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ABSTRACT
The mechanisms of antidiabetic activity of extract of aerial part of Ocimum basilicum L. (Lamiaceae) were evaluated. The extract was obtained by cold maceration in a 1:1 mixture of methanol - methylene chloride and subjected to phytochemical analysis for tentative identification of constituents as well as fingerprinting using thin layer chromatography (TLC) and high performance liquid chromatography (HPLC). Acute toxicity of the extract was studied in rats using the oral route. The effects of the extract on blood glucose level, oral glucose tolerance, hepatic glucose content, hemoglobin glycosylation and serum biochemistry (lipid profile, total serum protein and liver enzymes) were studied in alloxan diabetic rats. The effects of the extract on glucose metabolizing enzymes- α-amylase and α-glucosidase were assayed in vitro. The results showed that the extraction process afforded 74.12 g (8.1% w/w) of the extract. The extract lowered blood glucose and suppressed rise in blood glucose after a glucose meal in diabetic rats. The extract increased liver glycogen content in diabetic rats, inhibited α- amylase (IC50: 3.86 mg/ml) and α- glucosidase (IC50: 1.62 mg/ml) enzyme activities in vitro and significantly (p< 0.05) reduced hemoglobin glycosylation in non-diabetic rats but not in diabetic rats. The extract caused significant (p< 0.05) reduction in the liver enzymes (especially SGPT and SGOT) and total cholesterol and triglyceride level in both diabetic and non-diabetic rats. It also elevated total serum protein and albumin in diabetic rats. Acute toxicity and lethality test on the extract gave an oral LD50 greater than 5 g/kg in rats. TLC fingerprint of the extract yielded 6 spots (Rf 0.47- 0.97) while the HPLC fingerprint revealed 12 prominent peaks with retention time of 1.547 to 7.814. Phytochemical tests showed that the extract tested positive to tannins, saponins, flavonoids, carbohydrates, terpenes and sterols.
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CHAPTER ONE
INTRODUCTION
1.1 Diabetes mellitus
The term diabetes mellitus (DM) describes a metabolic disorder of multiple etiology characterized by chronic hyperglycemia with disturbances of carbohydrate, fat and protein metabolism resulting from defects in insulin secretion, insulin action, or both (WHO,1999). The effects of diabetes mellitus include long-term damage, dysfunction and failure of various organs. Diabetes mellitus may present with characteristic symptoms such as thirst, polyuria, blurring of vision, and weight loss. In its most severe forms, ketoacidosis or a non-ketotic hyperosmolar state may develop and lead to stupor, coma and, in absence of effective treatment, death. Often symptoms are not severe, or may be absent, and hyperglycemia is sufficient to cause pathological and functional changes that may be present for a long time before the diagnosis is made. The long-term effects of diabetes mellitus include progressive development of the specific complications of retinopathy with potential blindness, nephropathy that may lead to renal failure, and/or neuropathy with risk of foot ulcers, amputation, Charcot joints, and features of autonomic dysfunction, including sexual dysfunction (American Diabetes Association (ADA), 2012). 
	
1.2 Types and classification of diabetes mellitus (DM)
Classification of diabetes mellitus by the World Health Organization (1999) often depends on the circumstances present at the time of diagnosis.

1. Type I DM
Type I DM is characterized by the body’s inability to produce insulin due to autoimmune destruction of the beta cells in the pancreas. Onset most often occurs in childhood, but the disease can also develop in adults in their late 30s and early 40s. Diabetes mellitus type I accounts for between 5 and 10% of cases of diabetes (ADA, 2015; Diabetes UK, 2015). Globally, the number of people with diabetes type I is unknown, although it is estimated that about 80,000 children develop the disease each year (Chiang et al., 2014).

ii.) Immune-mediated diabetes 
Form of diabetes, which accounts for only 5–10% of those with diabetes (Diabetes UK, 2015; American Diabetes Association (ADA), 2015), previously encompassed by the terms insulin-dependent diabetes, type I diabetes, or juvenile-onset diabetes, results from a cellular-mediated autoimmune destruction of the β-cells of the pancreas. Markers of the immune destruction of the β-cell include islet cell autoantibodies to insulin, autoantibodies to glutamic acid decarboxylase (GAD65) and autoantibodies to the tyrosine phosphatases IA-2 and IA-2β. One and usually more of these autoantibodies are present in 85–90% of individuals when fasting hyperglycemia is initially detected (The Merck Manual of Diagnosis and Therapy, 2006). 
In this form of diabetes, the rate of β-cell destruction is quite variable, being rapid in some individuals (mainly infants and children) and slow in others (mainly adults). Some patients, particularly children and adolescents, may present with ketoacidosis as the first manifestation of the disease. Others have modest fasting hyperglycemia that can rapidly change to severe hyperglycemia and/or ketoacidosis in the presence of infection or other stress. Still others, particularly adults, may retain residual β-cell function sufficient to prevent ketoacidosis for many years; such individuals eventually become dependent on insulin for survival and are at risk for ketoacidosis. At this latter stage of the disease, there is little or no insulin secretion, as manifested by low or undetectable levels of plasma C-peptide (ADA, 2012).



(iii.) Idiopathic DM
Some forms of type I diabetes have no known etiologies. Some of these patients have permanent insulinopenia and are prone to ketoacidosis, but have no evidence of autoimmunity. Although only minorities of patients with type I diabetes fall into this category, of those who do, most are of African or Asian ancestry. Individuals with this form of diabetes suffer from episodic ketoacidosis and exhibit varying degrees of insulin deficiency between episodes. This form of diabetes is strongly inherited, lacks immunological evidence for β-cell autoimmunity, and is not human leucocyte antigene (HLA) gene associated. An absolute requirement for insulin replacement therapy in affected patients may come and go (ADA, 2015).

(iv.) Type II DM
This form of diabetes, which accounts for approximately 90–95% of those with diabetic cases (Schulz et al., 2005), previously referred to as non-insulin-dependent diabetes (NIDD), type II diabetes, or adult-onset diabetes, encompasses individuals who have insulin resistance and usually have relative (rather than absolute) insulin deficiency at least initially, and often throughout their lifetime, these individuals do not need insulin treatment to survive. There are probably many different causes of this form of diabetes. The epidemic nature of type II diabetes is closely associated with obesity and according to World Health Organization (WHO); more than 220 million people were suffering from diabetes mellitus type II in 2009 (WHO, 2009). 
Patients with this form of diabetes are obese, and obesity itself causes some degree of insulin resistance. Patients who are not obese by traditional weight criteria may have an increased percentage of body fat distributed predominantly in the abdominal region. Ketoacidosis seldom occurs spontaneously in this type of diabetes; when seen, it usually arises in association with the stress of another illness such as infection. This form of diabetes frequently goes undiagnosed for many years because the hyperglycemia develops gradually and at earlier stages is often not severe enough for the patient to notice any of the classic symptoms of diabetes. Type II diabetes mellitus, is often associated with a strong genetic predisposition, more so than is autoimmune form of type I diabetes mellitus (Rother, 2007).  
(v.) Other specific types of diabetes
(a.) Genetic defects of the β-cell
Some forms of diabetes are associated with monogenetic defects in β-cell function. These forms of diabetes are frequently characterized by onset of hyperglycemia at an early age (generally before age 25 years). They are referred to as maturity-onset diabetes of the young (MODY) and are characterized by impaired insulin secretion with minimal or no defects in insulin action. They are inherited in an autosomal dominant pattern. Abnormalities at six genetic loci on different chromosomes have been identified to date (Diabetes UK, 2014). The most common form is associated with mutations on chromosome 12 in a hepatic transcription factor referred to as hepatocyte nuclear factor (HNF)-1α (ADA, 2012).

Genetic abnormalities that result in the inability to convert proinsulin to insulin have been identified in a few families, and such traits are inherited in an autosomal dominant pattern. The resultant glucose intolerance is mild. Similarly, the production of mutant insulin molecules with resultant impaired receptor binding has also been identified in a few families and is associated with an autosomal inheritance and only mildly impaired or even normal glucose metabolism (ADA, 2014).

(b.) Genetic defects in insulin action
These are unusual causes of diabetes that result from genetically determined abnormalities of insulin action. The metabolic abnormalities associated with mutations of the insulin receptor may range from hyperinsulinemia and modest hyperglycemia to severe diabetes. Some individuals with these mutations may have acanthosis nigricans. Women may be virilized and have enlarged, cystic ovaries. In the past, this syndrome was termed type A insulin resistance. Leprechaunism and the Rabson-Mendenhall syndrome are two pediatric syndromes that have mutations in the insulin receptor gene with subsequent alterations in insulin receptor function and extreme insulin resistance. The former has characteristic facial features and is usually fatal in infancy, while the latter is associated with abnormalities of teeth and nails and pineal gland hyperplasia (ADA, 2014).

(c.) Diseases of the Exocrine Pancreas
Any process that diffusely injures the pancreas can cause diabetes; acquired processes include pancreatitis, trauma, infection, pancreatectomy, and pancreatic carcinoma. With the exception of that caused by cancer, damage to the pancreas must be extensive for diabetes to occur; adenocarcinomas that involve only a small portion of the pancreas have been associated with diabetes. This implies a mechanism other than simple reduction in β-cell mass. If extensive enough, cystic fibrosis and hemochromatosis will also damage β-cells and impair insulin secretion. Fibrocalculous pancreatopathy may be accompanied by abdominal pain radiating to the back and pancreatic calcifications identified on X-ray examination (ADA, 2012). 

(d.) Endocrinopathies
Several hormones (example growth hormone, cortisol, glucagon, and epinephrine) antagonize insulin action, excess amounts of these hormones which cause acromegaly, Cushing's syndrome, glucagonoma, pheochromocytoma, respectively can cause diabetes. This generally occurs in individuals with pre-existing defects in insulin secretion, and hyperglycemia typically resolves when the hormone excess is resolved. Somatostatinoma- and aldosteronoma-induced hypokalemia can cause diabetes, at least in part, by inhibiting insulin secretion (American Diabetes Association (ADA), 2014). Hyperglycemia generally resolves after successful removal of the tumor.

(e.) Drug- or chemical-induced diabetes
Many drugs can impair insulin secretion. These drugs may not cause diabetes by themselves, but they may precipitate diabetes in individuals with insulin resistance. In such cases, the classification is unclear because the sequence or relative importance of β-cell dysfunction and insulin resistance is unknown. Certain toxins such as Vacor (a rat poison) and intravenous pentamidine can permanently destroy pancreatic β-cells. Such drug reactions fortunately are rare. There are also many drugs and hormones that can impair insulin action, examples include nicotinic acid and glucocorticoids. Patients receiving α-interferon have been reported to develop diabetes associated with islet cell antibodies and in certain instances, severe insulin deficiency (ADA, 2012). 

(f.) Infections
Certain viruses have been associated with β-cell destruction. Diabetes occurs in patients with congenital rubella, although most of these patients have HLA genotypes and immune markers characteristic of type I diabetes. In addition, coxsackievirus B, cytomegalovirus, adenovirus and mumps have been implicated in inducing certain cases of the disease (ADA, 2012).

(g.) Neonatal diabetes
Neonatal diabetes mellitus (NDM) is a rare (1:300,000-400,000 newborn), but potentially devastating metabolic disorder characterized by hyperglycemia combined with low level of insulin (Polak and Cávè, 2007). Two main groups have been recognized on clinical grounds; transient NDM (TNDM) and permanent NDM (PNDM). TNDM infants develop diabetes in the first weeks of life but go into remission in a few months with possible relapse to a permanent diabetes states usually around adolescence or as adult while PNDM does not go into remission. At molecular level, it has been elucidated that there are mutations in the KCNJII and ABCC8 genes, encoding the kir6.2 and SUR 1 subunit of pancreatic KATP channel involved in the regulation of insulin secretion and account for one third to half of PNDM cases. A 2006 study showed that 90% of patients with a KCNJII mutation were able to successfully transit to sulfonylurea therapy (Pearson et al., 2006). In infants with TNDM, a control of blood glucose concentration can be attained with ultralente insulin treatment without any episode of hypoglycemia (Mitamura et al., 1996). 

(h.) Gestational diabetes mellitus (GDM)
GDM is defined as any degree of glucose intolerance with onset or first recognition during pregnancy. The definition applies regardless of whether insulin or only diet modification is used for treatment or whether the condition persists after pregnancy. It does not exclude the possibility that unrecognized glucose intolerance may have antedated or begun concomitantly with the pregnancy. GDM complicates approximately 4% of all pregnancies in the U.S, resulting in approximately 135,000 cases annually (American Diabetes Association (ADA), 2003). The prevalence may range from 1 to 14% of pregnancies, depending on the population studied; GDM represents nearly 90% of all pregnancies complicated by diabetes (American Diabetes Association (ADA), 2004).

1.3 	Causes of diabetes mellitus
1.3.1    Type I diabetes mellitus
Type I diabetes is caused by a lack of insulin due to the destruction of insulin-producing beta cells in the pancreas. In type I diabetes—an autoimmune disease—the body’s immune system attacks and destroys the beta cells. Normally, the immune system protects the body from infection by identifying and destroying bacteria, viruses, and other potentially harmful foreign substances. But in autoimmune diseases, the immune system attacks the body’s own cells. In type I diabetes, beta cell destruction may take place over several years, but symptoms of the disease usually develop over a short period of time.
	
Latent autoimmune diabetes in adults (LADA) may be a slowly developing kind of type I diabetes, diagnosis usually occurs after 30 years of age. In LADA, as in type I diabetes, the body’s immune system destroys the beta cells. At the time of diagnosis people with LADA may still produce their own insulin but eventually most will need insulin shots or an insulin pump to control blood glucose levels (American Diabetes Association (ADA), 2008).

