAS Concentration 
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3.4   Statistical Analysis 

The results are expressed as Means ± SEM. Unpaired t-test was used to compare 

two mean values of continuous variables, One-way ANOVA and Bonferroni post-

hoc was used to compare more than two mean values of continuous variables. A 

level of p<0.05 was considered as statistically significant. Graph Pad Prism 

version 5.00 for windows was used for statistical analysis (Graph Pad soft-ware, 

San Diego California USA, (www.graphpad.com). 
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4. CHAPTER FOUR 

4. RESULTS 

 

4.1 Background 

 

The purpose of this study was to investigate the effect of red palm oil (RdPO), 

refined palm oil (Palm Olein) (RfPO) and olive oil (OO) on lipid profile in rats 

and the impact of these oils on indicators (inflammatory markers and antioxidant 

levels) of the atherosclerotic process in the rats. This chapter is a presentation of 

the results of laboratory analyses conducted, with the aim of achieving the above. 

These sections show the trends in Growth, Lipid Profile, Inflammatory Markers 

and Anti-oxidant Status of the rats over the study period. The sections also 

include results of statistical analyses to ascertain significant effect of the intake of 

the different oils (OO, RfPO and RdPO) on growth and the various biochemical 

indices in the rats. These have been shown in Fig. 4.1 and Tables 4.1 to 4.4).  

 

4.2  Trend in growth (Week one to eight) 

 

The average weight of the rats in the various groups was statistically comparable 

at the start of the study. After two weeks of feeding, the study observed an 

increase in weight across the various experimental groups. However the mean 
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weight in the individual groups remained statistically comparable. With the 

exception of the seventh week where an average weight loss was recorded among 

rats in the red palm oil group. The animals gained weight week by week, through 

to the eighth week. Although no significant difference in weight was recorded 

among the various treatment groups week by week, the control group recorded the 

highest mean weight from week four through to week eight, (Table 4.1).  

 

Table 4.1: Mean weights of experimental animal measured from start to the 

eighth week stratified by treatment groups 

 

Parameter (g) Control Refined Olive Red Palm p-Value 

Basal Weight 245.7±11.0 245.9±9.4 251.8±7.5 235.4±7.3 0.6306 

Week Two 295.3±8.8 288.7±8.2 301.7±6.1 296±9.1 0.7324 

Week Three 313.2±8.6 307.7±8.9 313.8±6.6 310±9.6 0.9527 

  Week Four 329.9±8.5 321.2±9.5 327±6.9 325.1±9.5 0.9121 

Week Five 341.6±8.2 336±10.2 341±7.2 329.2±9.5 0.7379 

Week Six 357.8±8.1 345.9±10.9 350.4±7.1 348±10.1 0.8113 

Week Seven 358.5±7.6 347.1±10.7 352.6±7.1 347.6±10.4 0.8000 

Week Eight 369.4±7.8 358.9±11.0 363.3±7.6 359.4±10.4 0.8467 

Data is presented as means ± SEM. p is significant at < 0.05  

 

University of Ghana          http://ugspace.ug.edu.gh



156 

 

4.2.1  Trend in growth (Week eight to sixteen)  

 

The second half of the experimental period saw a continual increase in weight of 

the experimental animals fed with only standard food. The rats in the refined palm 

oil group had their average weight changing from the least, at the end of the first 

half of the study period to the highest average weight at the start of the second 

half, till the end of the study period. Weekly incremental mean weights were 

recorded except in the thirteenth week. In general an average week by week 

increase in weight was also observed among both the animals fed the olive oil and 

red palm oil diets, the exceptions though being the decrease in weight recorded in 

the twelfth and sixteenth weeks for rats in the olive oil group and the thirteenth 

for those in the red palm oil group. Again as observed in the first half of the 

experimental period the weekly average weights across the four experimental 

groups for the second half were found to be statistically insignificant (Table 4.2). 
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Table 4.2: Measured weight of experimental animal from ninth to the 

sixteenth week stratified by treatment groups 

 

Parameter (g) Control Refined Olive Red Palm p-Value 

Week Nine 384.9±8.0 395±17.1 381.7±11.1 373.7±18.0 0.7634 

Week Ten 393.3±5.923 402.7±18.3 389.3±13.3 379.9±19.0 0.7573 

Week Eleven 394.1±6.2 402.4±18.9 393.3±12.4 384.3±18.8 0.8646 

Week Twelve 410.3±7.0 422.3±21.2 390.0±17.5 393.3±19.8 0.5257 

Week Fourteen 417.3±7.4 440.7±21.1 405.1±15.3 405.0±20.7 0.4209 

Week Fifteen 421.7±9.4 447.7±22.2 415.7±22.9 410.3±21.6 0.5731 

Week Sixteen 428.2±9.3 459±26.1 415.1±16.6 416.1±22.8 0.4004 

Data is presented as mean ± SEM. p is significant at < 0.05  
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4.2.2 Effect of Different Vegetable Oils on Growth of Rats  

 

From the average baseline weight of experimental rats (235.4 to 251.8 g), the 

average weight of the rats after two months of feeding ranged between 329.4 g to 

337.9 g (fig. 4.1) and 391.6 g to 429.2 g (fig. 4.1) after four month of feeding. 

Significant weight increase was recorded among all experimental animal after 

first half of the experimental period and also from the first to the second half of 

the study.  The magnitude of weight gained after month two ranged from animals 

fed with red palm oil (95.4 g), standard diet (92.2 g), to olive oil (83.9 g) to 

refined oil (83.5 g). At the end of the study period however animals fed fortified 

refined oil had the maximum net weight gained among the groups (183.3 g), 

followed by animals on red palm oil diet (166.8 g) with animals fed on fortified 

olive oil diet gaining the least weight among the groups (139.8 g). Animals fed on 

refined oil also showed the highest weight gained after twelve hours of fasting 

between the second and fourth months with those fed on olive oil gaining the least 

weight measured after twelve hours fasting. 
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Figure 4.1: Mean and fating weight of experimental animals at the middle and end of study period. 

Charts „A‟ and „B‟ show the mean weights of the rats in the various groups after feeding (the specified experimental diet) at month two and four respectively whilst „C‟ and 

„D‟ shows their mean fasting weights. *p<0.05, **p<0.01, ***p<0.001, p indicates levels of significant when intra group comparism is made between month two and month 

four. 
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4.3       Lipid Profile  

 

The following results show the effect of intake of the three vegetable oils on the 

Lipid Profile of the rats as shown by the trends and change in levels of biochemical 

parameters measured. These included Total Cholesterol (TC), Low Density 

Lipoprotein cholesterol (LDL-C), Oxidized Low Density Lipoprotein (oxLDL-C), 

Apolipoprotein-A100 (ApoA) and Apolipoprotein-B100 (ApoB).  

