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CHAPTER 2 
 

 

 

LITERATURE REVIEW 

 

 
 

2.1       Diabetes Mellitus 

Diabetes Mellitus is a group of chronic metabolic disorders characterized by chronic 

hyperglycaemia as a result of relative or absolute lack of insulin or the actions of insulin 

(Kumar and Clark, 2002). Chronic hyperglycaemia during diabetes increase non enzymatic 

glycation of proteins that later leads to secondary complication. These complications include 

hypoglycaemia, diabetic ketoacidosis, non-ketotic syndrome, thirst, polyuria, visual 

blurriness, weight loss, hypertension, neuropathy, nephropathy and retinopathy. Several 

hypoglycaemic drugs, insulin injections and life style changes, such as exercise, weight 

control and diets have been employed for the treatment of diabetes (Knentz and Nattras, 

1991; Kumar and Clark, 2002). However, the management of this disease is still a challenge 

to the medical system (Kameswararao et al., 2003). This is because none of these 

hypoglycaemic drugs were able to cure diabetes without causing any adverse side effects. 

These effects have led to an increase in the prevalence of DM worldwide. Recently, much 

attention has been focused on antidiabetic plants used in traditional medicine mostly because 

of better treatment than the modern western medicine. 

 

 

 

2.1.1 Types of diabetes mellitus 

There are three main types of diabetes mellitus namely: type 1 diabetes (insulin- 

dependent diabetes mellitus), type 2 diabetes (non insulin- dependent diabetes mellitus) and 
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gestational diabetes. The symptoms of these forms of diabetes are similar but vary in their 

intensity. Type 1 DM is caused by immunological destruction of pancreatic β cells leading to 

absolute insulin deficiency (Notkins, 2002). It is a juvenile disease with 10 % prevalence 

among diabetic patients worldwide (Ranjan et al., 2002). Patients affected by this form of 

diabetes are completely dependent on exogenous insulin to maintain a normal life style. Type 

2 is another form of DM characterized with insulin resistance and is the most common type 

of diabetes afflicting 85-95 % of all diabetic individuals over 40 years of age (Lanza et al., 

1999). Gestational diabetes is a common disorder that occurs mostly during pregnancy due to 

hormonal changes or insulin deficiency. It affects approximately 7 % of pregnancies each 

year (ADA, 2000). This disorder can increase the risk of developing type 2 DM for both 

mother and the baby if not properly managed.  

 

 

 

2.1.2 Cause and prevalence of diabetes mellitus 

The causes of diabetes are not clearly known. However it is associated with risk 

factors that are considered to be the pathogenesis of this disease. These factors include 

consumption of calorie- rich diet, hereditary, obesity, sedentary life style, smoking, virus 

infection, age, socio-economic status as well as increasing number of ageing population. The 

number of people suffering from the disease worldwide is increasing at an alarming rate. 

According to Wild et al. (2004) about 366 million people were projected to be diabetic by the 

year 2030 against 191 million estimated in 2000. All over the world, India is ranked as the 

country with the highest diabetic patients followed by China and United State of America. 

Unfortunately, Africa and Asia were recently identified as regions where the number of 

diabetics could rise above the predicted level (ADA, 2006). In South Africa, the prevalence 

of people suffering from diabetes has been rising steadily over the past two decades. The 
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prevalence is predicted to hit 3.9 % of the South African population between the age of 20 

and 79 by the year 2025 (www.eatlas.idf.org). Insufficient promising therapy to cure diabetes 

could be responsible for the predicted figure in this part of the world.  

 

 

2.2 Insulin  

Insulin is a peptide hormone secreted by pancreatic β-cells in response to increased 

blood glucose levels. It was first discovered by Canadian scientists in the year 1921 due to 

increase death rate of people suffering from type 1 diabetes (Bliss, 1982). Insulin has a 

molecular weight of 6,000 Daltons with two subunits held together by disulphide bonds. It is 

secreted in significant amounts as preproinsulin in the ribosome of endoplasmic reticulum. 

The cleavage of signal peptide of preproinsulin results in the formation of proinsulin and later 

matures into insulin through the action of endo-peptidases (ADA, 1997).  

