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ABSTRACT

Cardiovascular diseasms emerged in developing countries and becoming the leading cause
of death recorded. Many scientific studieave been conducted in order to understand the
specific mechanism on how atherosclerosis develop, searching for the real culprit that
responsiblein the progression of the disease and suggesting the possible prevention to
overcome this problem. This piece of work examined and revealed the mechanism of action
on how secondary metabolites that has been isolated from Malaysian local plants which have
the properties to impede the action of cholesteryl ester transfer protein (CETP) in order to
preventthe atherosclerosisPreliminary results of the crude plant extracts from the initial
screening showed positive resultssimilar trend of inhibition carbe obtairedfor twigs and

leaves extracts dbarcinia atroviridis and Garcinia parvifolia. Ethanol extracts of fruit parts

of Garcinia atroviridis give ICso of 19.28 + 0.021 mg/ml which showise highest inhibitory
compared to thether extractsof other plant parts The remarkable results thate obtain

from fruit rinds ofGarcinia atroviridis do give some hints that the secondary metabolites that
arepresent might have the ability to inhibit CETP. Based on literature review, it is postulated
hydroxycitric acid (HCA) might be responsibler inhibiting CETP activity and HCA has

been selected for further studies. Kinetic stuti@e been employed in this piece of work in
order to see the types of inhibition that HCA possess against CHiEPknetic study has
revealed that HCA is a noncompetitive inhibitor because of the-Brh2) that is unchanged

for every substrate and the Vmax is increased when the concentration of the inhibitor
increase.Further insilico works such as molecular dockiagd molecular dynamicasbeen
implemented as well in order to see the interaction and mechanism of action between HCA
and CETP. The molecular docking workshavealed that HCA binds to the same side as

torcdrapib doesand the RMSD obtained was 2.7Z03Molecular dynamics has been
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employed as well in order to see the extensive structural and functional analysis and also to
evaluate thetrengthnessf the complex between HCA and CETP. The complerefound

to be stable due to the existence of the hydrdgendingto SER230 and theverall RMSD
reading ardetween the range 6t8A, 2.4A and 3.2A0Overall, this workarepioneering and

pave the way for further studies @stablishing a new chemical template formnatural
products for CETP research with an objective to extend the scope of work-umto studies

and xray crystallography in order to enable us to understand the mechanism of action in
protein level.Thein-silico studies in this worlprovidesa prelminary understandingn the
structural basis of CETP structure and its active sileieh could accommodate the exact
template of chemical molecule. Withis new understanding, an inhibitor drug which are

effective with lesser side effect, targeting atiselerosis could be developed.
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Chapter 1: Introduction

Cardiovasalar disease (CVD) that involvdéke diseases dhe heart and circulatory system
remains the leading cause of deathwiorldwide which affecting almost 4.1 million deaths

per year (Nicholst al., 2013.

CVD epidemic that has emerge the developing countrieduring the past two or three
decadescontribues a greatershare to the global burden of CVprovides less public
response even within theffectedcountries(Mathers & Loncar, 2006)The increase in the
rate of CVD is due to the economic transition, industrialization and globalization which
change the lifestyle of people in those developing countries wirimmote heart disease.
Over the previous decade or more, the predominance of conventional danger components for
atherosclerotic cardiovascular infections has begpanding in the major developing
countries,including (hina and hdia, with resulting increments in the rates ofotary and
cerebrovascular occasio(Selermajeret al.,2012). In Malaysia, the total deaths caused by
CVD increased from 32% in 2010 to 36% in 200¥HO,2011; WHO,2015) Specific
difficulties in tending to the expanding weight@YD in Malaysiaincorporate low spending
plans for wellbeing (counting for screeniragticipation and treatment and also the training

and expertise blend of the wellbeing workforce
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Elevated blood cholesterol level espdgidbw-density lipoprotein cholesterol (LDC) is
correlated with a higher risk of cardiovascular disease events such as heart attack, stroke and
heart failure. LDL is also known as a primary carrier of cholesterol, transport cholesterol to
cell where it isbeing used in the cell membraf@rockett, 1998and for the synthesis of
steroid hormones, vitamiD, and bile acid. Cells take up cholesterol by a process called
receptormediatedendocytosisLDL binds to a specific LDkreceptor that exposed to the cell
surface and is internalized by endocytosis. The endocwsicle then pinches into two
smaller vesicles; (1) containing free LDL (2) empty receptors. The vesicles watnthin

LDL fuses with a lysosome to form secondary lysosome. The enzyme of the lysosome will
then release free cholesterolthe cytosol The enpty receptors will return to and fuses with

the plasma membrangyrning inside out as it doggxocytosis) and later it will be reuse

again The excessive transportation of LDL throughout the humag baxl cause cholesterol
build-up in the arteries. This build up can eventually leadriarterialblockage that is being

known as atherosclerosis. The early stage of atherosclerosis started when atherosclerotic
plague forms when LDLs are accumulated in the arterial intima and become oxidered

time gives rise to the narrowing of arterigspture and stenosis or closure of the lumen,

clotting and finally will lead tesudderdeath if untreated.

High-densitylipoprotein cholesterol (HDL& LV DOVR NQRZQ DV 3JRRG FKROH
is shown in several epidemiological studies that high levelif-C are associated with

reduced levels of CVD anldw-level HDL-C are associated with high risk of CV.DHDL

acts as a&cavenger, whicprotects the arteries by removing LDL cholesterol away from the

arteries and back to the liver. Cholesterol will themegabolizedand pased from the body.



The progression of CVD will cause serious health conditibarefore it is important to
diagnosehese diseasess early as possible. Several $estd diagnositavebeen developed
over the vyears including electrocardiogram, ecldiogram, stress test, cardiac
catheterization or angiogram, heart scan and magnetic resonance angiography BURA)
the most effective way is by havimgalthyways of lifesyle such as reduced alcohol intake,

quit smoking, exercise regularly, reduce stress and having a healthy and balanced diet.

The treatments of CVRre the same for both gendersefmand women). Treatmens that
have been available nowadays may include changing in lifestyle, medication, surgical

procedures ancehabilitation

Lowering the LDLc levels inthe blood has beera major target for research in order to
prevent the progression of CVD. Based onstlapproach umerous drugs have been
developedin order to prevent CVDespeciallystatin However, some controversial issue
arises basedn this approach whereby CVD is a multifactorial disease and increase it LDL
level cannot be solely be blamed as the main facitrwstefore the research strategiasned
onincreasing HDL since HDL is identified as an independent risk factor andeemto be

promising target in fighting against CVD.

One of theways to increase HDIC level in human bloodstream is by inhibition of
cholesteryl ester transfer protein (CETP). CETP is a hydrophobic plasma protein that is
mainly secreted in the liver afwhsically travels in the plasma and mainly bound to HIIL
transfers cholesterol esters (CE) and triglycerides (TGs) between HDL and other lipoprotein
particles that results in equilibration of lipids lipoprotein fractions Hence inhibition of

CETP indirectly increaseHDL-C levels(Barter et al, 2007) Due to this nature, HDL is



rapidly being catabolized and most of the cholesterol are transported througf h&kfore

by targeting thenhibition of CETP has beconam attractive strategy to reduce the CVD.

One of the novektrategieshasled to the discovery of novel CETP inhibitors torcetrapib
which successfully inhibits CETP activity. However, torcetrapib caused controversy against
its clinical trials which increasl blood pressure and mortaligte (Barter,2009) Due to this
problem, all the clinical trials that are associated with torcetrapib are terminated. This does
not cause researcher to give up finding new drugscdrainhibit CETP and more studies and

techniques have been implemented in searching for the potent inhibitor of CETP.

