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ABSTRACT

The prevalence and suffering of diabetes and obesity has been increasing among the
various communities of the world including Malaysia. The cost of treatment is also
rising. Therefore, it is important to explore non pharmacological regime that are non-
invasive and with less health risks and cost burden to the patients, healthcare
professionals and nations. Medicinal plants have been used for the treatment and
prevention of diabetes since ancient time. Therefore, nine common traditional
antidiabetic herbs namely Andrographis paniculata (Hempedu bumi), Lagerstroemia
speciosa (Banaba/bungur), Orthosiphon stamineus (Cat whisker), Peronema
canescens (Sungkai), Momordica charantia (Bitter gourd/bitter melon), Tinospora
crispa (Patawali), Pithecellobium jiringa (Jering) and spices namely Syzygium
polyanthum (Bay leaf) and Cinnamomum zeylanicum (Cinnamon), were screened for
their antidiabetic properties in in vitro model. Water extracts of these herbs and spices
were prepared and evaluated for their effects on cell proliferation, adipogenesis,
adipolysis, glucose uptake and glucose oxidase assay in 3T3-L1 preadipocytes. The
study was then continued with quantitative Real-Time Polymerase Chain Reaction
(QRT-PCR) for selected herbs and spices extracts for the genes; adipogenesis-regulator
(Ppary mRNA), insulin-sensitive glucose transporter 4 (Glut4 mRNA) and gene
associated with obesity and insulin resistance (Adiponectin mRNA). The results of
aforementioned extracts promoted cell proliferation at a concentration of 0.25mg/ml
which showed a maximum viability after 48 hours of treatment. Insulin and A.
paniculata extract significantly (p<0.05) induced adipocyte differentiation, inhibited
lipolysis and stimulated glucose uptake/oxidase in adipocytes. This activity was
accompanied by significant (p<0.05) up-regulation of Ppary, Glut4 and Adiponectin
transcriptional levels. This finding reveals that A. paniculata extract have similar
effect to that of insulin activity. Whilst the study on C. zeylanicum and O. stamineus
extracts have similar activity for adipogenesis significantly (P<0.01), stimulated
glucose uptake and reduced adipolysis activity. Thus, it is suggested that these extracts
might have insulin-mimicking effects which could be potentially used as preventive
agents for diabetes. In contrast to insulin, water extracts of L. speciosa did not induced
adipocyte differentiation, significantly (P<0.01) decreased Ppary mRNA, exhibited
adipolysis activity and stimulated glucose uptake/oxidase due to significant (P<0.05)
up-regulation of Glut4 transcriptional levels in adipocytes. This combination
suggested that L. speciosa extract may be useful for the treatment of hyperglycemia
and obesity in type 2 diabetes. It is well known fact that an appropriate balance
between the adipogenesis, adipolysis and glucose uptake/oxidase in diabetes is of
primary importance. The present study provides some important clues both on the
biochemical and transcriptional aspects of the effect induced by the herbs and spices
screened. The present study suggests that these herbs and spices possess antidiabetic
properties as well as can be used for the associated metabolic dysfunctions.
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CHAPTER ONE

INTRODUCTION

1.1 PREVALENCE OF DIABETES MELLITUS (DM)
Currently, many countries face greater increase in the number of people suffering
from DM. Diabetes is a serious condition of pancreatic beta cells dysfunction resulting
in deregulation of blood glucose which leads to a serious problem of the individual in
particular and of the society in general. Its rapid increase in the global prevalence is
of greater concern to the countries and global communities. According to Shaw,
Sicree, and Zimmet (2010), it is estimated that the world prevalence of diabetes
among adults aged 20 - 79 years were affected 285 million people worldwide in 2010
and will increase to 439 million by year 2030. Within these 20 years, there will be
69% increase in numbers of adults with diabetes in developing countries and there
will be 20% increase in the developed countries. The World Health Organization
(WHO) estimated that 30 million people suffered from diabetes in year 1985 and the
number increased to more than 171 million in year 2000. Subsequently, the incidence
Is expected to be 366 million by year 2030 and among them, large increase will occur
in developing countries, especially among people aged between 45 - 64 years (WHO,
2002; Wild et al., 2004). Other estimates had been produced by the International
Diabetes Federation (IDF) which showed that in year 2011, 366 million people
suffered from diabetes, and it was expected to rise to 552 million by 2030 (Whiting et
al., 2011) .

The prevalence of diabetes reported for Malaysia in National Health and

Morbidity Survey (NHMS) Il (2006) was 11.7% compared to 6.3% and 8.3% in



NHMS | (1986) and NHMS |1 (1996) respectively. The incidence is expected to
increase to 13.3% in year 2030. In National Health and Morbidity Survey (NHMS) I11
(2006), Indians had the highest prevalence of diabetes which is 19.9% followed by

Malays 11.9% and Chinese 11.4% (Letchuman et al., 2010).

The increase in DM prevalence is projected to occur because of obesity and
sedentary lifestyle. Obesity and type 2 DM are generally considered being
multifactorial and polygenic diseases associated with an increased risk of mortality
and morbidity. According to World Health Report 2002, approximately 58% of
diabetes globally can be attributed to body mass index (BMI) above 21 kg/m?. The
prevalence of obesity in Malaysia has increased from 4.4% in 1996 to 14.0% in 2006
with highest prevalence of 19.3% seen among adults aged between 45 - 49 years old.
Based on the Malaysian National Health and Morbidity Survey (NHMS), the number
of overweight and obese adult males increased from 20.1% and 4.0% respectively, in
1996 to 29.7% and 10.0% respectively, in 2006. The prevalence was found to be
higher among adult females from 7.6% in 1996 and increased to 17.4% in 2006

(Mohamud et al., 2011).

