EFFECT OF RED PALM OIL ON TROPONIN I AND CREATINE KINASE IN WISTAR   				RATS FED WITH HIGH FAT DIET
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    	ABSTRACT                
 Red palm oil is rich in phytonutrients such as tocotrienols, tocopherols, carotenoids, phytosterols, squalene, and coenzyme Q10. This study examined the cardiac effect of red palm oil in high fat diet induced obese male Wistar rats. Fifty (50) male Wistar rats were randomly distributed into 5 groups of 10 rats each (N=10), which were then acclimatized for two weeks and used for the experiment. Data obtained were analysed using GRAPHPAD by Dotmatics statistical package. Cardiac biomarkers such as serum Troponin and Creatine kinase were evaluated. Histological examination was carried out using hematoxylin-eosin staining technique. Results revealed that the total serum troponin levels of all treatment group showed no significant change when compared to the control subject. the serum troponin levels of group 2-5 were above the standard troponin range 0-0.4 ng/ml, the average concentration of the control group was (0.34 ng/ml) range known to be (0.40 ng/ml) allowing the control group to be clinically significant from other groups. While the serum creatine kinase levels of group 2-4 showed a significant increase (p ˂ 0.05) when compared with the control group, although group 5 showed no significant change compared to the control subject, Creatine kinase levels of group 2-4 subjects were above standard concentration levels known to be (22-198 U/L). Histological examination of the control heart tissue shows normal heart tissue morphology, while other groups showed clusters within the myocardial fibers, loss of myofibril integration and shrinkage of cells with increased eosinophilia and absence of nucleus, also abnormal thickening of the heart valves respectively. All of these are indications of cardiovascular myopathies. In conclusion high fat diet induced obesity may lead to cardiovascular necrosis and myopathies. 
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CHAPTER ONE
1.0 INTRODUCTION
1.1 BACKGROUND OF THE STUDY
Over the years, the global demand for palm oil (PO) has rapidly increased for non-edible and edible purposes (Edem et al., 2002). Palm tree (Elaeis guineensis) compared to any other temperate or tropical oil crops provides the highest yield of oil per unit area when properly cultivated hence it is the most widely consumed vegetable oil in the world. The tree (Elaeis guineensis) producing agricultural crop belongs to the Arecaceae or Palmae family with an economic lifespan of 25 years (Sumathi et al., 2008; Rupani et al., 2010; Goon et al., 2019). About 43 countries cultivate palm tree worldwide with Indonesia and Malaysia respectively being the world’s largest producers (Alexandre et al., 2017).There are two distinct oils extracted from the fruits of palm tree: namely; PO and palm kernel oil (PKO) (Batai et al., 2020). The crudepalm oil (CPO) is the primary oil derived from the fleshy orange mesocarp of the oil palm fruits and is rich in palmitic acid (Cisse-CamaraMassara et al., 2021). In contrast to PO, PKO is high in lauric acid, resembling coconut oil in taste and odor (Rupani et al., 2010). The major components of 44% palmitic acid (C16:0), which account for almost 50% of total fatty acids, have made PO to be classified as a saturated fat group (May et al., 2014). Despite the fact that saturated fat is associated with the increased risk of cardiovascular disease (CVD). PO possesses a distinct effect due to the presence of monounsaturated fatty acids (MUFA) in which 80% are in the sn-2 position of triacylglycerols (TAG) (Siri-Tarino et al., 2010; May et al., 2014).

This unsaturated fat, also known as oleic acid 39% (C18:1), is the major fatty acid of olive oil. The unsaturated fat also contains small proportion of polyunsaturated linoleic acid (10%).Several studies have demonstrated the beneficial effects of PO that are similar to olive oil even though it consists of a high amount of saturated fat (Dian et al., 2017; Sun et al., 2018). The degree saturation of fatty acids in the sn-2 position plays an important role in determining the atherogenicity of specific fatty acids (Mancini et al., 2015).In addition, PO is cholesterol free and consists only of a small amount of atherogenic saturated fats, namely lauric acid (C12:0), 5% stearic acid and 1% myristic acid (C14:0) (Kokora et al., 2021). Various researchers have made a positive and Negative claim to palm oil consumption. It is believed that the highly saturated fat raises blood cholesterol levels. This increase in blood cholesterol levels would strongly promote the occurrence of coronary heart disease and the associated risks (Mensah, 2008; De Souza et al., 2015). During the last decades, several other studies including those of (Desrochers et al.,2012) and (Mancini et al., 2015) have also led to the same conclusion. For these authors, palm oil, because of its high content of palmitic acid would not be beneficial for the health of the consumer. This could be explained by the structure of palmitic acid which is a Saturated Fatty Acid (SFA) with a strong hypercholesterolemic potential (Mancini et al., 2015; Kokora et al., 2021).
In opposition to this theory, (Siri-Tarino et al., 2010) published a meta-analysis of prospective studies that showed no relationship between SFA intake and the risk of coronary heart disease, cardiovascular disease and strokes. However, recent studies have found protective effects of SFA consumption. For example (Praagman et al., 2016) demonstrated a protective effect of SFA against the onset of ischemic heart disease. For many authors, this beneficial effect of palm oil would be linked to chemical composition it contains. Beyond its richness in palmitic acid, many other compounds are found in red palm oil. The non-glyceridic or non-saponifiable fraction of this oil contains many so-called minor compounds such as tocotrienols and tocopherols (partially preserved by refining), carotenoids, free and esterified phytosterols. The soluble fraction is rich in phenolic compounds (phenolic acids and flavonoids) (Goon et al., 2019). It is the richest oil in tocotrienols and beta-carotene which is the precursor of vitamin A (Abu-Fayyad et al., 2018). Tocotrienols help to reduce plasma cholesterol by inhibiting HMG-CoA reductase with the direct consequence in the decrease of endogenous cholesterol synthesis. Carotenoids and Tocotrienols exert antioxidant effects (Radhakrishnan et al., 2012; Vasanthi et al., 2012). Palm oil is also an important source of phenolic compounds, including phenolic acids. The antioxidant effect of phenolic acids is well known (Neo et al., 2010). It contains almost no trans fatty acids (TFA or Trans Fats), which is one of the reasons for the increase in its use in recent years (De Souza et al., 2015).However, various studies have established a relationship between being overweight and the risk of developing cardiovascular disease. It is therefore, imperative to have a study designed to bridge the gap of existing paucity of information in Nigeria on this subject matter of debate on palm oil consumption. Besides, it shall be a logical continuation of some of the work done in order to better assess the cardiovascular health of obese people. Hence, the aim of the present study is to investigate the effect of palm oil consumption on cardiac biomarkers of obese Wistar rats.
1.2 STATEMENT OF PROBLEM
Obesity has become a global health concern as a result of its increasing prevalence among children, adolescents and adults (WHO. 2020).It has been implicated in exerting adverse effects on normal biological, metabolic and psychosocial processes, in addition to being a risk factor for several chronic diseases such as Type-2 diabetes mellitus (T2DM), cardiovascular diseases such as coronary heart disease, cancers, osteoarthritis, depression and hypertension (Pi-Sunet al., 2009; Abubakar et al., 2021). Cardiovascular diseases (CVDs) are the second most common cause of death among children, adolescent and adults with a great, global negative impact in terms of morbidity and mortality (Ike et al., 2020). Cardiovascular diseases (CVDs) are also recorded to be responsible for almost half of all deaths worldwide in 2008 (WHO, 2013). The majority of these deaths occurred in low to middle income countries (Hosseinpoor et al., 2012), with >50% occurring in those aged<70 years (Rani et al., 2012). In 2013, an estimated 1 million deaths were attributable to CVD in sub‑Saharan Africa alone, which constituted 5.5% of all global CVD‑related deaths and 11.3% of all deaths in Africa (Mensah et al., 2015). CVD‑related deaths contributed to 38% of all non-communicable disease related deaths in Africa, reflecting the growing threat of both non-communicable disease and CVD. 
An almost twofold increase in the over‑all number of CVD‑related deaths since 1990 has been reported, with a >10% difference in mortality among women compared with men (Mensah et al., 2015). This dramatic change in the profile of CVD in Low and middle income countries especially Nigeria can be directly linked to urbanization, lifestyle changes, ageing of the population, DM, obesity, dyslipidaemia, diet and environmental factors (Onyema et al., 2020).It is therefore of necessity to reduce this alarming diseases burden and to determine the effect of palm oil daily consumption on cardiac function using an animal model of obesity. Hence, the present study aims at assessing the effect of red palm oil on cardiac biomarkers of high fat diet obese Wistar rat.
1.3 JUSTIFICATION OF THE STUDY 
The use of palm oil in human food is widely debated. Some believe that this oil is unfit for consumption because it would promote the occurrence of cardiovascular diseases due to the saturated fat content (Batai et al., 2021). For other authors on the other hand, palm oil is rich in several compounds especially the non-glyceridic or non-saponifiable fraction (such as tocotrienols tocopherols carotenoids, free and esterified phytosterols, phenolic compounds, beta-carotene and almost no trans fatty acids), which give it enormous beneficial properties for the consumer and one of the reasons for the increase in its use in recent years (Choo et al., 2005; Neo et al., 2010; Zainol et al., 2012; Choo et al., 2016; Abu-Fayyad et al., 2017; Abu-Fayyad et al., 2018; Foon et al., 2019). It is in this context of debate on palm oil that this study takes place. And it will be conducted to examine the effect red palm oil (RPO) on cardiac function of obese male Wistar rats by measuring serum levels of cardiac biomarkers (Troponin and creatine kinase).
1.4 AIM OF STUDY
The aim of this study is to determine the effect of red palm oil (RPO) on the serum levels of troponin and creatine kinase in high fat diet induced obese male Wistar rats.
1.5 SPECIFIC OBJECTIVES OF THE STUDY 
1. To assess the effect of Red palm oil on cardiac function of Obese Male Wistar rats compared to the controls.
2. To examine by comparison the effect of Red palm oil on cardiac biomarkers (serum troponin and creatine kinase) in obese Wistar rat to that of healthy controls.
3.  To determine body weight to organ ratio of experimental rats compared to the controls.
1.6 RESEARCH QUESTION
1. Does creatine kinase levels elevate in obese subjects?
2. Does Red Palm oil (RPO) have ameliorating effect on the cardiovascular system function of obese subject? 
3.  Is red pam oil cardio-protective? 
4. Is the release of serum troponin associated with cardiovascular diseases in obese subjects?
5. What is the effect of Red palm oil (RPO) on cardiac function of obese subject? 
1.7 RESEARCH HYPOTHESIS
1.7.1. Null hypothesis Ho
(a) There is no significant variation in the Creatine kinase and troponin levels among obesity male Wistar rat and that of healthy control.
1.7.2. Alternative hypothesis H1
(a) There is significant variation in the Creatine kinase and troponin levels among Obesity Male Wistar rat and that of healthy control.
1.8 SIGNIFICANCE OF THE RESEARCH
  The results obtained from this study hopes to give a clearer view on the potential cardiac biomarker of choice for the obesity related cardiovascular diseases in rats. This could lead to a study in humans in diagnosing and monitoring cardiac function of a patient with cardiovascular diseases. Also the finding from future research hopes to propose better quality and faster diagnosis of heart diseases in the tertiary hospitals since greater than 50% of death is cardiovascular related (WHO, 2018). More so, this study hopes to provide empirical data to support argument on the controversial issues surrounding palm oil consumption (May be it has ameliorating or detrimental effect on obesity). Data generated from this study will be useful to clinicians, policy makers, government and managers of health institutions to guide practice and appropriate healthcare budgeting leading to appropriate allocation of healthcare resources and services. This research will also pave way for further research on palm oil, obesity and cardiovascular system examining at molecular level theories to this diseases.
















CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 CARDIOVASCULAR DISEASES
2.1.1 DEFINITION, COMPONENTS OF CARDIOVASCULAR SYSTEM AND CARDIOVASCULAR DISEASES
The cardiovascular system consists of the heart and its blood vessels (Farley et al., 2012). A wide array of problems can arise within the cardiovascular system, a few of which include endocarditis, rheumatic heart disease, and conduction system abnormalities (Benjamin et al., 2012). Cardiovascular disease, also known as heart disease, refers to the following four entities: coronary artery disease (CAD) which is also referred to as coronary heart disease (CHD), cerebrovascular disease, peripheral artery disease (PAD), and aortic atherosclerosis. CAD results from decreased myocardial perfusion that causes angina due to ischemia and can result in myocardial infarction (MI), and/or heart failure (Moran et al., 2013). It accounts for one third to one half of all cases of cardiovascular disease. Cerebrovascular disease is the entity associated with strokes, also termed cerebrovascular accidents, and transient ischemic attacks (TIAs) (Nkpozi et al., 2020). 
Peripheral arterial disease (PAD) is arterial disease predominantly involving the limbs that may result in claudication. Aortic atherosclerosis is the entity associated with thoracic and abdominal aneurysms. The cardiovascular system consists of the heart and blood vessels (Farley et al., 2012). There is a wide array of problems that may arise within the cardiovascular system, for example, endocarditis, rheumatic heart disease, abnormalities in the conduction system, among others, cardiovascular disease (CVD) or heart disease refer to the following 4 entities (Benjamin et al., 2018):  (1) Coronary artery disease (CAD): Sometimes referred to as Coronary Heart Disease (CHD), results from decreased myocardial perfusion that causes angina, myocardial infarction (MI), and/or heart failure. It accounts for one -third to one-half of the cases of CVD. (2) Cerebrovascular disease (CVD): Including stroke and transient ischemic attack (TIA) (Curry et al., 2018). (3) Peripheral artery disease (PAD): Particularly arterial disease involving the limbs that may result in claudication. (4) Aortic atherosclerosis: Including thoracic and abdominal aneurysms (Lopez et al., 2021)
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Figure 2.1: Diagram showing the typical human Heart (Adapted from Mancini et al., 2015)
2.1.2 ETIOLOGY OF CARDIOVASCULAR DISEASES
Although CVD may directly arise from different etiologies such as emboli in a patient with atrial fibrillation resulting in ischemic stroke, rheumatic fever causing valvular heart disease, among others, addressing risks factors associated to the development of atherosclerosis is most important because it is a common denominator in the pathophysiology of CVD (Lopez et al., 2021). The industrialization of the economy with a resultant shift from physically demanding to sedentary jobs, along with the current consumerism and technology driven culture that is related to longer work hours, longer commutes, and less leisure time for recreational activities, may explain the significant and steady increase in the rates of CVD during the last few decades (Nkpozi et al., 2020). Specifically, physical inactivity, intake of a high calorie diet, saturated fats, and sugars are associated with the development of atherosclerosis and other metabolic disturbances like metabolic syndrome, diabetes mellitus, and hypertension that are highly prevalent in people with CVD (Fox et al., 2004; Vasan et al., 2005; Benjamin et al., 2018; Curry et al., 2018). According to the (Nkpozi et al., 2020) study discovered that there are 9 modifiable risks factors accounted for 90% of the risk of having a first MI: smoking, dyslipidemia, hypertension, diabetes, abdominal obesity, psychosocial factors, consumption of fruits and vegetables, regular alcohol consumption, and physical inactivity. It is important to mention that in this study a good percentage of the population had risk of heart diseases accounted to smoking (Lopez et al., 2021). Other researchers have also found a strong association and predictive value of dyslipidemia, high blood pressure, smoking, and glucose intolerance (Odia et al., 2015). Sixty percent to 90% of Chronic Heart Disease (CHD) events occurred in subjects with at least one risk factor (Odia et al., 2015). These findings have been translated into health promotion programs by the American Heart Association with emphasis on seven recommendations to decrease the risk of CVD: avoiding smoking, being physically active, eating healthy, and keeping normal blood pressure, body weight, glucose, and cholesterol levels (Zock et al., 2016).
On the other hand, non-modifiable factors as family history, age, and gender have different implications. Family history, particularly premature atherosclerotic disease defined as CVD or death from CVD in a first degree relative before 55 years (in males) or 65 years (in females) is considered an independent risk factor (Goff et al., 2014). There is also suggestive evidence that the presence of CVD risk factors may differently influence gender. For instance, diabetes and smoking more than 20 cigarettes per day had increased CVD risk in women compared to men (lopez et al., 2021). Prevalence of CVD increases significantly with each decade of life (Monde et al., 2017). The presence of HIV (human immunodeficiency virus), history of mediastinal or chest wall radiation, microalbuminuria, increased inflammatory markers have also been associated with an increased rate and incidence of CVD (Khouri et al., 2012; Trepanowski et al., 2018). Pointing out specific diet factors like meat consumption, fiber, and coffee and their relation to CVD remains controversial due to significant bias and residual confounding encountered in epidemiological studies (Ionnidis et al., 2013).
2.1.3 EPIDEMIOLOGY OF CARDIOVASCULAR DISEASES GLOBALLY AND IN NIGERIA
Cardiovascular diseases (CVD) remain among the 2 leading causes of death in the United States since 1975 with 633,842 deaths or 1 in every 4 deaths, heart disease occupied the leading cause of death in 2015 followed by 595,930 deaths related to cancer (Benjamin et al., 2018). CVD is also the number 1 cause of death globally with an estimated 17.7 million deaths in 2015, according to the World Health Organization (WHO) (Lopez et al., 2021). The burden of CVD further extends as it is considered the most costly disease even ahead of Alzheimer disease and diabetes with calculated indirect costs of $237 billion dollars per year and a projected increased to $368 billion by 2035 (Dunbar et al., 2018). Although the age adjusted rate and acute mortality from MI have been declining over time, reflecting the progress in diagnosis and treatment during the last couple of decades, the risk of heart disease remains high with a calculated 50% risk by age 45 in the general population (Onyema et al., 2020). The incidence significantly increases with age with some variations between genders as the incidence is higher in men at younger ages (Benjamin et al., 2018). The difference in incidence narrows progressively in the postmenopausal state (Benjamin et al., 2018). 
[image: Description: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\1-s2.0-S0735109717372443-gr1.jpg]
Figure 2.2: Picture showing the Global Map and impact of cardiovascular diseases (Adapted from Akarolo-Anthony et al., 2014)