Investigation into unexplored natural product is essential in the quest to discowdr nov
therapies for CVDGarcinia aroviridis is used in traditional Malaysian folklore medicine as
acholestercloweringagent and yet there is no evidence that shows this plant would directly
inhibits CETP. Thereforethe ultimate purpose of this work is to study the inhibitory
interaction between CET&nhdGarcinia plant speciesind to gain more detailed information

of what compound that can inhibit CETP. The interaction between compound of interest and
CETP activity are studied using molecular docking and dynamic simulation, which offer a
possibility toexamine detailed knowledge on an atomic scale. The obtained results can be
used in the future for the development of new inhibitor agents against the progression of

CVD.



1.1 Aims and Objective

The aim of this research was to awatk the potential Malaysian rainforest plants that may
possess inhibitory activity against Cholesteryl Ester Transfer Protein (CETP) and further

analysis of the inhibitory activity of the compound usingiirco approach.

The objectives include:

1) To colect and identify potential Malaysian Rainforest plant.

2) To study the inhibitory interaction between CETP &@ulcinia speciesin order to
have an idea of what compound that can inhibit CETP.

3) To evaluate the kinetic properties of compound of interesC&P.

4) To prove the presence of HCA in UNMC 78F ethanol extract.

5) To study the interaction between compound of interest with CETP using molecular
docking and dynamic simulation.

6) To study the Structural Activity Relationship (SAR) of HCA analogues through

molecular docking.



Chapter 2: Literature Review

2.1 Prevalenceof cardiovascular diseases

Cardiovascular disease (CVD) includes a wide range of disorders; diseases of the vasculature,
diseases of myocardium, diseases of heagtdratal circuit and congenital heart diseas®d

are among the leading cause d#ath in most western countrieSVD become a global
burden to the economiespecially most of the money are invested to the prevention of CVD
and treatment of CVD. Besides, incapacity of works might be affecting the economics since
the increasing rates of death due to CVD before the age of 65. Baddithmis et al.,

(2013) it accownts 680,000 deaths each yearHnrope making it the main cause of death

before 65yearsof age

Atherosclerosis is the most important cause for CVD and it is a multifactorial disease.
Atherosclerosis is aiskase in which tharteries narrondown due to the formation of
atherosclerotic plaque. This will eventually bletke oxygenatd blood flow to the tissues.

This may lead to ischemia, a condition that is lack of oxygen in the blood or myocardial
infarction (heart attack), which then might cause death. The development of atherosclerosis
might take years to progress and has usymthgeeded far before the first symptom appears.
Therefore it is important to focus on different treatment and prevention strategies to reduce

the risk of CVD.



2.1.1 Cardiovascular diseases in general

CVD disease is a term that refers to more than one sgiseacirculatory system which
includes heart and blood vessel. There are 6 types of cardiovascular disease; 1) ischemic
heart disease; 2) cerebrovascular disease; 3) peripheral vascular disease; 4) heart failure; 5)

rheumatic heart disease and 6) congémieartdiseas€ WHO, 2016)

There are many risk factors that may attribute to the development of CVD and can be divided
into modifiable risk factors and nemodifiable risk factor.The modifiable risk factors
includes hypertension or high blood pressure, usage of tobacco, raised in blood glucose levels
or diabetes, physical inactivity, unhealthy food consumption, raised in the level of blood
cholesterol and overweight or obes{Bames, 2013)In addition to modifiable risk factor,

there are some risk factor theannot be altered such as agender and family history of

CVD (Hobbs, 2004)

The most important risk factor is the raised cholesterol in blaodlation which attribw to
over one third of ischemic heart disease in the w¢Bdtcher and Ballantyne,2004)The
general guidelines to identified those with high risk of developing CVD is those who has

LDL-C of less thar2.0 mmol/L(Reing et al.,2011).

It is important to have proper risk assessment to validate whether the people are in which
category of CVD; low risk, intermediate risk or high risk individual. Cardiovascular risk
assessment is beneficial especially to primary health care providereimtomietect patient

in order to provide propdreatment Several studies have also shown that the benefits of risk
assessment are maximized when it is directly communicated to the patient and the patients
are deoted to the prescribed theraffyooneyet al.,2009; Groveeet al.,2007; Grovet al.,

2007; Ebrahinet al.,2011)
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Figure 2 Risk stratification by Framingham Risk Score and phenotype. Framingham
Risk Score is a risk assessment tool for estimating&@ DWLHQW {V \HDU ULVN RI
cardiovascular disease(Anderson et al., 2033

Over the past decade, statins cehy@lroxy-3-methylglutaryl coenzyme A (HMGCo0A)
inhibitor have appear to be a primary therapy and it is also shovduce the level of CVD
by 25% to 35% by lowering the LDL levéBaigentet al.2010. Statin acts asnanhibitor of
3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR), the enzymes whieh
responsible in catalyzing the rdimiting step of cholesterol biosynthesis (Medina and

Krauss 2009)
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Figure 3 Cholesterol is the end product of the mevalonate pathway. The initial phase in

cholesterol biosynthesis is the generation of al8/droxy-3-methyl-glutaryl CoA (HMG -
COA) from acetyl-CoA units. At that point, HMG -CoA is converted to mevalonate by
the activity of HMG -CoA reductase on endoplasmic reticulum membraneThis is the
main redtricting rate response in cholesterokynthesis and becoming the target of statin.
Mevalonate is then transformed to isopentenyl pyrophosphate and dimethylallyl
pyrophosphate which later producing pyprophosphate and squalene. Production of
lanosterol invdves the cyclization and oxygenation of squalene. And lastly the
cholesterol will be produced when the lanosterol undergoes reduction proce$3oftes et
al., 2013)
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Statin imitates the HM@&o0A molecule and it competes for the binding to the HMGCR
enzyme. TIs inhibition blocks themevalonatepathwaywhich is one of the cholesterol

producing precursor. Statin alters the conformation of the enzyme when it binds to its active

sites which further prevents the enzymes to attain their own functional str¢Ctunsni et

al, 1999) This will then lead to the increase in the number of hepatic-tdaeptor which

determines the decline in the circulation of LDL and its precursor such as IDL (intermediate
density lipoprotein) and VLDL (very low density lipoproteif@ehayek et al., 1994) The

decrease in LDIC by statins are dosgependent study on statin indicate that statins does
JLYHV ULVH WR pSOHLRWURSLF HIIHFWY VXFK DV LPSURY
stability of atherosclerotic plaques, decreasing oxidative stress and inflammation and an

inhibiting the thrombogenic respond2avignon, 2004)

Statin has remained as the filisie therapy formanaging the high levedf low-density
lipoprotein (LDL) cholesteroln the blood of patient that have been diagnosed with CVD
Since atherosclerosis is a multifactorial disease and the current medication is not enough to
prevent the progression of CVD, the therapies concetoimgcrease HDLC level has to be

improved.
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Figure 4 Various chemical structures of gatin

The use of niacin (nicotinic acid:VitamB3), cholesterylamine and fibrates has been use in
clinical trials in order to increase HBC levels (Boderet al, 2011) Niacin acts by inhibits

the secretion of VLDL particles, increase lipoprotein lipase activity and decrease triglyceride
levels and it has been proven to increase HDlevels by 15% to 35% (Taylat al.,2004)

Gemfibrozil, belongs to group of drugs known as fibrates that has been tested, shown an
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increase in HDLC levels by 1015% (Fricket al., 1987) via the hepatic expression of the
main HDL apoliproteins A and A-1l (apoA-1 and ApoAll) (Staelset al., 1998; Kumaret

al., 2013) The results from these clinical trials are promising but yet more therapies need to
be developed. One of which the alternative strategy imcrease the HDIC level is by

focusing into inhibition of CETP.

Health behaviour intervention remains the keystone of any disease prevention which also
includes the prevention of CVD (Stu&horet al.,2012; Prochaska and Prochaska, 2013).
Data fromthe INTERHEART study revealed that, in addition to the traditional risk factors
which are abnormal lipids, hypertension and diabetes, abdominal obesity, dietary patterns,
alcohol consumption, physical inactivity, psychosocial factors and smoking ardereuasas

modifiable risk factors for both sexes and all ages worldwide (Yetsaif,2004).

