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      INTRODUCTION




      Cardiovascular disease (CVD) is the leading cause of mortality worldwide and hypertension remains the most common cardiovascular disease and a major public health issue in both developed and developing countries [1].




      Hypertension, according to the National High Blood Pressure Education Program (NHBPEP) [2], is defined as systolic blood pressure (SBP) equal or greater than 140 mmHg and diastolic blood pressure (DBP) as equal or more than 90 mmHg, taking antihypertensive medication, or being told twice by a physician or other professional that one has hypertension. It is also defined as a condition in which the arterial blood pressure is chronically elevated. Hypertension is considered an independent, useful and powerful prognostic indicator for cardiovascular and renal disease, whereas it is significantly associated with the increased morbidity and mortality from cerebrovascular disease, myocardial infarction, congestive heart failure and renal insufficiency [3]. Hypertension remains a major risk factor for chronic renal failure, cardiovascular disease and stroke and prevention is crucial in reducing the risk of the appearance of these complications [4].


    




    

      EPIDEMIOLOGY OF HYPERTENSION




      Cardiovascular disease including hypertension is the leading non-communicable disease affecting both sexes and occurring more at much younger age-group and is now regarded as the leading contributory cause of death worldwide [5]. Hypertension contributes to about 57% of all deaths from strokes and 24% of all deaths from coronary artery disease [1]. Recent World Health Statistics (2012) [6] showed that among about 57 million global deaths in 2008, 36 million (63%) deaths were due to non-communicable diseases (NDCs) with the largest proportion (48%) attributed to cardiovascular disease. In terms of attributable deaths, hypertension is one of the leading behavioral and physiological risk factors to which 13% of global deaths are attributed. Indeed, hypertension is reported to be the fourth contributor to premature death in developed countries and the seventh in developing countries [1].




      On a global perspective, approximately 20%-30% of the world’s adult population is estimated to be hypertensive, when hypertension is defined as blood pressure in excess of 140/90 mmHg [7]. This figure increases exponentially in population older than 60 years. In many countries, 50% of individuals in this age-group have hypertension. Overall, approximately 1 billion of the adult world’s population suffered from hypertension in the year 2000 and this figure is expected to rise to 1.56 billion by 2025, and contributing to more than 7.1 million deaths annually [8]. National health surveys in various countries have shown a high prevalence of poor control of hypertension [9]. Thus, the prevalence of hypertension is 22% in Canada, of which only 16% is well controlled; 26.3% in Egypt, of which 8% is controlled; and 13.6% in China, of which only 3% is well controlled [9]. However, a progressive rise in blood pressure with increasing age has been reported. Age-related hypertension appears to be predominantly systolic rather than diastolic. The SBP rises into the eighth or ninth decade, whereas the DBP remains constant or declines after the age 40 years [10].




      Arterial hypertension prevalence rates vary significantly from country to country, presenting prevalence values of 44% in Europe, 28% in the USA and 50% in Greece [11, 12]. Today, while the mean blood pressure has been reported to have decreased in nearly all high-income countries, it has been increasing in most African and some European countries, apparently due to adoption of western lifestyles. Indeed, the prevalence of hypertension in 2008 was highest in the WHO African Region at 36.8% (range: 34.0-39.7%) [13].




      In 1991, NHBPEP estimated 43.3 million adults in the USA to be suffering from hypertension [14]. According to statistical data from the National Health Examination Surveys (NHANES), the age-adjusted prevalence of hypertension in the USA varies from 18-32% with about 79% of the affected patient engaged in hypertension treatment [15]. Similarly, a 2005 NHANES report in USA found that in the population aged 20 years or older, an estimated 41.9 million men and 27.8 million women had prehypertension (SBP, 120-139 mmHg; DBP, 80-99 mmHg), 12.8 million men and 12.2 million women had stage 1 hypertension (SBP, 140-159 mmHg; DBP, 90-99 mmHg), and 4.1 million men and 6.9 women had stage 2 hypertension (SBP ≥ 160 mmHg; DBP ≥ 100 mmHg) [15]. Another NHANES survey reported that the prevalence of hypertension grows significantly with increasing age in all sex race groups [16]. The age-specific prevalence was 3.3% in white men (aged 18- 29 years); this rate increased to 13.2% in the group aged 30-39 years. The prevalence further increased to 22% in the group aged 40-49 years, to 37.5% in the age-group 50-59 years and to 51% in the age-group 60-74 years [16]. In a related study, the incidence of hypertension increases approximately 5% for each 10-year age interval.




      According to the recent statistical data emanating from the American Heart Association, about 77.9 million (1 out of every 3) adults have hypertension in USA [17]. It is projected that by 2030, the prevalence of hypertension will increase 7.2% from 2013 estimate. It was further reported that a higher percentage of men than women have high blood pressure until age 45. From ages 45-54 and 55-64 years, the percentage of men and women is similar; after that a much higher percentage of women than men have high blood pressure. Hypertension was listed on death certificates as the primary cause of death of 61,762 Americans in 2009; hypertension was listed as a primary or contributing cause of death in about 348,102 of 2.4 million deaths in the USA in 2009; high blood pressure mortality was 44.8% in men and 55.2% of death in women. Thus, the overall death rate from high blood pressure was 18.5 per 100,000 and the death rates were 17.0 for white males, 14.4 for white female, 51.6 for black males, and 38.3 for black females. It was also reported that in 2009 alone, the direct and indirect cost of treatment of hypertension in the USA stood at $51.0 billion [17].




      High blood pressure is a major risk factor and better control can lead to prevention of 300,000 of the 1.5 million annual deaths from cardiovascular diseases in India [18]. In India, the prevalence of hypertension in the late nineties and early twentieth century varied from among different studies and ranging from 2-15% in the urban India and 2-8% in the rural India. However, the recent epidemiological data suggest that the prevalence of hypertension has increased in both urban and rural subjects and presently stands at 25% in urban adults and 10-15% among rural adults [18].


    




    

      AETIOPATHOPHYSIOLOGY AND RISK FACTORS OF HYPERTENSION




      A possible etiology of essential hypertension has been proposed in which multiple factors, including genetic predisposition, excess dietary salt intake, and adrenergic tone, were identified to interact to produce hypertension [19]. In more than 95% of cases, a definitive underlying cause of hypertension remains unknown (idiopathic). Such cases are referred to as essential or idiopathic hypertension and the pathogenesis of this type of hypertension remains fuzzy and not clearly understood [20]. However, many risk factors may contribute to its development and such factors include renal dysfunction, peripheral resistance vessel, endothelial dysfunction, autonomic tone, insulin resistance and neurohumoral factors [21]. Hypertension is known to develop secondarily as a result of systemic response to vasoconstrictive stimuli. Indeed, alterations in structural and physical properties of resistance arteries, as well as endothelial dysfunction, are probably responsible for abnormal vascular [22]. More so, vascular remodeling occurs over the years as hypertension evolves, thereby maintaining increased vascular resistance irrespective of the initial hemodynamic pattern. Increased vascular wall thickness affects the amplification of peripheral vascular resistance in hypertensive patients and results in the reflection of waves back to the aorta, leading to increased systolic blood pressure [22]. However, one form of essential hypertension, known as high-output hypertension, results from decreased peripheral vascular resistance and concomitant cardiac stimulation by adrenergic hyperactivity and altered calcium homeostasis. A second mechanism manifests with normal or reduced cardiac output and elevated systemic vascular resistance (SVR) due to increased vasoreactivity. Another (and overlapping) mechanism is increased salt and water reabsorption (salt sensitivity) by the kidney, which increases circulating blood volume. The vascular endothelium is considered to be a vital organ, in which synthesis of various vasodilating and constricting mediators occurs. These mediators include angiotensin II, bradykinin, endothelin, prostaglandins, nitric oxide, and several other growth factors [21]. Endothelin is a potent vasoconstrictor and growth factor that likely plays a major role in the pathogenesis of hypertension. Angiotensin II is a potent vasoconstrictor synthesized from angiotensin I with the help of an angiotensin-converting enzyme (ACE) [23]. Another vasoactive substance manufactured in the endothelium is nitric oxide. Nitric oxide is an extremely potent vasodilator that influences local autoregulation and other vital organ functions. Additionally, several growth factors such as platelet-derived growth factor, fibroblast growth factor, insulin growth factor, etc., are produced in the vascular endothelium with each of these playing an important role in atherogenesis and target organ damage [24].




      Hypertension is more common in some ethnic groups, particularly Black American and Japanese, and approximately 40-60% is explained by genetic factors. Important identified environmental risk factors include high salt intake, heavy alcohol consumption, obesity, lack exercise and sedentary lifestyle, and impaired intrauterine growth [25]. However, there is little evidence that ‘stress’ causes hypertension. In about 5% of cases, hypertension can be shown as a consequence of a specific disease or abnormality leading to sodium retention and/or peripheral vasoconstriction (secondary hypertension). Other identifiable risk factors include pre-eclampsia, renal diseases (renal vascular disease, parenchymal renal disease and polycystic kidney disease), endocrine diseases (phaeochromocytoma, Cushing’s syndrome, Conn’s syndrome, glucocorticoid-suppressible hyperaldosteronism, hyperparathyroidism, acromegaly, primary hypothyroidism, thyrotoxicosis, congenital adrenal hyperplasia, Liddle’s syndrome and 11-β-hydroxysteroid dehydrogenase deficiency), drugs [such as oral contraceptives containing estrogen, anabolic steroids, corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs), carbenoxolone, sympathomimetic agents] and coarctation of the aorta [25, 26].




      In the Framingham study, it has been estimated that hypertensive subjects were 2 to 3 times more likely to develop coronary heart disease (such as angina pectoris, myocardial infarction, sudden death, etc.) compared to the healthy normotensive control subjects. The risk is 3 times greater for cerebrovascular diseases and 3.5 times greater for heart failure [27]. More importantly, it has been reported that individuals with blood pressure values of 130-139/85-89 mmHg were significantly at higher risk of developing cardiovascular diseases compared to subjects with lower blood pressure values [28].