2.1.4 PATHOPHYSIOLOGY OF CARDIOVASCULAR DISEASES
Atherosclerosis is the pathogenic process in the arteries and the aorta that can potentially cause disease as a consequence of decreased or absent blood flow from stenosis of the blood vessels (Libby et al., 2011). It involves multiple factors dyslipidemia, immunologic phenomena, inflammation, and endothelial dysfunction. These factors are believed to trigger the formation of fatty streak, which is the hallmark in the development of the atherosclerotic plaque (Yahagi et al., 2017) a progressive process that may occur as early as in the childhood (Lopez et al., 2021). This process comprises intimal thickening with subsequent accumulation of lipid laden macrophages (foam cells) and extracellular matrix, followed by aggregation and proliferation of smooth muscle cells constituting the formation of the atheroma plaque (Nou et al., 2016). As this lesion continue to expand, apoptosis of the deep layers can occur, precipitating further macrophage recruitment that can become calcified and transition to atherosclerotic plaques (Odia et al., 2015). Other mechanisms like arterial remodeling and intraplaque hemorrhage play an important role in the delay and accelerated the progression of atherosclerotic CVD but are beyond the purpose of this article (Onyema et al., 2020). 
2.1.5 CLINICAL FEATURES OF CARDIOVASCULAR DISEASES
The clinical presentation of cardiovascular diseases can range from asymptomatic (e.g., silent ischemia, angiographic evidence of coronary artery disease without symptoms, among others) to classic presentations as when patients present with typical anginal chest pain consistent of myocardial infarction and/or those suffering from acute CVD presenting with focal neurological deficits of sudden onset (Lopez et al., 2021). Historically, coronary artery disease typically presents with angina that is a pain of substernal location, described as a crushing or pressure in nature that may radiate to the medial aspect of the left upper extremity, to the neck or the jaw and that can be associated with nausea, vomiting, palpitations, diaphoresis, syncope or even sudden death (Kreatsoulas et al., 2013). Physicians and other health care providers should be aware of possible variations in symptom presentation for these patients and maintain a high index of suspicion despite an atypical presentation, for example, dizziness and nausea as the only presenting symptoms in patients having an acute MI (Kirchberger et al., 2011), particularly in people with a known history of CAD/MI and for those with the presence of CVD risk factors (Kirchberger et al., 2011; Kreatsoulas et al., 2013; Khafaji et al., 2014). Additional chest pain features suggestive of ischemic etiology are the exacerbation with exercise and or activity and resolution with rest or nitroglycerin (Robson et al., 2015). Neurologic deficits are the hallmark of cerebrovascular disease including TIA and stroke where the key differentiating factor is the resolution of symptoms within 24 hours for patients with TIA (Edlow et al., 2013). Although the specific symptoms depend on the affected area of the brain, the sudden onset of extremity weakness, dysarthria, and facial droop are among the most commonly reported symptoms that raise concern for a diagnosis of a stroke (Odia et al., 2015; Lopez et al., 2021).
2.1.6 TREATMENT / MANAGEMENT OF CARDIOVASCULAR DISEASES 
Management of CVD is very extensive depending on the clinical situation (catheterdirected thrombolysis for acute ischemic stroke, angioplasty for peripheral vascular disease, coronary stenting for CHD) however; patients with known CVD should be strongly educated on the need for secondary prevention by risk factor and lifestyle modification (Kavousi et al., 2014).