 

 

 

2.2.1 Mechanism of insulin biosynthesis 

The secretion of insulin from pancreatic β cells is a complex process involving a 

glucose induced biphasic pattern of insulin release. Defects in both phases of insulin 

secretion may be the earliest detectable stage of type 2 diabetes (Gerich, 2002). Secretion 

of insulin is based on KATP channels which are grouped into two principal signaling 

pathways. These are ATP - dependent and ATP - independent K
+
 channels (Chow et al., 

1995; Straub and Sharp, 2002). In the KATP channel pathway, ATP derived from the 

glycolytic metabolism of glucose closes the KATP channels and causes β- cell membrane 

depolarization. The resulting opening of voltage-dependent L-type Ca
2+

 channels increases 

influx of extracellular Ca
2+

 into the β- cells, leading to rise in [Ca
2+

]i  which triggers the 
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release of insulin (Yang and Gillis, 2004). On the other hand, the mechanisms involved in 

the ATP -independent channel are yet to be defined. Nevertheless, several signaling 

pathways are employed in this channel for the secretion of insulin. These include 

mitochondria-generated signaling, Adenylate cyclase and PKA signaling, PLA2 and 

arachidonic acid signaling pathways (Chow et al., 1995). 

 

 
 

 

Figure 2: The major pathway of glucose induced and sulfonylurea (SU) -induced insulin 

secretion. GLUT 2 (glucose transporter 2); VDCC- voltage-dependent calcium channel. 

 

 

2.3 Functions of insulin 

Insulin is a potent anabolic hormone that stimulates the uptake and storage of glucose, 

fatty acids and amino acids into glycogen, fat and protein respectively.  It regulates glucose 

homeostasis, storage of glycogen and formation of triglycerides, in different target tissues as 

shown in Figure 2. It is also known to modulate transcriptional processes, replication of cells, 

DNA synthesis and increase amino acid transport into cells as well as to stimulate lipogenesis 

(Nakae and Accili, 1999). 
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Figure 3: Schematic diagram of function of insulin 

 

 

2.3.1 Glucose metabolism 

Glucose is the prime fuel for the generation of energy with the formula C6H12O6. 

During fasting, glucagon is secreted which break down liver glycogen and thus leads to the 

synthesis of glucose through gluconeogenesis pathway after depletion of glycogen (Voet et 

al., 2002). Activation of glucagon raises the glucose level in the blood by binding to the 

tissue receptors to activate adenylyl cyclase which is linked to the cAMP (cyclic adenosine 

monophosphate) mediated cascade (Figure 3). 

Liver 

Glycogen synthesis↑ 

Protein synthesis↑ 

Triglycerides formation↑ 

Catabolism↓ 
 

 

Muscle 

Amino acids transport↑ 

Protein synthesis ↑ 

Adipose tissue 

   

Triacylglycerol 

storage↑ 
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2.3.2 Glucose transport 

The action of insulin in glucose uptake, involves translocation of glucose transporter 

proteins (GLUTs) from intracellular compartments to the cellular membrane where glucose 

uptake is being facilitated (Cushman and Wardzala, 1980).  Transport of glucose is initiated 

upon binding of insulin to the insulin receptor (Schaffer et al., 2003). This binding results into 

a conformational change and auto-phosphorylations of the receptors as shown in Figure 4. 

Among several insulin receptors substrates (IRS), IRS1 is recruited and binds to a 

phosphotyrosine residue (Chen et al., 1996). The increase in enzyme activity of 

phosphoinositide-3-kinase enhances the recruitment of Protien Kinase B to bind with the 

plasma membrane (Eldar et al., 1997; Lodish et al., 2004). After localizing on the membrane, 

protein kinase B is phosphorylated by two membrane bound kinases and then released into 

the cytosol where glucose uptake and glycogen synthesis are stimulated (Foulds et al., 2004; 

Lodish et al., 2004). It has been reported that glucose homeostasis is regulated by insulin via 

uptake of glucose into skeletal muscle, and to a lesser extent, into the liver and adipose tissue 

(Fielding and Frayn, 1998). 

 

 

 

Figure 4:  Insulin Signaling Pathway for Glucose Transport Chain (Chen et al., 1996). 
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2.3.3 Insulin facilitates glucose uptake in the target tissues 

Skeletal muscle is one of the key tissues involved in the maintenance of whole body 

glucose homeostasis. It takes up glucose from the circulation in response to insulin, and is 

largely responsible for clearing post-prandial hyperglycemia (Moore et al., 2003). The 

increased glucose uptake by skeletal muscle is mediated by type 4 glucose transporter 

(GLUT4), which is stored in intracellular vesicles in the absence of insulin (Mueckler, 1994). 