Nutritional therapy is the most essential elements of the health behavior interventions and its
objective is to improve lipid profile and reduce the risk of CVD. Nutritional therapy is also

being used in a weight management program. In order to maintain heatthyvemht, a

balance diet provides all the essential nutrition which balance out the calories intake and
QXPEHU RI FDORULHV WKDWRLN EHUQUFXWGE BK\FEXKNQWH
contributes in the prevention of CVD. Several study has presgdahte benefits of routine

exercise in maintaining healthy lifestyle and prevention of CVD (Thomgs$aal., 2003;

Myers, 2003)

Psychological factors which includes stress is also modifiable risk fdcioGVD. Stress
management is important, not only to reduce risk of CVD but to optimize the quality of life.

The INTERHEART study revealed that stress is one of the risk factor in the development of

13



CVD which shows patients with depression have a worsgnasis (Yusufet al., 2004)
Smoking cessation or quitting smoking is the process of discontinuing the addiction of
tobacco smoking. This is ingptant in the health behaviour intervention as smoking caused
detrimental effects on lipid profiles (Khuram al., 2000). Based oAmbrose & Barua
(2004) there is a linear and doesependent correlation between the number of cigarettes
smoked per day antthe increaseén CVD risk. Several pharmacological treatment has been
developed to help people to quit smoking includes nicdiased medicine, transdermal
nicotine patch, nicotine gum, nicotine lozenge, nicotine nasal spray, nicotine inhalant,
bupropion ad vernicline (Schmelzlet al., 2008). Not only the development of treatment,
help support services also being offered by expert in order to boost the chance of quitting

smoking (Hughes, 2003).
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2.2 Atherosclerosis
2.2.1 Pathogenesis of atherosclerosis

Atherosclerosis is a multifactorial disease which caused by genetic and environmental
IDFWRUV %DVLFDOO\ WKH QDPHV RI DWKHURVFOHURVLV G

PHDQV KDUGHQLQJ DQG *DWKHUH” EULQJ WKH PHDQLQJ RI .

The evolution of atherosclerosis starting from arterial wall lesions which is centered by
accumulation of lipids and followed by inflammatory response. The changes of the

development of atherosclerosis are concisely being described in the next paragraph.

xriawclet —

Aggregation

Figure 5 Schematic diagram of the development of atherosclerotic plaqu&his diagram
shows the involvement of oxidized low density lipoprotein (OkDL), endothelial cell
injury and proliferation of vascular smooth muscle cells (SMC). MAP in this diagram
refer to mitogen activated protein(Singhet al, 2002)
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2.2.1.1 Early Fatty Streak Developrant

The normal artery contains three layers, the innermost layer named as intima consists of an
extracellular connective tissue matrix which is covered by monolayer endothelial cell. The
middle layer, named as media, contains resident smooth muscleSMI @nd the outer

layer named as adventitia consists of fibroblasts and mast cells. The initial step occurs when
the level of LDL leaves the blood increases and enter intima, accumulation will occur. The
important event in the initiation of atherosclecdesion is the endothelial injury which will

activated the inflammatorgascade

}_ _ Endothelial cell _FA/I

Mast cell @

Fib ruHaJt

Figure 6 Three layers of coronary artery(Libby et al, 2011)

The inflammatory cascade of atherosclerosis initiated when the expression of adhesive
protein (vascular cell adhesion molecules [VCAW increases the recruitment of monocytes
and T-cells as response to the endothelial injury. Monocyte chemo attrpctéein (MCR1)

also being released by leukocytes which amplify the inflammatory cascade by recruiting
more leukocytes, activates leukocytes in the middle layer of artery named as media which

cause proliferation of smooth muscle cells.
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Once monocytes havattached to the endothelium, chemokines will be produced in the
underlying intima. In order to stimulate the migration through the endothelial surface into the
media, activated matrix metalloproteinase (MMP) also being release to degrade the

connective Bsue matrix

Upon entering the intima, monocytes differentiate into macrophages by the local release of
macrophge colony stimulating factor (MSF) and express at high level of scavenger
receptors and toll like receptor. The scavenger receptor that is being expressed by
macrophages on their plasma membrane uptake the oxidized LDL that is accumulate in the
inside of blad vessel wall and develop into foam cells. Toll like receptors (TLR) promotes
atherogenesis through the interruption of endothelial cell integrity and normally initiate the
inflammatory responses by producing inflammatory cytokines proteases and cytathead
moleculeqTobias & Curtiss, 2007)The onset batherosclerosis is believed to start when the
lipid accumulation is described as confluent extracellular lipid pools and decreasing in

cellularity of extracellular lipid core@nsull, 2009)
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Figure 7 Series of lesion development (A) The expression of VCAM (adhesiveprotein)
causing the leucocytes to adhere to endothelium as the initial stage of atherosclerosis (B)
Leucocytes migrate to the endothelial barrier and begin to accumulate (C)
Macrophages releases cytokines and cross the barrier from endothelial surface into
media of the vessel (D)Accumulation of foam cells indicates clinical prognosis of
atherosclerosis progression (E)Advanced stage of atherosclerosis in which it needs
medical intervention whereby it can be characterized by intimal narrowing, many foam

cells, reovascularization and flow limiting narrowing. (Crowther, 2005)
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2.2.1.2 Progressive atherosclerotic lesions.

Early fibroatheromabccurs as results of pathologic intimal thickening. The accumulation of
numerous number of cells, TLR which are also activated the inflammatory cells and other
natural cells in the arteries may cause early fibroatheroma. Plagque that is rich with smooth
muscle cells excrete proteoglycan will cause lipid binding and further accumulation of
extracellular lipid. Some factors may contribute to the apoptotic death of macrophages and

SMC which later provokes more serious inflammafBantzonet al, 2014)
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Figure 8 Intimal Thickening, EL indicates extracellular lipids. Intimal thickening or

also known as intermediate lesion is characterized by nespparent of true necrosis, no
cellular debris, some lipid may present in the lesion but scattered. The fibrous cap that

is overlying in the lipid region contains lot of smodt muscle cells and proteoglycan.
Some scattered macrophages and lymphocytes may likewise be available, however these
are generally meager(Virmani et al., 2000)
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Figure 9 Early fibroatheroma, NC indicates necrotic core The more authoritative lesion

RU DOVR NQRZQ DV ILEURXVY FDS DWKHURPD W LV WUDG
necrotic core which contains cholesteryl ester, free cholesterol, phospholipids and
triglycerides. The fibrous cap comprises of smooth muselcells in a proteoglycan+

collagen matrix with a variable number of macrophages and lymphocytes. The media
underneath the plague is frequently thin. (Virmanietal., 2000)

Increase accumulation of extracellular lipid may cause early necrosis. This induces the
distortion of normal construction of intima until it is fully disrupted. This enlarging pools of
lipid-rich necrotic cores takes up 30% to 50% of arterial wall vol(weke etal., 2001)
Fibrous cap is made of a layer of fibrous tissue which is found in the intima under the

endothelium at the blood interface which forms fibrous plaque lesions.
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Figure 10 Examples of coronary kesions via virtual histology Using the virtual histology,
specific color code were assigned for each tissue component, fibroua (dark green),
fibrofatty (light green), necrotic core (red) and dense calcium (whitejGarciaGarciaet

al., 2009)
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2.2.1.3 Thin cap atheroma: A vulnerable plaque

Thin-cap atherora contain a thin, fibrous cap (Ie65 0 W K [(\Rrikhani et al., 2003)and

infiltrated by macrophages and lymphocytes. This thin cap fibroathemoenlaeing called as
HYXOQHUDEOH SODTXHY GXH WR WKH WKLFNQHVYV ZKLFK LQ
(Virmani et al, 2003) This lesion having the potential to become thrombogenic and

produces a thrombus which extends into the arterial I(iMefier & Tofler, 1992)

Figure 11lllustration of Thin -Cap fibroatheroma (Virmani et al., 2000)

This plague may cause enlargement and might grow into media and adventitia and distort
them. Intramural haematoma might be develop which usedy a spontaneous rupture of
new vasa vasorum (fragile vessels of endothelium), may leak and piloelnocerhagevithin

the arterial wall which later provokes increased in fibrous ti€Suadt, 2007)
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Figure 12 Fibrous cap atheroma with hemorrhage This lesion containsred blood cells
and fibrin. The fibrous cap is mature and profound inside the intima are territories of

calcification. (Virmani et al, 2000)
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2.2.1.4 Lesion enlargement

The plaque rupture as being described above have the ability to heal silently by forming
fibrous tissue, extracellular matrix which consistpuafteoglycanscollagen but it is prone to

rupture again with the formation of thromhbiydal & Becker, D99).