      Oxidative stress has recently been implicated in the etiopathophysiology of hypertension development. In the vascular smooth muscle cells and endothelial cells, NADPH oxidase acts as the primary source and is particularly important in pathophysiology of hypertension. In the vascular system, ROS production through the NADPH oxidase is triggered by stimulation of neurohumoral vasoconstrictor agents, such as angiotensin II (Ang II), endothelin-1 (ET-1) and norepinephrine (NE). The action of Ang II through angiotensin type 1 (AT1) receptors plays an important role in vasoconstriction. Activation of AT1 receptors results in induction of a number of ROS-producing events in the cell. Infusion of Ang II to normotensive rats stimulates the production of O2- by NADPH oxidase in vessels and induces pressor responses [29]. NADPH oxidase can also be activated by aldosterone and ET-1 [30]. ET-1, the main endothelin form in the endothelium, is a potent vasoconstrictor produced in various vascular tissues including the endothelium. When delivered in high concentrations, ET-1 acts as a vasoconstrictor and is able to alter arterial pressure. Enzymatic reduction of molecular oxygen by eNOS no longer couples to L-arginine, resulting in the generation of deleterious O2- rather than protective NO [31]. This eNOS uncoupling contributes to the increased ROS production and endothelial dysfunction observed in various vascular diseases [32, 33], including hypertension [34].


    




    

      MOLECULAR BASIS OF HYPERTENSION




      On molecular basis, hypertension develops as a result of interplay of the molecular mechanisms such as eNOS uncoupling [34]; mitochondrial respiratory chain dysfunction resulting in increased mitochondrial peroxynitrite formation which leads to nitration and inactivation of mitochondrial antioxidant and manganese superoxide dismutase [35]; activation of mitogen-activated protein kinases (MAPK) pathways such as extracellular signal-regulated kinases (ERKs), c-Jun N-terminal kinases (JNKs) and p38-MAPK [36] which are activated by extracellular and intracellular stimuli such as growth factors (Ang II, vascular endothelial growth factor, platelet-derived growth factor) [37], inflammatory cytokines, and cellular stress and oxidative stress [38]. Other identified pathogenic cellular mechanisms involved in pathogenesis of hypertension include over-activation of PI3K/Akt signaling which contributes to neural mechanisms of hypertension [39], Rho/Rho-kinase dependent mechanisms and Rho-associated protein kinase (ROCK) activity [40], SOD1, SOD2 and SOD3 genes under-expression [39].




      Other identifiable risk factors associated with the development of hypertension include sedentary lifestyle, visceral obesity, hypokalemia [40], obesity (more than 85% of cases occur in those with a body mass index greater than 25) [41, 42], salt (sodium) sensitivity [43], alcohol intake [44] and vitamin D deficiency [45]. The risk of hypertension development also increases with aging [46], some inherited genetic mutations [47] and having a family history of hypertension [48]. An elevation of plasma renin levels (hyperenninemia) [23], sympathetic nervous system over-activity [49], insulin resistance (a major component of syndrome X, or the metabolic syndrome) and consumption of foods high in fructose (e.g. corn syrup) may also increase the risk of developing hypertension [50].


    




    

      TYPES AND CLASSIFICATION OF HYPERTENSION




      Hypertension can be classified based on:





      

        	Cause/etiology: as either primary or secondary hypertension [51];




        	Anatomical sites: as systemic (arterial or venous), pulmonary, renovascular, portal, ocular, etc.


      




      Hypertension can be sub-classified into hypertension stage I, hypertension stage II, and isolated systolic hypertension. Isolated systolic hypertension refers to elevated systolic pressure with normal diastolic pressure and is common in the elderly. These classifications are made after averaging a patient's resting blood pressure readings taken on two or more clinic visits. Patients with the blood pressures higher than 130/80 mmHg with concomitant presence of diabetes or kidney disease require further treatment. Hypertension is also classified as resistant if the prescribed antihypertensives do not effectively control and reduce blood pressure to normal range [52]. Exercise hypertension is an excessively high elevation in blood pressure during exercise [53]. The range considered normal for systolic values during exercise is between 200 and 230 mmHg [54].




      According to High Blood Pressure-Joint National Committee Treatment Guidelines [55], the stages of arterial hypertension are presented in Table 1.




      

        Table 1 Stages of hypertension (High Blood Pressure -Joint National Committee 7 Guidelines) [55].




        

          

            

              	Stage



              	Systolic Blood Pressure (mmHg)



              	



              	Diastolic Blood Pressure (mmHg)

            


          



          

            

              	Normal



              	<120



              	and



              	<80

            




            

              	Prehypertension



              	120–129



              	or



              	80–89

            




            

              	Hypertension, Stage 1



              	140–159



              	or



              	90–99

            




            

              	Hypertension, Stage 2



              	≥160



              	or



              	≥100–109

            


          

        




      




      In the same vein, British Hypertension Society (BHS) classifies hypertension in Table 2 as follows:




      

        Table 2 British Hypertension Society (BHS) classification of blood pressure levels.




        

          

            

              	Category



              	Systolic Blood Pressure (mmHg)



              	Diastolic Blood Pressure (mmHg)

            


          



          

            

              	Optimal blood pressure



              	<120



              	<80

            




            

              	Normal blood pressure



              	<130



              	<85

            




            

              	High-normal blood pressure



              	130-139



              	85-89

            




            

              	Grade 1 Hypertension (mild)



              	140-159



              	90-99

            




            

              	Grade 2 Hypertension (moderate)



              	160-179



              	100-109

            




            

              	Grade 3 Hypertension (severe)



              	≥180



              	≥110

            




            

              	Isolated Systolic Hypertension (Grade 1)



              	140-159



              	<90

            




            

              	Isolated Systolic Hypertension (Grade 2)



              	≥ 160



              	<90

            


          

        




      


    




    

      BLOOD PRESSURE REGULATORY MECHANISMS




      Hypertension is a major risk factor for stroke, coronary events and renal failure, and together with its complications, it represents the leading cause of death with a current incidence of 50% in morbidity and mortality. It is of great interest to provide new knowledge about the mechanisms of blood pressure regulation, as well as alterations on cardiometabolic and renal systems related to hypertension. Alterations in renal sodium excretion have vital importance and are implied in the genesis of hypertension. Diverse factors such as angiotensin II, natriuretic peptides, renal dopamine, and insulin can modify renal sodium handling by regulating sodium transporters. Hypertension and metabolic disorders associated with obesity significantly increase cardiovascular risks and mortality. The pathophysiology of obesity-related hypertension is complex, and multiple potential mechanisms are likely to contribute to the development of higher blood pressure within the obese population. These include hyperinsulinemia, activation of the renin-angiotensin-aldosterone, and sympathetic nervous systems as well as proinflammatory agents. Thus, it is a priority to understand new mechanisms underlying the regulation of blood pressure and to extend the knowledge of pathophysiological mechanisms in order to develop novel treatments to reset optimal blood pressure.




      The endogenous regulation of arterial pressure is not completely understood, but the following mechanisms of regulating arterial pressure have been well-characterized:





      

        	
Baroreceptor reflex: Baroreceptors in the high pressure receptor zones detect changes in arterial pressure. These baroreceptors send signals ultimately to the medulla of the brain stem, specifically to the rostral ventrolateral medulla (RVLM). The medulla, by way of the autonomic nervous system, adjusts the mean arterial pressure by altering both the force and speed of the heart's contractions, as well as the total peripheral resistance. The most important arterial baroreceptors are located in the left and right carotid sinuses and in the aortic arch.




        	
Renin-angiotensin system (RAS): This system is generally known for its long-term adjustment of arterial pressure. This system allows the kidney to compensate for loss in blood volume or drops in arterial pressure by activating an endogenous vasoconstrictor known as angiotensin II.




        	
Aldosterone release: This steroid hormone is released from the adrenal cortex in response to angiotensin II or high serum potassium levels. Aldosterone stimulates sodium retention and potassium excretion by the kidneys. Since sodium is the main ion that determines the amount of fluid in the blood vessels by osmosis, aldosterone will increase fluid retention, and indirectly, arterial pressure.




        	
Baroreceptors: In low pressure receptor zones (mainly in the venae cavae and the pulmonary veins, and in the atria) result in feedback by regulating the secretion of antidiuretic hormone (ADH/Vasopressin), renin and aldosterone. The resultant increase in blood volume results an increased cardiac output by the Frank–Starling law of the heart, in turn increasing arterial blood pressure.


      




      These different mechanisms are not necessarily independent of each other, as indicated by the link between the RAS and aldosterone release. Currently, the RAS is targeted pharmacologically by ACE inhibitors and angiotensin II receptor antagonists. The aldosterone system is directly targeted by spironolactone, an aldosterone antagonist. The fluid retention may be targeted by diuretics; the antihypertensive effect of diuretics is due to its effect on blood volume. Generally, the baroreceptor reflex is not targeted in hypertension because if blocked, individuals may suffer from orthostatic hypotension and fainting.


    




    

      CONSEQUENCES AND COMPLICATIONS OF HYPERTENSION




      The cardiac complications of hypertension are:





      

        	
Left ventricular hypertrophy: Left ventricular hypertrophy in hypertension is often concentric and is caused by pressure overload. There is an increase in muscle mass and wall thickness but not a significant increase in the ventricular volume. Left ventricular hypertrophy impairs diastolic function, slowing ventricular relaxation and delaying filling. Left ventricular hypertrophy is an independent risk factor for cardiovascular disease, especially sudden death. The consequences of hypertension are a function of its severity. There is no threshold for complications to occur as elevation of blood pressure is associated with increased propensity for morbidity.




        	
Coronary artery disease: This is associated with, and accelerated by, chronic arterial hypertension, resulting in myocardial ischemia and consequent myocardial infarction. Indeed, studies have shown that myocardial ischemia is more frequent in untreated or poorly controlled hypertensive patients than in normotensive patients [56]. Two main factors have been identified to significantly contribute to myocardial ischemia and these are: a pressure-related increase in oxygen demand and a decrease in coronary oxygen supply resulting from associated atheromatous lesions. Hypertension is a significant risk factor for death from coronary disease.




        	
Heart failure: This is a consequence of chronic pressure overload which may begin as diastolic dysfunction and subsequently progresses to overt systolic failure with cardiac congestion.




        	
Strokes: These are major complications of hypertension resulting from thrombosis, thrombo-embolism, or intracranial hemorrhage.