2.2 OBESITY
2.2.1 OBESITY: DEFINITION
Obesity is defined as when a person has a body mass index [BMI (kg/m2), dividing a person’s weight by the square of their height] greater than or equal to 30, overweight is defined as a BMI of 25.0-29.9 (Lin et al., 2021). Being overweight or obesity is linked with more deaths than being underweight and is a more common global occurrence than being underweight. This is a global phenomenon occurring in every region except parts of sub-Saharan Asia and Africa (Al-Kibria et al., 2019), and also countries with low obesity rates i.e., Sri Lanka, Indonesia, Sudan, Singapore, Djibouti, etc, (Mbogori et al., 2020). Obesity increases the likelihood of various diseases and conditions which are linked to increased mortality (Lin et al., 2021). Obesity is also a complex multifactorial disease that accumulated excess body fat leads to negative effects on health. Raised body mass index (BMI) is a risk factor for non-communicable diseases such as Type 2 diabetes mellitus (T2DM), cardiovascular diseases (CVD), metabolic syndrome (MetS), chronic kidney disease (CKD), hyperlipidemia, hypertension, nonalcoholic fatty liver disease (NAFLD), certain types of cancer, obstructive sleep apnea, osteoarthritis, and depression (Swinburn et al., 2011) resulting in dramatic decrease of life quality and expectancy. Treating these conditions can place an additional load on healthcare systems: for example, it is estimated that obese have a 30% higher medical cost than those with a normal BMI (WHO, 2018). As related total health-care costs double every decade, treating the consequences of obesity poses an expensive challenge for patients (Bray et al., 2017).
2.2.2 EPIDEMIOLOGY OF OBESITY
BMI is used to define and diagnose obesity according to World Health Organization (WHO) guidelines (World Health Organization, 2018). In adults, WHO defines ‘overweight’ as a BMI of 25.0 to 29.9 and ‘obese’ as a BMI ≥ 30.0. Obesity is further classified into three severity levels: class I (BMI 30.0-34.9), class II (BMI 35.0-39.9) and class III (BMI ≥ 40.0) (12). The prevalence of excessive weight gain has doubled worldwide since 1980, and about a third of the global population has been determined to be obese or overweight (Ataey et al., 2020). Obesity rate has dramatically enhanced in both male and female, and across all ages, with proportionally higher prevalence in older persons and women (WHO, 2018). While this trend is present globally, absolute prevalence rates vary across regions, countries, and ethnicities. The prevalence of obesity also varies with socioeconomic status, with slower rates of BMI increase in high-income and some middle-income countries. While obesity was once considered a problem of high-income countries, the incidence rates of obese or overweight children in high-income countries, including the United States, Sweden, Denmark, Norway, France, Australia and Japan, have decreased or plateaued since the early 2000s (NCD, 2017).
In low and middle-income countries, rates of overweight and obesity are rising especially in urban areas. In China, one study based on 12,543 participants monitored over 22 years revealed that the prevalence of age-adjusted obesity rose from 2.15% to 13.99% in both sexes, going from 2.78 to 13.22% in female and from 1.46 to 14.99% in male, respectively (Chen et al., 2019). The overweight rate of African children under 5 years old has increased by 24% since 2000. As of 2019, almost half of the Asian children under 5 years old were obese or overweight (Wariri et al., 2020). A systematic review has estimated the prevalence of obesity from studies that cover the South-Western, North-Eastern and North-Central regions of Nigeria. Overall, the prevalence of obesity was reported to range between 8.1% – 22.2% in adults (Chukwuonye et al., 2013). The highest prevalence of obesity was found in the South-Western region, precisely Lagos, a commercial and highly industrialized city while Maiduguri, the largest city of Borno State in the North- Eastern region had the lowest prevalence (Chukwuonye et al., 2013). In a study by Akarolo-Anthony and colleagues (2014), involving 1058 participants in Abuja, the Federal Capital Territory, which is a city in the North Central region of Nigeria, it was reported that 64% of the population were obese consisting of 74% of the total female population and 57% of the total male population. WHO datasets from sub-Saharan Africa reveal that prevalence of overweight and obese in adults and stunting, underweight, and wasting in children are inversely associated (Tydeman-Edwards et al., 2018).
2.2.3 PATHOGENESIS OF OBESITY
The pathogenesis of obesity involves regulation of calorie utilization, appetite, and physical activity, but has complex interactions with availability of health-care systems, the role of socio-economic status, and underlying hereditary and environmental factors (Lin et al., 2021).
FOOD INTAKE AND ENERGY BALANCE
The essential causes of obesity remain somewhat controversial. Currently, recommendations by health practitioners to manage obesity are based on the underlying physiological property that fat accumulation is driven by an energy imbalance between consumed and expended calories (Lin et al., 2021). The obesity epidemic has been fueled in large part by increased energy from greater availability of highly rewarding and energy-dense food. Diet and various social, environmental and economic factors related to food supply have a significant effect on patient’s ability to achieve the balance (Yoo et al., 2018). In a 13-year follow-up study on 3,000 young, those who consumed much more fast-food were found to weigh an average of ~6kg more and have larger waist circumferences than those with the lowest fast food-intake. They were also found to have higher incidences of negative weight-related health issues, such as elevated triglycerides and twice the odds of developing MetS (Paley et al., 2018). These issues are compounded in certain individuals that possess a genetic susceptibility to fat accumulation, which may be caused by significant interactions between homeostatic circuits and brain reward (Singh et al., 2017). Accumulation of lipid metabolites, inflammatory signaling, or other hypothalamic neuron impairing mechanisms may also lead to obesity, which might explain the biological defense of elevated body fat mass (Obri et al., 2017). 
Obesogenic marketing to promote beverages or foods that are high in sugar and fat negatively modulates human behavior. Such advertisements may increase preference for energy-dense foods and beverages (Sadeghirad et al., 2016). Analysis showed that African American programs had more food advertisements than other general market programs. More food advertisements were for meat, candy, soda, and fast food than for grains, pasta, cereals, vegetables, and fruits. Advertised products were designed to be cheap, have a long shelf-life, and taste ‘irresistible’ (Bray et al., 2017). This applies particularly to high-fat, high-sugar junk foods that can stimulate the brain reward centers, the same part of the brain that’s stimulated by cocaine, heroin, and other addictive drugs, that is, these products are specifically engineered to be addictive (Sadeghirad et al., 2016). The brain reward offers a plausible mechanism to explain the elevated body fat mass, however, it seems that only certain individuals present this characteristic according to this theory. For clinicians, a systematic evaluation of patient health factors affecting energy intake, metabolism, and expenditure is required for effective management of obesity (Singh et al., 2017). 
FAMILY HISTORY AND LIFESTYLE
Family history, lifestyle, and psychological factors all function in propensity for obesity. The likelihood of becoming obese can be affected by nature and nurture, enhanced by family genetics (propensity to accumulate fat) (Fitzgerald et al., 2019) or life style (poor dietary or exercise habits) (Romero-Ibarguengoitia et al., 2018). A child with one obese parent has a three time risk to become obese as an adult, while when a child’s parents are both obese, this child has a 10-fold risk of future obesity. A cross-sectional observational study of 260 children (139 female, 121 male, aged 2.4 and 17.2 years) demonstrated that the family history of cardio-metabolic diseases and obesity are critical risk factors for severity of obesity in childhood (Corica et al., 2018). A prospective survey of 3148 school boys (aged six to ten years) in Ariana highlighted several child obesity risk factors, including parental obesity of parents, the snacks between meals especially after the dinner, lack of sleep (< 8 hours), and daily consumption of juice, sparkling drink, sweets, and sugary foods (Lin et al., 2021). Two studies of mother-child pairs in the United States found that the healthy lifestyle of mothers during the childhood and adolescence of their offspring was closely associated with a significantly reduced risk of obesity in their children (Dhana et al., 2018). These results underscore the benefits of intervening at the family- or parental-level to reduce the risk of obesity in children (Dhana et al., 2018). 
MICROENVIRONMENT AND GUT MICROBIOME
Obesity is involved in an altered gut microenvironment that supports more diverse viral species than found in leaner hosts (Lin et al., 2021). This environment is more susceptible to the generation of pathogenic variants that can induce more serious disease (Honce et al., 2020). Increasing evidence shows that variations of gut microbiome cause alterations in host weight and metabolism. For example, compared with those with normal gut microbiota, germ-free male mice (without gut microflora) had 42% less total body fat, even while consuming 29% more food a day. However, after cecal microbe colonization, the total body fat of these mice increased 57% in, lean body mass decreased 7%, and daily food intake decreased 27% (Lin et al., 2021). The human body contains around 3.8 × 1013 microorganisms and the majority of them occupy the gastrointestinal tract. Over half of the microbial populations are bacteria, followed by Archaea and Eukarya (Sender et al., 2016). The diversity of healthy gut microbiome allows for functional redundancy, in which multiple microbes can perform similar functions. Normally, gut microbiota have substantial beneficial roles in the host, including involvement in metabolism of carbohydrate and lipid, synthesis of vitamins and amino acids, epithelial cell proliferation, protection against pathogens, and hormone modulation. Gut bacteria can also break down indigestible molecules such as human milk oligosaccharides and plant polysaccharides (Jandhyala et al., 2015). Imbalance of microbial populations (‘dysbiosis’) has been show to associate with a wide range of diseases including neurological disorders, inflammatory bowel disease, malnutrition, cancer, diabetes, and obesity (DeGruttola et al., 2016). 
GENETIC FACTORS AND CAUSES
The studies from family and twin studies showed that around 40-70% of the obesity variations in human are resulted from genetic factors (Wu et al., 2018). While during the last 20 years, environmental alterations have increased obesity rates, the genetic factors play key roles in development of obesity (Kasuga et al., 2010). GWAS (Genome-wide association scans) approaches have identified over 400 genes associated with Type 2 diabetes Mellitus (T2DM) (Chen et al., 2019; Srinivasan et al., 2021), however, these genes only predict 5% of obesity risk (Bogardus et al., 2009). The low predictive power may be due to the situation that gene-gene, gene-environment, and epigenetic interactions have not been thoroughly identified using the current methods based on population genetics (Wang et al., 2018). Many obesity -associated genes have been identified to be involved in energy homeostasis regulating pathways. Genetic causes of obesity can be broadly classified as: 1) monogenic causes that result from a single gene mutation, primarily located in the leptin- melanocortin pathway. Many of the genes, such as AgRP (Agouti-related peptide), PYY (orexogenic), or MC4R (the melanocortin-4 receptor), were identified for monogenic obesity disrupt the regulatory system of appetite and weight, hormonal signals (ghrelin, leptin, insulin) are sensed by the receptors located in the arcuate nucleus of the hypothalamus (Thakar et al., 2017). 2) Syndromic obesity was severe obesity, results from neurodevelopmental abnormalities and other organ/ system malformations. This may be caused by alterations in a single gene or a larger chromosomal region encompassing several genes (Huvenne et al., 2016). 3) Polygenic obesity is caused by cumulative contribution of many genes. 
Furthermore, some people with obesity gain excess weight due to the multiple genes they have and these genes make them to favor food and thereby have a higher caloric intake (Czajkowski et al., 2020). The presence of these types of genes can cause increased caloric intake, increased hunger levels, reduced control overeating, reduced satiety, increased tendency to store body fat, and increased tendency to be sedentary (Koochakpour et al., 2019). Rare single-gene defects are associated with high level of hunger and can cause dramatic obesity in young children. Those individuals with severe obesity developed before two years old should consult obesity medicine specialists and consider to be involved in screening for MC4R Deficiency, leptin deficiency, and POMC deficiency (Martins et al., 2018). Leptin deficiency can cause diet-induced obesity and metabolic dysregulation. About 50% of female with polymorphism came up with binge eating (56). The MC4R polymorphism influences the release of ghrelin (Magno et al., 2020). The chromosome 2p22 (a region encompassing the POMC gene) has been identified as the site of gene(s) affecting obesity and obesity-related traits (Yu et al., 2020). These studies suggest that childhood obesity should be considered in the light of both environmental context and genetic heritage (Curiha et al., 2013). 