Figure 13 lllustrati on of plaque rupture where orgTh is organizing thrombus, NC is
necrotic core and Th is acute thrombus. Rupture/Erosion: The past rupture site
overlying a necrotic centre is distinguished by the arrowhead, an acute thrombus I}
from plaque erosion possesses into the lumen. The fibrous cap appears to be thick and
the rupture has happened in the centre of the cagRupture/Rupture: Repetitive plaque
rupture. Multiple rupture site are appeared by arrowheads. NC* indicates the secud
necrotic centre and an organizing thrombus resulting from the consequent rupture is

distinguished by the arrow. (Virmani et al, 2000)

Calcification will occur in thavall of artery may form as small aggregates at first and later as
large nodules. These nodules may become sites of thrombosis when it is being exposed due
to the plaque rupture. Stenoflidockage of epicardial coronary vessels) may form due to the
increag mass of some plaques and later will cause myocardial ischemia which is the result of

oxygenated blood restriction in the heart mus(lesiiez et al, 2009)
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Figure 14 Calcified nodule, where TH indicates luminal thrombi and FC is thin fibrous
cap. Calcified nodules are plaques with luminal thrombi indicating calcific nodules
projecting into the lumen through a disrupted thin fibrous cap (FC). There is
nonappearance of an endothelium at the site of the thrombus, and inflammatory cells

(macrophages, T lymphocytes) are truant(Virmani et al, 2000)
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2.2.1.5 Summary of development of atherosclerosis

Atherosclerosis, infrequently calledufring up the arterie$ happens when fat (cholesterol)
and calcium develop inside the lining of the artery wall, framing a substance called plaque.
After some time, the fat and calcium development limits the artery and blocks blood flow
through it. The summary of the development of atherosclerosis can be defriotedhe

figure below.

Figure 15 Schematic diagram of general concepts of the development of atherosclerosis
Atherosclerosis occurs basically from the intimal thickening and intimal xantomavhich
then leads to the formation of thin fibrous cap atheroma. This will eventually cause
rupture or erosion and further development of fibrocalcific plaque. ACS which

indicates acute coronary syndrome is a complication due to decrease of blood flow in
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the coronary arteries which resulting from the formation of thrombosis. (Virmani et al,
2000)

2.2.2 Animal model of atherosclerosis

An animal model hasplayed a major rolein the searchfor new therapies against
atherosclerosis. The first breakthrough by Russian Scientist, Alexander Ignatowski in 1908
demonstrated that atherosclerosis baninduce in rabbits by feeding them milk and egg

yolks (Konstantinov & Jankovic, 2013 Since this breakthrough, animal moddilave

valuable information regarding diagnosis and therapeutic strategies for atherosclerosis.
Several animals models had been used such as mice, rats, guinea pigs, hamsters, avian, swine
andnon-humanprimates and there are sevadlantagesand disadvantages should be taken

careof.
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Table 1 Advantages and disadvantages of various animal model of atherosclerosis

Species Advantages

Rabbit Expresses
Cholesteryl
ester transfe
protein
Cholesterol
sensitive
Pig Humanlike
lipoprotein
profiles
Moderately
cholesterol
sensitive on
normal diet
Large tissue
availability due
to the size
Mice Easy to breed
Large size of
litters
Easy for genetic
manipulation
Low cost
Formation  of
atherosclerosis
in shortperiod
Nonhuman Develop

primates coronary lesions

Disadvantages Sources

Forming large
foam cells
Deficiency in

hepatic lipase

Expensive
No

modification

genetic

available

Limited tissue
availability due
to small size

No

lesions

coronary

Wild-type strain
is relatively
atherosclerosis
resistant
Expensive

No

modification

genetic

available

al., 1993;
Nordesgaard and Zilversmi
1988; Shiomi and Ito, 200¢
Buja et al., 2983; Atkinsonet
al., 1989; Shiomkt al.,1992;
Brousseau, 1999

Skold et al., 1966; Reiseret
al., 1959; Koskinaset al.,
2010; Gerrity et al., 2001;

1991;

Bocan et

Prescott et al.,

Checovichet al.,1988

Yang et al., 2010; Teupseet
al., 2006; Smithet al., 2003

Portman and Andrus, 196!
Wolfe 1994,
Vesselinovitch et al., 1974;
Davis et al, 1984; Mottet al.,
1992

et al.,
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The most widely used animal species that hasn usedn atherosclerosis researene
mousealthough thereare some limitations. Mice havbeen usedn atherogenesisesearch
due to the easef making genetic manipulatiorseveral transgenic mice straihave been
developfor atherosclerosis research such as the first genetically mous¢he/spoE gene
and he two mouse strains that are most as often as possibie utdized as a part of
atherosclerosis experimentation are apeEnodel and LDL/ - model (Plumpet al, 1992;
Zhanget al, 1994) Both of these strains are differanttheir dietary needs for developing
atherosclerosis. The development of complex vascular lesion can be induced nbgpoE
giving normallow-fat rodentchow, and high fat high cholesterol western type @fTD),
and the lesions develops are comparatd human lesionsA noteworthy hindrance of
utilizing this model is that the plasma cholesteraleserallybeing conveyedby lipoprotein
remnants contrasted with LDL that turn into the major carrier of plasma cholesterols in

human(Whitman, 2004)

The other mosfavoured of mice strain for atherosclerosis research id. R due to the
functionof LDLR thatinfluences the uptake of clearance of LQ{Ishibashiet al, 1993) The
developments of vascular lesions are slow wihenbeing fed by lowfat chow diet Despite

the limitations of the mice model, the applicabilitiithe mouse findings to human model is

to catalogthe biological mechanisms of atherogeneAis.exhaustive comprehension of the
animal models utilized and complete analysis must be approved so that the information can
be extrapolatedo people. All in all, animal model&r atherosclerosigre important in
enhancing our comprehension of cardiowdacdisease and developing new pharmacological

treatments.
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2.3 Lipoprotein and Lipid metabolism

Lipoproteins are water soluble particles consistslipids and proteins and synthesized
mainly in the liver and intestines. Lipoproteins aggregate are being classified based on their
density when subjected to ultracentrifugation such as chylomicrons (CM), VLDL I(wery
density lipoprotein), LDL (ow-density lipoprotein) and HDL High-density lipoprotein)

(Chasmaret al, 2009)

Figure 16 Major lipoprotein classes and their density(Saland & Ginsberg, 2007)

The function of lipoproteins as transporter for hydrophobitriglycerides (TG) and
cholesterol in the circulation. Lipoproteins are highly dynamic particles whereby it undergoes
constant modification including enzymatic reaction, facilitated and spontaneous lipid
transfers, transfers fosoluble apolipoprotein and conformational changes of the

apolipoproteinsin response to the compositional chan@emaset al, 1988;Jonas, 2002)

The major routes of metabolism of lipoproteins involves; 1) exogenous pathway which
involves in the uptake transportation of dietary lipid from intestine to peripheral tissues 2)
Endogenous pathway which involves lipoprotein metabolism that are beingsiygethin the

liver and 3) reverse cholesterol transport (RCT) involves transportation of the cholesterol
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from peripheral tissues back to the li&witerovich, 2000; Lippi & Guidi, 2000)All of
these pdtwayswhich are animportanttarget for drugs interventiowill be discusseth the

next following chapters.
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2.3.1 Exogenous pathway

Exogenous cholesteralhichis secretedrom intestinal cellare comprisedf dietary uptake.