1.3.2 Genetic susceptibility
Type I diabetes is a disease that involves many genes. The genes affected depend on locus or combination of loci, and they can be dominant, recessive, or in between. The strongest gene, IDDMI, is located in the MHC Class II region on chromosome 6, at staining region 6p21.Some variants of the gene increase the risk for decreased histocompatibility characteristic of type I diabetes. The variants include DRB1 0401, DRB1 0402, DRB1 0405, DQA 0301, DQB1 0302 and DQB10201, these are common in North Americans of Europe ancestry and in Europeans (Bluestone et al., 2010). The risk of a child developing type I diabetes is about 10% if the father has it, about 10% if a sibling has it, about 4% if the mother has type I diabetes and was aged 25 or younger when the child was born, about 1% if the mother was over 25 years old when the child was born (Joslin Diabetes Center).

1.3.3	Autoimmune destruction of beta cells 
In type I diabetes, destruction of insulin-producing pancreatic beta cells are caused by beta cell – specific autoimmune process by beta cells autoantigens, macrophages dendritic cells, B lymphocytes and T Lymphocytes and these are involved in pathogenesis of autoimmune diabetes. Beta cell autoantigens are released from beta cells by cellular turnover or damage and are presented to T helper cells by antigen presenting cells. 
Macrophages and dendritic cells first infiltrate the pancreatic islets. CD4+T cells may recognize major histocompatibilty complex (MHC) and beta cell, peptides presented by macrophages and dentritics cells. Interleukin (1L) -12 activates the CD4+T cells; CD8+T - cell will be activated by (1L)-12 produced by activated TH1 CD4+T cell which differentiated to cytotoxic T cells and recruited into the pancreatic islets. Beta cells can also be destroyed by granzymes and perforin released by CD8+ cytotoxic T cells. THI CD 4+T cells and beta cells cytotoxic CD 8+ T cells act synergistically to destroy beta cells resulting in autoimmune cell (Yoon and Jun, 2005).
[                  
1.3.4	Viruses and infections  
A theory proposes that type I diabetes is a virus-triggered autoimmune response in which the immune system attacks virus-infected cells along with the beta cells in the pancreas (Fairweather and Rose, 2002). The vulnerability to the viruses is not shared by everyone, which suggests presence of a genetic vulnerability (Donner et al., 1997).   Cytomegalovirus, parvovirus, encephalon myocarditis virus and retroviruses also induce type I diabetes (Kasuga et al., 1998). Rotaviruses have also been subjected to investigation for relationship to type I diabetes. Recent findings show sequence analogies between T-cells epitopes within the islet antigens GAD and I A- Z and rotavirus protein. Congenital rubella infecting is thought to cause diabetes by disturbing the normal development of beta cell mass rather inducing islet autoimmunity (Patterson et al., 1981). Mumps infection has also been implicated in some cases of type I diabetes mellitus (Goto et al., 2008). 


1.3.5 Infant feeding practices
Some studies have suggested that dietary factors may raise or lower the risk of developing type I diabetes. For example, breastfed infants and infants receiving vitamin D supplements may have a reduced risk of developing type I diabetes, while early exposure to cow’s milk and cereal proteins may increase risk. Early exposure to gluten, high nitrate in drinking water and cereals increases islet cell autoantibody production (The Merck Manual of Diagnosis and Therapy, 2006).

1.3.6 Causes of type II diabetes mellitus
Type II diabetes, the most common form of diabetes is caused by a combination of factors, including insulin resistance, a condition in which the body’s muscle, fat, and liver cells do not use insulin effectively. Type II diabetes develops when the body can no longer produce enough insulin to compensate for the impaired ability to use insulin. Symptoms of type II diabetes may develop gradually and can be subtle; some people with type II diabetes remain undiagnosed for years. Type II diabetes develops most often in middle-aged and older people who are also overweight or obese. The disease, once rare in youth, is becoming more common in overweight and obese children and adolescents. 

1.3.7 Genetic susceptibility  
Genes play a significant part in susceptibility to type II diabetes; having certain genes or combinations of genes may increase or decrease a person’s risk for developing the disease. The role of genes is suggested by the high rate of type II diabetes in families and identical twins and wide variations in diabetes prevalence by ethnicity. Type II diabetes occurs more frequently in African Americans, Alaska Natives, American-Indians, Hispanics/Latinos, and some Asian- Americans, Native Hawaiians, and Pacific Islander Americans than it does in non-Hispanic whites (The Merck Manual of Diagnosis and Therapy, 2006). Studies have shown that variants of the TCF7L2 gene increase susceptibility to type II diabetes. For people who inherit two copies of the variants, the risk of developing type II diabetes is about 80% higher than for those who do not carry the gene variant (Grant et al., 2009).
1.3.8 Obesity and physical inactivity
Physical inactivity and obesity are strongly associated with the development of type II diabetes. People who are genetically susceptible to type II diabetes are more vulnerable when these risk factors are present. An imbalance between caloric intake and physical activity can lead to obesity, which causes insulin resistance and is common in people with type II diabetes (Lovejoy, 2002).

1.3.9 Abnormal glucose production by the liver
An abnormal increase in glucose production by the liver also contributes to high blood glucose levels. Normally, the pancreas releases the hormone glucagon when blood glucose and insulin levels are low. Glucagon stimulates the liver to produce glucose and release it into the bloodstream. But when blood glucose and insulin levels are high after a meal, glucagon levels drop, and the liver stores excess glucose for later, when it is needed. For reasons not completely understood, in many people with diabetes, glucagon levels stay higher than needed. High glucagon levels cause the liver to produce unneeded glucose, which contributes to high blood glucose levels (Rang and Dale, 2007). 

1.3.10 Metabolic syndrome
Metabolic syndrome, also called insulin resistance syndrome, refers to a group of conditions common in people with insulin resistance, including higher than normal blood glucose levels, increased waist size due to excess abdominal fat, high blood pressure and abnormal levels of cholesterol and triglycerides in the blood. The genes involved regulate insulin production in the beta cells. The genes provide clues as to how beta cell function may be affected by key regulatory factors.  Malnutrition early in life is also being investigated as a cause of beta cell dysfunction. The metabolic environment of the developing fetus may also create a predisposition for diabetes later in life (American Diabetes Association (ADA), 2008).

1.3.11 Causes of gestational diabetes mellitus
Several factors have been found to be implicated in the cause of gestational diabetes mellitus. They include the following:

1. Insulin resistance and beta cell dysfunction
Hormones produced by the placenta and other pregnancy-related factors contribute to insulin resistance, which occurs in all women during late pregnancy. Insulin resistance increases the amount of insulin needed to control blood glucose levels. If the pancreas cannot produce enough insulin due to beta cell dysfunction, gestational diabetes occurs. 	As with type II diabetes, excess weight is linked to gestational diabetes. Overweight or obese women are at particularly high risk for gestational diabetes because they start pregnancy with a higher need for insulin due to insulin resistance. Excessive weight gain during pregnancy may also increase risk (Chu et al., 2007).

1. Family history
A family history of diabetes is also a risk factor for gestational diabetes, suggesting that genes play a role in its development. Genetics may also explain why the disorder occurs more frequently in African - Americans, American - Indians, and Hispanics/Latinos (The Merck Manual of Diagnosis and Therapy, 2006). Many gene variants or combinations of variants may increase a woman’s risk for developing gestational diabetes. Studies have found several gene variants associated with gestational diabetes, but these variants account for only a small fraction of women with gestational diabetes, notably TCF7L2 (Zhang et al., 2013).

A woman’s hormones usually return to normal levels soon after giving birth, gestational diabetes disappears in most women after delivery. However, women who had gestational diabetes are likely to develop it with later pregnancies and have a 35 to 60% chance of developing type II diabetes 10 to 20 years after delivery (National Diabetes Statistics (NDS), 2011). Women with gestational diabetes should be tested for persistent diabetes 6 to 12 weeks after delivery and at least every 3 years thereafter.

1.4	Epidemiology of diabetes mellitus
The incidence of diabetes is increasing due to population growth, aging, urbanization, and increasing prevalence of obesity and physical inactivity (Wild et al., 2004). In 2014, about 9% of adults 18 years and older had diabetes. In 2012, diabetes was the direct cause of 1.5 million deaths. More than 80% of diabetes deaths occur in low and middle- income countries (WHO, 2013). The World Health Organization projected that diabetes would be the seventh world leading cause of death in 2030 (Marthers and Loncar, 2006). Globally, an estimated 422 million adults were living with diabetes in 2014 compared to 108 million in 1980 and prevalence has nearly doubled from 4.7% to 8.5% in the adult population (WHO, 2016).

Globally, diabetes prevalence is similar in men and women but it is slightly higher in men less than 60 years of age and in women at older ages. Incidence of diabetes in people between age 45 and 64 years is more in developing countries which vary with what is obtainable in the developed countries with the majority diabetics aged 64 years and above (Kings et al., 1998). In 2006, type I diabetes affected 440,000 children under 14 years of age and was the primary cause of death in those less than 10 years of age (Aanstoot et al., 2007). The incidence of type I has been increasing by about 3% per year (Aanstoot et al., 2007).

1.5		The pathophysiology of diabetes mellitus
The body obtains glucose from three main places: the intestinal absorption of food, the breakdown of glycogen, the storage form of glucose found in the liver, and gluconeogenesis, the generation of glucose from non-carbohydrate substrate in the body (Gardner, 2011). Insulin is released into the blood by beta cells found in the Islet of Langerhans in the pancreas, in response to the rising levels of blood glucose. Lower glucose levels result in decreased insulin release from the beta cells and in the breakdown of glycogen to glucose –a process controlled by the hormone glucagon, which has an opposing effect to insulin (Kim, 2012). If the amount of insulin available is insufficient, if cells respond poorly to the effects of insulin (insulin insensitivity or resistance), or if insulin itself is defective, then glucose will not be absorbed properly by body cells that require it, and it will not be stored appropriately in the liver and muscles and the net result is persistently high levels of blood glucose, poor protein synthesis and metabolic derangements, such as acidosis (Gardner, 2011).
The pathophysiology of type I diabetes mellitus suggests that it is an autoimmune destruction of pancreatic beta cells, which leads to a deficiency of insulin secretion resulting in the metabolic derangement associated with IDDM. In addition to the loss of insulin secretion, the function of pancreatic alpha cells is also abnormal and there is excess secretion of glucagon in IDDM patients (Ozougwu et al., 2013), in patients with IDDM, glucagon secretion is not suppressed by hyperglycemia (Raju and Raju, 2010).

In case of Type II diabetes mellitus, the insulin hormone secreted by the beta cells is normal or slightly lower than the ideal amount. However, the body cells are not responding to insulin as they do in a healthy person. Type II diabetes is due primarily to life style factors and genetic factors (Riserus et al., 2009). Type II diabetes is also known as Non-insulin Dependent Diabetes Mellitus (NIIDM) or Adult Onset Diabetes. 
The third type of diabetes is called Gestational diabetes in which the high level of blood glucose is caused by hormonal fluctuations during pregnancy. Usually, the glucose concentration returns to normal after the baby is born. However, there are also instances, in which it remains high even after childbirth. This is an indication for increased risks of developing diabetes in the near future.  

The noticeable symptoms include increased thirst (polydipsia), increased urination (polyuria), and increased appetite (polyphagia). Other diabetes signs and symptoms include excessive fatigue, presence of sugar in the urine (glycosuria), body irritation, unexplained weight loss, and dehydration. Elevated blood sugar and glycosuria are interrelated; when glucose amount in the blood is abnormally high, the reabsorption by proximal convoluted tubule is reduced, thereby retaining some glucose in the urine (Raju and Raju, 2010).
1.6 Diagnosis of diabetes mellitus

Diabetes mellitus is characterized by recurrent or persistent hyperglycemia, and is diagnosed by demonstrating any one of the following (WHO, 1999):
Fasting plasma glucose level ≥ 7.0 Mmol/L (126 mg/dL)
Plasma glucose ≥ 11.1 Mmol/L (200 mg/dL) two hours after a 75 g oral glucose load as in a glucose tolerance test
Symptoms of hyperglycemia and casual plasma glucose ≥ 11.1 Mmol/L (200 mg/dL)
Glycated hemoglobin (Hb A1C) ≥ 6.5% (American Diabetes Association (ADA), 2010).

A positive result, in the absence of unequivocal hyperglycemia, should be confirmed by a repeat of any of the above methods on a different day. It is preferable to measure a fasting glucose level because of the ease of measurement and the considerable time commitment of formal glucose tolerance testing, which takes two hours to complete and offers no prognostic advantage over the fasting test (Sayday et al., 2001). According to the current definition, two fasting glucose measurements above 126 mg/dL (7.0 Mmol/L) are considered diagnostic for diabetes mellitus.  People with fasting glucose levels from 110 to 125 mg/dL (6.1- 6.9 Mmol/L) are considered to have impaired fasting glucose (WHO/IDF, 2006).

1.6.1	Random blood glucose test
A blood sample will be taken at a random time. Regardless of when you last ate, a random blood sugar level of 200 milligrams per deciliter (mg/dL) — 11.1 millimoles per litre or higher suggests diabetes.

1.6.2	Fasting blood glucose test
A blood sample will be taken after an overnight fast. A fasting blood sugar level between 100 and 125 mg/dL (5.6 and 6.9 Mmol/L) is considered prediabetes. Blood sugar 126 mg/dL (7 Mmol/L) or higher on two separate tests, is diagnosed as diabetic.
If type I diabetes is suspected, a urine sample will be tested to look for the presence of ketones, a byproduct produced when muscle and fat tissue are used for energy when the body does not have enough insulin to use the available glucose. Occasionally a C peptide level; a test used to measure the ability of the pancreas to secrete insulin will be checked. Levels of C peptide are usually low in people with type I diabetes, but may be normal or high in people with type II diabetes.

1.6.3	Oral glucose tolerance test (2 h plasma glucose)
The oral glucose tolerance test is a medical test in which glucose is given and blood samples taken afterwards to determine how quickly it is cleared from the blood. The test is used for diabetes, insulin resistance and impaired beta cell function (DeFronzo and Abdul-Ghani, 2011). The oral glucose tolerance test is administered after 3 days of consuming unrestricted balanced diet that contains at least 150 g of carbohydrate per day before the test, foods like fruits, bread, cereals, grains, crackers and starchy vegetables such as potatoes, beans and corn and some level of physical activity.