 

As seen in table 4.3, In general the levels of the biochemical markers of lipids 

assayed in this study were found to be statistically comparable among the various 

treatment groups, at all three stages of measurement. Though not significant, 

increase in total cholesterol levels of the experimental animals from the baseline 

through the second to the fourth month was observed in all treatment groups.   

 

With the exception of the rat on the standard feed, the highest levels of LDL-C levels 

were recorded for all experimental groups in the second month of the study. An 

increased trend of oxLDL-C, was observed among rats on the standard diet, refined 

oil fortified diet and to some extend those on the fortified red palm oil diet. However 

animals fed with feed fortified with olive oil recorded decreasing levels of oxLDL-C 

(1.34 ± 0.19, 1.19 ± 0.15, 1.15 ± 0.10) µg/ml for the baseline, months two and four 

respectively.  
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At the end of the experimental period, marginal increases of Apo–A was seen in the 

control, as well as the olive oil groups whilst refined oil and red palm oil groups 

recorded the opposite (decreases). Apo–B levels found at the end of the study was 

higher than that measured at the start for animals put on standard diets, refined oil 

fortified diet as well as those on red palm oil fortified diet. Among those on the olive 

oil diet however decreasing levels of Apo–B were recorded. 
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Table 4.3: Effect of Different Vegetable Oils on Lipid Profile of S-D Rats before 

and after Treatment. 

Parameter  Control Refined  Olive  Red Palm p-Value 

TC (umol/ml) 

    

Baseline    1.07±0.11 1.07±0.14 0.81±0.11 1.05±0.16 0.7101 

Month 2    1.09±0.32 1.45±0.33 0.85±0.15 1.08±0.05 0.5064 

Month 4    1.17±0.18 1.49±0.43 1.02±0.06 1.14±0.25 0.6552 

p1-Value    0.9424 0.3833 0.3835 0.9401 

 

LDL (ug/ml)     

Baseline 156.0±0.7 154.5±1.4 153.4±0.9 154.8±1.2 0.5627 

Month 2 151.7±1.6 156±3.1 153.2±1.5 158.6±6.7 0.4732 

Month 4 151.8±3.5 155.9±1.9 152.6±1.6 156.4±1.4 0.4769 

p1-Value  0.1787 0.8212  0.9158 0.7533 

 

Ox LDL (ug/ml )   

Baseline    1.19±0.17 1.03±1.12     1.34±0.19 1.19±0.17 0.6212 

Month 2    1.22±0.16 1.34±0.07     1.19±0.15 1.18±0.15 0.8708 

Month 4    1.24±0.08 1.37±0.05     1.15±0.10 1.28±0.04 0.2783 

p1-Value    0.9805 0.0956     0.6977 0.9228 
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Table 4.3 Cont.      

     Parameter 

    Apo-A1(mg/ml) 

      Baseline 

         Control 

            

         2.9±0.2 

  Refined 

 

  3.1±0.1 

    Olive  

 

    3.5±0.2 

  Red Palm 

 

   4.1±0.4 

 p-Value 

  

 0.0610 

      Month 2          3.4±0.4   3.4±0.1     2.9±0.2    3.7±0.3  0.3612 

      Month 4          3.4±0.3   2.7±0.3     3.5±0.4    2.9±0.2  0.2525 

     p1-Value          0.5247    0.1513     0.3529    0.1181 

 

Apo -B100 (mg/ml)    

Baseline            2.08±0.08  2.61±0.36  2.91±0.40  2.22±0.26 0.2987 

Month 2            2.19±0.26  2.48±0.12  2.12±0.23  2.13±0.20 0.6633 

Month 4            2.19±0.27  2.79±0.16  2.08±0.26  2.22±0.20 0.1961 

p1-Value            0.8785  0.8936  0.1613  0.9638 

 

Data is presented as mean ± SEM. p is significant at < 0.05. p- Inter group comparism between 

controls, refined, olive, red palm oil.  p1- Intra group comparism between baseline, months two and 

four. 
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4.4       Inflammatory markers and Total Antioxidant Status 

 

The effect of intake of the three vegetable oils on inflammatory markers and total 

antioxidant levels of the rats, are shown on table 4.4. At the end of the experimental 

period, marginal reduction in the levels of interleukin 2 (IL-2) was seen in animals 

put on standard diet, those put on refined oil fortified diet as well as those fed with 

olive oil fortified diet with these groups recording their lowest levels of IL-2 at the 

second month of the experimental period. For the animals fed with red palm 

however marginal increase of IL-2 levels was observed. Inter group analysis 

revealed no significant difference of IL-2 levels among the various treatment groups 

at each point of measurement.        

        

The study revealed a significant reduction of interleukin 6 (IL-6) levels at both 

month two and four in comparison with concentrations recorded at the start of the 

study for animal fed with standard feed (p-0.0013), animals fed with refined oil (p-

0.0311) and animals fed with olive oil (p-0.0041). For animal fed with red palm oil 

however marginal increases in IL-6 levels were recorded (table 4).  

 

The levels of tumor necrotic alpha (TNF-) increased among all experimental 

groups with the exception of the animals fed with the fortified olive oil diet which 

revealed increased total antioxidant status (TAS). After two months of feeding TAS 
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of the animals on olive oil diet was found to be significantly lower compared to the 

control group. 

 

The total antioxidant level measured by the TAS of the rats at baseline was found to 

be comparable among all experimental groups. After two months of feeding decrease 

in the TAS was recorded among the control group and animals fed with refined oil. 

The TAS of animals fed with olive oil and those fed with red palm oil had an 

increase in their TAS levels.   Though after four month of feeding reduction in the 

TAS of all groups, the reduction was significant in the treatment groups (p-0.0055. 

0.0001, <0.0001 for refined, olive and red palm, respectively). 
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Table 4.4: Effect of Different Vegetable Oils on inflammatory Markers and 

antioxidant Levels of S-D Rats before and after Treatment. 