        	
Renal disease: This often manifests as micro-albuminemia which may progress slowly to become overt in later years.




        	
Blindness: Prolonged untreated hypertension which manifests as ocular hypertension has been known to cause cortical blindness.


      


    




    

      DIAGNOSIS OF HYPERTENSION




      Regular and accurate blood pressure measurement remains the cornerstone of hypertension management since the decision to commence antihypertensive therapy effectively commits the patient to life-long treatment. Blood measurement is made with an instrument called sphygmomanometer. Blood pressure measurement should be made to the nearest 2 mmHg, in the sitting position with the arm supported, and repeated after 5 minutes’ rest if the first recording is high. In order to avoid spuriously high recordings in obese subjects, the arm cuff should contain a bladder that encompasses at least two-thirds of the arm circumference, although exigent factors such as exercise, anxiety, discomfort and unfamiliar environment can result in a transient rise in blood pressure. For example, there could be an unrepresentative surge in a patient’s blood pressure reading when sphymomanometry is conducted by a doctor within a clinic/hospital environment, a condition termed “white coat” hypertension. This occurs in as many as 20% of patients with apparent hypertension who ordinarily would have normal blood pressure readings when it is recorded by home and ambulatory automated sphygmomanometers. A series of automated blood pressure measurements obtained over 24 hours or longer provide a better profile than a limited number of clinic readings and correlates more closely with evidence of target organ damage than casual blood pressure measurements. However, treatment thresholds and targets must be adjusted downwards because ambulatory blood pressure readings are systematically lower (approximately 12/7 mmHg) than clinic measurements. The average ambulatory daytime (not 24-hour or night-time) blood pressure should be used to guide management decisions.




      

        Approach to Newly Diagnosed Hypertension




        Hypertension is predominantly an asymptomatic condition and the diagnosis is usually made at routine examination or when a complication arises. Thus, a blood pressure check is often advisable every 5 years in adults [25].




        According to Newby et al. [25], the objectives of the baseline patient’s evaluation with suspected hypertension diagnosed from high blood pressure readings are:





        

          	to obtain accurate and representative measurements of blood pressure;




          	to identify contributory and underlying factors and causes (for secondary hypertension);




          	to assess other risk factors and quantify the associated cardiovascular risk;




          	to detect any complications (target organ damage) that are already present as at the time of first diagnosis;




          	to identify existing co-morbidities that may influence the choice of antihypertensive therapy


        




        All of these highlighted goals are attained by a careful patient’s clerking, clinical examination and detailed laboratory investigations.


      




      

        Laboratory and Clinical Investigations of Hypertensive Patients




        Laboratory and clinical investigations of hypertensive patients include but not exhaustively restricted to:





        

          	chest x-ray: to detect cardiomegaly, heart failure, coarctation of the aorta;




          	echocardiogram: to detect or quantify left ventricular hypertrophy;




          	renal ultrasound: to detect possible underlying renal disease;




          	renal angiography: to detect or confirm presence of renal artery stenosis;




          	urinary catecholamines: to detect possible phaechromocytoma;




          	urinary cortisol and dexamethasone suppression test: to detect possible Cushing’s syndrome;




          	plasma renin activity and aldosterone: to detect possible primary aldosteronism;




          	lipid profile: to detect associated hyperlipidemia;




          	serum electrolytes, urea and creatinine: to detect associated renal complications;




          	blood glucose;




          	urinalysis for blood, protein and glucose


        


      


    




    

      MANAGEMENT OF HYPERTENSION




      

        Recommendations for Hypertension Management




        Most recent recommendation guidelines for the management of systemic hypertension as prescribed by James and co-workers on behalf of the Eight Joint National Committee (JNC 8) [57] include the following:





        

          	
Recommendation 1: In general population aged ≥60 years, initiate pharmacologic treatment to lower blood pressure (BP) at systolic blood pressure (SBP) ≥150 mmHg or diastolic blood pressure (DBP) ≥90 mmHg and treat to a goal SBP <150 mm Hg and goal DBP <90 mm Hg. (Strong Recommendation – Grade A);




          	
Corollary Recommendation: In general population aged ≥60 years, if pharmacologic treatment for high BP results in lower achieved SBP (e.g., <140 mmHg) and treatment is well tolerated and without adverse effects on health or quality of life, treatment does not need to be adjusted. (Expert Opinion – Grade E);




          	
Recommendation 2: In general population <60 years, initiate pharmacologic treatment to lower BP at DBP ≥90 mmHg and treat to a goal DBP<90 mmHg. (For ages 30-59 years, Strong Recommendation –Grade A; For ages 18-29 years, Expert Opinion – Grade E);




          	
Recommendation 3: In general population <60 years, initiate pharmacologic treatment to lower BP at SBP ≥140 mmHg and treat to a goal SBP <140 mmHg. (Expert Opinion – Grade E);




          	
Recommendation 4: In population aged ≥18 years with chronic kidney disease (CKD), initiate pharmacologic treatment to lower BP at SBP ≥140 mmHg or DBP ≥90 mmHg and treat to goal SBP<140 mmHg and goal DBP<90 mmHg. (Expert Opinion–Grade E);




          	
Recommendation 5: In population aged ≥18 years with diabetes, initiate pharmacologic treatment to lower BP at SBP ≥140 mmHg or DBP ≥90 mmHg and treat to a goal SBP <140 mmHg and goal DBP <90 mmHg. (Expert Opinion –Grade E);




          	
Recommendation 6: In general non-black population, including those with diabetes, initial antihypertensive treatment should include a thiazide-type diuretic, calcium channel blocker (CCB), angiotensin-converting enzyme inhibitor (ACEI), or angiotensin receptor blocker (ARB). (Moderate Recommendation–Grade B);




          	
Recommendation 7: In general black population, including those with diabetes, initial antihypertensive treatment should include a thiazide-type diuretic or CCB. (For general black population: Moderate Recommendation–Grade B; for black patients with diabetes: Weak Recommendation–Grade C)




          	
Recommendation 8: In population aged ≥18 years with chronic renal disease, initial (or add-on) antihypertensive treatment should include an ACEI or ARB to improve kidney outcomes. This applies to all chronic renal disease patients with hypertension regardless of race or diabetes status. (Moderate Recommendation–Grade B);




          	
Recommendation 9: The main objective of hypertension treatment is to attain and maintain goal BP. If goal BP is not reached within a month of treatment commencement, increase in the dose of the initial drug or addition of a second drug from one of the classes in recommendation 6 are advised (thiazide-type diuretic, CCB, ACEI, or ARB). The clinician should continue to assess BP and adjust the treatment regimen until goal BP is reached. If goal BP cannot be reached with two drugs, add and titrate a third drug. Do not use an ACEI and an ARB together in the same patient. If goal BP cannot be reached using only the drugs in recommendation 6 because of a contra-indication or the need to use more than 3 drugs to reach goal BP, antihypertensive drugs from other classes can be used. Referral to a hypertension specialist may be indicated for patients in whom goal BP cannot be attained using the above strategy or for the management of complicated patients for whom additional clinical consultation is needed. (Expert Opinion– Grade E).


        


      




      

        Conventional Management of Hypertension




        The hypertension optimal treatment (HOT) study indicates that the treatment goal is to reduce blood pressure to 140/85 mmHg. It is also established that high normal blood pressure (130–139/85–89 mmHg) progresses to Stage 1 hypertension (>140/>90 mmHg) in >37% of individuals <64 years and >49% of those >65 years [56]. The British National Formulary recommends the following approach:





        

          	(i). blood pressure >220/>120 mm Hg: immediate therapy;




          	(ii). blood pressure 200–219/110–119 mm Hg: confirm over 1–2 weeks, then treat;




          	(iii). blood pressure 160–199/100–109 mm Hg confirm over 3–4 weeks, then treat.


        




        In the same vein, the optimum and targeted blood pressure for reduction of major cardiovascular events has been found to be 139/83 mmHg, and even lower in patients with diabetes mellitus. Moreover, reducing blood pressure below this level is also desirable since this level causes no harm. Primary care strategies have been devised to improve screening and detection of hypertension that, in the past, remained practically undetected in up to half of affected individuals. Application of new treatment guidelines should help establish patients on appropriate treatment, and allow step-up of treatment if lifestyle modification and first-line drug therapy fail to control patient’s blood pressure. Also, patients taking antihypertensive therapy require follow-up at 3-monthly intervals to monitor blood pressure, minimize side-effects and reinforce lifestyle advice.


      




      

        a. Non-Drug Therapy




        Lifestyle modification is the first and most important step in the treatment of hypertension. Cessation of cigarette smoking, moderate salt-intake restriction, weight reduction in the overweight and obese patients, restriction in or complete cessation of alcohol consumption, an increase in aerobic physical exercise, an increase in the oral intake of potassium supplements from the consumption of fruits and vegetables, strict restriction in the consumption of oily fish and adoption of a diet that is low in saturated fatty acids have all been documented to produce further reductions in cardiovascular risk [25]. Adoption of these lifestyle measures may obviate the need for drug treatment in patients with borderline hypertension, reduce the dose and /or the number of drugs required in patients with established hypertension, and directly reduce cardiovascular risk [25].


      




      

        b. Drug Therapy




        The long term treatment goals of drug therapy in hypertension are aimed at decreasing the cardiac volume and output, the peripheral vascular resistance, or both. The classes of commonly used antihypertensive drugs include the thiazide diuretics, calcium channel blockers, β-blockers, Angiotensin Converting Enzyme (ACE)-inhibitors, angiotensin II receptors antagonists, α-adrenoceptor blockers, combined α- and β-blockers, direct vasodilators, and some centrally-acting agents such as α2-adenoceptor agonists and imidazole I1 receptor agonists. Evidence-based medicine have shown that diuretics or β1-blockers reduce the risk of coronary heart disease by 16%, stroke by 38%, cardiovascular death by 21% and all causes of mortality by 13%. However, the effects of ACE inhibitors and calcium channel blockers are similar [58].