The test is carried out the following day after 8 hours of fast; no food, drink, smoke or exercise before the first blood sample which is fasting blood glucose and provides the baseline for comparing other values. Then water can be taken. The subject should be given 75-100 g of glucose in a 300 ml of water which is taken within 5 min. 	Blood samples are collected 2 h after test load and glucose measured from plasma (WHO, 1999). Based on the fasting plasma glucose, the glucose tolerance is classified thus:
FPG should be below 6.1 Mmol/L (110 mg/dL)
FPG between 6.1and 7.1 Mmol/L (110 and 125 mg/dL) are borderline or impaired fasting glycaemia.
FPG repeatedly at or above 7.0 Mmol/L (126 mg/dL) are diagnostic of diabetes.
A 2 h OGTT glucose level below 7.8 Mmol/L (140 mg/dL) is normal, while higher value indicates hyperglycemia and level above 11.1 mmol/L (200 mg/dL) at 2 hours confirms diagnosis of diabetes.

1.6.4 Glycosylated hemoglobin (HAIc)
The HA1c result shows the cumulative effect of hyperglycemia over the past 2-3 months. The correlation of average glucose (AG) to HA1c% was reported as AG mg/dl = 28.7 X HA1c - 46.7.8 as such, HA1c provides a long-term analysis of the patient's average blood glucose. Other advantages to using HA1c as the diagnostic test for diabetes are that, unlike plasma glucose and oral glucose tolerance, HA1c does not require fasting. HA1c values are stable in vitro; so tubes can be processed without special handling. Drawbacks to the HA1c are cost and availability. Furthermore, HA1c is not accurate for individuals who have increased or decreased red blood cell turnover, such as those with hemolytic disease, iron deficiency or pregnancy (American Diabetes Association (ADA), 2010). HA1c methods may also be inaccurate in the presence of certain hemoglobinopathies (Bry et al., 2001; National Glycohaemoglobin Standardization Programme (NGSP), 2010).

1.7	Complications of diabetes mellitus 
The complications of diabetes mellitus are far less common and less severe in people who have well-controlled blood sugar levels. 

1.7.1	Acute complications of diabetes
a.) Hypoglycemia
Hypoglycemia, or abnormally low blood glucose is an acute complication of diabetes treatment, the patient may become agitated, sweaty, weak, and have many symptoms of sympathetic activation of the autonomic nervous system resulting in feelings akin to dread and immobilized panic, consciousness can be altered or even lost in extreme cases leading to coma, seizures or even brain damage and death (McAulay et al., 2001).
 Diabetic ketoacidosis
Diabetic ketoacidosis (DKA) is an acute and dangerous complication that is always a medical emergency. Elevated levels of ketone bodies in the blood decrease the blood's pH, leading to DKA. Ketoacidosis can easily become severe enough to cause hypotension, shock, and death. It is much more common in type I diabetes than type II.



1. Hyperglycemia hyperosmolar state (nonketotic hyperosmolar coma)
Hyperosmolar nonketotic state (HNS) is an acute complication. It is more common to type II than type I. HNS is characterized by a relative deficiency of insulin concentration to maintain normoglycemia, but adequate levels to prevent lipolysis and ketogenesis (Shade, 1977). Infection is the major precipitating factor in 30- 60% of patients with pneumonia and urinary tract infection (UTI) (Wachtel, 1991). The injurious effects of hyperglycemia are separated into macrovascular (coronary artery disease, peripheral arterial disease, and stroke) and microvascular complications (diabetic nephropathy, neuropathy, and retinopathy) (Fowler, 2008).

1. Diabetic retinopathy
Diabetes retinopathy is responsible for approximately 10,000 new cases of blindness every year in the United States alone (Forg, 2004). The risk of developing diabetic retinopathy or other microvascular complications of diabetes depends on both the duration and the severity of hyperglycemia. Patients with type I diabetes develop evidence of retinopathy within 20 years of diagnosis (Keenan et al., 2007). 

1. Diabetic nephropathy
Diabetic nephropathy is the leading cause of renal failure in the United States (American Diabetes Association (ADA), 2004). Diabetes is among the leading causes of kidney failure (WHO, 2011).  It is defined by proteinuria > 500 mg in 24 hours in the setting of diabetes, but this is preceded by lower degrees of proteinuria. This progression occurs in both types I and II diabetes. 

1. Diabetic neuropathy
Diabetic neuropathy is the presence of symptoms and/or signs of peripheral nerve dysfunction in people with diabetes after the exclusion of other causes (American Diabetes Association (ADA), 2007). As with other microvascular complications, risk of developing diabetic neuropathy is proportional to both the magnitude and duration of hyperglycemia, and some individuals may possess genetic attributes that affect their predisposition to developing such complications. Peripheral neuropathy in diabetes may manifest in several different forms, including sensory, focal/multifocal, and autonomic neuropathies. More than 80% of amputations occur after foot ulceration or injury, which can result from diabetic neuropathy (Boulton et al., 2005).

1.7.2 	Macrovascular complications of diabetes
Diabetes increases the risk of heart diseases and stroke. In a multinational study conducted in the UK, 50% of people with diabetes die of cardiovascular disease and stroke (Morrish et al., 2001). The mechanisms through which diabetes increases the likelihood of atherosclerotic plaque formation are not completely defined; the association between the two is profound. Cerebrovascular disease (CVD) is the primary cause of death in people with either type I or type II diabetes (Laing et al., 2003; Peterson et al., 2007). Diabetes is a strong independent indicator of risk of stroke and CVD, as in coronary artery disease (Lehto et al., 1996). Patients with type II diabetes have a much higher risk of stroke, with an increased risk of 150-400%. Risk of stroke-related dementia and recurrence, as well as stroke-related mortality, is elevated in patients with diabetes (Beckman et al., 2002).

1.8 	Management of diabetes mellitus
1.8.1 	Non-drug measures
The main goal of diabetes mellitus management is to restore carbohydrate metabolism to as close to normal state as possible. Avoidance or postponement of type II diabetes in high risk individuals through appropriate lifestyle measures is quite an attainable goal (Scheen, 2007). The non-pharmacological approaches aim at reduction of adiposity and to improve insulin action by countering insulin resistance (Andrew et al., 2008). Regular physical activity is very essential in the management of type II diabetes. Exercises have been known to increase insulin sensitivity, reduce blood pressure, weight and improve lipid profile by reducing serum triglycerides and at the same time improve the HDL. It is also known to improve cardiovascular function, bone density, physical and mental well-being. The dietary recommendations should be individualized. Dietary management is aimed at achieving and maintaining ideal body weight, euglycemia and desirable lipid profile, prevent and postpone complications related to diabetes. By consumption of plant foods that consist of basic nutrients such as vitamins, minerals, dietary fibers and more important bioactive compounds such as polyphenols and carotenoids (Montonen et al., 2004; Robert et al., 2006) that have specific structure function have been found to inhibit digestion of carbohydrate which tends to reduce the blood glucose level in diabetic patients. Stress management is equally important in the management of diabetes; special attention to person with diabetes, quality of life, coping skills, optimal family support and a healthy workplace environment (Indian Council of Medical Research (ICMR), 2005).

1.8.2 Drug therapy for diabetes mellitus
1.8.2.1 Insulin therapy
Insulin was discovered in early 1920, when it was found that β cells of pancreatic islets synthesize insulin from a single chain precursor of 110 amino acids called preproinsulin and after translocation through the membrane of rough endoplasmic reticulum, the 24 amino acid N- terminal signal peptide of preproinsulin is cleaved to form proinsulin with the formation of disulfide bond. The initial sources of insulin for clinical use in humans were cow, horse, pig, or fish pancreas. They proved effective in humans as they were identical to human insulin (three amino acid different in bovine insulin, one amino acid different in porcine insulin), but minor allergic reactions occur occasionally after purifying the insulin through the use of HPLC (High pressure liquid chromatography).

Biosynthetic human insulin is now manufactured for clinical use using genetic engineering techniques- recombinant DNA technology which reduces presence of many impurities as claimed by the manufacturers. HumulinR (Eli Lilly) in 1982 was first to be produced using modern genetic engineering techniques in which actual human DNA is inserted into a host cell (E. coli),due to the inserted human DNA, E. coli (host cell) produced synthetic version of human insulin. Novo Nordisk also developed as genetically engineered insulin independently using a yeast process. Slight variations of the human insulin molecule are called insulin analogues. Insulin is classified according to the rate of absorption and activity characteristics.
The commonly used types of insulin are:

1. Fast acting insulin
The fast acting insulin includes insulin analogues; aspart, lispro, and glulisine. These begin to work within 5 to 15 minutes and are active for 3 to 4 hours. The fasting acting insulin dissociate immediately into monomers resulting in characteristic rapid absorption. Lispro differs from human insulin at position B28 and B29; as part formed by replacement of proline at B28 with aspartic acid, whereas in glulysine insulin; glutamic acid replaces lysine at B29 and lysine replaces asparagines at B23. Prevalence of hypoglycemia is decreased by 20-30% and there is significant control of glucose levels (American Diabetes Association (ADA), 2012).
1. Short and rapid acting insulin
These include solutions of regular, crystalline zinc insulin dissolved in a buffer at a neutral pH; rapid onset of action but shortest duration of 20-30 minutes. The hormone is cleared rapidly in the absence of sustained infusion of insulin and counter regulatory hormones (glucagon, epinerphrine, norepinerphrine, cortisol and growth hormones) restore plasma glucose baseline in 2-3 hours (Dimitriadas and Gerich, 1983). Intravenous infusion of insulin is important in patients with ketoacidosis or during labour, delivery, intensive care situation and perioperative period.

1. Intermediate acting insulin
The intermediate acting insulin tend to dissolve gradually when given gradually for slower onset of action and prolonged peak action; preparations in this category includes NPH insulin in phosphate buffer and lente insulin (a mixture of crystalline ultralente and amorphous semilente) in acetate buffer which minimize solubility of insulin and when given at bedtime may help to normalize fasting blood glucose (Riddle, 1985). 
1. Long acting insulin
Ultra lente (extended insulin zinc suspension and protamine zinc suspension and insulin glargine are long acting. They have slow onset of action and prolong peak of action. There are other approaches to prolonging action of insulin analog by adding saturated fatty acid to the amino group of lysine at B29 yielding myriostoylated insulin called insulin determir (levemir). Insulin has no age restriction except insulin glargine (lantus) which is approved for use in patients 6 years and above. 
Adverse effects of Insulin include risk of fatal hypoglycemia which is a major drawback to the use of insulin, occurring in approximately 16% of type I and 10% of type II diabetic patients (ADA, 2009). It is higher in patients receiving intensive or continuous infusion insulin therapy. Weight gain is another drawback in the use of insulin. The combination of insulin to other oral agents has the potential to reduce insulin requirement and also result in less marked weight gain (Nelson and Palumbo, 2006).

1.8.2.2 Oral hypoglycemic agents (Drugs)
Oral hypoglycemic drugs are initiated in type II diabetes when 2- 3 months of diet and exercise alone are unable to achieve and maintained optimal plasma glucose levels. These oral hypoglycemic drugs possess distinct mechanisms of action which enable them to be used independently or in combination with other drugs. Lowering blood glucose level to normal is the most important part of treating persistent hyperglycemia which is characteristic of type II diabetes (Ye et al., 2002).

1. Sulfonylureas
The sulfonylureas are divided into first and second generations. The first generation includes tolbutamide, acetazolamide, tolazomide while the second generation sulfonylureas include glipizide, glibenclamide, glimepiride, gliclazide etc. The first generation sulfonylureas possess longer half-lives than the second and the third generations, but are less potent. The sulfonylureas trigger insulin release by inhibiting the ATP-sensitive K+ channel and opening a voltage sensitive Ca2+ channel that acts as insulin secretagogue and this has been cloned recently (Philipson and Steiner, 1995). The sulfonylureas resemble physiological secretagogues for example glucose, leucine, etc. and also lower the conductance of potassium channels (Boyd, 1988). The second and third generations have lesser tendency to cause hypoglycemia, because of their short half- lives. They generally slow the rate at which the liver releases glucose into the blood stream and also increase the number of insulin receptors thus increasing insulin efficacy. The sulfonylureas are metabolized in the liver and excreted in the urine. Aside hypoglycemia, other common side effects are weight gain, nausea and vomiting. Sulfonylureas are used to control hyperglycemia in type II patients whose blood glucose cannot be appropriately controlled with changes in the diet alone.

1. Biguanides
The biguanides are derivatives of guanidine, naturally found in vegetables. Metformin increases the sensitivity of target organs to insulin. Metformin is antihyperglycemic, and not a hypoglycemic agent (Bailey, 1992). It does not cause hypoglycemia and reduces hepatic glucose output possibly by inhibiting gluconeogenesis (Stumvoll et al., 1995). Metformin is often prescribed together with sulfonylureas (Hermann et al., 1994). Common side effects include lactic acidosis and gastrointestinal disturbances. There are reduced cardiovascular complications of diabetes with biguanides and no weight gain.

1. Thiazolidinediones
The thiazolidinediones are also referred to as insulin sensitizers as they act on the liver to decrease insulin resistance and improve transport of glucose into muscle and adipose tissues and lower hepatic glucose production (DeFronzo, 1999). They bind to a nuclear receptor – peroxisome proliferator-activated receptor-γ (PPARγ), the glitazone receptor involved in transcription of genes regulating glucose and fat metabolism. The thiazolidinediones possibly have an effect on  insulin-mediated glucose uptake at all insulin levels making them invaluable in patients with insulin resistance (Evans, 2002). Thiazolidinediones include rosiglitazone and pioglitazone. Their side effects include weight gain and edema. These drugs should not be used in patients with history of heart failure as they can cause fluid retention and thereby precipitate cardiac failure (Delea et al., 2003).