Parameter Control   Refined Olive Red Palm p-Value 

Interleukin 2 (pg/ml) 

    

Baseline 37.7±3.7 41.6±2.6 41.9±4.3 36.5±2.8 0.5877 

Month 2 31.9±0.8 37.3±1.9 34.1±3.7 37.1±5.5 0.6779 

Month 4 32.5±1.5 41.5±5.2 35.5±4.6 38.1±0.9 0.4647 

p1-Value    0.2001 0.6223 0.4581 0.9487 

 

Interleukin 6 (pg/ml) 

    

Baseline 20.1±2.1 25.9±3.5 19.9±2.0
a
 11.4±1.0 0.0153 

Month 2   10.2±1.1
¥¥

 12.9±0.3
¥
 12.9±1.7

¥
 13.5±0.8 0.1783 

Month 4   9.3±0.3
ββ

  14.1±1.1  10.3±0.2
 ββ

 16.6±4.6 0.2278 

p1-Value   0.0013    0.0311   0.0041   0.4144 

 

TNF- (pg/ml) 

   

Baseline 603.3±32.3 693.2±46.7 668.5±39.4 567.1±31.4 0.0989 

Month 2 619.2±74.6 809.2±73.0 565.7±43.6
a
  596.0±15.6 0.0336 

Month 4 619.4±8.7 836.2±146.4 540.7±25.3 645.7±9.1 0.0894 

p1-Value 0.9491    0.3976 0.059 0.1889 

 

    
Data is presented as mean ± SEM. p is significant at < 0.05. p- Inter group comparism, p1- Intra group 

comparism. * Comparism between treated groups and control, a comparism between refined oil and olive oil. ¥ 

comparism between baseline and month two. β comparism between baseline and month four and ϯ comparism 

between month two and month four. 
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Table 4.4 (Cont.): Effect of Different Vegetable Oils on and Antioxidant Levels 

of S-D Rats before and after Treatment. 

Parameter Control Refined    Olive Red Palm   p-Value 

      
 

Total Antioxidant Status  (nM)  

(TAS)  

  

  

Baseline 0.32±0.03 0.32±0.03 0.34±0.03 0.31±0.01 0.8817 

Month 2 0.25±0.05 0.30±0.03 0.39±0.02* 0.37±0.02 0.0196 

Month 4 0.18±0.05 0.21±0.0
 ββϯ

  0.20±0.02
 ββϯϯϯ

 0.19±0.1
 βββϯϯϯ

 0.9266 

p1-Value 0.1249 0.0055 0.0001 <0.0001 

 

Data is presented as mean ± SEM. p is significant at < 0.05. p- Inter group comparism, p1- Intra group 

comparism. * Comparism between treated groups and control, a comparism between refined oil and olive oil. ¥ 

comparism between baseline and month two. β comparism between baseline and month four and ϯ comparism 

between month two and month four. 
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5. CHAPTER FIVE 

5. DISCUSSION AND CONCLUSION 

 

5.1 Background 

 

The choice of healthy dietary fat has become a crucial subject because of the 

association with several disorders. The continuous modernization and technological 

advancement of the developing world has brought rapid lifestyle changes which has 

led to the consumption of high fat diets, fast-food, caloric-dense diets coupled with 

sedentary lifestyle, which are known to have a major impact on the development of 

cardiovascular and other chronic diseases (Ighosotu and Tonukari, 2010). 

 

Many investigators have pointed out that excessive intake of dietary cholesterol 

increases the serum cholesterol, thus leading to a high risk of cardiovascular diseases 

(Liu and Yeh, 2000). All saturated fats, whether animal or vegetable in origin, have 

been discredited (Ramirez-Tortosa et al., 1999). 

 

Most Ghanaian meals are mainly prepared using red palm oil (RdPO) and processed 

/ refined palm oil (RfPO) or palm olein. Refined palm oil has over the years become 
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one of the most frequently and commonly used vegetable oils. Whereas the effect of 

the RfPO on lipid profile and risk of atherosclerosis is not known, information about 

the red palm oil in this regard is highly controversial which clued-up the choice of 

these oils for the current study. The inclusion of the Olive oil (OO) was as a result of 

current recognition of its benefits in the Ghanaian society, making it very popular in 

spite of its exceptional high cost. The olive oil was also to serve as a second control 

since results (from studies involving olive oil) are consistent. The present study 

therefore investigated the effect of the intake of these three important vegetable oils 

in relation to atherosclerosis, focusing on the lipid hypothesis and the major 

mechanisms (inflammatory/ oxidative stress) of the disease.  

 

5.2 Effect of the Different Oils on Weight of Rats 

 

The data on the mean body weight indicated accelerated growth in rats for both 

experimental groups (on 6% oil fortified diets) and the control group at the end of 

month 2 and 4 (fig 4.1). The amount of food consumed by animals greatly influence 

growth responses (Fashakin and Unokiwedi, 1993; Edem et al., 2003). When 

moderate amounts of fat are added to the diet, food consumption is more frequently 

increased than depressed and growth performance is improved (Lim et al., 2001; 

Pereira et al., 1990b). Lim, et al. (2001) observed that growth performance of 

African catfish Clarias gariepinus responded significantly in a positive manner to 
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palm oil additions of up to 8 % and no further improvement in growth was observed 

with higher levels of palm oil in the diet. It was observed that food intake seems 

depressed when high amounts of fat are added to the diet (Edem, 2009).  

 

In the present study, the body weights of the rats on the palm oil diets (RdPO and 

RfPO) at the end of the 4 months showed a higher increase than those in the olive oil 

and control groups. The OO group showed the lowest mean weight. The increase in 

mean body weight of rats in the palm oil groups could be attributed to the high total 

body fat content in the groups fed different palm oil diets in comparison with those 

on the olive oil and control diets.  

 

This may be the result of higher intake of the RfPO due to it palatability and odorless 

nature compared to the RdPO and the OO which may have led to a relatively  higher 

accumulation of fat and more weight gain and probably an alteration in lipid 

metabolism. The OO is noted for its distinct strong odor, this may probably have led 

to the lower intake. This is consistent with the work carried out by Oluba et al. 

(2008) in which rats that were fed with palm oil enriched diet had a significantly 

higher body weight. These findings are similar to that of Hamid et al. (2010) who 

reported an increase in the body weight of rats fed palm olein (Dauqan et al., 2011b; 

Oluba et al., 2008). On the other hand, Sundram and co observed the contrary. That 

study found insignificant difference in body weight of rats fed on palm oil, palm 
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olein and palm stearin (Sundram et al., 1990b; Karaji-Bani et al., 2006). This may be 

attributed to difference in study conditions. 

 

5.3 Effect of the Different Oils on Biomarkers in Rats 

 

5.3.1 Effect of the Different Oils on Lipid Profile 

 

After treatment with the different oils (6%) the various changes in the lipid 

parameters observed in the present study did not show statistical significance, 

however these changes may be of important biological implications. The 

experimental diets (olive oil, red palm oil and refined palm oil) did not significantly 

alter the lipid parameters measured: comprising TC, LDL-C, OxLDL-C, Apo-A and 

B (Table 4.3). High TC, LDL-C, OxLDL-C and increased levels of Apo-B increased 

the risk of heart disease and stroke while high levels of HDL-C and Apo-A1 reduce 

the risk of cardiovascular disease (Birtcher and Ballantyne, 2004, Owolabi et al., 

2010).  