The adipose tissue is another major site for the uptake of dietary fatty acids. It releases energy 

in the form of fatty acids (Fielding and Frayn, 1998). In the presence of insulin (Figure 4), 

adipocytes take up glucose and lipids from the blood and store them as triacylglycerol. After 

the meal, the adipose tissue functions to supply energy for other tissues by releasing free fatty 

acid (FFAs) into circulation in the form of chylomicrons for energy production (Fielding and 

Frayn, 1998). Hepatocytes take up glucose through glucose transporter 2 (GLUT 2) localised 

at the plasma membrane (Bary and Horuk, 1984). When glucose enters the hepatocytes 

through facilitated diffusion mechanism, it is retained through conversion by hepatic 

glucokinase to glucose-6-phosphate in the glycolytic pathways (Pilkis and Granner, 1992; 

Zhang et al., 2002).  

 

 

 

2.3.4 Lipids metabolism 
 

In humans, another major source of fuel or energy apart from carbohydrate is lipids. 

Lipids are water insoluble biomolecules which includes phospholipids, triglycerides, 

glycolipids and sterols. Triglycerides among other lipids represent the storage form mainly in 

the adipocytes and are composed of glycerol and three fatty acid molecules. It is hydrolyzed 

into free fatty acids and mono-acylglycerols by a process called lipolysis. This process 

involves multiple lipases that are produced by gastric mucosa and pancreatic cells (Park and 

Hellerstein, 2000). Free fatty acids and mono-acylglycerols are re-esterified into triglycerides 
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after uptake by intestinal cells into chylomicrons. Chylomicrons are particles containing a 

hydrophobic core of triglycerides and cholesteryl esters surrounded by a monolayer of 

phospholipids and cholesterol. The lipids in these particles both triglycerides and cholesterol 

are taken up by hepatic and peripheral tissues, mainly muscle and adipose tissue by the action 

of lipases. In addition, triglycerides are also uptake by the liver from very- low density 

lipoprotein (VLDL) by which the secretion is regulated by insulin (Park et al., 1999). 

 

 

 

 

2.4 Western medicine for diabetes treatment 

Several hypoglycaemic drugs have been employed for the treatment of diabetes with 

different mechanism of actions. These include sulphonylureas, metformin, acarbose, 

thiazolidinedione, glibenclamide and insulin. Metformin is a first-line drug of choice for the 

treatment of type 2 diabetes especially in overweight and obese people (ADA, 2000). It 

increases insulin sensitivity by suppressing hepatic glucose production as well as increasing 

muscle glucose uptake. The molecular targets of this drug are currently unknown but 

activation of the adenosine mono-phosphate (AMP) activated protein kinase has been 

reported to play an important role (Bailey and Dominiczak, 2004). Sulphonylureas are 

another first line treatment of type 2 diabetes that acts directly on the pancreatic β cells to 

potentiate insulin secretion. Acarbose is a new therapeutic drug used basically to inhibit α - 

glucosidase without directly interfering with glucose uptake (Wehmeier and Piepersberg, 

2004). It is often used in combinational therapy with other drugs or insulin to lower the blood 

glucose level. Rosiglitazone and pioglitazone are thiazolidinedione currently used to improve 

the body’s response to insulin by lowering insulin resistance in the cells. The molecular target 

for thiazolidinedione is the peroxisome proliferator-activated receptor γ (PPAR), where it acts 

as an agonist (Suzuki et al., 2010). Lastly, insulin treatment is used in a later stage of type 2 
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DM progression, when pancreatic β cells can no longer secrete a sufficient amount of insulin 

to maintain an acceptable glucose concentration in the circulation. It is a life dependent drug 

for type 1 diabetic patients.   