1. Meglitinides
The meglitinides are referred to as nonsulfonylurea secretagogues which help the pancreas to produce insulin and are short acting. They are used as monotherapy in type II diabetics who have not been chronically placed on other antidiabetic agents. Nateglinide and repaglinide are the only members of meglitinide. They cause β-cell depolarization, which stimulates the pancreatic islets to secrete insulin. Studies have suggested that meglitinides lower hemoglobin HA1c by 0.5 to 1.5% (American Diabetes Association (ADA), 2009). Meglitinides seem to cause less weight gain and low blood sugar compared to sulfonylureas. Repaglinide (Prandin)R is more potent than Nateglinide (Starlix)R, which is more selective for β-cells. Meglitinides have rapid onset of action and short duration of action. Common side effects include hypoglycemia and gastrointestinal effects.

1. Newer antidiabetic agents
Incretin mimetics and Incretin enhancers (dipeptidyl peptidase-4 inhibitors)  
They are the newer classes of antidiabetic agents introduced in the year 2005 (Exenatide) and in the year 2007 (Sitagliptin). Both use the antidiabetic properties of the incretin hormone, glucagon-like peptide (GLP)-1 (Drucker and Nauck, 2006). The incretin hormones- glucagon-like peptide-1 and glucose dependent insulinotropic peptide (GIP) are gut peptides that potentiate nutrient-stimulated insulin secretion following meal ingestion. Patients with type II diabetes exhibit reduced total and intact GLP-I levels. The incretins support the synthesis of proinsulin to replenish insulin stores in β-cells, reduce the rate of β-cell apoptosis when islets are incubated in a toxic environment (glucotoxicity, lipotoxicity, cytotoxic cytokines); and promote differentiation of precursor cells with the ability to develop into β-cells and proliferation of β-cell lines.  GLP-I can lower glucagon concentrations, that is, induce α-cells to respond again to the inhibitory action of hyperglycemia, while leaving the counter regulatory glucagon responses undisturbed, as in the case of hypoglycemia. Additional activities of GLP-I are the deceleration of gastric emptying (Wettergreen et al., 1993) which slows the entry of nutrients into the circulation after meals, a reduction in appetite, and earlier induction of satiety (Flint et al., 1998) leading to weight reduction with chronic exposure. Renal effects that is promotion of sodium and water excretion, as well as neuro- and cardioprotective properties of GLP-I, have also been described.
Incretins are rapidly degraded by dipeptidyl peptidase-4(DPP4). Strategies to enhance incretin activity have included development of GLP-I receptor agonists resistant to the action of DPP 4 which include Liraglutide and Exenatide and DPP 4 inhibitors that act to increase the concentration endogenous intact GLP-I for example Sitagliptin, saxagliptin and Vildagliptin.  Exenatide is a synthetic form of a natural peptide found in the saliva of Heloderma suspectum. Through its amino acid sequence homology with GLP-I, it is able to interact with GLP-I receptors and to mimic all aspects of the antidiabetic activity of GLP-I (Nielsen et al., 2004).  Exenatide has a half-life of approximately 3 h and has been approved for administration (twice-daily injections) to type II diabetic patients inadequately controlled by oral antidiabetic agents. Recently developed liraglutide, synthesized by attaching a free fatty acid to a slightly modified GLP-I molecule, is characterized by a half-life of 12–14 h (suitable for once-daily administration) (Knudsen et al., 2000).

1.9   	Herbal antidiabetic agents
Although remarkable progress has been made in development of synthetic drugs, investigations have continued to discover natural and cost effective food sources for managing hyperglycemia and hypertension associated with early stages of type II diabetes, through diets (Fahad, 2010).  In developing countries, these drugs are expensive and are not easily accessible; also their side effects have made herbal remedies attractive in the treatment of diabetics. Traditional herbal medicines are mainly used which are obtained from plants, and play important role in the management of diabetes mellitus (Patel et al., 2012). By 2000, about 176 plants from 84 families had been screened for antidiabetic activity with promising results (Mohamed et al., 2006). Currently, the use of herbal hypoglycemic medicinal plants has been on increase in developed countries motivated by adverse reactions cost associated with convectional antidiabetic drugs (Gurib, 2006). Herbal products or plants products are rich in phenolic compounds, flavonoids, terpenoids, coumarins and other constituents that reduce blood glucose levels (Ji et al., 2009). Natural plant and food sources provide alpha amylase and alpha glucosidase inhibitors which play a part in offering techniques to control post-prandial hyperglycemia (Kwon et al., 2006; Shetty et al., 2008) with minimum side effects.  The herbal products are prescribed due to their effectiveness, fewer side effects in clinical experience and they are relatively of low cost.  

Approximately 30% of the traditionally used antidiabetic plants were pharmacologically and chemically investigated (Alarcon-Aguilar et al., 2002c). Traditional treatments may provide valuable clues for the development of new oral hypoglycemic agents and simple dietary adjuncts. More than 100 medicinal plants are mentioned in the Indian system of medicines including folk medicines for the management of diabetes, which are effective either separately or in combinations (Kar et al., 2003). Pharmaceutical research across the world shows that natural products are potential sources of novel molecules for drug development (Marles et al., 1995).
Some plants have been reported to exhibit insulin –like effects such as increased hepatic metabolism, increased insulin release from β cells and also have insulin-sparing effect for example Vernonia amygdalina (Akah and Okafor, 1992) and so many other herbal antidiabetic plants.

Some antidiabetic herbal plant extracts cause inhibition of the enzymes; alpha amylase and glucosidase as mechanisms of antidiabetic activity.  Alpha amylase is a prominent enzyme found in the pancreatic juice and saliva, which breaks down large insoluble starch molecules into absorbable molecules (Afifi et al., 2008). While mammalian α –glucosidase in the mucosal brush border of small intestine catalyses the end step of digestion of starch and disaccharide, inhibitors of α-amylase and α-glucosidae delay the breakdown of carbohydrates in the small intestine and diminish the postprandial glucose excursion (Kwon et al., 2007).  This is very crucial to a patient suffering from type II diabetes, since glucose released is the primary cause of postprandial hyperglycemia that tends to worsen glycemic control. In the recent years, some plants have been known to be important inhibitors of these enzymes and have been receiving attention as hypoglycemic agents to be used alone or in combination with the orthodox medicines. Morinda lucida exhibited antidiabetic property attributed to the presence of phytochemicals like flavonoids, saponins and tannins (Kazeem et al., 2013). In some soft fruits such as blueberries, red cabbage, raspberries, strawberries, and others enriched with high level of polyphenolic compounds that cause insulin-like effects in glucose utilization through inhibition of α-glucosidase and amylase enzymes (McDougall et al., 2005). Plants rich in polyphenols which also  have dietary  antioxidants that tend to induce protective effects by chelating metal ions (Brown et al., 1998) also inhibit carbohydrate hydrolyzing enzymes  thereby lowering the postprandial hyperglycemia in the management of diabetes mellitus in vivo (Mai et al., 2007). Trigonella foenum graecum (Fenugreek) seeds increase glucose stimulated insulin release by isolated islet cells. The leaves of Mangifera indica (mango) used as an antidiabetic agent in Nigerian folk, tends to reduce the internal absorption of glucose (Rajesham et al., 2012). Aloe vera and Aloe barbadensis with its bitter principle stimulate and release insulin from pancreatic beta cells in diabetic rats (Rajesham et al., 2012). Allium cepa (onion), Acacia arabica (babhul) and Allium sativum increase insulin secretion and hepatic glycogen and free amino acid content which decrease fasting blood glucose and triglycerides; Acacia is a potent insulin secretagogue while onion controls post-prandial glucose levels (Rajesham et al., 2012). Momordica charantia (bitter gourd) increases insulin secretion, inhibits glucose reabsorption in guts, preserves islet beta cells and increases peripheral glucose utilization and suppression of gluconeogenesis enzymes (Khanna et al., 1981). Hydroalcoholic extract of Azadirachta indica (neem) increases glucose uptake and glycogen deposition in isolated rat hemi-diaphram (Shikha et al., 2012). Phyllanthus amarus known as Bhuiamala, found in the hotter parts of India is found to have potent antioxidant activity and the methanol extract reduced the blood glucose in alloxanised diabetic rats (Raphael et al., 2002). The methanol extract of Phyllanthus niruri was found to have potent antidiabetic property accomplished by excellent glucose mobilization and storage through suppression of postprandial rise in glucose with inhibition of carbohydrate enzymes (Obidike et al., 2009).  Carica papaya and Pandanus amaryllifolius induce regeneration of beta cells and reduce hyperglycemia in diabetic rats (Sasidharan et al., 2011). Antidiabetic effect of alcoholic Syzigium cumini seeds (jamun) in alloxan induced diabetic albino rats, increase the total hemoglobin concentration (Mainzen et al., 2003). Genistein, a key isoflavone present in soybean was reported to treat obesity and diabetes; promotes the secretion of insulin and GLP -1 with pancreatic beta cell proliferation (Gilbert and Liu, 2013). Berberine, an isoquinoline alkaloid from Berberis vulgaris which has multiple functions by lowering hyperglycemia, beta cell regeneration increased and decreased lipid peroxidation in a mouse model of type II (Nawel et al., 2011 ).

Studies have shown that different parts of Psidum guajava (common guava) possess antidiabetic property. The aqueous extract in both alloxanized and streptozotocin – diabetic rats showed hypoglycemic activity attributed to the tannins, flavonoids and other constituents (Ojewole, 2005) and inhibited α-glucosidase activity in diabetic mice (Wang et al., 2007). The methanol extract of Cajanus cayan (Fabaceae) showed antidiabetic activity in alloxan – diabetes and in oral glucose tolerance, suppress peak post-prandial rise in blood glucose level (Ezike et al., 2010).      
  

1.10 	Pharmacological screening for antidiabetic activity
1.10.1 	Alloxan-induced diabetes
Alloxan is a pyrimidine derivative used to induce diabetes in animals as a result of the specific necrosis of the pancreatic beta cells. Following the administration of alloxan, a tetraphasic blood glucose response will be observed; a transient hypoglycemic phase due to stimulation of insulin secretion alternated with hyperglycemia (Lenzen, 2008).

Alloxan inhibits glucokinase, a thiol dependent enzyme responsible for phosphorylation of glucose. Glucokinase is the most sensitive thiol enzyme in the beta cells (Tiedge, 2000).
The inhibition of this enzyme reduces glucose oxidation and ATP generation and suppresses ATP signal that triggers insulin secretion. This it does by reducing the two adjacent –SH groups in the sugar binding site of glucokinase to form a disulphide bridge which inactivates the enzyme. Alloxan also undergoes redox recycling in the presence of physiological reducing agents, generating reactive oxygen species (ROS), which gives rise to toxic changes and pancreatic beta cell death. The diabetogenic effect of alloxan can be reversed by some antioxidative enzymes such as superoxide dismutase (SOD) or suppressed by the iron chelator- desferroxamine which prevents the generation of very toxic hydroxyl radicals in the iron catalysed Fenton reaction (Munday, 1988; Winterboum, 1989).

1.10.2 Streptozotocin-induced diabetes
Streptozotocin is a glucosamine-nitrosourea analogue in which N- methyl- N-nitrosourea (MNU) moiety is linked to the carbon- 2 of a hexose. Nitrosoureas are usually lipophilic and tissue uptake through the plasma membrane is rapid and it is selectively accumulated in pancreatic beta cells via low affinity GLUT 2 glucose transporter in plasma membrane and insulin producing cells that do not express this glucose transporter are resistant to streptozotocin. Organs like kidney and liver are usually damaged because they express the glucose transporter (Weiss, Hubbard & Blundell, 1982).
Toxicity of streptozotocin is dependent upon the DNA alkylating activity of its methylnitrosourea moiety at O6 position of guanine (Lenzen, 2008). The transfer of methyl group from streptozotocin to the DNA molecule results in the fragmentation of DNA along with protein glycosylation (Konrad, 2002). DNA poly (ADP-ribose) polymerase (PARP) is over stimulated and diminished cellular NAD+ and ATP stores (Uchigata, 1982) and results in beta cell necrosis. Inhibitors of polyADP-ribosylation suppress the process of DNA methylation. Injection of Nicotinamide and other PARP inhibitors in parallel with or prior to administration of streptozotocin is known to protect beta cells against toxic actions of streptozotocin and prevent development of diabetic state. 

1.10.3 Postprandial glucose assay
The postprandial glucose test was first described in 1923 by Jerome W. Conn. Postprandial glucose concentration refers to plasma glucose concentration after eating. The postprandial glucose profile is determined by many factors such as carbohydrate absorption, insulin and glucagon secretion, and their coordinated effect on glucose metabolism in the liver and peripheral tissue. The magnitude and time of the peak plasma glucose concentration depend on a variety of factors including the timing, quantity and composition of the meal. Measurement of plasma glucose 2 hours after the start of meal is practical and generally approximates the peak value in patient with diabetes (American Diabetes Association (ADA), 2001). Plasma 1, 5 –anhydroglucitol (1, 5-AG) is a naturally occurring dietary polyol proposed as a marker for postprandial hyperglycemia. In normoglycemic condition, 1, 5 –anhydroglucitol is maintained at a constant steady-state due to large body pool compared with the amount of intake (Yamanouchi et al., 1992) and due to lack of metabolism (Yamanouchi et al., 1987) With elevated serum glucose concentration (generally >180 mg/dl) glucose is not completely reabsorbed by the kidney and serum, 1, 5 –AG falls due to competitive inhibition of renal tubular reabsorption by glucose. The change in 1, 5-AG depends on duration and magnitude of glucosuria and 1, 5- AG recovers at a rate of 0.3µg/ml/day when normoglycemia is restored. The 1, 5-AG responds sensitively and rapidly to changes in serum glucose, reflecting transient elevations of glucose with a few days (Yamanouchi et al., 1992; Yamanouchi et al., 1996). 1, 5- AG is measured using enzymatic colorimetric assay. The normal range is 10.7 – 32.0 µg/ml.  