 

Apo-B and Apo-AI are thought to be better predictors of CHD risk than TC and 

LDL-C (Walldius et al., 2001). Apo-AI also acts as a cofactor for lecithin cholesterol 

acyltransferase (LCAT), (Phillips et al., 1998) which is an important enzyme 

involved in removing excess cholesterol from tissues and incorporating into HDL for 
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reverse cholesterol transport to the liver (Betteridge, 1999). Apo B is synthesized in 

the liver and is present in LDL, IDL and VLDL particles (Betteridge, 1999), and 

therefore the total Apo-B concentration indicates the amount of potentially 

atherogenic lipoproteins in plasma or liver (Genest et al., 1992).  

 

The variations in total cholesterol levels of rats fed the various experimental diets in 

this study were not suggestive of an atherogenic potential. Results from this study 

showed no abnormal impact of saturated fatty acids in the blood of the rats: the two 

palm oil diets used in the present study showed neither hyper or hypo cholestrolemic 

effect compared to the olive oil diet and the control diet.  

 

Palmitic acid which is known to be the dominant saturated fatty acid present in 

RdPO did not increase the TC levels significantly in the blood of the RdPO fed 

group when compared with the control group and the olive oil group. This partly 

may be due to the cholesterol free nature of the experimental diets. These findings 

were similar to that of Kamisah et al. (2005), which reported that after treatment 

with 18% fortified diet, the TC levels were unaffected in plasma for rat that were fed 

different types of palm oil at three different times 4, 8 and 12 weeks (Kamisah et al., 

2005).  

 

This result is also in agreement with that of other studies (Khosla and Hayes, 1993; 

Hayes and Khosla, 2007), which pointed out that, relative to oleic acid, palmitic acid 
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in palm oil is not hypercholesterolemic in a cholesterol-free diet (Hayes and Khosla, 

1992). 

 

The findings are further supported by those of Kritchevsky (Kritchevsky, 2001; 

Kritchevsky et al., 2002) which revealed that, with the cholesterol free diets there 

were virtually no difference in the effect of palm oil, corn oil and the mixtures of 

both on total cholesterol. In another study refined palm oil (palm olein) was 

demonstrated to have a neutral effect on plasma cholesterol concentration when 

compared with olive oil (Ng et al., 1992) which was confirmed later in an Australian 

study (Choudhury et al., 1995).  

 

Moreover, the plasma total cholesterol concentrations in rats fed refined palm oil 

based diets in the present study were not significantly different from those fed red 

palm oil diets. From the foregoing, refined palm olein and red palm oil showed no 

adverse effects on cholesteroleamia over the study period (16 weeks). This may be 

due to the fact that the main hypercholesterolemic fatty acid in palm oil (both red 

palm and refined palm) viz. palmitic (C16:0) is mostly in the sn-1, 3 configuration 

(Edem, 2009), with only 17% in the sn-2 position (Renaud et al., 1995). This is 

because, it is usually the fatty acids in the sn-2 position (preferentially absorbed) 

which are able to influence lipaedemia since those in the sn-1, 3 position are 

normally released in the intestinal tract and partly excreted in the faeces (Aoyama et 

al., 1996; Amr, 2010).  
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Furthermore, the similarity in TC values of RfPO fed rats when compared with those 

of RdPO fed rats is in line with the observations by Khor and Tan (1992) who fed 

palm oil diets to hamsters. 

 

Again, not only were the plasma total cholesterol levels unaltered but also the apo -

lipoprotein levels remained not significantly changed after 16 weeks of treatment 

with the palm oil diets. Many other studies have demonstrated that when palm oil 

was used to replace a major part of other fats in a traditional diet, it does not increase 

serum cholesterol or affect HDL-C (Zhang et al., 1997). Red palm oil (14% diet) 

was reported not to elevate TC in rabbits fed low cholesterol diet (0.1%), but 

increased the TC level when the animals were fed a higher percentage of cholesterol 

(0.2%), compared to refined, bleached and deodorized (RBD) palm oil (Kritchevsky 

et al., 2002). The study also showed that, the red palm oil-fed rabbits had a 

significantly lower severity of thoracic aorta atherosclerosis compared to the RBD-

palm oil group. 

 

Furthermore, the LDL-C and OxLDL-C values obtained like that of TC, were 

comparable after 16 weeks of feeding with the experimental diet in the current study. 

There was no significant difference at the eight week and sixteenth week for the two 

palm oil groups compared to the controls as well as the olive oil group (Table 4.3). A 

possible explanation may be the potential of the red palm oil to stimulate the 
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synthesis of protective HDL-C and suppression of harmful LDL-C (Mukherjee and 

Mitra, 2009).  

 

The presence of high amounts of vitamin E (tocopherols and tocotrienols) as well as 

high vitamin A (carotenoid) content (300 times higher than  tomatoes for equivalent 

amounts), which are very potent antioxidants in red palm oil coupled with 45% oleic 

acid may also be a contributing factor in making this oil present as a balanced oil 

(Jacques, 2005). This result however disagrees with recent findings reported by 

Dauqan et al. (2011), which observed that rats which received the 15% RPO had 

higher LDL-C at the 8
th

 week than the control group. Benson et al. (2008) made a 

similar observation when they reported an increase in the non-HDL-C levels in the 

PO-treated group, which was supported by an earlier study involving normal and 

stressed rats (Benson and Devi, 2009). 

 

According to literature, intake of saturated fatty acids (SFA) increased TC, LDL-C 

and Apo-B while PUFA (rich in Olive oil) in fats decreased these values (Hayes et 

al., 2007; Hayes and Khosla, 1992). Palm oil (PO), a SFA dietary oil, contains 40% 

of palmitic acid (C16:0) and only 0.2% lauric acid (Benson and Devi, 2009; Edem et 

al., 2002). Both lauric and palmitic acids have been found to be 

hypercholesterolemic (Edem, 2002).  
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Palmitic acid is believed to increase the cholesterol ester transport protein activity, 

which is responsible for the transfer of cholesterol from HDL to LDL hence, 

decreasing the HDL-C and Apo-A1 concentration combined with an increase in 

LDL-C and apo-B1. Also, palmitic acid is metabolized to palmitoleic acid, leading 

to reduction in HDL-C (Schwab et al., 1996). PO is therefore suspected to possess a 

hypercholesterolemic effect due to the high palmitic acid content (Denke and 

Grundy, 1992). On the other hand, results from other investigators have been in 

contrast to the afore-mentioned. Red palm oil supplementations have been reported 

by some researcher to rather have beneficial effects on serum total cholesterol 

despite its high saturated fat content (Kruger et al., 2007). 