      




      

        Diuretics




        Low-dose diuretic therapy is effective and reduces the risk of stroke, coronary heart disease, congestive heart failure, and total mortality. Whilst thiazides are most commonly used, loop diuretics are also used and the association with potassium-sparing diuretics reduces the risk of both hypokalemia and hypomagnesemia. Even at low doses, diuretics potentiate the blood pressure lowering effect of other antihypertensive drugs. With the clinical use of diuretics, particularly potassium-sparing diuretics, the risk of sudden death is significantly reduced. For example, with long term use of spironolactone, morbidity and mortality in patients with heart failure which is a typical long-term complication of hypertension are significantly reduced. An appropriate daily dose is 2.5 mg bendroflumethiazide or 0.5 mg cyclopenthiazide. More potent loop diuretics, such as furosemide 40 mg daily or bumetanide 1 mg daily, have few advantages over thiazides in hypertension treatment unless there is substantial renal impairment or are used in combination with an ACE inhibitor.


      




      

        Beta Blockers




        This class of antihypertensive drugs is no longer used as the first line antihypertensive agents, except in patients with other indications for the use of the drug (e.g. angina pectoris). High sympathetic tone, angina and previous myocardial infarction are strong indications for using β-adrenergic blockers. Often in clinical setting, low dose β-blockers are often combined with a diuretic or a calcium channel blocker for effective management of hypertension and its associated complications. However, clinical use of β-blockers is associated with symptoms of depression, muscle tremor, muscle fatigue and decreased libido. In view of the associated untoward effects of this drug, the risks-benefits of treatment would have to be carefully considered. Metoprolol (100-200 mg, daily), atenolol (50-100 mg, daily) and bisoprolol (5-10 mg, daily) preferentially block cardiac β1-adrenoceptors as opposed to the β2-adrenoceptors that mediate vasodilatation and bronchodilatation. Labetolol (200-2400 mg daily in divided doses) and carvedilol (6.25-25 mg, 12 hourly) are combined α- and β-adrenoceptor blockers which are sometimes more effective than pure β1-blockers. In particular, labetalol can be used as an infusion in malignant hypertension.




        Over the past few decades, β-blockers have been used increasingly in the management of heart failure (an ubiquitously notorious complications of long-standing arterial hypertension) due to their efficacy but their introduction in the presence of heart failure has to be very cautious, starting their use at very low doses and gradually increasing the dose to avert an initial worsening of heart failure.


      




      

        Calcium Channel Blockers




        Calcium channel blockers can be classified as either dihydropyridines (e.g. nifedipine, nimodipine, amlodipine) or non-dihydropyridines (e.g. verapamil, diltiazem). Both groups act to reduce peripheral vascular resistance but verapamil and diltiazem elicit negative inotropic and chronotropic effects. Short-acting dihydropyridines such as nifedipine cause reflex sympathetic activation and tachycardia, while long-acting drugs such as amlodipine and slow-release preparations of nifedipine, cause less sympathetic activation. Short-acting dihydropyridines appear to increase the risk of sudden death.




        Calcium channel blockers are effective in the elderly and may be employed as monotherapy for patients with Raynaud’s phenomenon, peripheral vascular disease, or asthma; as such patients do not tolerate β-blockers. Diltiazem and verapamil are contraindicated in heart failure. Nifedipine is effective in severe hypertension and can be used sublingually, thus, posing a high risk of excessive hypotension. The rate-limiting calcium channel blockers (e.g. diltiazem (200-300 mg daily), verapamil (240 mg daily) can be useful when hypertension coexists with angina but may cause bradycardia. The main side-effect of verapamil is constipation.


      




      

        Angiotensin-Converting Enzyme Inhibitors (ACEIs)




        Drugs in this class of antihypertensive agents are popularly being used as first line therapy because of their safety record, relatively few side-effects and contraindications except in cases of bilateral renal artery stenosis. ACE inhibitors are first choice agents in diabetic hypertensive patients as they slow down the progression of renal dysfunction associated with diabetic nephropathy. In hypertensive patients with heart failure, ACE inhibitors are also first choice of drugs. The HOPE trial has shown that ramipril significantly reduced the risk of cardiovascular events even in the absence of hypertension. Thus, this ACE inhibitor may exert a protective effect by mechanisms other than the reduction in blood pressure.


      




      

        Angiotensin II Receptor Blockers




        As angiotensin II stimulates AT1-receptors that cause vasoconstriction, angiotensin AT1-receptor antagonists are effective antihypertensive drugs. Prototypes of drugs in this class of antihypertensive drugs which include losartan, valsartan and candesartan are effective and cause less coughing than ACE inhibitors. The LIFE study is the most recent landmark trial in hypertension. More than 9000 patients were randomized to receive either the angiotensin receptor antagonist losartan or a β-blocker (atenolol). Patients in the losartan arm exhibited better reduction of mortality and morbidity, owing to greater reduction in strokes. Losartan was also more effective in reducing left ventricular hypertrophy, an independent powerful risk factor for adverse outcome. In patients with isolated systolic hypertension, the superiority of losartan over atenolol was even more pronounced than in those with systolic and diastolic hypertension. These favorable results led to an editorial entitled: ‘Angiotensin blockade in hypertension: a promise fulfilled’. It must be noted that the comparator in the LIFE study was a β-blocker, and that, in the past, β-blockers were found to be no better than placebo in the elderly [56].


      




      

        Direct Vasodilators




        Hydralazine and minoxidil are prototypes of directly acting vasodilator antihypertensive agents. Their clinical use in the management of hypertension has declined tremendously in the past two decades because of the potential for serious side-effects such as lupus syndrome with hydralazine, and hirsutism with minoxidil.


      




      

        Centrally-Acting Adrenergic Antagonists




        Methyldopa is both a false neurotransmitter and α2-adrenoceptor agonist. Clonidine and dexmedetomidine are agonists at centrally located α2-adrenoceptors. The selectivity for α2-vs α1-adrenoceptors is greatest for dexmedetomidine (1620:1), followed by clonidine (220:1), and least for α-methyldopa (10:1). Both clonidine and dexmedetomidine make the circulation more stable, reduce the release of catecholamines in response to stress, and cause sedation such that dexmedetomidine is now used for sedation in intensive care units [56]. Moxonidine is representative of a new class of antihypertensive agents acting on imidazoline1 receptors (I1). Moxonidine reduces sympathetic activity by acting on centers in the rostral ventral lateral medulla, thereby reducing peripheral vascular resistance [56].


      




      

        Adjuvant Drug Therapy


      




      

        Aspirin




        This antiplatelet drug is a potent means of reducing cardiovascular risk but its prolonged use may be associated with spontaneous bleeding, particularly, intracerebral hemorrhage, in a small patient population. The benefits, however, outweigh the risk in hypertensive patients aged 50 years and above whose blood pressure are well controlled and either have target organ damage, diabetes mellitus or a 10-year coronary heart disease risk of ≥15% (or 10-year cardiovascular disease risk of ≥20%).


      




      

        Statins




        Effective treatment of hyperlipidemia can produce significant and substantial reduction in cardiovascular risk and effectively control hypertension. These drugs are strongly indicated in patients who have diagnosed vascular disease, or hypertension with a high (≥20% in 10 years) risk of developing cardiovascular disease.


      




      

        Factors Affecting the Choice of Antihypertensive Drugs




        The choice of antihypertensive therapy is initially dictated by factors such as the patient’s age, ethnic background, cost and convenience of the drug treatment. Patient’s response to initial therapy and side-effects dictate subsequent treatment plan. Existence and type of comorbidities also have a major influence on the choice of drug selection. For example, a β1-blocker might be appropriate in a hypertensive patient with co-existing angina pectoris while thiazide diuretics and dihydropyridine calcium channel blockers are the most suitable drug treatment for isolated systolic hypertension in the elderly [25].




        Although some patients can be satisfactorily managed on monotherapy antihypertensive agent, often combination therapy provides optimal and satisfactory blood pressure control. Low-dose combination therapy may produce fewer untoward effects than treatment with the maximum dose of a single drug while some combination therapy may have produce complementary or synergistic action [25].


      




      

        Herbal Remedies in Hypertension Management




        Hypertension is a major risk factor for chronic renal failure, cardiovascular disease, coronary heart disease, and stroke, thus prevention of hypertension is important in reducing the risk of these debilitating ailments [4]. In the last three decades, a lot of concerted efforts have been channeled into researching local plants with hypotensive and antihypertensive therapeutic values, and the therapeutic potentials of some of these medicinal plants either validated or out-rightly disproved. However, attempts by the low-income group, particularly the rural dwellers in the developing countries, to control hypertension and its attendant complications in the face of the scarce socioeconomic resources, have led more people opting for herbal remedy [59]. Identification of antihypertensive foods and herbal remedies is currently interested because they are expected to prevent hypertension with lower side-effects than antihypertensive drugs [60]. Many researchers are actively looking for antihypertensive compounds derived from various natural products for the use in functional foods. Several studies have shown that food ingredients rich in flavonoids and other polyphenols can lower blood pressure [61 - 64].


      




      

        Acacia nilotica (L.) Delile




        Acacia nilotica, known in Sudan as “Garad”, belongs to the Fabaceae family. It is a native species of Acacia in Africa and the Indian subcontinent [65]. Different parts of the tree are widely used in traditional medicine for the treatment of hemorrhage, diarrhea, dysentery, leprosy, tuberculosis and impotence [65]. The plant contains active phytochemicals such as 7, 12-dimethylbenz(a)anthrecene (DMBA), 3-β-acetoxy-17β-hydroxy-androst-5-ene and benzo-γ-pyrone-derived flavonoids, tannin and vitamin C [65]. Acacia nilotica species have been reported to have antihyperglycemic [66], antimicrobial [67], anti-malarial [68, 69], analgesic, antipyretic and anti-inflammatory [69, 70], anti-diarrheal and antiplatelet aggregatory [71], antiviral [72, 73], lactogenic and mammogenic (through prolactin stimulation) [74], antihyperlipidemic and anti-cardiac remodeling [75] activities.




        In vivo treatment of experimental animals with 3-30 mg/kg of methanol extract of Acacia nilotica pods resulted in a dose-dependent fall in the mean arterial pressure of the animal through a mechanism that is neither independent of muscarinic receptor stimulation nor adrenergic blockade [76]. In vitro studies of the same plant extract at cumulative doses of 0.3-3.0 mg/ml and 0.1-3.0 mg/ml on guinea pig atria and isolated rabbit jejunum showed the extract to cause inhibitory effect on force and rate of spontaneous contraction in guinea-paired atria and inhibition of spontaneous rabbit jejunum contraction, respectively, which was mediated via calcium channel blockade [76]. In another related study, methanolic and ethanolic stem bark extracts of Acacia nilotica and Acacia sinuata given to rats at an oral of 300 mg/kg each induced significant diuresis with urinary sodium, potassium and chloride loss with most profound diuretic effect produced by the Acacia nilotica ethanol extract [77].