1.10.4 Assays of insulin- like activity
Insulin- like activity assays is based on the ability of the test compound to improve the actions of insulin in the target cells and organs. The stimulation of glycogen synthesis in isolated diaphragm of rats or mice has been employed to study the effect of insulin and substances with insulin like effects (Ishizuka et al., 1990; Hothersall et al., 1990).This test can be used to measure glycogen synthesis and glucose transport in the muscle cells.

1.10.5 Inhibition of polysaccharide metabolizing enzymes
In vitro alpha amylase inhibitory activity of an extract can be assayed using starch as a substrate in which the amount of maltose generated can be measured quantitatively using spectrophotometry method by way of reduction of 3, 5- dinitrosalicylic acid to aminosalicylic acid. This is measured as a colour shift measured by changes in the absorbance at a wavelength of 540 nm (Ali et al., 2006). Alpha glucosidase inhibition can also be assayed by measuring the rate of release of p-nitrophenyl-α-D-glucopyranoside by enzyme action (Babu et al., 2004). A decrease in the presence of p- nitrophenol indicates α-glucosidase inactivation.



1.11	Botanical Profile of Ocimum basilicum
1.11.1	Taxonomy 
The Ocimum genus is comprised of about 35 species of aromatic annual and perennial herbs and shrubs in the family Lamiaceae. The taxonomical classification of Ocimum 
basilicum is shown below:

Kingdom 				Plantae – Plants
Subkingdom 				Tracheobionta – Vascular Plants 
Super division 			Spermatophyta – Seed plants 
Division				Magnoliophyta – Flowering plants
Class					Magnoliopsida – Dicotyledons
Subclass				Asteridae
Order					Lamiales
Family					Lamiaceae – Mint 
Genus					Ocimum L. – basil 
Specie					Ocimum basilicum L		
Vernacular names			Nchanwu (Igbo) 			 
					Ufuo-yibo (Urhobo)			 
					Esewon (Edo) 			 
					Efinruin-Wewe (Yoruba)   		 
Urngo, Kacukacunga 	(Northern part of Nigeria)	  


1.11.2	Plant Description
O. basilicum is an aromatic annual plant, it grows to the height of 0.3-0.5 meters high, erect, glabrous or pubiscent (Fig 1). 
Leaves: The leaves are simple (lobed or un lobed, not separated into leaflets), light green in colour with silky leaves of which arrangement is opposite with two per node along the stem, though some variants are purple in colour and are 1-3 inches long, ovate, toothed or entire, copiously gland-dotted, aromatic sweet smelling bract petiolate. Picking off the leaves from the plant promotes pairs of leaflets next to the topmost leaves into new stem (Miele et al., 2001).  
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Source: Biolib.cz
Fig 1:  Ocimum basilium
Flowers:  The flowers are white with nutlet drupe about 1.6 inches long that are ellipsoid black with small basal scar. Fruiting calyx are shortly pedicelled with two lower teeth ovate-laceolate and corolla 0.33-0.55 inches long and white pinkish-purple in colour. The flowers are bilaterally symmetrical with five petals and sepals fused into a tube. 
Seeds: Seeds germinate in 4 or 5 days and remain viable for years if stored in dry conditions (Muenscher et al., 1978). 

Fruits: The fruit is egg-shaped and a schizocarp which breaks into sections holding one or more seeds. Fruits dry and do not split open when ripe and do not have thorn-like defensive structures or wings.

1.11.3 Geographical distribution
O. basilicum is thought to have originated from India and Middle East since ancient times. Ocimum spp are widespread over Asia, Africa and Central and Southern America.  It was brought from India to Europe through the Middle East in the sixteenth century, and subsequently to America in the seventeenth century (Stobart, 1982).

1.11.4 Ethnomedicinal uses
Traditionally, extract from the aerial parts has been mostly used in the treatment of cough, headache, warts, diarrhea, worms and kidney malfunction (Simon et al., 1999). The mucilaginous seed is given in infusion in the treatment of gonorrhea and chronic diarrhea (Chopra et al., 1986). The leaves and flowering tops are antispasmodics, carminative, digestive, galactogogue and tonic (Holtom and Hylton, 1979; Lust, 1983). The leaves are said to contain thymol oil which is regarded as highly antiseptic and also used to prevent mosquito bite (Agnaniet, 2005). Basil is used in Chinese medicine to regulate energy, treat irregular menstruation, postpartum blood stagnation and pain in the tendons. In India, O. basilicum is used as medicine for ear ache, rheumatoid arthritis, malaria and anorexia. In the western Mexico, indigenous people use basil as an optical anti-inflammatory combined with olive oil. The plant is claimed to remove film and opacity from the eyes (Duke and Ayensu, 1985). The hot water extract is used as a supplementary treatment for stress, asthma and diabetes in India (Dube, 1998). It is also employed in Siddha medicine for the treatment of pimples (Duke and James, 2008). In Nigeria, a decoction of the aerial part of the plant is taken as medicine for diabetes and high cholesterol levels (Tchimene et al., 2016).

1.12 Literature review
O. basilicum (Sweet basil) contains bioactive compounds and minerals that could enhance the curative process of health (Daniel et al., 2011). The sweet basil oil from Nigeria, Republic of Guinea, Isreal, China and Egypt has been known to contain (z) cinnamic acid methyl ester, linalool, eugenol, estragol, bergamotene, 1,8-cineol, α –cadinol, methyl cinnamate and limonene as major component of the essential oil (Zamfirache et al., 2008). 
O. basilicum had been shown to increase DTH, neutrophil adhesion and phagocytic activities. The immunostimulant activity of O. basilicum was attributed to the flavonoid content (Dashputre and Naikwade, 2010). The methanol extract of O. basilicum showed lympho-proliferation effect thought to be beneficial to patients suffering from immune deficiency (Flores et al., 2008). The methanol/dichloromethane extract of the leaves has been shown to lower blood glucose level in diabetic, but not in normoglycemic condition and suppress postprandial rise in blood glucose level invivo (Mbaoji et al., 2014). The antioxidant and free radical scavenging (Durga et al., 2009; James et al., 2008) activities have been reported. Extracts of the plant inhibited Herpes simplex virus infection in cells and also exhibited antiviral potential at all stages of viral replication (Yucharoen et al., 2011). The extract of the seeds have also shown antiinflammatory activity (Rakha et al., 2010). Extracts of O. basilicum also inhibited lipid peroxidation and exhibited hepatoprotectivity (Meera et al., 2009). The hexane extract exhibited antimicrobial activity (Patil et al., 2011) against Pseudomonas aeruginosa, Bacillus cereus and Staphyloccocus aureus. The volatile oil used as toothpaste and mouthwash inhibited the growth of some bacteria (Ahonkhai et al., 2009). Studies showed that the oil inhibited mycelium growth in Fusarium moniliforme, F. proliferatum and Pyricularia grisea (Pujo et al., 2009). The essential oil exhibited antimutagenic property by reducing mutations induced by UV radiations (Stajkovii et al., 2007). The aqueous extract has been found to lower blood glucose level, cholesterol levels and triglyceride levels (Zeggevagh et al., 2007) and inhibited α-glucosidase and pancreatic α-amylase enzymes (El-Beshbishy and Bahashwan, 2012). The aqueous extract has been found to reverse testicular toxicity induced by cadmium (Saber and Hanna, 2013). An in vivo study exhibited decrease in the appearance of platelet aggregation and thrombus (Duke and James, 2008). The water soluble polar substances of the aqueous extract inhibited HIV-induced cylopathogenicity in MT cells (Yamasaki et al., 1998) while the hydrochloric extract increased memory retention (Shadi Sarahroodi et al., 2012). A topical cream containing the extract was shown to work against erythema and pigmentation (Rasul et al., 2011). 

1.13 Aims and scope of study 
This study was aimed at elucidating the mechanisms of antidiabetic activity of leaf extract of O. basilicum. Antidiabetic activity was established using effect of the extract on blood glucose level of alloxan-diabetic rats. The effects on liver glucose content and hemoglobin glycosylation in diabetic rats as well as inhibition of α- amylase and α- glucosidase activities were assayed as mechanisms of antidiabetic action. The effects of the extract on oral glucose tolerance in normoglycemic rats and lipid profile and liver enzymes of diabetic rats were also evaluated. 

	
CHAPTER TWO
MATERIALS AND METHODS
2.1 	Materials
2.1.1    Animals
Adult Swiss albino rats (109-120 g) of both sexes, obtained from the animal facility center of the Department of Pharmacology and Toxicology, National Institute for Pharmaceutical Research and Development (NIPRD), Abuja, were used in this study. The rats were kept in steel cages and allowed free access to potable water and standard pelleted feed. All animal experiments were in compliance with the National Institute of Health guide for Care and Use of Laboratory Animals (Pub No. 85-23, revised 1985).

2.1.2   Drugs
Metformin (Sigma Aldrich), Alloxan monohydrate (Sigma Aldrich)
2.1.3 Enzymes and Substrates
Soluble potato starch, p-nitrophenyl-α-D-glucopyranoside (Sigma-Aldrich, UK), porcine pancreatic α-amylase (EC 232-565-6), yeast α-glucosidase.

2.1.4 Equipment
Electric hammer mill, mechanical shaker (GFL 3017, Germany), Accuchek active glucometer and accucheck active test strips, UV-vis spectrophotometer (Shimadzu UV- 160, Japan), vortex mixer (Vortex genie-2, scientific industries Inc., Bohemia, N.Y., USA). Shimadzu High Performance Liquid Chromatographic (HPLC) system software (Shimadzu Corporation, Kyoto Japan), Hot air oven (N30C, General laboratory, England), Centrifuges (Beckman CS-15, Germany, KA 1000, China), ashless filter paper (Whatman, Maidstone, England), digital weighing balance (Citizen Scales, PVT, Ltd).
2.1.5	Solvents and Reagents
Acetylene chloride, methanol (BDH, England), dimethyl sulphoxide (DMSO) (Sigma Aldrich), 3,5- dinitrosalicylic acid, sodium potassium tartrate,O- toluidine, D- maltose, trichloroacetic acid,oxalic acid, phenol (Sigma Aldrich), D-glucose (Fluka Chemica, USA). Other reagents and solvents were of analytical grade.

2.2 	Methods 
2.2.1 	Collection and identification of plant material
Fresh whole plant of O. basilicum was purchased in Nov- Feb from open market at Chaza and Dikko markets in Suleja, Niger State. The plant was identified and authenticated at the Nigerian Institute for Pharmaceutical Research and Development (NIPRD) Abuja. The voucher number of the specimen in NIPRD herbarium is NIPRD/H/6594. The aerial parts of the plant were dried under a shade for 2 weeks. The dried plant parts were pulverized to coarse powder using an electric hammer mill. 

2.2.2 Extraction of plant material
The powdered plant material (800 g) was extracted with a mixture of methanol - methylene chloride (1:1) by cold maceration for 48 h. The plant material-solvent mixture was subjected to occasional shaking and filtered after each 24 h using ashless filter paper (Size 11, Whatman International Ltd USA). The plant material was washed repeatedly with fresh solvent mixture and filtered. At the end, the filtrate was pooled and concentrated with rotary evaporator under reduced pressure for 2-3 h and then dried in a hot water bath (50oC) to obtain 82 g of the methanol-methylene chloride extract. The yield on extraction was calculated using the relation:
Extractive yield (%w/w) =
Where We= Weight of extract (g); Wp= Weight of powdered plant material (g)
The extract was stored in an air-tight amber bottle at room temperature and used for the study. 
2.2.3 Finger - printing of extract
The extract was subjected to finger-printing using thin layer chromatography (TLC) and high performance liquid chromatography (HPLC) and phytochemical analysis. 

2.2.3.1 Thin layer chromatography
(a)   Preparation of plates
Pre-coated thin layer chromatographic glass (K5 silica gel, Whatman, NJ, USA) were activated in a hot air oven at 105oC for 2 h and allowed to cool in a dessicator.
(b)   Sample preparation and development of chromatogram
Extract solution was prepared by dissolving 100 mg of the extract in 1 mL of absolute methanol. Spots of the extract solution were placed on the activated plates at 1.2 cm from the base, allowed to dry in the air and developed in the chromatographic tanks saturated with solvent system. The mobile phase used was ethylacetate: methanol (3:2). After development, detection of sample components was carried out by spraying with sulphuric acid/vanillin reagent with heating in the oven at 110oC for 3 min. Retention factor (Rf) values were calculated for each component.

2.2.3.2 High performance liquid chromatography
The chromatographic conditions used were as follows -
Mobile phase: solvent A: 0.2% v/v formic acid; solvent B: acetonitrile; mode: linear gradient; flow rate 0.6 mL/min; injection volume 20 μL of 500 μg/mL solution of extract in methanol; detection UV 254 nm; column oven temperature 40oC. The HPLC operating conditions were programmed to give the following; at 0 min, solvent B: 20%; 10 min, solvent B: 25%; 20 min, solvent B: 80%; 25 min, solvent B: 20% return to initial condition. The total run time was 25 min.

2.2.4 Phytochemical analysis of extract
Preliminary phytochemical screening tests were carried out on the extract using standard procedures (Trease and Evans, 1983). The extract was analyzed to detect the presence of alkaloids, carbohydrate, flavonoids, glycosides, saponins, sterols, tannins and terpenes.

2.3   Pharmacological Tests
2.3.1	Acute toxicity and lethality test
A modified method of Lorke (1983) was used. Adult albino rats of both sexes (112-190 g) were used for the study. The animals were fasted for 18 h but had access to water until the time of the experiment. The test was performed in two phases; phase 1 and phase 2. 
In phase 1, the animals were divided into 3 groups (n=3). Each group received 100, 300 or 1000 mg/kg of the extract administered orally once. The animals were observed at 1, 2, 3, 4, 24 and 48 h for skin changes, mobility, aggressiveness, abdominal pain and number of deaths. Based on the number of deaths recorded in the phase 1, a fresh batch of animals was divided into 3 groups (n= 4) and received 1250, 2500 or 5000 mg/kg of the extract administered orally. The rats were observed for 48 h and the number of deaths recorded. The median lethal dose in rats (LD50) was calculated as the geometric means of the maximum dose that produced 0% mortality and the minimum dose that produced 100% mortality.