 

Dauqan et al. (2011) showed that PO rather has a decreasing effect on blood 

cholesterol: in their study they found that there was a decrease in TC after 8 weeks 

of feeding rats with different concentrations of RdPO even though there was no 

effect after 2 and 4 weeks of treatment.  The TC in 5%, 10% and 15% RPO treated 

rat blood was significantly lower than the control group after 8 weeks of treatment 

(Dauqan et al., 2011a).  

 

A similar observation was made by Jaarin et al. (2002) who also observed a 

reduction in total cholesterol by the red palm oil (Jaarin et al., 2002). This (the 

hypolipideamic effect of RPO) could to some extent be attributed the high content of 

antioxidant including β-carotene and vitamin E (tocopherol and tocotrienol) in the 
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RPO (Qureshi et al., 1991; Sugano and Imaizumi, 1991). Tocotrienols have been 

shown to inhibit cholesterol biosynthesis and reduce plasma cholesterol levels 

(Ebong et al., 1999).  

 

Controversy though exists as to the exact effect of palm oil on blood lipids, 

nonetheless, careful consideration of results from the present study in comparison to 

previous work seem to divulge that the effect of the palm oil on blood cholesterol 

probably depends strongly on the period of treatment as well as the level of 

fortification (% of fat used).   

 

Edem (2009) seem to have come to a similar realization when he concluded after his 

investigation that, rats can tolerate 20% palm oil in their diets without adverse effect 

on blood lipid parameters after discovering that biochemical parameters in addition 

to liver histology were not adversely affected by the inclusion of palm oil at 10 –

20% levels of rat diets (Edem, 2009). On the whole further investigations are 

warranted with regards to palm oil in terms of period of use, cumulative effect of 

usage, appropriate level of fortification. 

 

5.3.2 Effect of the Different Oils on Inflammatory Process in Rats 

 

In view of the persuasive evidence implicating inflammation in atherothrombosis, 

several investigators have examined a variety of circulating markers of inflammation 
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to predict either the presence of vascular disease or the risk of vascular events 

(Ridker, 1999).  

 

In this study, three of these important markers were included (IL-6, IL-2 and TNF-α) 

in the determination of the impact of the oils on risk of atherosclerosis. These among 

other important proinflammatory cytokines have served as inflammatory markers for 

evaluation of atherosclerotic risk (Larsson et al., 2005; Tzoulaki et al., 2006). The 

results showed no significant effect of intake of the different oils on IL-2 mean 

concentration.  

 

However, there were significant differences in the IL-6 and TNF-α concentration for 

the various groups. Unlike the control and the olive oil groups where IL-6 levels 

decreased from baseline through to week 16, the two palm oil diets caused an 

increase in the IL-6 level from week 8 to week 16. However these were found to be 

statistically insignificant even though at the end of the first 8 weeks there was a 

significant decrease in the IL-6 levels for the RfPO group. The results agree partially 

with that of a recent study which looked at effect of palm oil on inflammation. The 

study was designed to test the impact of oil composition of high-fat diets on 

endotoxin metabolism and inflammation in mice (Laugerette et al., 2012). After 8 

wk of feeding it was shown in vivo that the palm oil-enriched diet induced higher 

IL-6 than other diets, including the control diet.  
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For the measurement of the TNF-α, both the refined and the red palm oil diet caused 

an increase in the mean concentration, compared to the intake of the olive oil diet 

which caused a decrease in the TNF-α mean concentration in the rats.  

 

The above findings is in agreement with results from a previous study by EL Wakf 

et al. (2010) which was aimed at determining changes in inflammatory markers, 

lipid profile and vascular wall integrity, in male rats. An elevation in serum level of 

the two inflammatory markers measured, TNF-α and fibrinogen was demonstrated, 

where administration of olive oil to atherogenic rats exhibited ameliorative effect on  

the inflammatory status (EL Wakf et al., 2010).  

 

The present study also found an improvement in the inflammatory status of the rats 

by the intake of the olive oil whilst the consumption of the refined palm oil and the 

red palm oil rather worsened it. This may be due to the phenolic compounds (PhCs) 

such as oleuropein glycoside, caffiec acid and tyrosol found in OO which are known 

to generate anti-inflammatory effects, through inhibiting a number of inflammatory 

mediators released by endothelial cells (Cicerale et al., 2012).  

 

Moreover, evidence from human and animal studies (Miles et al., 2005) have also 

proven the existence of a strong effect of oleuropein glycocide on production of 

cytokines including TNF-α. Also, monocyte adhesion to endothelial cells (ECs) can 

be modulated by OO- PhCs, through inhibiting mRNA expression of several 
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adhesion molecules, including vascular cell adhesion molecule-1 (VCAM-1) 

(Carluccio et al., 2003). Red palm oil has also been found to contain some amount of 

phenolic compounds among other anti-oxidants (Atawodi et al., 2011). This may 

account for the minimal increase in the TNF-α concentration observed compared to 

the refined palm oil which caused a much higher increase probably due to its 

deficiency in PhCs thereby increasing its inflammatory tendencies.  This is in 

accordance with results from the study by Martinez-Dominguez et al (2001) where 

the inflammation indices of animals fed on a diet rich in olive oil were lower 

compared to animals fed with oils high in palm olein. They concluded in their study 

that olive oil with a higher content of polyphenolic compounds, shows protective 

effects in inflammation (Martinez-Dominguez et al., 2001). The inflammatory effect 

of these oils observed in this (present) study is important because of the strong 

association of TNF-α production with atherogenesis (Libby and Ridker, 1999).                

Current literature points out that pro-inflammatory cytokines, including TNF-α, are 

important in initiating the expression of variety of genes that in turn promote cell 

adhesion and other processes required for progression of atherosclerosis (Zhang et 

al., 2007). According to Cesari et al. (2003) TNF-α has been associated with an 

increased risk of developing CHD evident in a recent study observation where 

feeding rats on atherogenic diet induced marked elevation in several inflammatory 

markers, including total leucocytes, monocytes and lymphocytes, as well as serum 

level of the pro-inflammatory and pro-atherogenic TNF-α (Cesari et al., 2003a).  
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In other studies, the interactions between inflammatory mediators including TNF-α 

promoted smooth muscle cells (SMCs) migration and proliferation. This in turn led 

to atheroma plaque rupture with subsequent adherence and aggregation of platelets, 

eventually leading to progression of atherosclerotic injury (Cesari et al., 2003b).  