Once the cholesterol is esterified, the cholestis being hydrolyzed forming free fatty acids

and monacylglycerols by pancreatic cholesterol ester hydrolase that is being produced by
the exocrinepancreas. Free fatty acids afad-soluble vitamins are then solubilized into

micelles and absorbed by enterocytes.

Once in the enterocytes, the free fatty acidderwente-esterification into cholesterol ester
by CoA: cholesterol acyltransferase (ACAT) arabsembledwith other lipids and
apolpoprotein forming chylomicron (CM). CM will bereleasd into the lymphatic system
and further into the blood circulation via thoracic d(@oawson & Rudel, 1999)in the
circulation, CM are furthethydrolysed forming chylomicron remnants by the help of

lipoprotein lipase at the endothelial surface of veq&ssch, 1998)

These chylomicron remnants arebeing discardedrom the circulation by chylomicron
remnant receptor on the liver which is known as Hike receptor proteitiMahley, 1996) If
the CM remnants are small enough, it can pass thriheggbndothelial surface of the arterial

wall and contribute to atherogenesis by forming plaque formétimohmair etal., 1995)
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2.3.2 Endogenous pathway

Liver is the primaryorgan responsibléor the synthesis of lipidwhich regulats plasma

levels and lipid homeostasis and this is the origin of the endogenous lipid at which some of
the TG and cholesterol abeing synthesizedtthe liver. Lipid endogenous pathway involves

the transportation of lipids from liver to peripheral tissuElse Iver synthesizesvVLDL

which consists of cholesterol and TG and requaesliproteinB-100 (Gotto et al, 1986)
Apoliprotein B-100 contains domains thatresponsible for céllar uptake of cholesterol by

the LDLR-mediated pathwagdohset al, 2006)

In plasma, VLDL aréhydrolyzedinto free fatty acid and glycerol by lipoprotein and cofactor,
apolipoproteinC-2 (Fielding, 1978; Packaret al, 2000) This resultingin the production of
VLDL remnants and IDL. IDLundergo alteration witla detachmenbf the remaining TG
and its substitution by cholesterol esters and removal of afiphigooproteinaccept ApeB.

TG in IDL will undergo furtherhydrogenatiorforming LDL by hepatic lipase. The removal
of LDL is basially by the interaction oépolipoproteinB-100 with LDL receptor. Oxidation
of LDL can further transport LDL to macrophage via scavenger rece@b36 and SR-A

which appear on the surface of macroph@geiterovich, 2000)
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2.3.3 Reverse Cholesterol Transport

Reverse cholesterol transport (RCT) by which extrahepatic (peripheral) cholesterol
returnedto the liver for excretion in the bile and ultimately the fe@g@kbmset, 1968)RCT
involves several sps which are 1) Transportation of cholesterol from peripheral cells to
HDL or also known as cholesterol efflux 2) esterification of cholesterol within HDL by
enzyme lecithin:cholesterol acyltransferase (LCAT) 3) cholesterol transfer to theBapo
containirg lipoproteins 4) remodeling of HDL 5) HDL cholesterol uptake by the liver, kidney

and small intestine via lipoprotein receptors.

Figure 17 Overview of reverse cholesterol transport (RCT) The cardioprotective effect
of HDL is attributed to its ability to remove excess cholesterol from artery wall
macrophages. Two pathways which ar&eing activatedwhen macrophages acquire too
much cholesterol involving the membrane ATP cassette reporters; ABCAL and ABCG1.
In the help of lessthincholesteol acyltransferase (LCAT) free cholesterol in nascent
HDL is convertedto cholesteryl ester which will generate a mature HDL particle. HDL
will enter the circulation, and it transports back to the liver for excretion in the bile.
One membrane protein on epatocytes, SRB1 will help to remove the cholesteryl ester
from HDL. This will be converted back to cholesterol and bile acid and later wilbe
excretedinto the bile for excretion(Heinecke, 2011)
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2.3.3.1 Step 1Transportation of cholesterol from peripheral cells to HDL (cholesterol

efflux)

Cholesterol that is derived from diets or otbgrproductssynthesis in the liver or intestines
is secreted by hepatocytes in the form of aggoBtaining lipoprotein in a forward pathway to
supply cholesterol to peripheral tiss€sichel & Rader, 2006)hese lipoproteins are taken

up by macrophages forming foam dgli & Glass,2002)

Cholesterol elimination from macrophages involves key regulator, ABC transporter Al
(ABCA1) which helps to efflux forming free cholester@@®ram & Vaughan, 2006)The
binding of lipid pool apolipoprotein A (ApoA-1) to ABCA1 transporter generate multistep
process by which phospholipid and cholesterol are feaes to apoAl forming discoidal

HDL (Hassaret al, 2007; Vedhachalamt al, 2007)

The second ABCA transporter named as-EBR mediates selective uptake of HDL

cholesterol by the liver. It collaborates with AB&Aby adding cellular lipids to the initial

HDL particle forming mature HDI(Barter, 2003)
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2.3.3.2 Step 2: Esterification of cholesterol within HDL by enzyme lecithin: cholesterol

acyltransferase (LCAT).

Within HDL, LCAT (lecithin tcholesterol acyltransferase) catalyzes the esterification of free
cholesterol and phospholipid in HDL ( -activity) or TGrich lipoproteins ( -activity)

forming cholesterol ester and lysolecitlfpubbaiahet al, 1994) LCAT playsanimportant

role inthematurationof HDL-C from its nascent particl¢gannis et al, 2006)

The function of esterification of cholesterol in HDL is to allows accumulation of free

cholesterol and to bloakeentryof cholesterol into peripheral celf§okoyama, 2000)

2.3.3.3 SteB: Cholesterol transfer to apoB containing lipoprotein

In RCT pathway, CETP balances the redistribution and equilibration of lipoprotein within the
plasma compartment. It mediates the transfer of HDL to VLDL and LDL (ApoB containing
lipoproteins) in the xechange for TG. CETP is a hydrophobic glycoprotein that consists of

476 amino acidgTall, 1993)

2.3.3.4 Step 4Remodelingof HDL

After the transfer mediated by CETP, hepépase and endothelial lipase reacts to complete
the transfer of the remaining CE and TG in the HDL. Hepatic lipassynthesizedoy
hepatocytes thatresecreted and bound to the extracellular matrix of endothelial cells of the

liver (Rea et al, 1993)
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Hepatic lipase catalyzes theydrolyzation of TG and phospholipids in VLDL remnants,
LDL, and larger HDE, promoting the remodeling of HDL into its smaller and denser HDL

particles(Connelly, 1999; Ryet al, 1999)

Hepatic lipase also promotes thttachmentf ApoA-1 from HDL particles which will then

goes into peripheryBarranset al, 1994; Clay et al, 1992) Hepatic lipase also acts by

releasing CE fronHDL, whichthenwill lead to the uptake by the liver.
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2.3.3.5 Step 5: HDL cholesterol uptake bthe liver.

After transportation to the plasma compartment, next step of RCT is mediated-BY SR
where ittransfes cholesterol from macrophages to the liver;BRis a member of scavenger
receptor superfamily of proteins mediates the selective uptake ofGHRiwards the liver

(Varbanet al,, 1998)

The last steps of RCT are to eliminate cholesterol from the body. CE is being hydrolysed by
neutral CE hydrolasevtgenerate free cholesterol and will furtisecreteinto the bileby the

help of ABCBII or bile salt exporpump The function of ABCG5 and ABCGS8 also take into
accounts as both of these are obligate heterodimers whatdiate plant sterols and
cholesterbinto bile (Yamanashiet al, 2011) These bile products are thkeaingeliminated

from the body through intestines.