2.3.2 Antidiabetic activity test
2.3.2.1    Induction of experimental diabetes
Seventy albino rats of both sexes (90 -130) were selected and randomly divided into 9 groups (I-IX) (n =8). Groups I –V were fasted for 24 h with free access to water. On day 0 of experiment, diabetes mellitus was induced in the rats by a single intraperitoneal injection of freshly prepared alloxan monohydrate solution (160 mg/kg) in distilled water. The rats were allowed access to food and water. Ninety six hours (96 h) after induction of diabetes, the animals were fasted for 18 h and blood drawn by snipping the tail and the blood glucose level measured using a glucometer. Animals with blood glucose level > 200 mg/dL were considered diabetic and used for the study.

2.3.2.2   Experimental design
The diabetic rats were divided into 5 (I –V) groups (n =6). Groups I-III were the treatment and received 100, 200 and 400 mg/kg of the extract respectively. Groups IV and V were the controls and received 5 ml/kg of the vehicle (1% of Tween 80) and Metformin (150 mg/kg) respectively.  A fresh batch of normoglycemic rats were also randomly divided into four (VI-IX) groups (n=6). Groups VI-VIII received 100, 200 and 400 mg/kg of the extract respectively while group IX was the control and received 5 ml/kg of the vehicle (1% of Tween 80). The extract was administered orally twice a day for 28 days. Animals were allowed access to food and water except for 12 h preceding measurement of the FBG when food was withdrawn. On days 7, 14, 21 and 28, prior to extract administration, blood was drawn by tail snipping and the fasting blood glucose (FBG) level measured using a glucometer. The animals were also weighed to determine their body weights. 

On day 28 of the treatment, the rats were euthanized by chloroform inhalation, according to standard institutional guidelines (National Institute   of Health (NIH) 1985). The liver of each rat was carefully excised and blood collected by cardiac puncture for serum biochemistry. The liver of each rat was weighed and 1 g of each liver was cut and put in a test tube containing 2 ml of 30% solution of potassium hydroxide and used for determination of liver glycogen content.  

2.3.2.3 Oral glucose tolerance test
On day 25 of the treatment, the rats were fasted overnight but allowed free access to water and on day 26, thirty minutes (30 min) after extract administration, an oral glucose load of 1.5 g/kg was given to the animals. Blood was drawn by tail-snipping and the blood glucose level measured before and at 30, 60, 90, and 120 min after the glucose load (Njike et al., 2005). 

2.3.2.4 Calibration plot for D-glucose
The stock solution was prepared by dissolving 0.18 g of glucose in 100 mL of distilled water to form a 10 mM stock, from which serial dilution containing 1-5 mM glucose were prepared. Five test tubes were set up and labeled 0-5, test tube 0 served as the blank and 2 mL of O-toluidine transferred into each test tube; to the blank, 2 mL of distilled water was added and then 2 mL of each dilution transferred into their corresponding test tubes. All the test tubes were put in the boiling water bath for 20 min, allowed to cool and the absorbances taken at 355 nm. A standard plot of absorbance against concentration was made and used for the determination of glucose in solution. 

2.3.2.5 Determination of liver glycogen
The assay of hepatic glycogen was performed according to method of Rajesh et al. (2004). The 1 g of liver (preserved in test tubes containing 2 mL of a 30% solution of potassium hydroxide after weighing the livers of both diabetic and normoglycemic rats immediately after euthanization) were warmed for 20 min with occasional shaking in a boiling water bath till the liver was completely digested, then; tubes were cooled in iced water. Saturated solution of sodium sulphate (0.2 mL) was added into each tube and glycogen was precipitated with 5 ml absolute ethanol and the whole mixture was centrifuged at 2000 rpm (Beckmann CS-15 Germany) for 1 min. The supernatant was decanted after centrifugation from each test tube. The off- white precipitate obtained was dissolved in 10 ml of distilled water with gentle warming. The solution (1 ml) was hydrolysed with 1 mL 1.2 M hydrochloric acid by heating in a water bath for 2 h. A drop of phenol red indicator was added and neutralized with sodium hydroxide solution (0.5 M) and diluted to 5 mL with distilled water. The glucose concentration in each liver was determined using direct O-toluidine procedure (Morales et al., 1973). The absorbance was measured at 355 nm.  

2.3.2.6	 Hemoglobin glycosylation test
Estimation of glycosylated hemoglobin was performed by using phenol sulphuric acid method (Nayak and Patterabiman, 1980). Blood samples from diabetic rats were collected in EDTA tubes and centrifuged at 1000 rpm for 10 min. The pellet was washed twice with normal saline and stored at -20oC for 14 days (Standefer and Eaton, 1983). The samples were thawed to room temperature and 100 μL of the packed cells added to 1.4 mL of deionised water and vortex mixed. The lysate produced (1 ml) was mixed with 0.5 mL of 0.5 M oxalic acid in a glass test tube and the tubes allowed to stand for 2 h at 100oC and cooled in an ice water bath for 10 min. The solution of 40% trichloroacetic acid (1 ml) ice cold was added to the sample, and vortex mixed for 2 min.

Samples were centrifuged and aliquots of supernatant made up to 1 mL with distilled water; to which 0.05 ml of 80% phenol red and 3 ml concentrated sulphuric acid were added. The tubes were left to stand for 30 min for colour development as a result of 5-hydroxymethylfurfural (5 HMF). Absorbance was measured at 480 nm and inhibition of hemoglobin glycosylation expressed as % decrease in 5 HMF compared to control group.

2.3.2.7 Determination of serum biochemistry
Blood samples already collected from cardiac puncture were allowed to clot and centrifuged at 3500 rpm for 10 min. The sera were separated, stored at -4°C used for determination of alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP) activities as well as total cholesterol, total protein, albumin and triglycerides. These parameters were determined following the procedures outlined by the manufacturer in commercial kits obtained from Randox Laboratories, UK. 
2.3.2.8 α-Amylase inhibition assay
a.)	Preparation of enzyme solution
A solution of porcine pancreatic amylase was prepared immediately before use. A 6.25 mg quantity of the dry enzyme powder (16 unit/mg) was weighed and dissolved in 25 mL of ice cold distilled water in a clean 100 mL volumetric flask to yield a 4 unit/mL solution.

b.)	Preparation of substrate solution
A 250 mg quantity of soluble potato starch was weighed and dissolved in 20 mL of 20 mM phosphate buffer (pH 6.9). Sodium chloride (19.6 mg) was added to the mixture and the volume made up to 50 mL with buffer in a glass beaker. The final solution contained 0.5% w/v soluble potato starch in phosphate buffer (pH 6.9) containing 6.7 mM sodium chloride.

1. Preparation of dinitrosalicylic (DNS) acid reagent
A 1g quantity of 3, 5-dinitrosalicylic acid was dissolved in 50 mL of distilled water. Sodium potassium tartrate (30 g) was slowly added to the solution followed by 20 mL of 2 N sodium hydroxide. The mixture was diluted with distilled water to a final volume of 100 mL.

d.)  Preparation of extract solution
The extract (100 mg) was dissolved in 5 mL of dimethylsulfoxide (DMSO) to yield a 20 mg/mL stock solution. The stock solution was diluted in DMSO to obtain concentrations of the extract varying between 0.625- 10 mg/ml which were used for test incubations.

e.) Calibration plot for D-maltose
A stock solution of maltose was prepared by dissolving 100 mg of maltose in 100 mL of distilled water (0.1%w/v) from which serial dilutions ranging from 0.00625- 0.05% w/v were prepared. Each dilution (1 mL) was added to a separate test tube containing 1 mL of DNS reagent. The tubes were incubated in a water bath at the temperature of 85-90oC for 15 min and after addition of 4.5 mL of distilled water and then cooled at room temperature. The absorbance was measured at 540 nm and used to prepare a standard plot (absorbance vs. concentration) for determining the concentration of maltose in solution.

1. Test for α - Amylase inhibitory activity
The chromogenic non-pre-incubation method described by Ali et al (2006) was used.
A 120 μL volume of the extract was mixed with 480 mL of distilled water and 1.2 mL of substrate solution in a clean test tube. The reaction was started with the addition of 600 μL of the enzyme solution, and then incubated at room temperature for 3 min. At 0 min of the addition of the enzyme solution and at 1min intervals of the start of the reaction, 600 μL of the reacting mixture would be withdrawn into a test tube containing 300 μL of DNS colour reagent and placed in a water bath maintained at 85-90oC for 15 min. The mixture in the test tubes was diluted with 4.5 mL of distilled water and absorbance measured at 540 nm.

Blank incubations were prepared for each concentrations used by replacing the enzyme solution with 600 μL of distilled water at the start of the reaction to correct the absorbance generated by the plant extract. Control incubations were also prepared which represented 100% activity as this was done by replacing the extract with 120 μL of DMSO. Every test was run in triplicate.
Net absorbance (A) due to maltose generated was calculated as 
A540nmPlant extract =A540nmTest-A540nmBlank ………………………………………….2
From the values obtained, the percentage (w/v) of maltose generated was calculated from the equation obtained from the maltose standard calibration curve (0.01%w/v maltose)
The level of inhibition (%) was calculated thus:
Inhibition (%) = 100- % reaction (at 3 min)…………………………………………..3
Where: % reaction= Mean maltose in sample x100/Mean maltose in control……………………………………..4
2.3.2.9 α-Glucosidase inhibition assay
a.) Enzyme preparation
A solution of yeast α-Glucosidase (0.76 units/ml) was prepared by dissolving 0.57 mg of the dry enzyme powder (26.5 units/mg powder) in 20 mL of 67 mM potassium phosphate buffer (pH 6.8) in a clean beaker.

b.)      Preparation of p-nitrophenyl-α-D-glucopyranoside
A 10 mM solution of the substrate was prepared by dissolving 2.4 g of the dry powder in 80 mL of phosphate buffer in a glass beaker.
c.)       Preparation of the extract
A 100 mg quantity of the extract was dissolved in 5 mL of DMSO (dimethylsulfoxide) to obtain a 20 mg/mL stock solution. The stock solution was diluted in DMSO to obtain concentrations varied between1.25- 20 mg/mL which were used for test incubations.
d.)       Test for α-Glucosidase inhibitory activity
An adaptation of the chromogenic method described by Babu et al (2004) was used.
A 0.32 mL volume of the extract was put in a test tube containing 1.6 mL of the buffer solution and incubated for 5 min with 0.8 mL of enzyme solution followed by addition of 800 μL of substrate. Samples were further incubated for 15 min and the reaction stopped by addition of 320 μL of sodium carbonate solution. The release of p-nitrophenol generated was measured at 400 nm. Enzyme and extract solutions were substituted with 800 μL buffer solution and 320 μL DMSO in blank and control incubations respectively. All tests were run in triplicate.
The level of enzyme inhibition was calculated thus:
Enzyme inhibition (%) = 100 - [(As-Ab/Ac) x100]……………………………………..4
Where Ac represents the absorbance of the control without test samples, As= sample absorbance and Ab denotes sample blank absorbance.
2.4	Statistical analysis
Data were analyzed using One Way ANOVA and the results expressed as mean ±SEM. The results were further subjected to LSD post hoc test for multiple comparisons and differences between means accepted significant at p<0.05.




CHAPTER THREE
RESULTS
3.1	Extractive yield
The extraction process afforded 82 g of the extract. The percentage yield was 10.25% w/w.
3.2      Fingerprints of extract
Thin layer chromatography of extract in a mobile phase system of ethylacetate and methanol (3:2) yielded 6 spots with retention factors ranging from 0.47- 0.97 (Table 1).
The HPLC fingerprint of the extract revealed 12 prominent peaks of varying peak areas with retention time of 1.547 to 7.814 (Figure 2).
3.3	Phytochemical constituents of extract
The phytochemical tests showed that the extract tested positive to tannins, saponins, flavonoids, carbohydrates, terpenes and sterols.	
3.4	Acute toxicity and median lethal dose (LD50)
At doses 100 - 1,250 mg/kg of the extract, there was no observed effect. Abdominal writhing was observed with reduced physical activity at 2,500 and 5000 mg/kg. No death was recorded at all the doses. The oral LD50 of the extract in rats was therefore estimated to be greater than 5 g/kg (Table 2)
3.5 	Effect of extract on fasting blood glucose concentration 
The extract significantly (p< 0.05) reduced the fasting blood glucose to varying degrees in diabetic rats. The hypoglycemic effect was non-dose related and of the order of magnitude of potency was 100 > 200 > 400 mg/kg. The hypoglycemic effect of extract-treated rats was higher than that of metformin-treated rats (Table 3). In normoglycemic rats, the extract caused a significant (p< 0.01) dose-dependent reduction in fasting blood glucose (Table 4).