 

Moreover, a recent review by (Popa et al., 2007), showed further that, among many 

inflammatory markers, tumor necrosis factor-α (TNF-α) emerged as a key cytokine 

that influences intermediary metabolism. It has also been discovered that, “in 

rodents, TNF-α may increase hepatic cholesterol synthesis by stimulating the 

activity of 5-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA 

reductase) (the rate-limiting enzyme in the cholesterol biosynthetic pathway) 

(Memon et al., 1993). Despite a marked increase in HMG-CoA reductase activity, 

TNF-α produces only a modest increase in hepatic cholesterol synthesis and 

circulating cholesterol concentrations.  

 

This is attributable to an inhibitory effect of TNF-α on the production and activity of 

squalene synthase (the first major enzyme in cholesterol synthesis) located in the 

mevalonate pathway (Memon et al., 1997). The enzyme plays an important role in 

regulating the flux of metabolic intermediates to the sterol pathways. Thus, the 

effects of TNF-α on the cholesterol biosynthetic pathway are likely to maintain an 

adequate cholesterol synthesis while redirecting a proportion of the mevalonate 

metabolites into the nonsteroidal pathways.  
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Furthermore it is now evident that, whereas the administration of TNF-α in rodents 

is followed by a delayed increase in serum concentrations of TC and hepatic 

cholesterol synthesis (Feingold et al., 1998) nonhuman primates and humans show 

either no change or a decrease in serum cholesterol and LDL-cholesterol levels 

(Grunfeld and Feingold, 1991b).  

 

The mechanisms underlying this species difference are not known. In primates, 

TNF-α is indicated to decrease HDL concentrations (Grunfeld et al., 1991). In 

addition, the composition of lipoproteins can be altered upon the action of TNF-α 

since the mechanisms through which TNF-α exerts its effects on cholesterol 

metabolism are complex and takes place at different levels, including the 

hepatocytes and peripheral cells, such as endothelial cells (Grunfeld and Feingold, 

1991b; Grunfeld and Feingold, 1991a). 

 

This, to some extent could be a contributing factor to the neutral effect observed in 

the lipid profile of the rats in the present study. The increase in the rats TNF-α 

concentration caused by the two palm oil diet may have probably lead to the delayed 

change in the lipoproteins and the total cholesterol concentrations (Xu et al., 2011).  
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5.3.3 Effect of the Different Oils on Antioxidant Status of Rats 

 

Antioxidants have also been implicated to play a vital protective role in the 

atherogenic process. High antioxidant concentrations have been hypothesized to be 

protective against atherogenesis (Rimm and Stampfer, 2001). In several 

epidemiological and clinical studies the preventive potential of antioxidants on 

coronary heart disease (CHD) has been investigated. A preventive effect of dietary 

and supplementary vitamin E against CHD has been described in prospective studies 

(Rimm and Colditz, 1993). Dietary antioxidants include vitamin E, vitamin C and β-

carotene (Kushi et al., 1996) are believed to be abundant in some vegetable fats and 

hence protect against atherogenesis. Both palm oil and olive oil have been shown to 

have high antioxidant properties.  

 

The present study showed that the olive oil diet significantly increased the mean 

TAS of the rats relative to the control at week 8, whilst the palm oil diets showed no 

significant effect. This was consistent with a current study (Ayeleso et al., 2012) 

which was carried out to evaluate the antioxidant status in male rats following the 

dietary consumption of red palm oil. It was reported that no significant increase in 

the TAS in plasma, for the red palm oil group when compared to the control. 

 

 The result also agrees with the study by Dauqan et al. (2012) which looked at effect 

of different concentrations of red palm olein and different vegetable oils on 
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antioxidant enzymes in liver of normal and stressed SD rats (with similar sample 

size n=6 per group). At both week 4 and 8 there were no significance differences in 

antioxidant levels (catalase and  superoxide dismutase) between the control group 

and different concentrations groups (5%, 10%, and 15%) of RPO normal rats 

(Dauqan et al., 2012, Dauqan et al., 2011b).  

 

The significant increase in the TAS observed in the olive oil group may be due to the 

contribution of the additional antioxidant compounds found in the olive oil aside the 

polyphenols. These include: Phytosterols (β-Sitosterol, δ-Avenasterol, Campesterol), 

Tocopherols (α-Tocopherol β-Tocopherol, γ-Tocopherol) and Hydrocarbons 

(Squalene, Carotene). Moreover, the lower susceptibility of its MUFA content to 

scavenge free radicals is believed to reduce oxidative stress (Carluccio et al., 2007). 

 

On the other hand the lower antioxidant level observed in the refined palm oil group 

compared to the olive oil group may be attributed to its lower antioxidant potential. 

Current literature has shown that, palm olein contains relatively lower amounts of 

tocopherol and phenolic compounds, than the red palm oil (Ong and Goh, 2002, 

Amr, 2010, Dauqan et al., 2011a). Additionally, a substantial amount of carotene 

which gives the red color may be lost during refinery resulting in the light golden 

color characterizing the palm olein, further reducing its antioxidant capacity. 
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In the present study a decrease in the antioxidant capacity was recorded among the 

control rats and those fed with refined palm oil unlike rats fed with olive oil and 

those fed with red palm oil which had increased TAS. The increase in the total 

antioxidant level by the red palm oil diet observed at week 8 was in agreement with 

results of a recent study which examined the effects of palm oil tocotrienol-rich 

fractions (TRF) on rats, which demonstrated that 8 weeks of supplementation with 

TRF increased the antioxidant levels (vitamin C and SOD) suggesting that, TRF may 

improve the antioxidant defense mechanism by decreasing free radical levels and 

thereby reducing the oxidative damage that occurs in certain disease conditions such 

as diabetes and atherosclerosis (Budin et al., 2009).  

 

The present study result is further supported by those of a previous study where 

tocotrienols from palm oil were found to act as potent inhibitors of lipid peroxidation 

and protein oxidation (Kamat and Devasagayam, 1995). 

 

This may be attributed to its unique antioxidant composition of the red palm oil. A 

current review by Oguntibeju et al. (2009) discussed the possible role of red palm oil 

in reducing oxidative stress and thus proposed that red palm oil supplementation 

could sufficiently scavenge free radicals, increase total antioxidant capacity with the 

potential to reduce disease progression and complications hence alter the prevalence 

of disease (Oguntibeju et al., 2009).  
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In another review, Oguntibeju et al. (2010) again highlighted similar results from 

other studies. Many of the studies illustrated that red palm oil contains many 

beneficial antioxidants/ micronutrient compounds such as tocopherol, tocotrienol, 

lycopene, squalene, Co-enzyme Q10, physterol, glycolipids, phosphatides, calcium, 

phosphorus, iron, riboflavin, chlorophyll, xanthophil, flavonoids, phospholipids and 

carotenoid (Ebong et al., 1999, Edem et al., 2002, Sundram et al., 2003). Some 

feeding experiments using various animal models also confirmed the protective 

effects of red palm oil in reducing oxidative stress ( Esterhuyse et al., 2005a, 2005b; 

Kruger et al., 2007) in rats.  

