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PENYARINGAN MAYA PROTEIN TIROSIN FOSFATASE 1B DALAM
PENCARIAN HASILAN SEMULA JADI YANG MEMPUNYAI AKTIVITI

BERPOTENSI TERHADAP DIABETES MELITUS JENIS 2

ABSTRAK

Populasi pesakit Diabetes Melitus Jenis 2 telah mencecah 422 juta orang daripada
keseluruhan populasi dunia pada tahun 2014 dan dijangka akan mencapai kedudukan ketujuh
sebagai penyebab utama kematian di tahun 2030 menurut Organisasi Kesihatan Dunia
(WHO). Kajian telah menunjukkan 90-95% daripada penyakit diabetes terdiri daripada
Diabetes Melitus Jenis 2 (T2DM). Berdasarkan peratusan tersebut, Diabetes Melitus telah
merangkumi 6% daripada populasi orang dewasa di dalam kalangan masyarakat barat. Di
Malaysia, penularan penyakit T2DM telah meningkat dua kali ganda dari 8.3% (1996)
kepada 17.5% (2015) dalam tempoh sepuluh tahun. Kini, 1 daripada 5 rakyat Malaysia
merupakan pengidap diabetik di mana 45% (1 juta orang) daripada populasi obesiti terdiri
daripada kanak-kanak. Kajian ini melibatkan penyaringan maya ke atas sebatian dari
pangkalan data Natural Product Discovert (NADI) terhadap protein tirosin fosfatase 1B
(PTP1B) dengan menggunakan dua kaedah in silico untuk mengenalpasti sifat anti-diabetik
daripada sebatian tersebut. PTP1B adalah penyelia negatif laluan isyarat insulin dan leptin.
Bukti kajian menunjukkan bahawa perencat PTB1B mungkin sasaran dadah yang
menyakinkan untuk pesakit T2DM dan obes-berisiko. Sebanyak 4000 sebatian telah melalui
penyaringan maya dengan AutoDock 4.2 dan 1933 ligan telah diterjemahkan ke dalam
model pharmacophore HYPO1lmenggunakan Discovery Studio 2.5. Sebanyak 18 tumbuhan
telah dipilih selepas ikatan tenaga terendah (FEB), nilai kesesuaian (Fit Value), pembentukan
ligan-protein, interaksi ligan-protein, populasi sebatian yang berkaitan, dan ketersediaan
komersial ligan paling aktif daripada pemeriksaan kedua-dua penyaringan maya tersebut. 20
ekstrak daripada tumbuhan yang di pilih kemudiannya dikenakan ujian in vitro enzimatik.
Pandanus amaryllifolius (daun) menunjukkan peratusan perencat yang tertinggi, iaitu

sebanyak 94.38%, dan diikuti oleh Vitex negundo (daun) (89.03%), Piper nigrum (buah)
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(81.39%), Cymbopogon nardus (daun) (79.78%), Artocarpus champeden (kulit) (66.90%),
Cymbopogon nardus (daun) (66.02%) dan Manilkara zapota (buah) (62.06%). Kajian pada
masa hadapan boleh ditumpukan untuk mengenalpasti unsur sebatian secara terperinci,
“scaffold-hopping” terhadap ligan yang aktif, dan modifikasi kimia ke atas struktur sebatian
perencat; untuk menemui perencat PTP1B yang lebih berkesan dan khusus untuk pesakit

T2DM.
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VIRTUAL SCREENING OF PROTEIN TYROSINE PHOSPHATASE 1B IN
SEARCH FOR NATURAL PRODUCTS WITH POTENTIAL ACTIVITY