Table 1:  Rf Values of spots visualized on TLC plates constituents 
	Spot No
	Rf Values

	1
	0.47

	2
	0.60

	3
	0.77

	4
	0.84

	5
	0.93

	6
	0.97
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Table 2: Acute toxicity and lethality of extract
	Phase 
	Does
(mg/kg)
	Observed effect 
	Mortality

	1
	100
	No effect 
	0/3

	
	300
	No effect 
	0/3

	
	1000
	No effect 
	0/3

	
	
	
	

	2
	1250
	No effect 
	0/3

	
	2500
	Abdominal writhing
	0/4

	
	5000
	Abdominal writhing Reduced physical activity 
	0/4






 




Table 3: Effect of extract on fasting blood glucose level in diabetic rats  
	Treatment 
 
	Dose (mg/kg)
	Blood glucose concentration (mg/dl)

	
	
	Day 0
	Day 7
	Day 14
	Day 21
	Day 28

	Control 
	-
	527.4±32.3
	197.6±36.4c
	250.2±61.1a
	336.2±31.7a
	376.6±40.1

	Extract 
	100
	567.0±14.90
	103.2±8.96c
(81.80)
	166.3±34.4c
(70.67)
	159.2±15.97c
(71.92)
	231.3±23.95c
(59.21)

	
	200
	516.4±40.7
	171.8±38.5c
(66.73)
	214.7±22.3a
(58.42)
	166.3±54.1a
(67.79)
	316.7±14.3a
(38.67)

	
	400
	511.7±49.2
	228.7±49.4b
(55.30)
	175.0±61.3a
(65.80)
	244.7±68.2
(52.18)
	425.7±87.6
(16.80)

	Metformin 
	150
	545.4±35.3
	112.4±5.13c
(79.39)
	271.0±21.9b
(50.31)
	320.6±23.7c
(41.21)
	263.0±24.7b
(51.77)


 aP< 0.05; bP< 0.01; cP< 0.001 compared to Day 0 values (One Way ANOVA; LSD Post hoc). Values of blood glucose shown are Mean±SEM. Values in parenthesis represent % reduction calculated relative to Day 0 values.   


Table 4: Effect of extract on fasting blood glucose level in non-diabetic rats
	Treatment 
 
	Dose (mg/kg)
	Blood glucose concentration (mg/dl)

	
	
	Day 0
	Day 7
	Day 14
	Day 21
	Day 28

	Control 
	_
	111.7±0.7
	77.5±3.97c
(30.6)
	80.8±2.9c
(27.7)
	91.0±3.6b
(18.5)
	71.8±2.6c
(35.6)

	Extract 
	100
	88.0±15.6
	78.2±6.3
(11.1)
	75.0±16.2
(14.8)
	76.7±5.1
(12.8)
	84.0±7.7
(4.6)

	
	200
	108.8±4.7
	70.5±2.6c
(35.2)
	74.2±3.4c
(31.8)
	90.2±6.3a
(17.10)
	88.0±7.7a
(19.1)

	
	400
	108.2±4.7
	81.7±1.8b
(24.5)
	80.5±4.7b
(25.6)
	82.3±1.6b
(23.9)
	78.5±1.8c
(27.45)


aP< 0.05; bP< 0.01; cP< 0.001 compared to Day 0 values (One Way ANOVA; LSD Post hoc). Values of blood glucose shown are Mean ± SEM. Values in parenthesis represent % reduction calculated relative to Day 0 values.   
3.6 Effect of extract on body weight 
Chronic oral administration of extract did not cause increase in body weight of diabetic rats when compared to the pre-treatment weight (Table 5). In non-diabetic rats, there was a significant (p<0.05) increase in the body weight of treated rats. The weight increase occurred in a non-dose related order. Maximum weight increase occurred within day 28 of treatment (Table 6).  
[                                                                                                                                                                                                                                                                                                                                              
3.7 Effect of extract on oral glucose tolerance 
Following oral administration of glucose meal, postprandial glucose level rose to a peak at 30 min. Pre-treatment with extract suppressed the rise in blood glucose levels. The extract (100 mg/kg) significantly (p < 0.001) decreased the blood glucose level at 120 min by 27.76%. The extract at 400 mg/kg significantly (p < 0.05) suppressed the postprandial glucose level. The blood glucose lowering effect of extract was only limited to 90 min in the group treated with 200 mg/kg (Table 7). Also in non-diabetic treated rats, pre-treatment before glucose meal suppressed the rise in glucose level within 90 min. There was a slight increase in blood glucose level at 120 min postprandial for extract (100 and 200 mg/kg) (Table 8). 

3.8 	Effect of extract on liver weight and hepatic glycogen contents 
There was a dose-related increase in the hepatic glycogen content of diabetic treated rats. Metformin treated rats caused a significant (p < 0.05) increase in hepatic glycogen content. The extract (100 and 400 mg/kg) caused an increase in the liver weight of diabetic rats in a non-dose manner related by 7.3 and 3.6% respectively (Table 9). The extract (100 mg/kg) increased hepatic glycogen content by 16.7% in non-diabetic treated rats whereas the 400 mg/kg dose caused a reduction in glycogen content. Relative liver weight was slightly increased at 400 mg/kg (Table 10).










Table 5: Effect of extract on body weight of diabetic rats   
	Treatment 
 
	Dose
(mg/kg)
	Body weight (g)

	
	
	Day 0
	Day 7
	Day 14
	Day 21
	Day 28

	Control 
	-
	110.5±4.9
	108.3±3.6
(2)
	103±3.4
(7.1)
	97.8±3.70
(11.5)
	102±4.8
(8.1)

	Extract
	100
	119±11.8

	114±10.6
(4.5)
	115±11.5
(3.4)
	115±11.1
(3.4)
	112.3±11
(5.5)

	

	200
	122.4±11.4
	125.2±12.4
(-2.3)
	116±5.04
(5.4)
	106.7±4.11
(12.8)
	106.0±6.7
(13.4)

	
	400
	126.0±22
	127±21
(-0.4)
	116.3±19.4
(7.7)
	101.0±7.4
(20)
	105.0±8.7
(16.7)

	Metformin 
	150
	113.0±10.33
	109.4±5.61
(3.2)
	108±4.8
(4.8)
	111.4±4.6
(1.42)
	107.2±4.2
(5.1)


Positive values in parenthesis represent % reduction in weight calculated relative to Day 0 values.     



    Table 6: Effect of extract on body weight of normoglycemic rats   
	Treatment 
 
	Dose
(mg/kg)
	Body weight (g)

	
	
	Day 0
	Day 7
	Day 14
	Day 21
	Day 28

	Control 
	
-
	183.3±27.00
	180±24.4
(2.1)
	184.3±23.2
(-0.6)
	183.2±21.4
(0.1)
	198.0±21.2
(-8.0)

	Extract
	100
	146.5±11.4
	140.5±8.6
(4.1)
	142.3±8.9
(2.9)
	152±9.4
(-3.4)
	160.3±14.0a
(-9.4)

	

	200
	128.2±5.7
	131.8±5.6
(-2.8)
	136±6.5
(-5.7)
	143.0±6.2c
(-11.5)
	152±8.04a
(-18.2)

	
	400
	145.3±8.9
	142±8.5
(2.6)
	147.0±8
(-1.2)
	156.7±6.70a
(-7.9)
	161.2±6.6a
(-11)


     aP< 0.05; cP< 0.001 compared to Day 0 values (One Way ANOVA; LSD Post hoc); Negative values in  parenthesis represent %increase in weight calculated relative to Day 0 values.   


Table 7: Effect of extract on oral glucose tolerance in diabetic rats 
	Treatment 
 
	Dose (mg/kg)
	Blood glucose concentration (mg/dl)

	
	
	0 min
	30 min
	60 min
	90 min
	120 min

	Control 
	-
	396.0±38.06
	415.2±49.8
	428.3±31.22
(-3.2)
	389.3±44.2
(6.24)
	399.8±42.9
(3.71)

	Extract 
	100
	231.3±23.95
	279.2±33.8
	222.0±30.1b
(20.5)
	222.3±31.71a
(20.4)
	201.7±26.4c
(27.8)

	
	200
	316.8±14.31
	419.3±32.00
	367.0±28.2
(12.5)
	311.6±27.7
(25.7)
	339.0±32.21
(19.2)

	
	400
	425.7±87.59

	541±29.7
	469.0±39.32
(13.3)
	449.7±48.42
(16.83)
	398.0±35.00a
(26.4)

	Metformin
	150
	263.0±24.60
	280.8±16.4
	204±21.7b
(27.5)
	205.0±25.83a
(30)
	167.2±21.32b
(40.5)


aP< 0.05; bP< 0.01; cP< 0.001 compared to 30 min values (One Way ANOVA; LSD Post hoc); Positive values in parenthesis represent % reduction in blood glucose calculated relative to 30 min values.   







Table 8: Effect of extract on oral glucose tolerance in non-diabetic rats 
	Treatment 
 
	Dose (mg/kg)
	Blood glucose concentration (mg/dl)

	
	
	0 min
	30 min
	60 min
	90 min
	120 min

	Control 
	-
	71.83±2.6
	97.2±7.11

	80.8±4.2*
(16.9)
	96.3±6.4
(0.93)
	85.8±4.81
(11.73)

	Extract 
	100
	88.3±7.2
	104.3±4.5

	94.8±5.14
(9.11)
	100.4±2.32
(3.74)
	105.6±4.48
(-1.25)

	
	200
	88.00±7.7
	102.7±9.2

	102.3±6.8
(0.39)
	87.7±6.93
(14.61)
	110.3±13.3
(-7.40)

	
	400
	77.9±1.7

	102.0±9.8
	106.3±4.96
(-4.22)
	99.3±7.1
(2.7)
	91.3±3.5
(10.49)


*P< 0.05 compared to 30 min values (One Way ANOVA; LSD Post hoc); Positive values in parenthesis represent % reduction calculated relative to 30 min values.   










Table 9: Effect of extract on hepatic glycogen content and liver weight of diabetic rats
	Treatment 
	Dose
(mg/kg)

	Liver weight 
(g)
	Liver glycogen content (µ/ml)

	
	
	Absolute
	Relative
	

	Control 
	-
	4.11±0.35
	4.02±0.17
	0.0288±0.006

	Extract 
	100
	4.41±0.55
(7.3)
	3.94±0.28
(-2.03)
	0.0310±0.008
(7.1)

	
	200
	3.97±0.21
(-3.5)
	3.81±0.38
(-5.5)
	0.0317±0.009
(9.15)

	
	400
	4.25±0.31
(3.6)
	4.09±0.35
(1.71)
	0.0460±0.011
(37.4)

	Metformin 
	150
	3.81±0.09
(-7.9)
	3.58±0.21
(-12.3)
	0.0523±0.006*
(51.1)


*P< 0.05 (student t-test) compared to control. Positive values in parenthesis represent % increase in liver glycogen content and organ weight calculated relative to control    









Table 10: Effect of extract on hepatic glycogen content and liver weight of non-diabetic rats
	Treatment 
	Dose
(mg/kg)

	Liver weight 
(g)
	Liver glycogen content (µ/ml)

	
	
	Absolute
	Relative
	

	Control 
	-
	7.02±0.70

	3.62±0.31
	0.058±0.010

	Extract 
	100
	5.57±0.25
(-26)
	3.60±0.14
(-0.56)
	0.070±0.005
(16.7)

	
	200
	5.32±0.23
(-32)
	3.48±0.10
(-39)
	0.050±0.009
(-16.1)

	
	400
	5.76±0.36
(-22)
	3.76±0.21
(4.2)
	0.056±0.007
(-5.05)


*P< 0.05 (student t-test) compared to control. Positive values in parenthesis represent % increase in liver glycogen content and organ weight calculated relative to control   
3.9   Effect of extract on hemoglobin glycosylation 
There was a dose related increase in carbohydrate bound to hemoglobin in the extract treated diabetic rats comparable to the metformin treated rats (Table 11). In non-diabetic rats, chronic treatment resulted in reduction of bound hemoglobin in non-dose dependent manner. The extract at 100 mg/kg caused significant (p < 0.05) reduction of hemoglobin glycosylation (Table 12). 

3.10	Effect of extract on α – amylase activity 
The extract demonstrated strong inhibition of the amylase enzyme in a concentration and time dependent manner at 1, 2 and 3 min for 2.5, 5, 10 and 20 mg/ml concentrations (Table 13; Fig 3). At 3 min, the extract (2.5, 5, 10 and 20 mg/ml) caused inhibition of α- amylase enzyme by 35.4, 57.8, 69.3 and 91.1% respectively (Table 13). The IC50 was 3.86 mg/ml.

3.11	Effect of extract on α – glucosidase activity 
The extract significantly (p<0.001) inhibited the α-glucosidase enzyme in a dose dependent manner. At doses of 1.25 mg/ml (p< 0.05), and 2.5 mg/ml (p< 0.01), there were reductions of the enzyme while at 5 and 20 mg/ml concentrations (p<0.001), a complete inhibition of the enzyme was seen (Table 14). The 5 and 20 mg/ml doses of the extract demonstrated 100% inhibition of the enzyme (Table 14), while 1.25 and 2.5 mg/ml elicited 35.71 and 71.09% inhibition of α-glucosidase. The IC50 was 1.62 mg/ml.

3.12   Effect of extract on lipid profile
Chronic oral administration of extract at 100 mg/kg caused a significant (p < 0.05) reduction in total cholesterol level and triglycerides comparable to treatment with metformin treated rats (Table 15). In non-diabetic treated rats, the extract also decreased triglyceride in a non- dose dependent fashion (Table 16).