        

          Aframomum melegueta K. Schum




          Aframomum melegueta K. Schum. (family: Zingiberaceae), popularly known as Alligator pepper in English and as Atare in Yoruba language (Southwest Nigeria) where it is popularly used as food condiment and food spice[78].




          Aframomum melegueta extracts have been attributed with androgenic [79], antimicrobial [80, 81], antifungal and pesticidal [82, 83], antioxidant [84], analgesic [85], anti-inflammatory [86], anti-asthmatic and antidiabetic [87] activities. In the Nigerian folk medicine, Aframomum melegueta is used in the local management of hypertension in suspected hypertensive patients [86, 88].




          Clinical studies showed that oral ingestion of 10, 15 and 20 seeds of Aframomum melegueta by each normotensive volunteer and 10 and 20 seeds of same plant seeds by each hypertensive volunteer whose blood pressure were taken at 10 minutes interval for 1 hour post-seed ingestion resulted in 15-16% and 9-10% reductions in systolic blood pressure and diastolic blood pressure, respectively, relative to the baseline blood pressure values [89]. This antihypertensive action induced by Aframomum melegueta seed ingestion was probably mediated via central and/or peripheral nitric oxide-cGMP-coupled vasodilatory mechanisms [89].


        




        

          Allium cepa Linn




          Allium cepa Linn.(Onion) bulb from the Lillaceae family has been reported to have antioxidant, antidiabetic [90 - 93], spasmolytic [94], antihypertensive [95], anticancer [96], and hepatoprotective [97] and anti-diabetic neuropathic [98] activities. Although boiling of onion reduces its antioxidant activity [99], its antioxidant potency has been reported to be greater than that of vitamin E [100]. Its antioxidant, antispasmodic and anti-erectile dysfunction effects have been attributed to its high quercetin [101], saponin [102] and flavonoids [103] contents, respectively. Similarly, 0.1, 0.2 and 0.4 mg/ml of the ethanolic onion peels have been reported to elicit antispasmolytic effect on the isolated terminal ileum of a Wistar rat in dose-dependent manner and this was mediated via inhibition of calcium channels [104]. The in vivo antihypertensive effect of 200, 400 and 800 mg/kg of the 70% hydroethanolic peel extract of onion (Allium cepa) on hypertensive rats induced by high-fructose diet and subsequently treated with the extract for 3 weeks and aorta contractility has also been reported [105]. The vasorelaxant effect of the extract was reported to have been mediated via inhibition of vascular smooth muscle cells Ca2+ influx without the involvement of nitric oxide (NO), cGMP, endothelium and prostaglandins mechanisms [105]. In an open and a randomized, placebo-controlled, double blind, cross-over phase-I study involving healthy normotensive volunteers, oral ingestion of an onion-olive oil maceration capsule formulation caused a significant reduction in the arterial blood pressure as well as a significant reduction in plasma viscosity and hematocrit all indicating a vasodilative effect of the onion-olive oil maceration product [106]. In another human related study, 24 hypertensive (WHO stage I) patients were given either 4 capsules of onion-olive oil maceration product daily or placebo over a period of one week and these subjects had their blood pressure measured 4 times a day at home. The onion-olive oil maceration product resulted into a significant decrease in both the systolic and diastolic blood pressure with more pronounced decrease recorded for the systolic blood pressure [107]. However, the antihypertensive action of the onion extract was attributed to its flavonoid constituent, quercetin [108].


        




        

          Allium sativum Linn




          This is otherwise known as garlic, is a perennial herb also belonging to the Liliaceae family. Amongst the Hindi (India), it is locally known as “Lahasun”while among the Yoruba (Southwest Nigeria) and Hausa (Northern Nigeria), it is locally known as “Ayu”, where it is commonly used as a food condiment. 1 mg of Allium sativum when intravenously administered was reported to significantly decrease the mean arterial blood pressure from 124 ± 2 mmHg (control) to 108 ± 2 mmHg at 15s even when combined with 1mg of Cymbopogon citratus, the mean arterial blood pressure decreased from 126 ± 3 mmHg (control) to 113 ± 3 mmHg after 15s, indicating that non-significant additive/synergistic effect of the drug combination on the measured blood pressure [109]. Similar antihypertensive effect of the aqueous extract of garlic had earlier been recorded in the two-kidney-one-clip (2K-1C) Goldblatt model of unilateral renovascular hypertensive rats [110]. More recently, the antihypertensive and bradycardia effect of 5-20 mg/kg of the aqueous garlic extract in normotensive and 2K-1C hypertensive male Wistar rats was reported [111]. These antihypertensive and bradycardia effects were reported to be mediated via direct peripheral mechanism not involving the cholinergic pathway in both models of rats studied [111]. In a related clinical trials involving 210 hypertensive patients with stage 1 essential hypertension, oral treatments with 300 mg, 600 mg, 900 mg, 1200 mg and 1500 mg garlic extract formulated into tablets given in divided doses per day for 24 weeks, resulted in significant decreases in both systolic and diastolic blood pressure in both dose- and time-dependent manner when compared to atenolol-treated and placebo groups [112]. In another study involving spontaneously hypertensive rats and hypertensive human subjects, administration of 30 and 50 mg/kg of processed garlic containing 75.3 mg/100 g of S-allyl-L-cysteine in the processed garlic for 8 weeks resulted in significant reduction in the systolic blood pressure and diastolic blood pressure by 2 and 8 weeks, respectively [113].


        




        

          Bryophyllum pinnatum (Lam.) Kurz




          Bryophyllum pinnatum (Lam.) Kurz (family: Crassulaceae) is a perennial herb growing widely and used in folkloric medicine in tropical Africa, tropical America, India, China, and Australia. The divine herb contains a wide range of active compounds, including alkaloids, triterpenes, glycosides, flavonoids, steroids, bufadienolides, lipids and organic acids, have been isolated from this species. The plant is widely used in traditional medicine for the treatment of variety of ailments and well known for its hemostatic and wound healing properties. The pharmacological studies are reviewed and discussed, focusing on that different extracts from this plant have been found to possess pharmacological activities as immunomodulatory, analgesic [114], anti-inflammatory [115], anti-allergic, antianaphylactic, anti-leishmanial, anticancer [116, 117] anti-ulcer [118], antimicrobial [119], antifungal [120], antihistamine, muscle relaxant and sedative [121]. Bryophyllum pinnatum is rich in alkaloids, triterpenes, glycosides, flavonoids, cardienolides, steroids, bufadienolides and lipids [122, 123]. The leaves contain a group of chemicals called bufadienolides which are very active. Bufadienolides like bryotoxin A, B, C which are very similar in structure and activity as two other cardiac glycosides, digoxin and digitoxin and possess antibacterial, antitumorous, cancer preventive and insecticidal actions [124]. Its food composition include carbohydrates, protein, lipids, acids, iodine, and mineral elements such as Na, Ca, K, P, Mg, Mn, Fe, Cu, Zn [125].




          Preclinical studies have shown that intravenous administration of 50-800 mg/kg of the aqueous and methanolic leaf extracts of Bryophyllum pinnatum profoundly lowered the mean arterial blood pressures and heart rates in anesthetized normal (normotensive) and spontaneously hypertensive rats, dose dependently, using invasive and non-invasive techniques. The hypotensive effects of the leaf extracts were more pronounced in the hypertensive than in normotensive rats [126]. The leaf extracts at the concentrations of 0.25-5.0 mg/ml also produced dose-dependent, significant decreases in the rate and force of contractions in the guinea-pig isolated atria, and inhibited electrical field stimulation(ES)-provoked, as well as potassium and receptor-mediated agonist drugs-induced contractions of the rat isolated thoracic aortic strips in a non-specific manner which were plausibly mediated via cardiodepressive and vasodilatory mechanisms [126].


        




        

          Camellia sinensis (L.) O. Kuntze




          Camellia sinensis (L.) O. Kuntze (family: Theaceae) is native to East, South and Southeast Asia, but today, it is widely cultivated across the world in tropical and subtropical regions. Four varieties of Camellia sinensis are recognized. Of these, Camellia sinensis var. sinensis and Camellia sinensis var. assamica are most commonly used for tea while Camellia sinensis var. pubilimba and Camellia sinensis var. dehungensis are used for other ethmodicinal purposes in Chinese Traditional Medicine [127].




          The health benefitting properties of teas are predominantly due to the presence of polyphenols, compounds credited for the antimicrobial and antioxidant abilities observed in tea. Polyphenols are present in all varieties of teas from Camellia sinensis; however, due to the process of fermentation in black tea and partially in oolong tea, the types of polyphenols present are different. Green tea polyphenols consist primarily of catechins which are simple flavanoids as they have not been oxidized by fermentation. There are four main catechins found in green tea; epigallocatechin-3-gallate (EGCG), epigallocatechin (EGC), epicatechin-3-gallate (ECG) and epicatechin (EC). EGCG is the most abundant catechin making up for about 59% of the total [128]. These simple flavanoids are converted into more complex compounds with a higher molecular weight when they become oxidized during the enzymatic action occurring during fermentation. These compounds are theaflavins and thearubigins which are predominately found in black tea and partially in oolong tea [128].




          Camellia sinensis has been attributed with biological activities such as antimicrobial and antifungal [129, 130], anti-inflammatory and immunostimulatory [131], antioxidant [132, 133], anticarcinogenic [128], anticaries [134, 135], cardioprotective [136], anti-obesity [137], antidiabetic [138], insulin-enhancing [139], anti-arthritic [131], nephroprotective [140] and cytoprotective [141] activities.