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Figure 2.3: diagrammatic representation of the Basic pathogenesis of Obesity (Adapted from Karri et al., 2019). 
2.2.4 THERAPEUTICS OF OBESITY
2.2.4.1 LIFESTYLE MODIFICATIONS
Lifestyle modification remains the cornerstone of obesity management (Lin et al., 2021). Individuals with obesity are suggested to lose at least 10% body weight via combination of diet, physical activity, and behavior therapy (or lifestyle modification) (Lee et al., 2018). Significant short-term weight loss can be achieved by consumption of portion-controlled diets (Lee et al., 2018). Long-term weight control can be achieved via high levels of physical activity and continued patient–practitioner contact. In many cases, lifestyle modification results in dramatic loss of body weight, leading to significant reduction of cardiovascular risk (Nyugen et al., 2017). Policies should be changed to increase development of foods with reduced sugar, fat, and salt and decrease availability of obesogenic foods aimed at children, since food choices are mainly determined by peoples’ surroundings, it is imperative that governments improve policies and environment to reduce the availability of unhealthy foods and make healthy foods more accessible (Mozaffarian et al., 2011). Policy makers and Practitioners must be made aware of the potential impact of food advertisements on human health and behavior and should encourage food manufacturers to create and promote weight friendly foods. Nutrition educators should help teach how to evaluate food advertisements (Struben et al., 2014; Lal et al., 2020). 
2.2.4.2 ANTI-OBESITY MEDICATIONS
Pharmacotherapy is recommended for those whose BMI ≥30 (or a BMI ≥27 with comorbid conditions) and are unable to lose weight using lifestyle modification alone (Telles et al., 2016). The Food and Drug Administration approved some new pharmacotherapy drugs for short-term obesity treatment and since Lorcaserin was withdrawn, there are only four [Naltrexone-Bupropion (Contrave), Orlistat (Xenical, Alli), Liraglutide (Saxenda) and Phentermine-Topiramate (Qsymia)] approved in addition to Gelesis which is now the fifth, have been approved for long-term use (Gomez et al., 2018; Greenway et al., 2019; Yeo et al., 2021). The FDA also approved the MC4R agonist-Setmelanotide for use in individuals with severe obesity due to either Pro-opiomelanocortin (POMC), PCSK1 (proprotein convertase subtilisin/kexin type 1), or LEPR (leptin receptor) deficiency at the end of 2020 (Yeo et al., 2021).
2.2.4.3 BARIATRIC SURGERY
For individuals with a Body Mass Index (BMI)> 40 or BMI > 35 with Obesity comorbidities who are unable to lose weight by lifestyle modifications, pharmacotherapy bariatric surgery or weight loss surgery is another option (Telles et al., 2016). Standard bariatric operations, including BPD (Bilio-pancreatic diversion), SG (sleeve gastrectomy), RYGB (Rouxen-Y gastric bypass), and AGB (adjustable gastric banding), benefits individuals metabolic profiles to varying degrees (Aminian et al., 2015). Studies reported that the benefits of bariatric surgery go beyond just losing weight. Bariatric surgery reduces chronic inflammation involved in obesity and alters biomarkers, the gut microbiota, and long-term remission for Type 2 diabetes Melitus (T2DM) (Osto et al., 2013; Al-Rubaye et al., 2019; Kops et al., 2020). Take RYGB for example, in human subjects, overall gut microbial richness increased after RYGB surgery (Kong et al., 2013). Further analysis revealed RYGB contributed to increase of expression of some specific white adipose tissue genes, upregulation of genes central to the transforming growth factor-b signaling pathway, and remarkable down regulation of genes involved in metabolic pathways and inflammatory responses (Zhang et al., 2009; Lin et al., 2021). Decrease of serum leptin levels, which are associated with leaned BMI, typically results from bariatric surgery (Van Leiden et al., 2002; Singh et al., 2018).
2.2.4.4 FECAL MICROBIOTA TRANSPLANTATION (FMT)
Fecal Microbiota Transplantation has attracted considerable research interest recently in the treatment of obesity (Yu et al., 2020). There are promising indications that FMT of microbes from healthy individuals into patients with obesity may be affected in weight loss and maintenance. In a groundbreaking key study, (Ridaura et al., 2013) transplanted fecal slurries from human twins discordant for obesity into germfree mice. The mice with obese individuals’ microbiota successfully developed obesity, while those with health individuals’ microbiota remained lean. The sequencing results of mice post-procedure stool samples showed that the human microbiomes were successfully infused, indicative of the transfer of functions related to the obese or lean microbial communities, respectively (Ridaura et al., 2013). Promising studies in humans are also being attempted: (Vrieze et al., 2012) were able to improve microbial diversity and insulin sensitivity in obese, diabetic adult males after the transplantation with the taxa from lean donors. An increase was observed in butyrate-producing bacteria and Bacteroidetes, indicative of a shift toward a leaner phenotype related microbial community. While in early stages, FMT may be an option for replacing obesogenic microbial communities (Zhang et al., 2019).
2.3 BIOCHEMICAL MARKERS TO ASSESS CARDIAC FUNCTION
There are various biochemical markers used to assess the cardiac function of an animal or human being. This includes myoglobin, cardiac troponin T and I, CK, LDH, besides many others (e.g. heart fatty acid binding protein) (Wilke et al., 2017). Heart diseases such as Myocardial infarction is diagnosed when blood levels of sensitive and specific cardiac biomarkers such as cardiac troponin or CK-MB are elevated in the clinical setting of acute myocardial ischemia (Omland et al., 2010).
2.3.1 CREATINE KINASE AND CK-MB ISOENZYME
Creatine kinase (CK) is an enzyme present in the cytoplasm of muscle cells, regulating the production of intracellular adenosine triphosphate in order to meet increased energy demands (Wilke et al., 2017). Measurements of total CK for the detection of AMI was proposed in the early 1960s (Blacks et al., 2019). Cytoplasmic CK is a dimer, composed of both M and/or B subunits, that produce CK-MM, CK-MB and CK-BB iso-enzymes. CK has also a dimeric mitochondrial form consisting of both sarcomeric and non-sarcomeric subunits (Tahir et al., 2019). Mitochondrial CK is unstable in human serum, and that’s why it is difficult to measure. CK-MM is the main isoenzyme found in striated muscle constituting about 97% of the total CK. CK-MB is found principally in cardiac muscle comprising approximately 15–40% of the total CK activity, with the remainder being CK-BB (Aakre et al., 2019). 
CK-BB is the predominant iso-enzyme found in brain, intestinal and urinary systems. The skeletal muscle CK-MB produce 2–3% of the total CK activity; the patients with skeletal muscle injury may have increased CK and CK-MB levels (Omland et al., 2019). In the myocardium, the MB iso-enzyme of CK accounts for ~ 20% of the total CK content. With regard to its higher cardio-specificity, CK-MB has been used as diagnostic marker for AMI for many years, often implemented into diagnostic criteria established by the World Health Organization (WHO) including typical symptoms, ischemic ECG changes and elevated biomarkers (Tahir et al., 2019). In AMI, CK-MB rises after 3-6 hours, peaks after 12-20 hours and returns to normal after 48-72 hours. However, the use of CK-MB for the diagnosis of AMI is confounded by its occurrence in skeletal muscle, resulting in a constant serum level which increases in skeletal muscle disorders (Mirkin et al., 2019). Elevation of CK-MB also occurs in renal failure. To overcome these drawbacks, the use of the relative index relying on the percentage of CK-MB with respect to total CK has been proposed. In addition, the implementation of immunoassays allowing the determination of CK-MB concentration (CK-MB mass) instead of its catalytic activity has substantially improved the diagnostic utility of CK-MB (Wilke et al., 2017).
2.3.2 TROPONIN-T
The troponins are regulatory proteins found in both cardiac and skeletal muscles. They have 3 subunits; troponin I (TnI), troponin T (TnT), and troponin C (TnC). The genes that code for the skeletal and cardiac isoforms of troponin C (TnC) are similar. The skeletal and cardiac sub-forms for troponin I (TnI) and troponin T (TnT) are distinct, and immunoassays have been developed to distinguish subtypes (Omland et al., 2010). Skeletal TnI and TnT are structurally diverse. No cross-reactivity arises between skeletal and cardiac TnI and TnT with the current assays (Sharp et al., 2019). Troponin is adhered to the protein tropomyosin and structurally lies within the groove between actin filaments in muscular tissue. In a relaxed muscle, tropomyosin blocks the site of attachment for the myosin cross-bridge thereby consequently preventing contraction. When the muscle cell is triggered to contract a calcium channel gets open in the sarcoplasmic reticulum hence releasing calcium into the sarcoplasm (Black et al., 2019). A portion of this calcium gets attach to troponin resulting in conformational change that displaces tropomyosin so that the cross bridges can attach to actin and ensue action potential tropomyosin so that the cross bridges can attach to actin and ensue muscle contraction (Morawiec et al., 2019). Troponin can originate from both skeletal and cardiac muscles, but the specific forms of troponin vary between types of muscle (Omland et al., 2010). The main difference is that the TnC in skeletal muscle has four binding sites for calcium ion, whereas in cardiac muscle there are only three. The process of contraction in both cardiac and skeletal muscles is controlled by variation in the intracellular calcium concentration. When calcium level rises the muscles contract, and when calcium drops the muscles relax. Smooth muscle does not contain troponin (Sharp et al., 2019).
2.4 PALM OIL
Oil palm, Elaeis guineensis, has been cultivated in Malaysia since 1917 and is now the most important economic crop in Malaysia, with export revenue from the crop reaching more than RM 67.12 billion in 2018 (Parveez et al., 2019). Other leading palm oil-producing countries are Indonesia and Thailand with about 40 more countries Nigeria inclusive. The crop produces almost ten times higher oil per hectare than any other leading vegetable oil crops (Mba et al., 2015). Palm oil and its derivatives are mainly used for cooking, frying oils, margarine, shortenings, vanaspati and specialty fats (Gunstone et al., 2005). Palm oil or its blends with palm kernel or with other vegetable oils were the different product available in market. Crude palm oil is extracted from palm mesocarp and rich in minor components, including carotenoids (precursor of vitamin A), tocopherols and tocotrienols (vitamin E), sterols, phospholipids, squalene, aliphatic hydrocarbons and aliphatic alcohols (Goh et al., 1985; Ayeleso et al., 2014). More research has been focusing on carotenoids and vitamin E in palm oil in recent years with its antioxidant properties. Despite their nutritional values, palm carotenoids are removed during the refining process, this is to gain clear oil which is better for consumer acceptance and industry purposes (Rossi et al., 2001). The concentration of carotenoids is reduced to more than half with application of high temperature and steps such as deacidification and deodorization. Goh et al. stated that tocopherols’ level decreased tremendously during this refining process (Ooi et al., 1991; Alexandre et al., 2017).Red palm oil is a refined palm oil, in which although it has similar properties as refined, bleached, deodorized (RBD) oil, it still retains its content of carotenoids and the vitamin E (Avidi et al., 2003). It did not go through a few processes, such as refining and bleaching with causes carotenoid, vitamin E and sterol reduction (Purnama et al., 2020). Red palm oil has a distinctive red color because it contains high level of carotene and low free fatty acid level (Kamaruzaman et al., 2015). Nagendran et al. (2000) reported that this process was patented and used to commercialize various red palm oil fractions and products.
2.4.1 BENEFICIAL COMPOUNDS AND PROPERTIES
2.4.1.1 PHYSICOCHEMICAL PROPERTIES
From Table 1, the free fatty acids content of red palm oil, red palm olein and crude red palm oil are 0.1%, 0.1% and 11.4%, respectively (Kamaruzaman et al., 2015). The iodine values of red palm oil and red palm olein range from 51 to 56, while the slip melting points of these two oils range from 23-370C. Moisture and impurities of red palm oil and red palm olein are 0.04% and 0.50%, respectively (El-Hada et al., 2010). The peroxide value of crude red palm olein (7.2 meq O2 per kg) was higher than red palm olein (1.5 meq O2 per kg) (Krishna et al., 2015).
Table 2.1:
Physicochemical properties of red palm oil, red palm olein and crude red palmolein. (Adapted from Tan et al., 2021).
	