38



2.4 Role of HDL in atherosclerosis

2.4.1 HDL and itsanti-atherogenicproperties

HDL isthe smalles. Q WHUP RI VXU I DQRKetdor:B @ 1dwW)mRéheefpvovide the
high density (more than 1.063g/mL) among piesma lipoproteins which consists of several
subpopulations whictvary in sizes, chargesshape, density and composition of lipids.
Apolipoprotein A1 (Apo A-1) are thepredominant HDLproteins and it has the -
electrophoretic mobility when it migrates in agarose gels and this fractiming labeledis

-LpA-I. HDL can also be fractionate by densityo HDL, and HDLs.

The knowledge of anti+ atheroprotectiveof HDL has been establishedsince it is a
straightforward process of oveupply of cholesterol to vascular cells and several other

mechanisms that aleing involvedwhich will be discussdin depth in this chapter.

Thereseveralstudies indicates that HDL levels are inversely correlated with premature CVD
(Barter et al, 2007; Gordoret al, 1989) HDL does possesantiratherogenicproperties,
which have the ability to remove cholesterol from cells whigheing desgbed earlier in
RCT pathwayThe correlatiorof HDL asantiatherogeni@roperties including:

1) Anti-inflammatory activity and antioxidant activity

2) Antithromboticactivity
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2.4.1.1Anti -inflammatory and antioxidant action of HDL

Atherosclerosis is an irdmmatory disorder that caused by an accumulation of macrophage
and Tlymphocytes in the intima. The early stage of the inflammatory response is the
adhesion of the monocytes to the endothelium mediategdular cell adhesion molecule
1 (VCAM-1), intercellular adhesion molecue (ICAM-1) and Eselectin (adhesion
molecules)(Cullen & Lorkowski, 2005) The monocytes are thdseing recruitedto the

subendothelial space by chemokimeich is monocyte chemoattractant prot@iMCP-1).

Based on somm-vitro studies, HDL inhibits the expssion of these molaeles (VCAM-1,

ICAM-1, Eselectin) by inhibiting endothelial sphingosine kinase; an enzyme that is
responsible in the NFE SDWKzZD\ DQG ODWHU ZLOO DFWLYDWHV W|
molecule (Xia et al., 1999) The inhibition of sphingosine kinase has further effect by

inhibiting the nuclear translocation of NFEXia et al, 1999)

Figure 18 HDL inhibites the cytokinesinduced expresion of endothelial cell adhesion
molecules by inhibiting sphingosine kinaseind hinder formation of adhesion protein
synthesis (Xia et al, 1999)
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Due to the inhibition of sphingosine kinase, the reduction of activation of KFP D\ F&® XV H
reducton in oxidative stress level as wellhis isbecauseNF- E LV EHLQJ DFWLYDV
reactive oxygen speciesd being in an inactive state by low levels of [Rdbbesyret al.,

2003) The ability of HDL as an inhibitor of reactive oxygen species causes the synthesis of

NO and inhibit the activation of NF Emay further contribute to the inhibition of the

adhesion molecule expression. This mechanism explains the role of HDL as an anti

inflammatory.

HDL also plays their role as ardtherosclerotic activity by reducing LDL oxidati¢Barter
et al, 2004) Oxidized LDL is known to be the potent inducer for MCRxpression during
the progression of atherosclerosis plague. Ao (apolipoprotein of HDL)has the ability
remove lipidhyperoxidesfrom LDL, and the byproducts are then being eliminatedhey
liver (Barter et al, 2004) HDL also contain an enzyme; named @gaxonasewhich

protects against oxidation of LDL in the artery wdllacknesst al, 2004)

A study comparing HDL withand without paraoxonase that whsing incubatedwith
endothelial cell line together with LDC. The results ®wedthat HDL with paraoxonase
significantly protect LDEC from oxidation and he expression of MGR is inhibited

(Macknesst al, 2004)
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2.4.1.3 Endothelial protectimm and antithrombotic activity

Endothelium dysfunction or injury towards the endothelium caused by hypertension,
diabetes, hypercholesterolemiaand smoking is an early stefor the development of
atherosclerotic lesion. Studies have shown that low 4dDis associated with endothelial
dysfunction(Chan et al, 2001) and high level of HDEC are associated with improved

endothelial dysfunctio(Kuvin et al, 2002)

The formation of endothelial dysfunction is characterized by decreased bioavailability of NO
(nitric oxide) that is essential signaling molecules thduicerelaxation in smooth muscle

cells (SMC)(Yuhannaet al, 2001) Several invivo studies have supported this theory of
effects of HDL on endothelial function comparing with hypercholaemia patieshtnan
hypercholesterolemia suggesting that patient with hypercholesterolemia appear to have
reduce NO bioavailability and when they are subjected for infusion of cholesterol free
reconstituted HDL, restoration of endothelial function has been obsé¢Bmedkeret al,

2002)

The vasodilatory effects of HDL in endothelie¢lls are mediated by ABC@&. and also
includes 7oxysterols and cholesterol efflux of cholesterol which improves the development
of actives eNOS (endothelial nitric oxide synthase) dimers and results in reduced ROS
production(Terasakaet al., 2008) Decreased in cellar production of superoxide also results

in inactivation of NO.This eventuallymakes the bioavailability of NO increased and
vasodilationis improvedin the presence of HDL. Due to this HDL is proven to reduce the
NADPH oxidase activity and expressiohits major subunits in endothelial ce(lgan et al,

2009).
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HDL also appears to have antithrombotic activity as the increase produtctish and PG
(prostacyclin) which both plays an essential role in inhibiting plaégjgtegatior(Hassallet
al., 1983; Whittleet al, 1980) PGb is also producetly endothelium which acts synergically

with NO to induce SMC relaxatiaiBickleet al, 1986)

Besides NO and Pglreduction in PAF production by endoliaé cells also contributes to
the antithrombotic effects of HDL(Sugataniet al 1996) Decrease in PAF production are
caused by transportation of PA&cylhydrolaseand other enzymes such as LCAT and

paoxonasdhat would degrade PAForteet al, 2002; Satolet al, 1991)

Another point that would contribute to thentithromboticactivity of HDL is the level of

HDL-C are inversely correlatetith plasma concentration ofM Willebrand factor; a

protein that is important in platelet adhesion and aggregéfialabreset al., 2003)
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2.5 Characteristics of CETP

2.5.1CETP gene and its regulation

The gene for human CETP consists of 25kb of genomic DNA and includes 16 exons

(Agellonet al, 1990) This geneappearas a single copy of chromosome 16486221 (Lusis

et al, 1987) Some of the animal model such as hamster and rabbit shared almost 80 to 96%
of amino acid sequence and overall sequence homology that similar to human CETP
sequace homologyDraynaet al, 1987; Jiangt al, 1991; Nagashimat al, 1988) That is

why rabbit and hamster are commobking usedn CETP research dke subjectof in-vivo

study.

Genetic variation of CETP also being observed in individual as a major determinant to
identify individual that is prone to hyperlipidemia and coronary heart disease ((&idD)
Groothet al, 2004) Some studiebBaverecorded the effects of CETP polymorphisms on lipid
profiles and CETP actity. Based onOrdovaset al (2000) Tag 1B polymorphism at the
CETP gene locus correlatés the changes in lipoprotein size, CE&Btivity, and HDL-C

level.