          Preclinical studies showed that oral administration of 50 and 100 mg/kg/day of leaf-saponin extract of Camellia sinensis to 7 weeks old and 15 weeks old spontaneously hypertensive rats for 5 days caused significant time-dependent reductions in the mean arterial blood pressure with 50 mg/kg of the extract causing more lasting antihypertensive action which was mediated via angiotensin converting enzyme inhibitory mechanism [142]. In a related human studies, oral consumption of Benifuuki (Japenese specie of Camellia) with an antiallergic effect and containingan O-methylated derivative of epigallocatechin gatalle (EGCG) called (−)-epigallocatechin-3-O-(3-O-methyl)gallate (EGCG3Me), to Japanese hypertensive volunteers has been reported to effectively lower mean arterial pressure in hypertensive patients given the tea and the antihypertensive mechanisms of action of the consumed tea were adduced to be mediated via angiotensin I-converting enzyme (ACE) inhibitory mechanism [143].


        




        

          Capsicum frutescens L.




          This is also known as the green chilli, cayenne pepper, African Chillies, Aji, African bird pepper and African pepper. It is a perennial plant growing up to 1 m high and originated from the West Indies and South and Central America and belongs to the Solanaceae family. Its bioactive compounds include capsaicinoids: capsaicins, capsaianosides; carotenoids: capsanthin, capsanthin-ester, β-cryptoxanthin, β-carotene, capsorubin, zeaxanthin and antheraxanthin; phenolics and lignin glycosides [144]. Its pharmacologically active compound, capsaicin, has been attributed with biological activities such as antidiabetic [145 - 147] mediated via increased insulin secretion [145, 146] and reduction of insulin binding on the insulin receptors [145]; analgesic effect against fibromyalgia, prurigo nodularis, rhinitis, arthritis, etc. Capsaicin has also been documented to prevent cardiovascular diseases, cause weight loss [148, 149] and exhibit cytotoxic (anticancer) effect against breast, bladder, prostate and oral cancer cell lines [150 - 152]. Although, ingestion of capsaicin in small quantities has been reported to lower mean arterial blood pressure significantly in humans [153] but its consumption in large quantities has been reported to result in hypertensive crisis [154].


        




        

          Carica papaya Linn




          Carica papaya Linn. (family: Caricaceae) is a tropical tree which is native to the tropics of the Americas but now widely cultivated in other tropical regions of the world, for its edible melon-like fruit, which is available throughout the year [155]. In vivo studies of the antihypertensive effect of the 20 mg/kg of crude ethanol unripe fruit of Carica papaya given intravenously to three batches (15 rats per batch)-renal, DOCA-salt hypertensive and normotensives significantly lowered the mean arterial blood pressure in all the treated rats 28% more than that of the standard vasodilatory agent (hydralazine), particularly in the hypertensive groups of rats [156]. However, the extract failed to produce significant alterations in the mean arterial blood pressure in rats pretreated with propranolol but did produce significant antihypertensive effects in rats pretreated with atropine and noradrenaline suggesting that the Carica papaya extract mediated its antihypertensive effects via cholinergic and adrenergic mechanisms [156]. In the in vitro studies using isolated rabbit arterial (aorta, renal and vertebral) strips, treatment with 10 μg/ml produced relaxation of vascular muscle tone which was, however, attenuated by 0.5-1.5 μg/ml of phentolamine suggesting its vasorelaxant effect to be primarily mediated via α-adrenoceptor activity [156]. In a related study, intravenous pretreatment of rats with 25, 50 and 100 mg/kg of the ethanolic stem bark extract for 6 weeks significantly attenuated blood pressure elevation following renal artery clamping with renal bulldog clamp for 4 hours with the antihypertensive effect of the highest dose of the extract competing favorable with that attained with 1 mg/kg of captopril administered intravenously [157]. The antihypertensive activity of the ethanol stem bark extract of Carica papaya was attributed to its action on the renin-angiotensin-aldosterone system [157]. The antihypertensive effect of the plant has been attributed to the various enzymatic casein hydrolysates such as Papain it contains.


        




        

          Cassia occidentalis Linn




          Cassia occidentalis, commonly known as the Coffee Weed, Coffee Senna, Stink Weed, and Negro Coffee and belonging to Caesalipiniaceae family, is a small tropical tree growing up to 5-8 m high. Its seeds can sometimes be roasted and substituted for coffee as it is popularly done in Senegal. Its leaves and flowers too can be cooked and eaten as vegetables. Among the Nigerian herbalists, water infusion made from this plant is highly valued in folk medicine as an antihypertensive remedy [158]. 1-8 mg/ml of the aqueous leaf extract of Cassia occidentalis applied cumulatively into bath solution has been reported to induce vasorelaxant effect on both the endothelium-intact and endothelium-denuded rat thoracic aortic rings pretreated with noradrenaline and KCl in a dose-dependent manner [159]. This vasorelaxant effect was also reported to be mediated via the inhibition of Ca2+ influx through receptor-operated channel and voltage sensitive channel [159].


        




        

          Cecropia glaziovii Sneth




          This is otherwise known as the red cecropia. It is a common tree of the Southeastern Brazilian coast origin belonging to Urticaceae family. As many other species of the genus, it shares the reputed folk use to treat heart failure, cough, asthma and bronchitis. Oral treatment with 500 mg/kg of the 2% aqueous extract of the plant’s dried leaves standardized by its chemical contents on catechins, flavonoids and procyanidins as well as its n-butanol fraction given twice a day to both normotensive, spontaneously hypertensive, L-NAME induced hypertensive and on renal artery stenosed hypertensive rats caused profound time and dose-dependent reductions in the mean arterial blood pressure peaking at 14-21 days and maintained for 60 days after daily administration [160]. The study further revealed that acute intravenous administration of the n-butanol fraction of the plant leaves to anesthetized rats induced a fast short-lasting hypotension and inhibited the pressor responses to noradrenaline, angiotensin I and angiotensin II by 40% [160]. These findings suggested indirectly that the hypotensive/ antihypertensive effects of Cecropia glaziovii n-butanol leaf extract fraction was mediated via interference with the calcium handling mechanisms in smooth muscle cells and neurons and not through Angiotensin Converting Enzyme (ACE) inhibition, enhanced endothelial nitric oxide synthesis, or α1 and AT1 receptors blockade [160]. However, human studies on the possible antihypertensive effect of this plant are still lacking.


        




        

          Citrus aurantifolia (Christm.)




          Citrus aurantifolia (Christm.) Swingle (family: Rutaceae) belongs to a genus of evergreen aromatic shrubs and small trees distributed in the Indo-Malaysian region, South-East Asia and China but cultivated throughout the topical and temperate region of the world [161].




          The nutritional composition of Citrus aurantifolia includes protein, carbohydrate, fat, fibre, coumarins, psoralens, thiamine, niacin, riboflavin, ascorbic acid and mineral elements such as phosphorus, iron, zinc, and calcium [161]. Its preliminary phytochemical analysis of methanol extract of Citrus aurantifolia showed the presence of alkaloids, flavonoids, tannins, saponins, steroids, cardiac glycosides, and reducing sugar [162]. Its flavonoids include hesperitin, naringin, tangeretin, naringenin, erioctrin, hesperidin while its coumarins and psolaren contents include bergapten, bergamottin, beragaptol, byakangelicin, citropten (limettin), imperatorin, isoimperatorin, isopimpinellin, phellopterin, prangol, and scopoletin [161]. The biological activities attributed to Citrus aurantifolia and its related species include antibacterial, antiviral, antifungal, antioxidant, antidiabetic, hypocholesterolemic, anticancer cardiovascular, analgesic, anti-inflammatory, calmative and anti-anxiety, and anti-allergic activities [161, 163, 164].




          Citrus aurantifolia, commonly known as “Kaghzi nimboo” is widespread in Pakistan, India, Iran, and Afghanistan. The fruit of Citrus aurantifolia is known for its nutritional values and flavor. The plant and fruit of Citrus aurantifolia has been commonly used in traditional medicine in Pakistan, Northern Ethiopia, and in Nigeria for the treatment of hypertension and other cardiac problems [162]. The antihypertensive effect of the extract was tested on three experimental hypertensive models including cadmium-induced hypertensive model, glucose-induced hypertensive model, egg feed diet-induced hypertensive model, and normotensive model. The systolic pressure, diastolic pressure, mean blood pressure and heart rate of Sprague Dawley rats were measured by tail cuff method from the tail of rats using non-invasive blood pressure instrument. Results of the study showed that oral administration of 750 mg/kg of the methanol extract of Citrus aurantifolia profoundly reduced systolic blood pressure, mean blood pressure, diastolic blood pressure, heart rate and body weight of Sprague Dawely rats in both normotensive and hypertensive experimental models when compared to control groups [162]. The antihypertensive action of this plant has been attributed to its biflavonoids content, hesperidin and diosmin [165]. However, Citrus aurantifolia has been reported to mediate its antihypertensive effect via angiotensin converting enzyme inhibition [166]. Similarly, intravenous administration of 4-16 mg/kg of the aqueous stem bark extract of Citrus aurantifolia to normotensive rabbits produced dose-dependent reductions in the mean arterial blood pressure of the treated anesthetized rabbits [167]. This result was corroborated by the in vitro studies which reported concentration-dependent vasorelaxation of isolated endothelium-intact rat aortic rings and negative inotropic and chronotropic effects on and isolated heart induced by 10-8 mg/ml-




          10-2 mg/ml of the aqueous stem bark extract of Citrus aurantifolia. These observed cardiovascular effects were mediated via blockade of calcium influx through receptor-operated calcium channels and voltage-sensitive calcium channels as well as via endothelium-dependent NO/cGMP-mediated vasodilatory mechanisms [167].