 

 

 

2.5 Limitation to western medicine 

The limitation encountered from the use of modern antidiabetic drugs could be linked 

to the undirectional therapeutic approach, high cost and the presence of adverse side effects 

(Tiwari and Rao, 2002). For example, the use of sulphonylureas has been reported to worsen 

heart disease, increase body weight and induce hypoglycaemia (Dey et al., 2003). Liver 

toxicity was observed in patients treated with thiazolidinedione while diarrhea, abdominal 

discomfort, flatulence and pain were shown in patients taking glucosidase inhibitors (De 

Fronzo, 1999).  Hypoglycaemia and other symptoms including nausea, hunger, tiredness, 

palpitation and headache have also been reported as major side effects of insulin therapy 

(www.medicinenet.com/insulin). Another important factor of western medicine limitation  

could be attributed to the belief that herbs do provide some benefits over and above allopathic 

medicine and allow the users to feel that they have some control in their choice of medication 

(Joshi and Kaul, 2001). These drugs are very expensive and as a result beyond the reach of 

diabetic patients especially those living in the rural areas. Therefore, there is need to search 

for natural products of plant origin as a source of novel molecules that can complement the 

drugs currently used to negate the adverse side effects  of western medicine (Marles and 

Farnsworth, 1995).   
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2.6 Alternative medicine 

Insulin was first introduced in 1922 for the treatment of diabetes, before then diabetes 

treatment relied heavily on dietary measures which included the use of medicinal plant 

therapies. Medicinal plants have been used in traditional medicines, since time immemorial to 

maintain health or cure ailments from the dawn of civilization (Kalemba and Kunicka, 2003). 

It has been a rich source of new drug discovery. For example, metformin the most commonly 

used antidiabetic drug was discovered from Galega officinalis since the Middle Ages because 

of its richness in guanidine (Bailey and Day, 2004).  In the last few years there has been an 

exponential growth in the field of herbal medicine and these plants are gaining popularity in 

some countries for primary health care because of their wide biological and medicinal 

activities, lower side effects and lesser costs (Farnsworth, 1994). Herbal medicines continue 

to play an important role in diabetic therapy, particularly in the developing countries where 

most people have limited resources and do not have access to modern treatment (Ali et al., 

2006). The use of herbal medicine for the treatment of diabetes has been authenticated 

(WHO, 1980) due to the presence of phytochemicals with antidiabetic properties. Some of 

these compounds include fibres, vitamins, minerals, secondary metabolites and xanthones 

(Day, 1998).  The increase in demand for the use of plant based medicines to treat diabetes 

may be due to the side effects associated with the use of orthodox drugs such as insulin and 

oral hypoglycemic agents (Marles and Farnsworth, 1995). Another important factor that 

strengthens the use of plant materials as antidiabetic could be attributed to the belief that 

herbs do provide some benefits over and above allopathic medicine and allow the users to 

feel that they have some control in their choice of medication (Joshi and Kaul, 2001). 

However, few of these plants have received scientific or medical scrutiny as recommended by 

the World Health Organization.   
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2.6.1 Mechanisms of actions of antidiabetic plants 

Several antidiabetic plants have been reported in different parts of the world for the 

treatment of diabetes with different therapeutic targets (Edwin et al., 2008). Some were 

investigated in streptozotocin (STZ) and alloxan induced diabetic rats at different dosages to 

evaluate their antidiabetic potentials. Majority of these plants displayed antihyperglycaemic 

properties while few have shown hypoglycaemic effect. Some of the mechanisms of action 

reported are related to inhibition of mitochondrial function, stimulation of glycolysis, 

activation of AMPK (adenosine mono-phosphate kinase) pathway, suppression of 

adipogenesis, uptake of glucose and induction of low density lipoprotein (Jun et al., 2009; 

Matsui et al., 2006). In addition, some plants with antidiabetic properties have also been 

reported to inhibit carbohydrate digestive enzymes such as α- glucosidase and α- amylase 

(Shibib et al., 1993).  Antioxidant properties and modification of insulin structure or insulin 

receptor sensitivity as well as up-regulation of glucose transporter of some plants have been 

reported in several studies (Day, 1990; Cummings et al., 2002; Hardman and Limberd, 2001). 

Although, the metabolic activities of these plants are well established, the molecular 

mechanism underlying their biological activities remains unknown. Many South African 

medicinal plants have been investigated which include Leonotis leonurus, Sutherlandia 

frutescens, Cissampelo capensis, Schotia latifolia, Vernonia amygdalina and Momordica 

foetis. These plants among others have been reported to possess anti-hyperglycemia, 

hypoglycaemic, hypolipidaemic and anti-obesity properties due to their action on insulin 

sensitization, β- cell preservation and antioxidant activities (Jeevathayaparan et al., 1995).  

Many other antidiabetic plants have been reported as scavenger of free radicals generated at 

the onset and during diabetic state in the experimental animals (Rice-Evans et al., 1996). 
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