AGAINST DIABETES MELLITUS TYPE 2

ABSTRACT

The world population of diabetes mellitus patients had reached 422 million in the
year 2014 and projected to be the seventh leading cause of death in the year 2030 by World
Health Organization. Type 2 Diabetes Mellitus (T2DM) was responsible for 90-95% of all
diabetes and it had affected approximate 6% of the adult population in the western society.
In Malaysia, the prevalence of T2DM had doubled from 8.3% (1996) to 17.5% (2015) in
duration of ten years. Now, 1 out of 5 Malaysian are diabetic and with over 45% of
overweight and obese population with 1 million obese children. This study involved virtual
screening of the Natural Product Discovery (NADI) database compounds against protein
tyrosine phosphatase 1B (PTP1B) using two in silico methods, molecular docking (structure-
based virtual screening) and pharmacophore mapping (ligand-based virtual screening), in
order to predict their anti-diabetic properties. PTP1B is a negative regulator of both insulin
and leptin signalling pathways. Evidence had shown that PTP1B inhibitors might be a
convincing drug target for T2DM patients and at-risk obese patients. 4000 compounds from
NADI database were virtually screened using AutoDock 4.2 while 1933 ligands were
mapped to pharmacophore model HYPOI1 using Discovery Studio 2.5. 18 plants were
selected after cross examine the lowest binding energy (FEB), fit value, ligand-protein
conformation, ligand-protein interactions, the population of the related compound and
commercial availability in the virtually active top hits from two virtual screening results. 20
extracts from 18 selected plants were then subjected to in vitro enzymatic assay. Pandanus
amaryllifolius (leaves) showed highest inhibitory at 94.38% followed by Vitex negundo
(leaves) (89.03%), Piper nigrum (fruits) (81.39%), Cymbopogon nardus (leaves) (79.78%),
Cymbopogon nardus (peel) (66.90%), Cymbopogon nardus (leaves) (66.02%) and
Manilkara zapota (fruits) (62.06%). Future studies focusing on compounds elucidation,
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scaffold-hopping of virtually active ligands, and chemical modification of the structure of
inhibiting compounds could be carried out in order to discover a more potent and specific

PTP1B inhibitor for drug design in the prospect of T2DM.
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CHAPTER ONE

INTRODUCTION

1.1 Statement of Problem

Diabetes mellitus is one of the most common chronic, non-communicable, diseases around
the world (Whiting et al., 2011). The ever-changing lifestyle with reduced physical activity
and increased obesity along the economic development and urbanization had significantly
increased the prevalence of diabetes mellitus patients globally. The number of people with
diabetes had risen tremendously from 108 million in the year 1980 to 422 million in the year
2014 (WHO, 2016). It is the major cause of blindness, kidney failure, heart attacks, stroke
and lower limb amputation, and The World Health Organization (WHO) is projecting
diabetes to be the seventh leading cause of death in the year 2030 (WHO, 2016). The studies
all over the world showed that the prevalence of Type 2 Diabetes Mellitus (T2DM) is
escalating at phenomenal scale and most likely heading towards epidemical level (Zaini,

2000).

Diabetes prevalence has been rising more rapidly in middle and low-income
countries (WHO, 2016) and the projected rise (from the year 1995 to the year 2025) in
developed countries is 42% whereas developing countries will witness an escalation of 170%
(King et al., 1998). In Malaysia, the prevalence of diabetes mellitus (18 years old and above)
had risen from 8.3% in the year 1996 to 17.5% in the year 2015 (Malaysia Institute For
Public Health, 2015). It is estimated that 3.5 million Malaysian are diabetic or, in another
word, 1 out of 5 Malaysian is living with this chronic disease. The situation in Malaysia
became more agonised as the overweight (BMI between 25 kg m™ and 30 kg m™) and obese
(BMI above 30 kg m™) population had risen from 16.6% and 4.4%, respectively, in the year
1996 to 30% and 17.7%, respectively, in the year 2015. At the same time, Malaysia has 1
million obese children (below 18 years old) which represent 11.9% of the total underage

population (Malaysia Institute For Public Health, 2015).



Although varies diabetes treatments are available in the market but most of these
treatments are not only costly but also causing side effects, such as nausea, migraine and
fatigue. Weight gain is one of the most common side effects from T2DM treatments due to
the close relationship between insulin and lipase pathway. Obesity is the state of increased
body weight (especially adipose tissues) of a certain level to cause advert health issue
(Spiegelman & Flier, 2001). This is a vicious circle for T2DM patients as weight gain is a
commonly recognised contributing factor for insulin resistance, impaired glucose tolerance
(IGT) and T2DM. New therapies through different pathways and provoke less side effects

are necessary.