1.2 ETIOLOGY OF DIABETES MELLITUS

Diabetes mellitus is a metabolic disorder of multiple etiologies characterized by
elevated plasma glucose concentrations resulting from defects in insulin secretion,
insulin action or both that can lead to metabolic abnormalities in carbohydrates,
proteins and lipids (World Health Consultation, 1999). This situation can also cause
body tissues in particular, the muscle, adipose tissues and liver fail in the uptake and

utilizing of glucose from the blood circulation due to lack or abnormality in insulin



molecule. Thus, resulting in elevated blood glucose concentration known as
hyperglycaemia. If blood glucose levels remain higher over a longer period of time,
this can result in a damage of important organs in the body such as nerves, kidneys,
eyes, blood vessels and heart. Complications to these organs can lead to death
(Brownlee, 2001; Hirsch, 1995; Weiss & Sumpio, 2006). Diabetes may be
asymptomatic or may be associated with symptoms like thirst, polydipsia, polyuria,
sudden weight loss or may progress to ketoacidosis and coma, depending on the
severity of the metabolic abnormality. There are three main types of diabetes mellitus

which are type 1, type 2 and gestational diabetes mellitus.

Type 1 diabetes is also known as insulin-dependent diabetes mellitus (IDDM),
immune-mediated or juvenile-onset diabetes. This disease can affect people at any
age, but it is often present in children or young adult. It is caused by an auto-immune
reaction where the body’s defence system attacks their own cell, which is insulin-
producing cells (B-cells in the Islets of Langerhans) pancreas. This reaction can cause
people with type 1 diabetes to produce very little or no insulin (Williamson et al.,

1996).

Type 2 diabetes is also known as non-insulin dependent diabetes mellitus
(NIDDM) or adult-onset diabetes. It accounts for at least 90% of all cases of diabetes
which sometimes associated with people who are obese or overweight. Type 2
diabetes can cause insulin resistance and lead to elevated blood glucose levels. This
disease is caused by a relative deficiency or diminished effectiveness of insulin.
Treatment for type 2 diabetes are oral hypoglycaemic drugs, sugar restricted diet and
complex carbohydrate preparation which delay the absorption of glucose into the gut

(Williamson et al., 1996).



Gestational diabetes mellitus (GDM) is caused by high blood glucose levels
during pregnancy. International Diabetes Federation (2011) reported that GDM
usually develops in 1 of 25 pregnancies worldwide and usually disappears after
delivery. But, some of the individuals with GDM and their children are at increased

risk of developing type 2 diabetes in their later life.

1.3 RISK FACTORS

Risk factors associated with diabetes mellitus can be categorized into modifiable and
non-modifiable factors. Modifiable risk factors are including diet, obesity, physical
inactivity and westernization in lifestyle. However, age, ethnicity, family history and
history of gestational diabetes mellitus are the main non-modifiable determinants of

diabetes prevalence (Colagiuri et al., 2006; Libman and Arslanian, 2007).

1.4 MANAGEMENT OF DIABETES MELLITUS

Currently, available therapies to manage diabetes mellitus are dietary modification,
exercise, modern drugs including insulin and oral administration of hypoglycaemic
agents such as metformin, sulfonylureas and acarbose etc. Insulin plays a key role in
glucose homeostasis and counter regulatory hormone like glucagon, which raises
serum glucose. According to Bailey (1999), the standard approach begins with
healthy lifestyle which includes diet control and exercise, particularly designed to
facilitate weight loss in obese people. In general, insulin therapy has been considered
to be the last therapeutic option when diet control, exercise and oral hypoglycaemic
agent/therapies or combination of two different classes of oral drugs have failed.
Sometimes, insulin therapy is also supplemented with an oral agent to further improve

glycaemic control (Figure 1.1). However, there are still challenges for the medical



system to find out treatment and management for diabetes without any side effects.
This leads to an increasing research to improve commercially available drugs. Apart
from this, traditionally plants are also used to improve control over hyperglycaemia

worldwide (Koski, 2006; Pari and Saravanan, 2004).

Prevention & control of DM

!

Diet, exercise, weight control, healthy lifestyle

!

Monotherapy with an oral

!

Combination therapy with two different classes of oral agents

!

Insulin

!

Insulin plus oral agents

Figure 1.1: Typical treatment paradigm for type 2 diabetes mellitus. When the patient
exhibits inadequate glycaemic control, he/she is moved to the next treatment level.
Patients with severe complications may be “jumped” immediately to insulin therapy.
Modified from Bailey, (1999)

1.4.1 Mechanism of Action of Conventional Oral Hypoglycaemic Drugs

Oral hypoglycaemic agents control blood glucose level through variety of
mechanisms/ actions (Figure 1.2). Metformin is a biguanide agent that lowers the
hepatic glucose production as well as reduces insulin resistance. Sulphonylurea acts as

insulin secretagogue by increasing insulin secretion. Thiazolidinediones promote