	Red palm oil
	Red Palm olein
	Crude red palm olein

	Free Fatty acids (%)
	0.1
	0.1
	11.4

	Iodine Value (g12/100g)
	51.6
	56.7
	55.7

	Moisture & impurities (%)
	0.04
	0.5
	--

	Slip melting point (0C)
	37.0
	23.
	23.0

	Peroxide value (meq O2 per Kg)
	--
	1.5
	7.2

	Acid value (mg KOH/g)
	--
	0.3
	---

	Refractive index (400C)
	--
	1.5
	1.5



2.4.1.2 FATTY ACID COMPOSITION
Red palm oil has a balanced percentage of fatty acids, which comprise 50% of saturated fatty acids, 40% monosaturated 10% polyunsaturated fatty acids (Ayeleso et al., 2012). This balanced composition of fatty acid allows red palm oil to stay at a semi-solid state and is more resistant to lipid oxidation than other vegetable oils that contain high monounsaturated acids. From 50%of saturated fatty acids, 45%are palmitic acid, and 5%are stearic acid (Ayeleso et al., 2012). Other studies reported that approximate 0.2 and 1.0%to1.5%of lauric acids and myristic acid are also present inred palm oil as saturated acid, respectively (Cassiday et al., 2017; Delisle et al., 2018). The only monounsaturated acid within red palm oil is oleic acid, and the two polyunsaturated fatty acids are linoleic acid and linolenic acid (Cassiday et al., 2017; Delisle et al, 2018).
2.4.1.3 CAROTENOIDS
Carotenoids are one of the key compounds highly retained after a special refining process and give red palm oilits orange-red color. Studies have shown that the amount of retained carotenoids after refining ranges from 500 to786 parts per million depending on the condition of crude(red) palm oil before refining (Budiyanto et al., 2019). About 80%of the carotenoids retained were found to be consisted of 0.2%phytoene, 0.6%phytofluene, 41.3%α-carotene, 10.2%cis-α-carotene, 41.0%β-carotene, cis-β-carotene, 0.6% ζ-carotene, 0.8%γ-carotene, 0.8%δ-carotene, 0.2%neurosporene, 0.5%α-zeacarotene, 1.3%β-zeacarotene and1.0%lycopene (Loganathan et al., 2017). However, α-carotene and α-carotene represents 90% of the refined carotenoids in red palm oil (Delisle et al., 2015). Among the 13 carotenoids retained, only α-carotene, β-carotene and γ-carotene can show pro-vitamin A activity and is has 15, 44 and 300 times more retinol than carrots, leafy vegetables and tomatoes respectively (Loganathan et al., 2017).
2.4.1.4 TOCOPHEROLS AND TOCOTRIENOLS
Other than carotenoids, tocopherols and tocotrienols also contribute to the oxidative stability of red palm oils. About 85%of tocopherols and tocotrienols are retainedafter the refining process, ranging from 600 to 1000 parts per million (Delisle et al., 2018). The tocopherols and tocotrienols present are in the form of 19%α-tocopherol, 29%α-tocotrienol, 41% γ-tocotrienol and 10%δ-tocotrienol with 70%are tocotrienols, and 30% are tocopherols (Cassiday et al., 2017). As an antioxidant, it may prolong food products’ shelf-life, stabilize oils and fats, and lower free radical damage (Al-Saqer et al., 2004).
2.4.1.5 OTHER PHYTONUTRIENTS
Other than carotenoids and vitamin E in red palm oil, minor phytochemicals such as phytosterols, ubiquinones, coenzyme Q10, squalene and polyphenols were detected to be present in small quantity (Cassiday et al., 2017). In red palm oil, the amount of phytosterols ranges from 325 to 365 parts per million and squalene is 14 to 15 parts per million, coenzyme Q10 is 18 to 25 parts per million ubiquinone is 18-25 parts per million(Loganathan et al., 2017).
2.4.2 CONTROVERSIES OF PALM OIL
For many years now, it has been established that the primary cholesterol-elevating fatty acids are the saturated fatty acids with 12 (lauric acid), 14 (myristic acid) and 16 (palmitic acid) carbon atoms with a concomitant increase in the risk of coronary heart disease. The World Health Organization in its report (2003) states that there is convincing evidence that palmitic oil consumption contributes to an increased risk of developing cardiovascular diseases. In the past, palm oil was attacked as “saturated” since it contains 44% palmitic acid and 5% stearic acid, and thereby allegedly raises blood cholesterol and increases the risk of cardiovascular disease. However, people even in hospitals were advised to consume little palm oil. But, a sizeable and growing body of scientific evidence indicates that palm oil’s effect on blood cholesterol is relatively neutral when compared to other fats and oils. Palm oil raises plasma cholesterol only when an excess of dietary cholesterol is presented in the diet. Two main meta-analyses have examined the effect of palmitic acid (found in palm oil) on serum cholesterol. In a 1997 study based on 134 clinical studies, British researchers concluded that, compared to carbohydrates, palmitic acid raises blood cholesterol levels (Clarke et al., 1997). 
In 2003, Dutch scientists conducted another meta-analysis of 35 clinical studies (Mensink et al.,2003) and examined what many experts consider the best indicator of heart-disease risk: the ratio of total Cholesterol to HDL cholesterol (Institute of Medicine, National Academies 2002). Palmitic acid increased the total: HDL cholesterol ratio more than other saturated fatty acids, including lauric acid and mysristic acid, which are abundant in palm kernel oil and coconut oil; the other highly saturated tropical oil (Enig et al., 1993). Palm oil increases the total: HDL cholesterol ratio more than the average U.S. or British dietary fat (Jensen et al., 1999). That finding indicates that, in terms of blood cholesterol, palm oil is somewhat more harmful than the average U.S. dietary fat and much more harmful than such liquid oils as olive, soy and canola. The World Health Organization has stated that there is “convincing evidence” that palmitic acid increases the risk of cardiovascular disease (World Health Organization 2003). But due to the antioxidant present it neutralizes the palmitic acid present in it. But if the Palm Oil is oxidized and the Free Fatty Acids is more than 5% it becomes dangerous, a number of pre-1990 human feeding studies. Reported that palm oil diets resulted in lower serum cholesterol levels than pre-study values. 
Indeed, scientists concluded that these studies, although not specifically designed to study palm oil, have revealed that a palm oil diet lowered plasma cholesterol compared with the starting periods during which the subjects were eating their habitual Western diets. These conclusions were questioned because the studies were not designed to measure the effects of palm oil. But subsequent studies, specifically designed to evaluate palm oil, confirmed that palm oil’s impact on serum lipid and lipoprotein profiles compares favorably to corn oil, lightly hydrogenated soybean oil, and olive oil. Thus, palm oil’s impact on serum lipids is more like a monounsaturated than saturated oil. Palm oil contains a high percentage of monounsaturated (40%). Palm oil’s saturated fatty acids are palmitic (44%) and stearic (5%), which do not appear to evaluate blood cholesterol in people with cholesterol levels within normal ranges. Palm oil stimulates the synthesis of protective HDL cholesterol and removal of harmful Low Density lipoprotein (LDL) cholesterol. Palm oil is rich in vitamin E, (particularly tocotrienols), which appear to reduce serum cholesterol concentrations (Ebong et al., 1999). 