In the recent decades, protein tyrosine phosphatase 1B (PTP1B) had emerged as a
new potential target in the road of finding a cure for T2DM. T2DM is strongly associated
with obesity and insulin resistance act as a common link between them. The inhibition of
PTP1B might enhance the action of insulin and give advantage in T2DM treatment (Zhang
& Lee, 2003). With all the evidence published throughout the decades, PTP1B seems to be a
convincing candidate at all genetic, molecular, biochemical and physiological level for drug

design in order to treat T2DM and at-risk obese patients (Johnson ef al., 2002).

1.2 Objectives and Scopes of Study

This study involved screening of the Malaysian Plants’ Natural Products from Natural
Products Discovery (NADI) database using two different in silico methods in order to predict
their antidiabetic properties. First, virtual screening was conducted using both structure —
based molecular docking and ligand-based pharmacophore mapping. The compounds in the
database were subjected to PTP1B, an enzyme that played important role in negative
regulation of insulin pathway, associating with metabolic syndrome and type 2 diabetes
mellitus. A few host plants for the top ranked compounds from the virtual screening were
then preceded to bio-assay guided extraction. These extracts were evaluated using enzymatic

bio-assay.



The final validated antidiabetic properties were then cross referenced with literature
and ethno-medical knowledge in the aim to find a competitive PTP1B inhibitor which acted

as a starting point for optimisation in the drug design.

Specifically, the objectives of this study are:
1. To screen for Protein Tyrosine Phosphatase 1B (PTP1B) inhibitors using Natural
Products Discovery (NADI) database implicated in diabetes mellitus type 2.
2. To validate in silico predictions using suitable in vitro assay.
3. To correlate these predictions and confirmation of the antidiabetic properties with

ethno-medical uses.



CHAPTER TWO

LITERATURE REVIEW

2.1 Diabetes Mellitus

Diabetes is a heterogeneous group of disorders occurred either when the pancreas do not
produce enough insulin or the body cannot effectively use the insulin it produces (WHO,
2016). This disease is now a major public health problem listed on the four priority non-
communicable diseases (NCDs) along side with cardiovascular diseases, cancer and chronic
lung diseases. Historically, the word diabetes which means “to pass through” in Greek was
first used by Apollonius of Memphis in 230 BC. The modern classification of diabetes
mellitus and the tests used for its diagnosis were created by the National Diabetes Data
Group of the USA and the second World Health Organization (WHO) Expert Committee on

Diabetes Mellitus in the year 1979 and 1980 (Alberti & Zimmet, 1998).

Diabetes is categorised into four clinical classifications: Type 1 diabetes mellitus
(T1DM) (previously known as insulin-dependent diabetes), Type 2 diabetes mellitus
(T2DM) (previously known as non-insulin-dependent diabetes), gestational diabetes and
diabetes due to other causes such as, genetic defects or medication by the American Diabetes
Association (ADA) (Clark et al., 2012). Other than the four clinical classifications, WHO
had also recognised impaired glucose tolerance (IGT) and impaired fasting glycaemia (IFG)
as the intermediate conditions before diabetes. As the conditions are not inevitable, those
with these transition conditions are taken in to account for undiagnosed or potential diabetes

patient (especially T2DM). The diagnosis criteria for diabetes were illustrated in Table 2.1.

Table 2.1 Diagnosis criteria for diabetes using oral glucose tolerance test.
<6.1 Normal

Fasting plasma glucose, mmol/L 6.1-69 Impaired fasting glycaemia (IFG)
>7.0 Diabetes
<7.8 Normal

2-hours plasma glucose, mmol/L 7.8-11.0 Impaired glucose tolerance (IGT)
>11.0 Diabetes

4



T1DM is mainly caused by insulin deficiency in the body. Patients with T1DM
needed daily insulin injection to help regulate the blood glucose level. Unfortunately, T1DM
cannot be prevented with the current understanding and knowledge. The cause remained
unknown. T1DM patients will not survive without regular insulin administration. On the
other hand, T2DM are the result of insulin inefficacy, in term of both, action and excretion
(Nolan, 2002). It is a chronic and progressive metabolic disorder characterised by

hyperglycaemia.

The blood glucose level is regulated by insulin and glucagon hormones. Insulin is
primarily excreted from B-cell of the Islet of Langerhans in pancreas while glucagon is
expressed from the a-cell of the pancreas. Insulin inhibits glycogenolysis, gluconeogenesis,
lipolysis, proteolysis and ketogenesis but at the same time promote glucose uptake in muscle
and adipose tissues. On the other hand, glucagon acts as an antagonist of insulin in the liver

increasing the blood glucose level (Clark et al., 2012).