Based onTall (1993) regulation of CETP gene expression are based on these factors;
hormonal, inflammatory and nutritional stimuliSeveral sites of the CETP mRNA
expressions are liver, kidney, small intestines, spleen, adrenal and adipos@Vssuect
Magoulaset al, 1995) The presence of CETP gene in adipose tissue shown that it
contributes to the CETP activity whidauses further reduction of HD level and an increase

in nonHDL-c levels(Zhouet al.,, 2006)
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In response to high cholesterol diet, it cagsup-regulationof CETP mRNA levels and

increase in CETP plasma activi@§ianget al, 1991) Regulation of CETP promoter activity

involves SREBP and LXRS where SREBPla and SREBRimulate CETPpromoter

through the interaction of CRE (cholesterol response element), while.LXR5. DQG

/75 5;5 ZLOO DFWLYDWH &(73 SURPRW H tre3pursi@elfashionH O H P H C

(Gauthieret al, 1999)
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2.5.2Molecular structure of CETP protein

The human CETP contain 476 amino acid residue hydrophobic glycoprotein and its
translated masareabout ~ 53kDa, but the mass estimated by -FA&E is 75 kDgDrayna
et al, 1987) The cause othe discrepancybetween translated molecular mass and -SDS

PAGE is due to the Mlycosylation sites at residues 88, 240, 341 and(Bak, 1993)

The crystal structure of CETP was solved in 2007 by uskipX crystallographyQiu et al,
2007)PDB id: 20BD. Based on this model, the shape of CETP prbees been described as
aboomerangvith dimension 138 X 30A X 35A. The overall structure is divided by 4 units
1) Two terminal at eackndof the protein (Nand G terminal)
2) A central -sheet that acts as a linker that connects the two terminal andesdixd
antiparallel strands consist of residues before and after terminal
3) Each terminal contains a highly twisteesheet and two helices. Helicase denoted
asAandBatNWHUPLQDO DQGte3finBlQG %Y DW &
4) Distortedamphimthic helix whichis calledas helix X thats formedby amino acid

GLU465 + SER476 at the C-terminal domain.
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Figure 19 Crystal structure of CETP using ribbon diagram. Two domains in the structure which are Nterminal (green) and Gterminal
(yellow) with linker that is shown in red colour. CE1(magenta) and CE2(cyanare shownin the middle space of the structure and
phosphdipids are being labeled as black bondsHelices A, B, $1 fRmd X are labeled. Helix X belongs to the @erminal domain but
interacts with residues of the Nterminal domain. (Qiu et al, 2007)
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Based on this CETP structure models, revedted, there are four bound lipid molecules
which is being incorporateduring protein production. CETP has the Adength of tunnel

that contains CE and phospholipid at each otéhainal

The concave surface of CETP which is consists of NGnerminalopenings, helix X and

IODS LV WKH PRVW SURED E O Kivét Al F20DR) Ut iOhy®oR&sizeIWHLQ E
concept that lipoproteins are likely to be binding at concaved structure compare to other
CETP surfaces which are highly glycosylated and do not have proper curvatures to properly

binds sphericdipoprotein and does not provide proper access to the tunnel opening.

A biochemicalstudywasdoneby Bruceet al. (1995)demonstrated that CETP hasigher
binding affnity towards 10nm diameter nascent discoit#dL, and this diameter does
correspondo the diameter othe concavesurface of CETP. The auth@Qiu et al, 2007)
hypothesizes that prior binding of HDL towards CEJiRfacesmay cause the insertion of
Helix X into the bound lipoprotein where this concept is cdesiswith the role of helix X

thatfacilitates the access of neutral lipid from lipoprotein to CETP tunnel.
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2.5.3Function of CETP

CETP is known as the protein that is responsibiethe transfer of water insoluble lipids
such as CETG, and phospholipids to VLDL and LDIQiu et al, 2007) Two different

mechanisms of lipid transfehsve been propose(Morton & Greene, 2003)

The first mechanism whichs called DV pV KX WwWg@dth§] RRHARKDQLVP KDV Et
consistent with the Xay crystallography structure that has been resolve®ioyet al.

(2007) which shows that overall boomerang shape with a concave surface can bind only one
lipoprotein at one time. This structure supports the hypothesis saying that CETP acts as a
carrier mechanism. Neutral lipids are accepted by CETP from donor particle to the
hydrophobic tunnelsThis will thenbe transportedo the aqueous phase and finally being

delivered to the lipoprotein accepidrall, 1993)
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Figure 20 Basic schematic diagram of CETP functionMiddle, CETP in plasma is beirg
describes by its concave surfaces. Top, CETP binds to Triglycerigeh lipoprotein and
will cause triglycerides to be extracted into CETP hydrophobic tunnel and phospholipid
will be introduced to protein surfaces. Bottom, CETP binds to HDL and extracting
cholesteryl ester from lipoprotein monolayer into the hydrophobic tunnel and
introduced phospholipid to protein surfaces. This model showed that CETP can
accommodate different sized of spherical lipoprotein and its concave structure by

changing its own airvature. (Hamilton & Deckelbaum, 2007)
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This carrier mechanism can occur Yiamoexchanger heteroexchang@&o et al, 1994;
Morton & Zilversmit, 1983; Serdyuk & Morton, 1999Homoexchangeccurs when there is
a bidirectionaltransfer of the same kind of neutral lipids that is bound, being loaded into the

tunnel which results in no hexchange of lipoprotein lipid contef@iu et al, 2007)

Heteroexchangmechanismss part of RCT mechanism and because of this CETP does plays
a crucial role in lipoprotein mechanisfsztaloset al, 2004) The proposed mechanism of

CETPmediatecheteroexchangare as follows:

Step 1: CETP that contains CE wiind into VLDL and releasesbound phospholipid
(phosphatidylcoling One or two TG enters thienne| and equal amount of CE is transferred

into VLDL to create balance.

Step 2: TG bound CETP is thethisattachedor dissociates from VLDLThis leavesthe

VLDL particles with a higher CE content.

Step 3: The bound CETP binds to HDL and releases the phosphatidylcholine. One or two TG
will entersthe tunnel and to creabalance, TGs transferrednto HDL.

Step 4: The CHilled CETP dissociates frorhIDL and this completes theeteroexchange

which results in lower CE content in HDL.
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Figure 21 Proposed mechanism of CETHnediated heteroexchange1) CETP filled with
CE binds to VLDL and releases bound phospholipid which also known as
phosphatidylcholine, PC. One or two TG enters the hydrophobic tunnel and equal
amount of CE is located into VLOL. 2) The TGbound CETP disengaged from VLDL
carrying two phospholipids from the surface, leaving VLDL with higher CE content.
3)The TG bound CETP employs HDL and disengaged the bound phospholipids One or
two new CEs enter the tunnel and an equal amount of TG is deposited into HDL.4) The
CE filled CETP dissogates from HDL carrying two phospholipids from the surface and
accomplish full cycle of heteroexchange which results in lower CE content in HDL(Qiu

et al, 2007)
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The depletion of CE in HDIs particularly influencedy TG level(Davidson & Rosenson,
2009) Due to thisheteroexchangeRCT roues are mainly through VLDL and LDL and will
further takenup tothe liver via SRB1. However, in abnormal at which CETP activity are
increased due to the increased of CETP gene expression in peripheral and ithe@ease
concentratiorof lipoprotein acceptofTall, 1993) This maycause an increase the transfer

rate of CE to LDL and&/LDL , which may cause accumulation in the intima.

In the deficiency of CETP, all the neutral lipid transfer are ab3éms. meanghat,in HDL
particle the TGs level areeduced and CE contenis increased. Due to the deficiency of
CETP and continuedctivity of LCAT, the size of HDL particlegradually increaseand
acquire lipoprotein E. Thisondition provideshigh-affinity ligand for LDL receptor of the

liver, thus removing the increase HDL particles and cholesterol from the t{§saled993)
Deficient or absent of CETP cause HDL build up and this eventually reduced the amount of
cholesterol transfer to UDand VLDL (Clark et al, 2006) The theory of CETP deficiency
correlates with reduced risk of atherosclerosis. This cause grersinin CETP inhibition as

the alternatives to increase Higllevels.
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2.5.4The development of CETP inhibitors and its current update

The pathway to inhibit CETP has emerged as an attractive target to elevat€ ¢l as a
strategy to reduce thésk of cardiovascular event. In the classic way of understanding the
drug inhibition, the analogy that usualging useds that a lock and a key. Drugstas a
competitive inhibitor at which it binds to the active sites, thlagking the binding of the

ligand.