Table 11: Effect of extract on hemoglobin glycosylation of diabetic rats  
	Treatment
	Dose 
(mg/kg)
	Hemoglobin 
(mg/ml)

	Control
	-
	0.409±0.810

	Extract
	100
	0.544±0.059
(32.87)

	
	200
	0.544±0.147
(32.82)

	
	400
	0.748±0.154
(82.84)

	Metformin
	150
	0.686±0.052*
(67.69)


*P<0.05 compared to control (One Way ANOVA; LSD test post hoc); Values in parenthesis represent % increase in hemoglobin glycosylation calculated relative to the control   
 										
			


Table 12: Effect of extract on hemoglobin glycosylation in non-diabetic rats  
		Treatment
	Dose 
(mg/kg)
	Hemoglobin 
(mg/ml)

	Control
	-
	0.640±0.055

	Extract
	100
	0.470±0.033*
(26.26)

	
	200
	0.357±0.122
(44.14)

	
	400
	0.550±0.052
(12.80)


*P< 0.05 compared to control (One Way ANOVA; LSD test post hoc); Values in parenthesis represent % reduction in hemoglobin glycosylation calculated relative to the control   
				





Table 13: α-amylase inhibitory activity of the extract 
	Treatment
	Concentration (mg/ml)
	Concentration of maltose generated 
(mg/ml)
	Inhibition (%)

	
	
	1 min
	2 min
	3 min
	

	Control
	-
	0.204
	0.255
	0.261
	-

	Extract
	1.25
	0.070
	0.145
	0.225
	-

	
	2.5
	0.180
	0.165
	0.270
	35.40

	
	5
	-0.004
	0.111
	0.112
	57.80

	
	10
	0.050
	0.057
	0.190
	69.30

	
	20
	0.025
	0.025
	0.048
	91.10


Level of inhibition (%) was calculated relative to control 1C 50=3.86 mg/ml





Fig. 3: Maltose formation in the presence of extract.  
Table 14: α-glucosidase inhibitory activity of extract 
	Treatment 
	Concentration (mg/ml)
	Absorbance (10-3)
	Inhibition 
(%)

	Control 
	-
	293.70±9.40
	-

	Extract 
	1.25
	  188.70±30.80a
	35.71

	
	2.5
	    85.30±15.20b
	71.09

	
	5
	        0±28.60c
	100

	
	20
	   0±00c
	100


aP< 0.05; bP< 0.01; cP< 0.001 compared to the control (One Way ANOVA; LSD post hoc test); 1C50= 1.62 mg/ml.   


Table 15:  Effect of extract on lipid profile in diabetic rats  
	Treatment 
	Dose
(mg/kg)
	Cholesterol (mmol/L)
	Triglyceride (mmol/L)

	
	
	Total
	LDL
	

	Control 
	-
	79.70±2.06
	9.70±5.02
	125.7±13.96

	Extract
	100
	64.30±4.30*
(19.32)
	17.30±2.91
(-78.35)
	76.00±14.21
(39.54)

	
	200
	79.00±3.92
(0.88)
	17.00±11.00
(-75.26)
	147.30±31.00
(-17.18)

	
	400
	86.70±2.03
(-8.78)
	7.50±1.50
(22.68)
	192.00±43.03
(-52.74)

	Metformin 
	150
	89.40±6.04
(-12.17)
	21.00±8.43
(-16.49)
	122.40±19.13
(2.63)


*P<0.05 compared to the control (One Way ANOVA; LSD post hoc test); Negative values in parenthesis represent % increase in lipid levels relative to the control.     




Table 16:  Effect of extract on lipid profile in non-diabetic rats  
	Treatment 
	Dose
(mg/kg)
	Cholesterol (mmol/L)
	Triglycerides (mmol/L)

	
	
	Total
	LDL
	

	Control 
	-
	62.50±7.32
	5.00±1.68
	127.00±17.10

	Extract
	100
	73.50±4.19
(17.60)
	16.50±2.40*
(230.00)
	113.70±29.25
(-10.68)

	
	200
	77.80±6.97
(24.48)
	14.30±5.36
(186.00)
	119.30±27.08
(-6.28)

	
	400
	71.00±4.06
(13.60)
	13.70±3.93
(174.00)
	107.80±16.82
(-15.32)


*P<0.001 compared to the control (One Way ANOVA; LSD post hoc test); Positive values in parenthesis represent % elevation in lipid levels relative to the control.     
3.13 	Effect of extract on liver enzyme levels 
Chronic oral administration of the extract caused a non-dose related reduction in AST and ALT enzymes. The extract (100 mg/kg) caused a significant (p < 0.05) reduction in ALT enzyme similar to that of metformin treated rats. The liver enzyme lowering effect of the extract was limited to AST and ALT enzymes only in the groups treated with 200 and 400 mg/kg (Table 17). The extract in non-diabetic treated rats caused slight increase in AST and ALT, but pronounced increase in ALP level (Table 18).

3.14	Effect of extract on total serum protein (TP) and albumin (ALB) 
Chronic oral administration of extract in diabetic rats caused slight increase in total protein and albumin in 200 and 400 mg/kg and metformin-treated group, while 100 mg/kg extract treated rats caused reduction in total serum protein and albumin (Table 19). In non-diabetic treated rats, the total serum protein and albumin were elevated in a dose manner related and significantly (p< 0.05) in the group treated with 400 mg/kg extract (Table 20). 
Table 17: Effect of extract on liver enzymes in diabetic rats 
	Treatment 
	Dose
(mg/kg)
	Liver Enzyme Level

	
	
	AST (IU/L)
	ALT (IU/L)
	ALP (IU/L)

	Control 
	-
	480.50±85.26
	215.00±22.49
	1438.50 ±236.34

	Extract 
	100
	340.50±101.40
(27.06)
	149.30±13.24*
(25.72)
	1206.30±123.15
(16.14)

	
	200
	315.00±48.67
(34.44)
	174.30±37.97
(18.93)
	1599.30±300.76
(-11.18)

	
	400
	448.70±60.73
(6.62)
	170.70±17.85
(20.60)
	1645.00±285.35
(-14.36)

	Metformin 
	150
	268.60±18.69
(44.10)
	143.60±9.88*
(33.21)
	973.80±180.20
(32.30)


*P<0.05 compared to the control (One Way ANOVA; LSD post hoc test); Positive values in parenthesis represent % reduction in the liver enzymes compared to the control; AST =Aspartate aminotransferase ; ALT =Alanine aminotransferase : ALP =Alkaline phosphatase . 





Table 18: Effect of extract on liver enzymes in non-diabetic rats 
	Treatment 
	Dose
(mg/kg)
	Liver Enzyme Level

	
	
	AST (IU/L)
	ALT (IU/L)
	ALP (IU/L)

	Control 
	-
	310.00±55.54
	117.30±14.25
	287.00±48.81

	Extract 
	100
	338.50±34.66
(9.19)
	120.50±6.72
(2.73)
	486.20±88.64
(69.41)

	
	200
	301.70±45.87
(-2.68)
	124.80±14.36
(6.39)
	335.70±41.15
(16.97)

	
	400
	281.30±18.64
(-9.26)
	118.70±3.41
(1.19)
	450.50±37.50*
(56.97)


*P<0.05 compared to the control (One Way ANOVA; LSD post hoc test); Positive values in parenthesis represent % elevation in the liver enzymes levels compared to the control; AST =Aspartate aminotransferase ; ALT =Alanine aminotransferase : ALP =Alkaline phosphatase . 










Table 19: Effect of extract on total serum protein in diabetic rats  
	Treatment 
	Dose
(mg/kg)
	Protein Level

	
	
	Total Protein (mg/L)
	Albumin (mg/L)

	Control 
	-
	62.50±2.35
	30.70±0.61

	Extract 
	100
	56.50±1.02
(9.60)
	26.50±1.88
(13.68)

	
	200
	62.50±1.26
(0.00)
	31.00±0.41
(-0.98)

	
	400
	61.70±4.37
(1.28)
	30.70±0.88
(0.00)

	Metformin 
	150
	67.20±1.91
(-7.52)
	32.20±0.37
(-4.89)


*P< 0.05 compared to the control (One Way ANOVA; LSD post hoc test); Positive values in parenthesis represent % reduction in serum protein compared to the control. 






Table 20: Effect of extract on total serum protein in non-diabetic rats  
	Treatment 
	Dose
(mg/kg)
	Protein Level

	
	
	Total Protein (mg/L)
	Albumin (mg/L)

	Control 
	-
	58.50±1.52
	28.80±0.87

	Extract 
	100
	60.70±1.93
(3.76)
	30.20±0.60
(4.86)

	
	200
	62.00±2.21
(5.98)
	32.00±1.71
(11.11)

	
	400
	63.80±1.30*
(9.06)
	32.70±0.71*
(13.54)


*P< 0.05 compared to the control (One Way ANOVA; LSD post hoc test); Values in parentheses represent % elevation in serum protein compared to the control. 




 CHAPTER   FOUR
DISCUSSION AND CONCLUSION
4.1    DISCUSSION
There are various mechanisms associated with the antihyperglycemic activities of medicinal plants which include peripheral utilization of glucose, increased synthesis of hepatic glycogen by enhancement of glycogen regulatory enzyme expression in the liver (Kumar et al., 2006), inhibition of carbohydrate metabolizing enzymes (Matsui et al., 2007; Kawabata et al., 2007), stimulation of pancreatic insulin release (Xu et al., 2008) and inhibition of hepatic glucose production (Eddouk et al., 2003).

In this study, alloxan was used experimentally to induce diabetes in rats. Alloxan selectively damages insulin secretory β cells (Lenzen, 2008) and is used to induce diabetes mellitus in experimental animals. It accomplishes this by specific inhibition of glucokinase that is the glucose sensor of the beta cells and its ability to induce reactive oxygen species resulting in necrosis of beta cells. 

Chronic oral administration of the extract lowered fasting blood glucose level of the diabetic rats suggesting inherent antidiabetic effect. Treatment of normoglycemic rats with the extract did not decrease the fasting blood glucose levels after day zero and this was noted from previous studies on the plant (Mbaoji et al., 2014; Eddouk et al., 2003; Tchimene et al., 2016). Effective glycemic control in diabetes is not only achieved through hypoglycemic and antihyperglycemic effect but also through effective management and potent suppression of postprandial rise in glucose level. 
The extract also enhanced glucose tolerance by suppressing postprandial rise in glucose level. Effective suppression of postprandial rise in blood glucose level reflects good tolerance of sudden glucose load and this may occur as a result of increasing glucose uptake into tissue sites (Akah and Okafor, 1992). Postprandial glucose clearance by the liver transcends to glycogen synthesis and storage which may be due to potentiation of insulin release from β cells (Shalev, 1999). Suppression of postprandial rise in glucose levels may imply the extract inhibited hepatic glucose output through gluconeogenesis and glycogenolysis through exposure of the liver to elevated insulin level (He et al., 2009) or limited the amount of carbohydrates available for absorption.

Evaluation of its effect on carbohydrate metabolizing enzymes showed that the extract inhibited α-amylase and α-glucosidase enzymes in vitro which can be correlated with in vivo enzyme inhibition capable of decreasing glucose entering portal vein from the gut or glucose production from starch (Matsui et al., 2001). Inhibiting both enzymes amounts to reducing glucose absorption and thus, suppressing postprandial hyperglycemia (Oritz- Andrade, 2007) which plays a central role in development and progression of diabetic complications. 
The risk of developing proliferative retinopathy, overt nephropathy and polyneuropathy is higher with increase in hemoglobin glycosylation. Hemoglobin glycosylation (HbAIC) level is a pointer to signal long term control of diabetes and to checkmate the glycemic control of the antidiabetic agent in use. Higher amount is associated with increased free radical mediated damage (Sultanpur et al., 2010). Glycosylated hemoglobin level was not reduced by the extract at the end of the treatment period probably due to short period of the administration of the extract as the hemoglobin glycosylation is expected to decline under normal circumstances from 3- 6 months following initialization of therapy (Nathan, 2007). Hemoglobin glycosylation was, however, reduced in normal treated rats, indicating that the extract may reduce hemoglobin glycosylation.
Albumin and serum protein are important in the transport of hormones synthesized in the liver and serve as indicators showing the immune status in disease state and in diabetic condition. Hepatotoxicity and oxidative stress directly affect the integrity and functioning of the biomolecules. Chronic oral administration of the extract brought about reduction in liver enymes especially the AST and ALT and may be as result of hepatoprotective effect of the extract.  
Hepatic and cardiac tissues release aspartate and alanine aminotransferases and therefore, the elevation of plasma concentrations of these enzymes are indicators of hepatic and cardiac damage as in the case of complications in diabetes mellitus (Crook, 2006; Kim et al., 2006). The reductions observed in ALT and AST activities could be said to have been caused by the hepatocellular and cardiac protection offered by the extract. The reduction in serum ALP activity recorded is suggestive of cellular membrane/hepatocellular membrane protective effects of the plant extracts. ALP functions as a biochemical marker enzyme for maintaining membrane integrity. Increase in its plasma activity indicates peroxidation of cell membrane which occurs during diabetes mellitus (Akanji et al., 1993). 
The burden of diabetes on individuals is due to its long term microvascular and macrovascular complications. Hyperlipidemia is a major cause of macrovascular complication associated with diabetes. It is accompanied with premature artherosclerosis which is a major cause of cardiovascular disease. Hyperlipidemia involves elevated total cholesterol and triglycerides. The extract in addition to good glycemic control also lowered the total cholesterol and triglyceride levels consistent with earlier findings (Eddouks et al., 2014; Zeggevagh et al., 2007). 
Preliminary acute toxicity tests showed that the extract may be safe at concentrations up to 5000 mg/kg body weight. The extract may generally be regarded as safe with remote risk of acute intoxication.
Finger printing was evaluated to establish identification marker for the extract. The result of thin layer chromatography in ethylacetate and methanol (3:2) resolved extract into six spots and HPLC showed 12 prominent peaks which can be used as standard for the extract of O. basilicum possessing the studied activities.
The precise phytochemical constituents responsible for the antidiabetic activity of O. basilicum are yet to be isolated. Previous studies have shown that the antidiabetic activity of medicinal plants can be traced to the presence of polyphenols, flavonoids, terpenoids, courmarins and other constituents and some of them are insulinomimetic and show reduction in blood glucose levels through so many pathways. These phytoconstituents have also been reported for O. basilicum (Harnafi et al., 2009; Tchimene et al., 2016) and found to be natural inhibitors of α- amylase and glucosidase enzymes (Koike et al., 1995; Malviya et al., 2010). 
4.2       CONCLUSION
In conclusion, the findings from this study showed that extract of aerial parts of O. basilicum has potential antidiabetic properties attributable to its ability to lower blood glucose level and suppression of postprandial rise in blood glucose level. Glycemic control may be mediated through inhibition of α- amylase and α- glucosidase enzymes with elevation in liver glycogen. The extract may lower lipid levels in diabetes. Reduction in levels of glycated hemoglobin may not occur in short term use.
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