        




        

          Colocasia esculenta Linn




          This is an edible tropical Asian aroid, belonging to Araceae Juss. Family and is otherwise known as the “true taro” and elephant ear [168]. Amongst the Vietnamese, it is locally known as “Khoai mon”. Colocasia esculenta leaf extract has been traditionally used for the treatment of various ailments in Ayurveda and Unani medicine. Decoction made from Colocasia esculenta is traditionally used in various diseases such as hypertension, hepatic disorder, rheumatic pain, pulmonary congestion, ulcer etc. The Colocasia esculenta has been reported for anti-inflammatory [169], hypolipidemic [170], anti-cancer [171], antioxidant [172], and antibacterial [173] activities. The leaves of Colocasia esculenta have also been reported to contain flavonoids such as vitexin, isovitexin, orientin, isoorientin, schaftoside, isoschaftoside [172], luteolin, apigenin [174], vitamins A, B, and C, thiamine, riboflavin, niacin and oxalic acid [173], and minerals such as magnesium, calcium, phosphorus, sodium, potassium, iron, zinc, copper, and boron [175, 176]. It also contains high contents of sulfur-containing amino acids, tryptophan and histidine [175]. Some of these phytoconstituents have been reported for ACE inhibitor [177], hypotensive, anti-inflammatory, and antispasmodic [178], vasodilatory [179], and β-blocking, Ca2+ channel blocking, and diuretic activities [180]. Recent animal studies reported the antihypertensive effect of the aqueous leaf extract of Colocasia esculenta at the oral doses of 100, 200, and 400 mg/kg/day for six weeks and 10, 20, and 40 mg/kg, administered intravenously on the day of experiment in renal artery-occluded hypertensive rats as well as 20 and 40 mg/kg, intravenously in noradrenalin-induced hypertension in rats caused profound antihypertensive effect. This observed antihypertensive effect at the oral doses of 200 and 400 mg/kg was mediated via induction of diuresis and natriuria and kalliuria [168].


        




        

          Cymbopogon citratus (DC) Stapf




          Cymbopogon citratus (DC) Stapf. (family: Graminaceae) is popularly known as lemon grass. It is a widely cultivated tropical perennial shrub whose origin could be traced to Malaysia, Indochina and Sri-Lanka [181]. Investigation of the cardiovascular effect of 1, 5, 10, and 20 mg/kg body weight essential oil of Cymbopogon citratus administered intravenously showed that it induced transient hypotension and bradycardia that were attenuated by atropine and sodium thiopental, but not by L-NAME or indomethacin [182]. In rings of rat superior mesenteric artery pre-contracted with phenylephrine, essential oil of Cymbopogon citratus (at the cumulative doses of 1-3000 µg/ml) induced relaxation that was not endothelium-dependent. This effect was probably mediated via reduction in vascular resistance caused by inhibition of the Ca2+ influx, and bradycardia probably due to an activation of cardiac muscarinic receptors [182]. More recent tissue studies by Devi et al. [183] showed the graded doses of methanolic extracts of the leaves, stems and roots of Cymbopogon citratus and citral to exhibit dose-related vasorelaxant effects on isolated phenylephrine-pre-contracted aortic ring preparations and these vasorelaxant effects were endothelium independent. In addition, citral’s vasorelaxant effect was also partly mediated via NO as its vasorelaxant effect was attenuated by L-NAME [183]. However, earlier preclinical studies have demonstrated the beneficial properties of essential oils of Cymbopogon citratus on the cardiovascular system to include antithrombotic, antiplatelet, endothelial protective, vasorelaxant and hypotensive activities [184, 185]. Other animal studies have shown that the intravenous administration of aqueous and hydroalcoholic extracts of leaves of Cymbopogon citratus elicit significant anti-hypertensive effect on the extract-treated hypertensive rats [109, 186]. The preclinical data were further corroborated by clinical studies that have shown the essential oil of Cymbopogon citratus to cause significant coronary artery vasodilation and improved coronary blood flow [187], hypotensive and bradycardic effects in treated human subjects [188].


        




        

          Crataegus pinnatifida Bunge




          This is synonymous with Crataegus cuneata belonging to the Rosaceae family. Infusion of this plant is popularly used in China for the treatment of hypertension for thousands of years. Both preclinical and clinical studies have shown extracts made from the plant to cause significant hypotensive/antihypertensive effect. For example, in experiments with anesthetized rabbits, intravenous administration of the plant extract lowered the blood pressure for up to 3 hours [189]. However, the antihypertensive activity of the plant extract was attributed to the crataegic acid content of the plant extract as the active hypotensive principle [190].


        




        

          Elaeis Guineensis




          This is a species of palm commonly called African Oil Palm, Oil Palm or macaw-fat belonging to the Aracaceae family. Although it is native to west and southwest Africa, it is now widely cultivated on commercial scale in Malaysia [191]. It is also the principal source of palm oil. Organic extracts enriched in polyphenols prepared from Elaeis guineensis (Palm fronds) and tested on isolated noradrenaline-pre-contracted thoracic aortic ring preparations and isolated perfused mesenteric vascular beds which were both mounted in organ bath resulted in considerable relaxation (>75%) of both the thoracic aortic ring preparations and isolated perfused mesenteric vascular beds which were mediated via endothelium-dependent mechanisms as denudation of endothelium or inhibition of endogenous nitric oxide (NO) led to a total loss in vasorelaxant activity [192]. Similarly, oral administration of 500 mg/kg/day of catechin-rich oil palm leaf extract of Elaeis guineensis for 12 weeks has been documented to elicit antioxidant, antihypertensive and cardiovascular effects in normotensive and N(ω)-nitro-L-arginine methyl ester (L-NAME)-induced nitric oxide (NO)-deficient hypertensive rats [193].


        


      




      

        Garcinia kola Heckel




        Garcinia kola Heckel (family: Guttiferaceae), commonly known as “bitter kola”, “false kola” or “male kola” (English) and orogbo (Yoruba, Southwest Nigeria) is a widespread tree of evergreen forest valued in Nigeria for its medicinal nuts [194]. The Garcinia nuts are chewed extensively in Southern Nigeria masticatory to cause nervous alertness and have been attributed with clinical uses in chesty cough and throat infection [194]. Its other therapeutic uses include purgative, antiparasitic, analgesic and anti-inflammatory [195], antibacterial and antiviral [196, 197], hepatoprotective [194, 198], hypoglycemic [199], antioxidant [200, 201], anti-sickling [202], anti-glaucoma [203, 204] and anti-arthritic [205] activities. The seed contains carbohydrates, vitamins, minerals and phytochemicals. The phytochemicals comprise phenolic compounds, tannins and flavonoids like kolaviron, biflavonoid, kolanone and flavonone rhamnoglucose. The flavonoids and phenolic compounds present in the plant exhibit antioxidants, anti-inflammatory, anti-tumour, anti-hepatotoxic, anti-microbial and anti-ulcer properties [206]. The cardioprotective and antioxidant effects of kolaviron, bioflavonoids fraction, extracted from Garcinia kola nuts against isoproterenol-induced cardiac dysfunction in Wistar rats were recently reported [207], although same kolaviron was reported to have failed in protecting against amodiaquine- and artesunate-associated cardiotoxicity and coronary risk effect [208]. Kolaviron has also been reported to ameliorate hyperglycemia-mediated hepatic injury in rats via suppression of inflammatory responses [209]. In the same vein, functional evidence from animal studies showed that kolaviron caused vasorelaxation of endothelium-intact isolated superior mesenteric artery rings of rats which was mediated via extracellular Ca2+ influx blockade, inhibition of intracellular Ca2+ release and the opening of K+ channels sensitive to 4-aminopyridine and charybdotoxin with a resultant membrane hyperpolarization/ repolarization [210]. Other animal studies have reported kolaviron to offer cardioprotection by enhancing the expression of pro-survival signaling pathway and abrogation of apoptotic pathway in isolated rat hearts subjected to ischaemic/reperfusion injury [211]. Invasive in vivo acute and chronic animal studies using 0.5-3.0 mg/kg of Garcinia kola seed extract as well as 10% w/w and 15% w/w Garcinia kola diet fed ad libitum to Wistar rats for 6 weeks resulted in significant lowering of the mean arterial blood pressure and heart rates in the treated rats, respectively. This blood pressure lowering effect was partly mediated via histaminergic blockade mechanism [212].




        

          Hibiscus sabdariffa Linn




          Hibiscus sabdariffa Linn. (synonyms: Roselle, Rozelle, Indian sorrel, Jamaican sorrel, Guinea sorrel, Red sorrel, Sour-sour, Queensland jelly plant, Jelly okra, Lemon bush, Florida cranberry and Karkade/carcadé) is an annual herbaceous plant belonging to the Malvaceae family and have long been used in indigenous system of medicine for treating hypertension [213, 214]. The plant is native to Asia (India to Malaysia) and tropical Africa although it is widely grown in tropics like Caribbean, Central America, India, Africa, Brazil, Australia, Hawaii, Florida and Philippines as a home garden crop. In Sudan, it is cultivated on large scale as a major export to the western countries [215]. Phytochemical analysis shows the dried calyces to be rich in flavonoids gossypetine, hibiscetine and sabdaretine. It also contains alkaloids, β-sitosterol, anthocyanin, citric acid, cyaniding-3-rutinose, delphinidin, galactose, pectin, protocatechuic acid, quercetin, stearic acid and wax [216] and small amounts of delphinidin-3-monoglucoside, cyaniding-3-monoglucoside (chrysanthenin) and delphinidin [217].




          In vivo animal studies with oral pretreatment with 20 mg/kg of the aqueous extract of the calyx of Hibiscus sabdariffa have shown that it caused a dose-dependent decrease in mean arterial pressure of the treated anesthetized rats which was mediated via direct vasorelaxant, acetylcholine-like and histamine-like mechanisms [218]. Similar antihypertensive effect was recorded in both normotensive and spontaneously hypertensive Wistar-Kyoto rats treated with 500 and 1000 mg/kg of the calyx extract of Hibiscus sabdariffa [219]. Also, chronic administration of the aqueous extract of Hibiscus sabdariffa extract decreased blood pressure and reduced cardiac hypertrophy in 2-kidney 1-clip (2K-1C) rat model of hypertension [220]. Recent report by Mojiminiyi et al. [221] showed that oral pretreatment with 6 mg/ml of the aqueous calyx extract of the plant significantly attenuated development of hypertension and lowered the heart rate in rats induced with 8% salt diet which was attributed to the high potassium content or high potassium: sodium ratio content of the Hibiscus sabdariffa extract. Results of this pre-clinical study suggest that the plant extract may have clinical prospect in attenuating or preventing the development of salt-sensitive hypertension in black Africans. In vitro studies also showed the methanolic calyx extract of Hibiscus sabdariffa to possess a vasodilator effect in the isolated aortic rings of hypertensive rats which was probably mediated through the endothelium-derived nitric oxide-cGMP-relaxant pathway and inhibition of calcium (Ca2+)-influx into vascular smooth muscle cells [222]. Similarly, aqueous calyx extract of Hibiscus sabdariffa has been reported to inhibit vascular tone in isolated vascular preparations including the rat thoracic aorta [223, 224].