 

Another contributing factor may be the combined effect of the presence of the 

antioxidants (carotenoid, tocopherols, tocotrienols) and 50% unstauration of the fatty 

acids (Kamisah et al., 2006),  especially its higher vitamin E levels (tocopherol level   

650ppm and   500ppm of tocotrienols) (Bascetta et al., 1983). Tocopherols are 

considered a major antioxidant in biomembranes, and are considered as general 

antioxidants for protection of membrane stability, including quenching or 

scavenging ROS. Out of four isomers of tocopherols (α, β, δ, ᵧ) found in plants, α-

tocopherol has the highest antioxidative activity due to the presence of three methyl 

groups in its molecular structure (Sarvajeet and Narendra, 2010).  

 

Also, unlike most vegetable oils, palm oil is one of the richest sources of α- and β-

carotenes (400-3500 mg/kg), which produce the deep red color and constitute (700-
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800ppm) which is more than 80% of the total carotenoids in palm oil (Ming et al., 

2009). Palm oil is semi-solid at room temperature; a characteristic brought about by 

its 50% saturation level (Dauqan et al., 2011a) and has fatty acid composition with 

low polyunsaturation which contributes further to its superior oxidative stability. 

 

Nevertheless, comparing the effect of the oils on TNF-α and TAS simultaneously, it 

can be seen  that there was a steep rise in the TNF-α for the refined palm oil group 

up to the second month, and a gradual increase from the second month to the fourth 

month. On the other hand, there was a gradual fall in TAS from baseline to the 

second month and a steep fall between the second and fourth month. To some extent, 

the trends observed in the TNF-α and TAS mirrors each other. For the olive oil 

group, the mean TNF-α concentration decreased and continued decreasing to the 

fourth month, whilst the TAS increased at the second month, but between month 2 

and 4 there was an unexpected sharp fall in the mean concentration.  

 

In the case of the red palm oil group, there was a gradual rise in TNF-α and a fall in 

the TAS of the rats. If the rise in the TNF-α was due to inflammation, then one 

would expect a fall in the TAS in the red palm oil group at second month. However 

this was not the case. Also between second and fourth month, there was a fall in the 

TAS for both red palm oil and olive oil groups when rather the fall was expected 

from only the red palm oil group. This observation is not fully understood and 

warrants further investigations to establish clarity. Probably other factors may be 
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contributing to this effect. Other researchers have reported some inconsistencies in 

the determination of antioxidant activity in relation to fats. The reason for these 

discrepancies is not clear however some investigators have suggested that different 

experimental period might lead to different result about the effect of dietary vitamin 

E (high in palm oil) on the activities of antioxidant enzymes (Fu et al., 2007). Fu et 

al. (2007) also mentioned that, although few studies explicitly show the effects of 

vitamin E on the activities of antioxidant enzymes, there is no consensus on what 

might be the responses of antioxidant enzymes to vitamin E, partly because of 

different feeding behavior and other ecological conditions.  

 

Furthermore, in a recent study by Olisekodiaka et al. (2012), it was observed that, 

total antioxidant measurement although known to be the best method for 

comprehensive assessment of oxidative stress in biological systems, has been 

associated with some discrepancies. Therefore in order to consolidate the findings on 

TAS in the present study, additional studies need to be undertaken (Olisekodiaka et 

al., 2012).  

 

5.4 Effect of the Oils on Atherosclerotic Risk 

 

Current research has shown that extensive use of olive oil by people in the 

Mediterranean region has been associated with reduced incidence of CVD in these 
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people (Covas, 2007a; Perona et al., 2004, 2007). This is believed to be as a result of 

the high content of MUFAs mainly oleic acid and the biologically active 

components, such as the phenolic compounds (PhCs) (Miles et al., 2005). 

Additionally, olive oil rich diets have been acclaimed for their protective effects on 

several changes associated with atherosclerosis and heart disease. This was 

demonstrated by Acın et al. (2007) in a study where feeding rats on atherogenic diet 

supplemented with Virgin Olive Oil showed lowered atherogenic hazards (Acin et 

al., 2007). 

 

EL Wakf et al.(2010) further showed that, nutrients including MUFAs may 

modulate atherosclerosis by affecting vascular endothelium (Covas, 2007b), through 

increasing the amount of oleic acid in the arterial wall and displacing saturated fatty 

acids (SFAs), while leaving polyunsaturated fatty acid PUFAs. Thus, oleic acid may 

contribute to the prevention of atherosclerosis, mainly through a protective effect 

against atherogenic vascular wall lesions (Perona et al., 2006).  

 

The vast knowledge that exists from epidemiological, clinical, experimental animal 

models and in vitro studies have also indicated that olive oil can be regarded as 

functional food for its anti-atherogenic properties and that diets enriched with olive 

oil prevent the development and progression of atherosclerosis and may also play an 

important role in the regression of the disease (Aguilera et al., 2002, Mangiapane et 

al., 1999).  
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Carluccio et al. (2007) summarized the mechanisms by which olive oil affects the 

development of atherosclerosis as follows: (1) regulation of cholesterol levels as 

olive oil decreases LDL-C and increases HDL cholesterol; (2) decreased 

susceptibility of human LDL-C to oxidation, because of the lower susceptibility of 

its MUFAs content and to the ability of its polyphenol fraction to scavenge free 

radicals and reduce oxidative stress; (3) both, oleic acid and olive oil antioxidant 

polyphenols inhibit endothelial activation and monocyte recruitment during early 

atherogenesis; (4) decreased macrophage production of inflammatory cytokines, 

eicosanoid inflammatory mediators derived from arachidonic acids and increased 

nitric oxide (NO) production, which improves vascular stability; (5) decreased 

macrophages matrixmetalloproteinases (MMPs) production, which improves plaque 

stability; (6) oleic acid and olive oil polyphenols are associated with a reduced risk 

of hypertension; (7) oleic acid and olive oil polyphenols also affect blood 

coagulation and fibrinolytic factors, thereby reducing the risk of acute thrombotic 

cardiovascular events (Carluccio et al., 2007).  