CHAPTER THREE
3.0 MATERIALS AND METHODS
This is an experimental study aimed at determining the effect of Red palm oil (RPO) on cardiac function in high-fat-diet induced obese male Wistar rats.
3.1 STUDY AREA
This study was conducted in Ado-Ekiti at the animal house of the College of Medicine and Health Sciences, Afe Babalola University, Ado-Ekiti. Laboratory Analysis was carried out in Department of Medical Laboratory Science, Afe Babalola University, Ado-Ekiti.
3.2 STUDY DESIGN
This is an experimental case-control research study. It was carried out on 50 rats for a period of five weeks.
3.2.1 EXPERIMENTAL GROUPING AND FEEDING
Fifty (50) male Wistar rats, six weeks old were randomly distributed into 5 groups of 10 rats each (N=10) used for this study. They were acclimatized for Two weeks. 
Animals were randomly distributed as follows:
Group 1: Rats fed with normal standard rat feeds and water only for five (5) weeks.
Group 2: Rats fed with high fat diet and water only for five (5) weeks.
Group 3: Rats fed with high fat diet (to induce obesity) then orally given red palm oil 0.2ml /kg body weight and water for five (5) weeks.
Group 4: Rats fed with high fat diet (to induce obesity) then given red palm oil at 0.4ml /kg body weight and water for five (5) weeks.
Group 5: Rats fed with red palm oil at 0.4ml /kg and water for five (5) weeks.
Each group of rats was allowed to have free access to water and food for five weeks after two weeks of acclimatization. 0.2/0.4 ml/kg of red palm oil was administered orally using medicut intravenous cannula. 
3.2.2 ANIMALS: DIETS, HOUSING AND STUDY POPULATION
Fifty (50) male Albino Wistar rats weighing between 80-140 gram were purchased from Animal house (Pure breed) in Afe Babalola University, Ado-Ekiti, Ekiti State, Nigeria. Commercially formulated, normal standard rat chow and high fat diet were purchased from CAPFEED Nig Limited, Ola Ogun area in Ibadan, Oyo State. The animals were maintained in the animal house in hanging stainless-steel plastic cages (ten animals per cage) and kept under controlled environmental conditions (12-hrs light/dark cycle, room temperature 22–250C and humidity 40–60%. All rats had free access to food and drinking water throughout the experiments.
3.3 INCLUSION AND EXCLUSION CRITERIA 
Inclusion criteria
1. Healthy Male Albino Wistar rat with average body weight of 150-200g were  included in the study
Exclusion criteria
1. Rat with average body weight less than 150g were  excluded
2. Unhealthy male Wistar rats before the commencement of the experiment were  excluded
3. Female Wistar rat were  excluded

3.4 SAMPLE COLLECTION
Body weight gain, food, water intake measurement and preparation of serum.
Body weight of the rats were measured weekly after the period of acclimatization. Body weight change was calculated from the difference between final body weight and initial body weight. 5ml whole blood was collected from retro-orbital plexus of all animals and dispensed into lithium heparin vacutainer after an overnight fast using micro-capillary tube. Plasma was separated from the cells by centrifugation at 4,000 rpm, for 10 min using a Bucket Centrifuge and transferred to another plain tube. After blood collection, all animals were euthanized with chloroform and thereafter sacrificed by cervical dislocations.


3.5 MEASUREMENT OF VARIABLES
BIOCHEMICAL ANALYSIS
Heparinized plasma was used in determination of Troponin and Creatine kinase (iso-enzyme) using Agappe Enzyme linked Immunosorbent assay kit and procedure followed was followed according to the manufacturer’s instruction.


 
DETERMINATION OF SERUM TROPONIN BY AGAPPE KIT
PRINCIPLE OF THE ASSAY
This assay employs the quantitative sandwich enzyme immunoassay technique. Antibody specific for cTn-T that has been pre-coated onto a microplate. Standards and samples are pipetted into the wells and any cTn-T present is bound by the immobilized antibody. After removing any unbound substances, a biotin-conjugated antibody specific for cTn-T was added to the wells. After washing, avidin conjugated Horseradish Peroxidase (HRP) was added to the wells. Following a wash to remove any unbound avidin-enzyme reagent, a substrate solution was added to the wells and color develops in proportion to the amount of cTn-T bound in the initial step. The color development was stopped and the intensity of the color measured.
NORMAL RANGE
0 - 0.40 (ng/ml).
SENSITIVITY
The minimum detectable dose of human cTn-T is typically less than 0.039ng/ml. The sensitivity of this assay, or Lower Limit of Detection (LLD) was defined as the lowest protein concentration that could be differentiated from zero. It was determined by the mean O.D value of 20 replicates of the zero standard added by their three standard deviations.

SPECIFICITY
This assay has high sensitivity and excellent specificity for detection of human cTn-T. No significant cross-reactivity or interference between human cTn-T and analogues was observed.

IN VITRO QUANTITATIVE DETERMINATION CREATINE KINASE IN HUMAN SERUM BY AGAPPE KIT
Principle
Kinetic determination of Creatinine Kinase is based on the following reactions:
CK
Creatinine Phosphate + ADP ——————> Creatine + ATP
				Hk
ATP + D-Glucose ——————————> G-6-p+ADP
G-6-PDH
G-6-P + NADP+ ———————> D-Gluconate -6-Phosphate + NADPH + H+
CK- Creatinine Kinase; 
Hk - Hexokinase
G-6-P-D - Glucose-6-phosphate; 
G-6-PDH - Glucose-6 Phosphate dehydrogenase
NORMAL RANGE
22 – 198 (U/L)

3.6 DATA ANALYSIS AND STATISTICAL TECHNIQUES
All the data were expressed as Mean ± SD (Standard Deviation).  Statistical analysis was performed by one-way analysis of variance (ANOVA) and differences between means determined by Student’s T-test using GRAPHPAD by Dotmatics software. P-value less than 0.05 (p<0.05) was considered statistically significant.
3.7 ETHICS STATEMENT AND ANIMALS
Ethical approval for this experiment was obtained from the Animal Care and Use Ethical Committee, College of Medicine and Health Sciences, Afe Babalola University Ado-Ekiti. (Protocol Number: AAERC/CMHS/264). All procedures and techniques in this study were in accordance with Guide for the Care and Use of Laboratory Animals, published by the U.S. National Institute of Health (NIH publication 8523, revised 1985).




















CHAPTER FOUR
4.0 INTERPRETATIONS OF RESULTS
4.1 BODY WEIGHT 
The average body weight of each rat will be represented by group distribution statistically achieved by determining the mean weight for each group, however the initial body weight of these rats were recorded when received for the experimental study and final body weights were taken on the last day of the experiment so as to mathematically demonstrate the relative change in weight for each group.
Table 4.1: Showing the initial, final and relative body weight change in each group.
	Groups
	Initial body weight
(grams)
	Final body weight
(grams)
	Relative change in weight
(grams)

	Group 1
	115.2 
	177.7
	62.5

	Group 2
	122.1
	157.8
	35.7

	Group 3
	124.2
	166.2
	42.0

	Group 4 
	124.2
	156.7
	32.5

	Group 5
	129.0
	166.0
	37.0



Table 4.1; expresses the initial, final and relative change in body weight of each group averagely, showing the distinctive increase in body weight for each group, the control group gained more average weight compared to other groups. The control group was fed with normal rat chow diet and water, group 2, 3, 4 were fed with high fat diets, (group 3 and 4 were treated with red palm oil at (0.2 and 0.4 ml/kg body weight) concentrations respectively, while group 5 was fed with normal rat chow and 0.4ml/kg concentration of red palm oil.


Figure 4.1, shows the changes in body weight of each group, which shows there was a significant increase in body weight of all groups at the end of the study compared to the initial weight.










4.2 ORGAN WEIGHT
The organ weight of all groups (1, 2, 3, 4, and 5) were measured using a weighing scale during the sacrifice carried out, to determine the average weight of each group’s organ (Heart), the mean and standard deviation were determined statistically thereafter.