A diabetic individual may express symptoms such as excessive urination (polyuria)
and great thirst (polydipsia), constant hunger, weight loss, vision changes and fatigue. These
symptoms are remarkably more severe in TIDM patients while sometimes recorded as

absent by T2DM patients.

2.1.1 Type 2 Diabetes Mellitus in the world

As reported by WHO (WHO, 2016), there are estimated 422 million diabetic adults in the
year 2014. More than 6% of the adult population from the Western society is afflicted by
diabetes and T2DM responsible for 90-95% of the total prevalence (Moller, 2001). The
global prevalence of diabetes nearly doubled from 4.7% of 1980 to 8.5% of 2014.
International Diabetes Foundation (IDF) projected that the global diabetes prevalence will
reach 552 million by 2030 (Whiting et al., 2011) while WHO projected it as the seventh
leading cause of death in the same year. The diabetes prevalence in middle and low-income

5



countries are rising more rapidly compared to high-income countries. IDF predicted the
African region to have the largest proportional increase in diabetic adult number by 2030
followed by the Middle East and North Africa region. However, the Western Pacific region
will continue to have the largest number of diabetic adults primarily due to the large diabetic

population in China.

In 2012, an estimated of 1.5 million deaths worldwide are directly due to diabetes. It
is the eighth leading cause of death among all gender and fifth leading cause of death among
women (WHO, 2016). The numbers increases to 1.6 million in the year 2015 (WHO, 2017).
Diabetes mellitus is also well known for its development of complications if the patient
didn’t manage the blood glucose level well. Diabetic ketoacidosis (DKA) (T1DM and
T2DM) and hyperosmolar coma are common complications triggered by constant high blood
glucose level. Prolonged diabetes will damage the heart, blood vessels, eyes (retinopathy),
kidneys (one of the leading cause of kidney failure), nerves and increase the risk of stroke.
Serious neuropathy in limbs might lead to amputation. Statistically, atherosclerotic
cardiovascular disease (ASCVD) had been reported account for 80% of diabetic mortality
and more than 75% of all hospitalisations for diabetic complications (Moller, 2001). The
total deaths related to high blood glucose level is approximately 3.7 million in the year 2012
including 2.7 million deaths from diabetic related complications (Figure 2.1). Of these,
Middle and low-income countries contributed the highest death proportion in all age group

and significantly increased after age of 50 (Figure 2.1).
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Figure 2.1 Percentage of all cause deaths attributed to high blood glucose, by age and
country by income group in 2012 (categorised by the Wolrd Bank, 2012). Graph A for male
and graph B for female, respectively (WHO, 2016).



2.1.2 Type 2 Diabetes Mellitus in Malaysia

The MalaysiaNational Health and Morbidity Survey (NHMS) is a nationwide survey
initiated in the year 1986 which aims to monitor the health and nutritional level of
Malaysian. The interval of the NHMS had shortened into every 4 years instead of 10 since
the year 2011. In the year 2015, diabetes mellitus prevalence in Malaysia had reached 17.5%
(approximately 3.5 million) of the population (Table 2.2) (Institute For Public Health, 2015;
Letchuman et al., 2010). The figure had doubled from 8.3% (1996) to 17.5% (2015) in the
duration of ten years. The situation in Malaysia has became more agonised as the
overweight and obese Malaysian had risen from 16.6% and 4.4%, respectively, in the year
1996 to 30% and 17.7%,respectively, in the year 2015 (Table 2.3) (Institute For Public
Health, 2015; Letchuman et al., 2010). At the same time, Malaysia has 1 million obese
children (below 18 years old) which represent 11.9% of the total underage population
(Institute For Public Health, 2015). It is generally agreed that ethnicity, family history of
diabetes, overweight and obesity, physical inactivity and smoking are risk factors for T2DM
(WHO, 2016). With over 45% of total obesity and pre-obese population and 22.8% of the
smoking community, T2DM had already risen as one of the major public health problems in
Malaysia. Fortunately, with the increase of awareness, risk factor physical inactivity had
decreased from 88.4% (1996) to 33.5% (2015) (Table 2.3) (Institute For Public Health, 2015;

Letchuman et al., 2010).



















