Moreover, it is evident from literature that, compared to red palm oil; olive oil is 

richer in polyphenols which strengthens the anti-inflammatory capacity. These anti-

inflammatory compounds include at least nine different categories of polyphenols 

and several other well-researched anti-inflammatory nutrients. There have also been 

suggestions that, diets rich in olive oil may have anti-inflammatory properties of 

polyphenols contained in olive oil.  
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A polyphenol of olive oil, 2-(3, 4-dihydroxyphenil) ethanol (DPE), which possesses 

both anti-inflammatory and anti-clotting activities, has been shown to reduce the 

tumor necrosis factor alpha–induced activation of the inflammatory pathway in an 

animal model (Terzuoli et al., 2010). Research (Castaner et al., 2011; Patrick and 

Uzick, 2001; Bogani et al., 2007) has documented a wide variety of anti-

inflammatory mechanisms used by olive oil polyphenols to lower the risk of 

inflammatory problems. These mechanisms include decreased production of 

messaging molecules that would otherwise increase inflammation (including TNF-, 

IL-1b, thromboxane B2, and leukotriene B4); inhibition of pro-inflammatory 

enzymes like cyclo-oxygenase 1 and cyclo-oxygenase 2; and decreased synthesis of 

the enzyme inducible nitric oxide synthase. They have also been found to reduce 

activity in a metabolic pathway called the arachidonic acid pathway, which is central 

for mobilizing inflammatory processes (Lucas et al., 2011).  

 

Based on results from present study, the above verity has been confirmed, it can be 

inferred that the olive oil is a better choice of oil than the red palm oil and the refined 

palm oil. The combined protective effect of the high antioxidant property and the 

capacity to reduce inflammation may lead to significant reduction in atherosclerotic 

risk. Therefore in spite of its high cost, it should be encouraged as preferred oil for 

cooking in view of its health benefits. 
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Regarding the red palm oil, even though it is cheaper and seems to have a higher 

antioxidant capacity than the refined palm oil (due to the higher content of carotene 

and vitamin E and its derivatives), the relatively lower levels of phenolic compounds 

it contains compared to olive oil reduces its anti-inflammatory properties (Atawodi 

et al., 2011). Hence frequent consumption of high amount of the red palm oil may 

not be completely safe. Fortification with appropriate anti-inflammatory compounds 

may improve its quality. The same can also be achieved by blending with other 

suitable oils. This calls for more research in this area in order to come up with oils of 

higher quality. 

The refined palm oil, as earlier mentioned, is rich in oleic acid (42.7% - 43.9%), and 

also contain some amount of  β-carotene and vitamin E (tocopherols and 

tocotrienols) (Narang et al., 2004). In addition, it is widely used in cooking and 

locally regarded as a gold standard for frying. However, as revealed by the present 

study, the chronic intake of this oil may lead to increased risk of atherosclerosis and 

therefore turns out to be the worse of the three oils examined.  

 

A major contributing factor to this fact is the lack of adequate anti-inflammatory 

constituents. Although one would have thought that being refined this processed 

state would be of a higher quality than the unbleached, yet research shows that, the 

attempt to refine in most cases rather deprives the product of certain essential 

inherent components. Some protective components end up being lost or removed 

during the refinery process. In the case of the FPO most of the β-carotene gets 
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destroyed during processing (Edem and Akpanabiatu, 2006), unlike the red palm oil 

(RPO) which is obtained before refining. The characteristic red color of RPO is due 

to the abundance of carotenoids in the crude oil (Edem, 2009).  

 

Similarly research has shown that Extra virgin olive oil (un refined or crude) is of a 

higher quality than the virgin olive oil (partially refined) and this is also found to be 

better than the refined olive oil (Salvini et al., 2006, EL Wakf et al., 2010) signifying 

that refinery may not always be the best option for health reasons. 
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5.5 Limitations 

 

In attempt to model what pertains to human in a normal or natural situation, the 

present study doubled the recommended amount of fat for rats in the basal diet, 

achieving a total of 10% fat as treatment diet. Retrospectively, an increase in the 

dose could probably have yielded even better results.  

 

Also, the design did not allow the same set of rats to be studied over the period; this 

could have reduced or minimized the influence of individual variations and genetic 

differences of the rats. 

 

The study used the exact sample size required to power the study, in retrospect, this 

number should have been slightly increased to make room for unpredictable loss of 

samples. 

 

The rats were divided into groups of four and five per cage, depending on the cage 

size and a non iso-caloric diet was adopted for the rats with reference to design of 

similar studies. However looking back, more interesting outcomes probably may 

have resulted if caloric content were adjusted for in the provision of iso-coloric diet, 

which becomes more relevant when the animals are housed or caged individually. 
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Blood sample collection by milking method (clipping the distal tail) employed at 

baseline has a tendency to decrease quality with prolonged bleeding times and 

“milking” of the tail. 

  

Blood samples collected could not be analyzed immediately due to unexpected 

breakdown of equipment, and delay in acquisition of reagents which lead to storage 

of samples. Earlier analysis could have provided preliminary data to better 

appreciate the direction of the study. 

 

The duration of the experiment in relation to life expectancy of the rats compared to 

time required for development of atherogenesis in humans could also be a limitation. 

Probably the use of much older rats could be beneficial since atherosclerosis is 

associated with increasing age. 
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5.6 Conclusions 

 

In conclusion, the results suggest that, the 3 different oils had different effects on the 

parameters investigated in this study. At 6% fortification level, the effect of the oils 

on Lipid profile was not statistically significant. 

 

Consumption of red palm and refined palm oil both may adversely affect the 

inflammatory process in atherosclerosis by increasing the production of the pro-

inflammatory markers TNF-α and IL-6 in rats and also reducing TAS levels 

compared to the olive oil and the control. However, the former showed a greater 

(negative) effect than the later in spite of it refined status. 

 

On the contrary, the intake of the Olive oil as a major source of fat improved both 

the antioxidant status as well as the inflammatory process significantly by increasing 

the TAS capacity whilst decreasing the TNF-α and IL-6  production there by 

reducing the risk of developing atherosclerosis in the rats. On the whole, under the 

given conditions of the study, the olive oil stood out as the best oil followed by the 

red palm oil and the refined palm oil respectively. 
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5.7 Recommendation 

 

Future studies could look at different and higher doses of oil (10%, 15%, and 20%) 

for comparison over a longer period of study (not less than 12 months), bearing in 

mind the safety and life span of the laboratory rat. This may provide a wider view 

and give a broader picture of the impact of the oils.  

 

Additionally other important frequently used cooking oils like the coconut oil, palm 

kernel oil, shea butter oil etc need to be examined to explore their health benefits. 

 

Further research aimed at exploring the use of TNF-α as a therapeutic target in 

atherosclerosis is warranted. Moreover additional research may also be required to 

find other causes that may lead to rise in TNF-α other than inflammation.  

 

It may be necessary to modify the project design by considering using the initial set 

of animals throughout the study period (ie. avoiding the periodic sampling: in which 

case method of blood collection may need to be carefully selected), in comparison to 

the present design.  
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6. APPENDIX A 
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