TABLE 4.2: MALE WISTAR RAT ORGAN (HEART) MEASEURED IN GRAM WITH THE STATISTICAL EXPRESSION OF EACH GROUP, MEAN AND STANDARD DEVIATION REPRESENTED BELOW.
	Groups
	Mean weight (± SD)

	Group 1
	0.42 ± 0.06

	Group 2 
	0.48 ± 0.03

	Group 3
	0.46 ± 0.06

	Group 4
	0.50 ± 0.07

	Group 5
	0.50 ± 0.03










Table 4.2 above denotes a significant increase in group 2, 3, 4 and 5 compared to control group 1 (0.42 ± 0.06), group 4 and 5 were shown to have similar mean weights (0.50gram), the concentration of red palm oil induced had an effect on the relative sizes of each group in respect to the final organ weight, the control group was shown to be statistically significant when compared to group 5 in a two-tailed P-value of p≤ 0.05.

Figure 4.2: There was a significant difference in the organ weight of each group in respect to the high fat diet and concentration of red palm oil administered showing a varying difference from that of the control group. 



4.3 EFFECT OF RPO ON CARDIAC FUNCTION ESTIMATING CARDIAC TROPONIN I AND CREATINE KINASE
Table 4.3; represents the average total levels of serum Troponin and Creatine kinase from the grouped experimental subjects. 
	Group
	Troponin
(ng/ml)
	Creatine kinase
(U/L)

	Group 1(control group)
	0.34 ± 0.30
	144.8 ± 46.8

	Group 2
	2.05 ± 1.83
	272.2 ± 91.9

	Group 3
	0.46 ± 0.24
	293.4 ± 59.4

	Group 4
	1.43 ±1.36
	280.9 ± 99.8

	Group 5
	0.69 ± 0.38
	188.2 ± 55.4


The results derived, after clinical evaluations of the cardiac biomarkers (Troponin and creatine kinase) show that; The total serum troponin levels of all treatment group showed no significant change compared with the control subjects, 
While the serum creatine kinase levels of group 2-4 showed a significant increase (p ˂ 0.05) when compared with the control group, although group 5 showed no significant change compared to the control subject.
  Statistical analysis of all results were expressed as mean ± standard error of mean (SEM), carried out using Graphpad by Dotmatics.
Figure 4.3.1 & 4.3.2 demonstrates the levels of (Fig 4.3.1: Serum troponin and Fig 4.3.2: Creatine kinase) respectively.
 

4.4 HISTOLOGICAL MORPHOLOGY OF ORGANS
Histological morphology demonstrating the hearts from each experimented group were obtained after euthanizing and fixing tissue in 10% formalin solution, processed by the paraffin technique. Sections of 5μm thickness were cut and stained by hematoxylin and eosin (H&E) for histological examination. Representative photomicrographs were obtained with an Olympus V-TVO 5XC-3 (Olympus, Tokyo, Japan) using X10 objective lens.

[image: ]
Figure 4.4.1: Demonstrates light micrographs of heart tissue from the control group, which shows normal cellular morphology of the tissue where the cytoplasm stains pink and the nucleus stains deep purple.


[image: ] 
Figure 4.4.2: Demonstrates light micrographs of group 2 heart tissues that were treated with high fat diet and water, the histology above compared to the control group shows cell shrinkage and small clusters of myocardial fibers.
[image: ]
Figure 4.4.3: Demonstrates light micrographs of group 3 subjects treated with high fat diet and red palm oil 0.2ml/kg, the histology shown in (fig 10) was compared to the control group, the loss of myofibril integration in group 3 and cytoplasm shrinkage were observed histologically.
[image: ]
Figure 4.4.4: Demonstrates light micrographs of group 4 subjects treated with high fat diet and red palm oil 0.4 ml/kg, histology shown in figure 11 was compared to control, absence of nucleus, shrinkage of cells and increased eosinophilia were observed, necrotic fibers pick up the eosin stain  more readily than normal fibers.
[image: ]
Figure 4.4.5: Demonstrates light micrographs of group 5 subjects treated with normal feed and red palm oil 0.4 ml/kg, the histological morphology of group 5 subjects compared to control subjects presented group 5 subjects with cardiac fibrosis, an abnormal thickening of the heart valves due to inappropriate proliferation of cardiac fibroblast. 




















CHAPTER FIVE		
5.0 DISCUSSION OF FINDINGS 
 DISCUSSION
Palm oil, Elaeis guineensis, produces almost ten times higher oil per hectare than any other leading vegetable oil crops (Mbaet al., 2015). Red palm oil has a balanced percentage of fatty acids, which comprise 50% of saturated fatty acids, 40% monosaturated 10% polyunsaturated fatty acids (Ayeleso et al., 2012). Some believe that this oil is unfit for consumption because it would promote the occurrence of cardiovascular diseases due to the saturated fat content (Batai et al., 2021). Cardiovascular diseases (CVDs) are the second most common cause of death among children, adolescent and adults with a great, global negative impact in terms of morbidity and mortality (Ike et al., 2020). Some factors are believed to trigger the formation of fatty streak, which is the hallmark in the development of the atherosclerotic plaque (Yahagi et al., 2017). 
 In our study, the effect of 5weeks administration of red palm oil on the organ weight, body weight, histological morphology and serum cardiac biomarkers; Troponin and Creatine kinase concentration was evaluated.
The case-control study revealed a significant increase in the organ weight of group 2-5 subjects against that of the control, the control group weighed an average of 0.42 gram which presented to be the lowest organ weight from the experiment, similar to the findings of (Bhandari et al.,2011). 
 The study further revealed a significant increase in the absolute body weight of all groups. This is similar to findings from studies conducted by (Bhandari et al.,2011). There is a significant positive correlation between mean dietary fat and the incidence of obesity, as the mean amount of fat in the diet increases, the incidence of obesity also increases, studies have shown that consumption of dietary fats promote hypothalamic resistance to the main anorexigenic hormones, leptin and insulin, leading to the progressive loss of the balance between food intake and thermogenesis and, therefore, resulting in body mass gain. There is every reason to maintain that a detail study of the weights (organ and body), would be helpful in detecting pathological responses in the subjects.
The total serum troponin levels of all treatment group were above the standard troponin range 0-0.4 ng/ml, the average concentration of the control group was (0.34 ng/ml) which is below the probable heart attack range known to be (0.40 ng/ml) allowing the control group to be clinically significant from other groups that presented to be above the heart attack range 0.40 ng/ml, group 2-5 subjects were presented to be higher than the probable  heart attack range, therefore clinically significant with symptomatic manifestations of acute myocardial injury or infarction, similar to the findings of (Omland et al.,2010) the function of the troponin complex is to regulate sarcomere contraction via binding to thin filaments, troponin can be elevated due to myocardial ischemia and subsequent tissue hypoxia.
Creatine kinase is an enzyme that’s responsible for healthy muscle function. (CK-MB) is a cardiac biomarker with serum concentration ranging from  22 – 198 U/L, the creatine kinase levels of group 2-4 showed significant increase (p ˂ 0.05) when compared with the control group, group 5 showed no significant change compared to the control subject. Creatine kinase levels of group 2-4 subjects were above standard concentration levels, various factors are responsible for elevated creatine kinase levels such as; Myocarditis (infection of the middle layer of the heart wall), Rhabdomyolysis (muscle destruction), Stroke, Trauma.
In the histology group 1 appeared normal in morphology; group 2 subjects were seen to be clustered within the myocardial fibers, group 3 tissue presented with loss of myofibril integration and shrinkage of cells, while group 4 presented with increased eosinophilia with absence of nucleus, group 5 appeared to be present with Abnormal thickening of the heart valves. All of these are indications of cardiovascular myopathies.
5.1 CONCLUSION
The use of palm oil in human food is widely debated. Some believe that this oil is unfit for consumption because it would promote the occurrence of cardiovascular diseases due to the saturated fat content, For other authors on the other hand, palm oil is rich in several compounds especially the non-glyceridic or non-saponifiable fraction such as tocotrienols, tocopherols,  carotenoids, free and esterified phytosterols, phenolic compounds, beta-carotene and almost no trans fatty acids, which gives it enormous beneficial properties for the consumer and one of the reasons for the increase in its use in recent years. On the basis of the data collected thus far, further examination of red palm oil in large-scale human clinical studies is warranted. 
The histological examination in this present study showed High fat diet induced obesity in the morphological outcome; likewise Troponin estimated was above normal range for group 2, 3, 4, and 5 respectively, creatine kinase concentration was above normal range for group 2, 3, and 4.





5.2 C0NTRIBUTION TO KNOWLEDGE / RECOMMENDATIONS
The contribution of this experiment to the pool of knowledge is that red palm oil and high fat diets are causative factors responsible for cardiac myopathies which could be asymptomatic at early stages, the study thus suggest that Troponin I and Creatine kinase (MB) may be used in clinical laboratory investigations as cardiac biomarkers of choice in diagnosing cardiovascular diseases.
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