          A 30-day clinical trial was designed to evaluate the short-term therapeutic effects of drinking Hibiscus sabdariffa infusion prepared as sour tea (ST) on the BP of patients with type II diabetes and to compare the results with those of black tea (BT). Clinical data showed that ST significantly reduced mean SBP from 134.4 to 112.7 mm Hg while BT increased the mean SBP from 118.6 to 127.6 mmHg [225]. However, neither ST nor BT had significant effect on the mean DBP of the patients within the first 15 days of the study but at the end of the study period, the positive therapeutic effectiveness in the ST and BT groups were 48.1 and 15.4%, respectively, which indicated significant positive therapeutic effects of ST on DBP [225]. In another short-term clinical studies designed at evaluating the antihypertensive effectiveness of ST vs. BT in hypertensive patients which lasted for 15 days, it was reported that 12 days after the intervention, SBP and DBP in the ST consumers decreased by 11.2 and 10.7% and after 3 days of withdrawal, the SBP and DBP increased by 7.6 and 5.6%, respectively [226]. In a related human study, Herrera-Arellano et al. [227] studied the therapeutic effectiveness of ST on two groups of hypertensive patients consuming ST extracts and lisinopril for 4 weeks. The SBP and DBP in ST consuming patients decreased by 11.58 and 12.21%, respectively, with the therapeutic effectiveness of the ST reported as 65.12%. The investigators concluded that ST was more effective than lisinopril in controlling hypertension based on the findings that the plasma level of angiotensin converting enzyme and serum sodium concentration decreased significantly in the ST-treated patients. Similar findings were reported in mild and moderate hypertensive patients on captopril with and without ST in mild for 4 weeks [228].


        




        

          Lepidium latifolium L




          This is a tropical shrub belonging to the Cruciferae family; It is a species used in folk medicine in the Canary Islands where it is locally known as “rompepiedra” (“rompe” = break; “piedra” = stone) because of its effect on renal stones. 50 and 100 mg/kg of the leaf extracts prepared from this plant given to rats via the oral and intraperitoneal routes have been found to produce diuretic and hypotensive activities in the treated rats [229] and causing significant kalliuria in the group of rats administered the extract via the oral route. The study went further to extrapolate the diuretic action of the extract from rats to man, using the activity of furosemide in both cases as a guideline. The standard daily recommended dose for Lepidium latifolium in man was 3.0-5.0 g/day in the form of tea, which is equivalent to 43.0-71.0 mg/kg body weight in a 70 kg human subject [229].


        




        

          Lepidium sativum Linn




          Lepidium sativum Linn. (Garden cress) is a fast growing, edible annual herb, that belongs to Brassicaceae family. It is botanically related to watercress and mustard and sharing their peppery, tangy flavor and aroma [230]. Its traditional uses include relief of inflammatory and rheumatic pains; as galactagogue, tonic, aphrosidiac, and diuretic; treatment of skin diseases, sexually transmitted infections (especially syphilis), dysentery, diarrhea and asthma [231, 232]. Its nutritional composition include protein (5.8%), fats (1.0%), carbohydrate (87%), mineral matter (2.2%), calcium (0.36%), phosphorus (0.11%), trace elements such as iron (20.6 mg/100 g), nickel (40 μg/kg), cobalt (12 μg/kg) and iodine (1.6 μg/kg), vitamin A, riboflavin, thiamine, niacin, ascorbic acid, volatile oil (0.12%), carotene, and calcium [233]. Its phytochemical constituents contain mainly alkaloids (such as lepidine, glucotropaeolin, N,N’-dibenzyl urea, N,N’-dibenzylthiourea, sinapic acid, choline ester (sinapin), stigmast-5-en-3β, 27-diol-27-benzooate, sinapine, calmodulin, sinapic acid, esters of caffeic, p-coumaric, ferulic, quinic acids, calmodulin, quinic acids, 4-mthoxyglucobrassicin, sinapine, trimethoxyflavone and tetramethoxyflavone [233]. However, its scientifically validated pharmacological activities include analgesic, antipyretic, anti-inflammatory and antiplatelet [234], anticancer attributed to its glucotropaeolin and benzylisothiocyanate constituents [235], hypoglycemic [236], diuretic [237], bone healing [238], antidiarrheal [239], hepatoprotective and antioxidant [240], hypocholesterolemic [241], prokinetic and laxative [242] and anti-asthmatic [243] activities.




          Maghrani and co-workers [244] have investigated and reported the antihypertensive and diuretic activities of the oral treatments with 20 mg/kg/day of the aqueous extract of Lepidium sativum L. to normotensive Wistar Kyoto rats and spontaneously hypertensive rats for 3 weeks. The study showed that daily oral administration of the aqueous Lepidium sativum extract caused a profound decrease in blood pressure in spontaneously hypertensive rats starting from the 7th day post-treatment while it had no significant change on the Wistar Kyoto rats during the period of treatment. While the extract enhanced significantly diuresis as well as urinary excretion of sodium, potassium and chlorides in Wistar Kyoto rats, the extract also significantly enhanced urinary excretion of sodium, potassium and chlorides but non-significant diuresis in the spontaneously hypertensive rats [244]. Similar report on the enhanced diuresis and urinary excretion of sodium and chloride of 50 and 100 mg/kg of the aqueous and methanolic extracts of Lepidium sativum L. seeds in normal Wistar rats was made by Patel et al. [245].


        




        

          Linum usitatissimum L




          This is otherwise known as flax, common flax or linseed and it belongs to Linaceae family. It is a food and fiber crop that is grown in cooler regions of the world. Flax seeds are abundantly rich in antioxidants, B vitamins (riboflavin, niacin, pyridoxine and pantothenic acid), vitamin C, dietary fibre, a group of phytoestrogens called lignans, protein, omega-3-fatty acids (linoleic acid and alpha-linolenic acid), and micronutrients (such as manganese, zinc, phosphorus, iron, calcium, magnesium, folate) that together provide beneficial effects on patients with existing cardiovascular disease. In animal studies, flax seed has demonstrated anti-atherogenic and anti-inflammatory properties and beneficial effects on vascular contractile function. In a small double-blind, placebo-controlled, randomized clinical trial supported by the Canadian Agricultural-Industry Initiatives, 110 hypertensive patients with peripheral artery disease were fed with various food products containing 30 g of milled flaxseed or placebo daily for 6 months. Of the 110 recruited subjects, by the 6th months of the clinical trial, 13 patients from the flax seed group and 11 from the placebo group had dropped out of the study. At one month, plasma short chain omega-3 fatty acid alpha-linolenic acid and enterolignans used as biomarkers of dietary compliance had doubled and increased tenfold, respectively, in the flax seed group and these increases persisted through the six month study period. At 6 months, systolic and diastolic blood pressures were lower in the flax seed group than in the placebo group by 10 mmHg and 7 mmHg, respectively [246]. Reductions in systolic and diastolic blood pressure in the flax seed-fed group were greater in patients with baseline systolic blood pressure equal or greater than 140 mmHg than in the cohort as whole (15/7 mmHg vs. 7/5 mmHg) [246]. However, the investigators further stated that the study was limited by the high drop-out rate, and larger studies are required for validation and to determine whether the blood pressure reductions translate to reductions in cardiovascular events.


        




        

          Moringa oleifera Lam




          Moringa oleifera Lam (Moringaceae), synonym: Moringa pterygosperma Gaerth, is a highly valued plant which is widely distributed in many tropical and subtropical countries [247]. It is commonly known as the Drumstick tree, Horseradish tree, Indian Horseradish, Clarifier, Marango and Kelor tree [248]. It has a wide range of medicinal and nutritional values with different parts of the plant containing a profile of important minerals, vitamins, β-carotene, amino acids, protein, alkaloids and phenolics like flavonoids, anthocyanins, proanthocyanidins and cinnamates [249]. The Moringa plant is also a rich source of flavonoids especially zeatin, quercetin, β-sitosterol, caffeoylquinic acid and kaempferol. Different parts of Moringa oleifera plant including the leaves, roots, stem bark, fruit, flowers and immature pods have been attributed with plethora of therapeutic uses such as anticancer [250], antipyretic, analgesic and anti-arthritic [251], anti-cataract [252], anti-epileptic, antidiarrheal [253], anti-inflammatory [254], anti-ulcer [255], antispasmodic, diuretic, antihyperglycemic, antihyperlipidemic and hypocholesterolemic [256, 257], antibacterial and antifungal [258], antioxidant, antiperoxidative and cardioprotective [259], hepatoprotective [248, 260] and neuroprotective [261] activities. Single and repeated oral administration of 3 ml/kg of the aqueous leaf extract of Moringa oleifera (containing 0.3 mg gamma-aminobutyric acid and prepared from 10 g of dried Moringa oleifera leaves in 100 ml of distilled water) to spontaneously hypertensive rats (SHR) resulted in non-significant and profound reductions of the systolic blood pressure, respectively, in the treated rats [262]. Preliminary data suggest that an extract of Moringa oleifera root has diuretic activity, and may help dissolve and prevent urolithiasis containing oxalate, calcium, and phosphate [263]. The root extract has also been reported to cause hypotension, bradycardia and both positive and negative inotropic effects in animals, while high doses can cause both renal and hepatic dysfunction as well as neurotoxicity [264]. The hypotensive agents isolated from Moringa oleifera leaf extract include the thiocarbamate glycosides namely, niazinin A, niazinin B, niazimicin, and niaziminin A + B [265]. Similarly, activity-directed fractionation of the ethanol extract of pods of Moringa oleifera has led to the isolation of thiocarbamate and isothiocyanate glycosides which are known to be hypotensive principles [266], although ethyl p-hydroxybenzoate and β-sitosterol isolated from the ethanol extract of Moringa oleifera pods have also shown promising hypotensive activity [267]. However, data shows that Moringa extract might have additive effects when combined with conventional antihypertensive drugs, and, thus poses the risk of hypotension [268]. Some of the identified antihypertensive drugs include captopril, enalapril, losartan, valsartan, diltiazem, amlodipine, hydrochlorothiazide, furosemide, etc. [269].
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