Howeve, in the case of CETP inhibith mechanism, it has been demonstrated that the
inhibitors promote CETRHDL complex formation, whichindicates the current inhibitor
prevent detachment of CETHDL complex and they do not sgpete with CE and TG in the
CETP binding(Masson2009) As ofthese various inhibitory mechanisfarther elucidation

need to be done. Understanding the molecular structure and function of CETP together with
the inhibitors mechanism of action are importandevelopa safetreatment to raise HDIC

treatment.

2.5.4.1Failed CETP inhibitors: torcetrapib and dalcetrapib

Torcetrapib oralso known previously as C32H#14 is a honcompetitivenhibitor and its

bind reversible to CETP to form an inactive CEMIBL complex (Clark et al, 2006;
Ranallettaet al, 2010) Torcetrapib has nearbnteringphase 3 clinical trials but during the
phase 2 studies, torcetrapibshcause elevated blood pressure among the tested patient. The
failure of torcetrapib is due tis failure to achieve clinical benefit plus the administration of
torcetrapib also causing harm. Due to this, in December 2006, torcetphpie 3

ILLUMINATE clinical trial was terminated. This termination is because of the significantly
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increasdherisk of primary combined endpoint of death from coronary heart disease, stroke,
myocardial infarction or hospitalization ofstableangina(Barter, 2009Yhat associated with
torcetrapib administration although theaee significantly increasen HDL and reduce in

LDL.

Figure 22 Chemical structure of Torcetrapib

The off target outcomes frothe administrationof torcetrapibareincrease in the aldosterone

production(Barteret al, 2007)and increase in high blood pressure.

Several invitro studies confirmed the upregulation of CYP11B2 (aldosterone synthase) with
torcetrapib administratiofForrestet al, 2008;Funder, 2010; Het al, 2009) Theoretically,

an excesslevel of aldsterone promotes sodium retention at the distal renal tubule which
results in water retention arath increasen blood pressuréFunder, 201Q)Patients that are

being diagnose@s hyperaldosteronism shows iaoreaserisk of associated cardiovascular
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events such as myocardial infarction, stroke, heart failure, left ventricypsrtrophyand
atrial fibrillation (Connell et al, 2008;Milliez et al., 2005)

Dalcetrapib or also known as RO4607381 / -¥Ob is one of the CETkhhibitors that
underge@sclinical trial phase Ill. Dalcetrapib is a less potent inhibitor with its IC50 >1000nm
(Ranallettaet al, 2010) Dalcetrapib phase Il trial was terminatedcgint failed to show
meaningful orsignificant clinical outcome although there are notaffjetbeing observed

althoughHDL-C were elevated by 30¥&chwartzet al, 2009)

Figure 23 Chemical structure of Dalcetrapib
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2.5.4.20ngoing Phase 3 clinical trial of CETP inhibitors: Anacetrapib andevacetrapib

Anacetrapib or MKO859 has the almost similar IC50 with torcetra@d®50:21nM) which
also results in the increase of HDL and reduce the atherogenic lipogBi@amfield et al,
2009) The highly potent CETP inhibitor evacetrapil{LY2482585) withlCso5nM has just

entered phase 3 clinical trigCaoet al, 2011)

Figure 24 Chemical structure of anacetrapib

Unlike torcetrapib, anacetrapib aestacetrapildid not exacerbate any off target outcomes.
Both of these inhibitors exhibiteda neutral level of blood pressureneutral level of

aldosterone synthesis and it does increase HdDDue to the failures of torcetrapib and
dalcetrapib, both anacetrapib aadacetrapibare still under investigation to evaluate any
possible side effects. The onggi REVEAL (Randomized Evaluation of the effects of

anacetrapib through lipid modification) trial of anacetrapib is studying the possible outcomes
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where 30 000 patients withtherothromboticardiovascular disease will be randomized to
anacetrapib or placebadministration and wilbe followedfor 4 to 5years. This study will
evaluate the outcomes such as coronary death, myocardial infarction or coronary

revascularizatioUniversity of Oxford,2012).

Evacetrapib also just recently entering phase 3 cliniid in the ACCELERATE (Astudy

of Evacetrapib inHigh Risk Vascular Disease) where approximately 11000 patieste
appointedn a randomized placebmntrolled study oévacetrapibThis study is estimated to
complete in 2015 where several possiblatcomes are being evaluated such as
cardiovascular death, stroke, myocardial infarction, coronagyasculazation or

hospitalization for unstable angif@li Lilly and Company, 2012).

Figure 25 Chemical structure of evacetrapib
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2.6 Selection ofGarcinia atroviridis

Garcinia atroviridis Griff ex T andersof the Guttiferae familyare DOVR NQRZa DV
gelugor] RaSarpkeping] DP R QJ 0D O D\ wedu@sizeWfruit Wedthat grows wild
throughout Peninsula Malaysia aade also being cultivatedommerciallyin northernof

Malaysiadue toit § economic and mediaal value(Burkill et al, 1966)

Garcinia atroviridis is atreethat cangrow up to 20m and it has orangellow depressed
globosedfruit with 7 to 10cm diameter. The frug usually being sun driefibr consumption
which is laterbeing called D Vasamkeping] DQG DUH XVXDOO\ EHLQJ XVH(

purposes such as dressing fish, curries and sour (®letkeen et a] 2002)

7KH \RXQJ OHDYHV DUH XINMXDDIONFEKHLY DRWHH® EWHEQJ FRRNI
raw asa salad(Mackeenet al, 2000) Some ofthe MalayrecipeusesGarcinia atroviridis in

steam fishin order todelay early spoilagdésarcinia atroviridis also being used as postpartum
medication agent, treating ear and throat infection, cough, dandruff and some stamedth

during pregnancyAmran et al, 2009) Some of theostpartum medication that idbeing

usedis making juice from the leaves for women during confinement and lotionstin@dde

from the fruit andvinegar and this lotion willbe applieduponabdomen ofvomenduring

confinemen{Amran et al, 2009)

Several phtochemical studies ka successfully is@te some of the compounds from

Garcinia aroviridis such as garcinia acid and its lactone from fruit rinds, flavonoids, 4

methylhydroatrovirinone, atrovirinone, atrovirisidone in roots and atroviridine from stem
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bak (Kosin et al., 1998; Mackeeret al, 2002; Permanat al, 2001; Dharmaet al, 2005;

Tanet al, 2013)

Garcinia atroviridis also demonstrateswide range of pharmacological effects such as-anti
inflammatory, antiplatelet, antioxidant, antithrombotic action aadiallergic effects
(Mackeenret al, 2000) Some studies also successfully reddoed pressure in rats by using

Garciniaatroviridis extracts{Amranet al.,, 2009)

From the beginning of human civilization, medicinal plaatural produchave been used
due to its therapeutic valuét undergoes design, synthesis, segmthesis to create potent
medicinal agents. The search for biologically active consiisuevhich is fromnatural
product based on traditional use or folklore medicine lisrstevant as these plants have the

potential to produce pharmacologically active constituent to treat certain diseases.
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Chapter 3: Experimental methods

3.1 Sample preparation
3.1.1 Plant Collection

The leaves ofGarcinia parvifolia were collected from the lowland dipterocarp, Sungai
&RQJIJNDN 5HVHUYH )RUHVW LQ O0DOD\VLD 7KH IRUHVW LV
with the altitude ranging from O2n +1265m above the sea le&lg & Mariam, 2009). A

voucher specimen (UNMC45L) was deposited at the Herbarium of The University of

Nottingham, Malaysia Campuss.are denoted as leaves

The Leaveql), twigs (T) and fruit (F)of Garcinia aroviridis were obtained from Bukit
Ekspo, Universiti Putra Malaysia, Serdang around November 2011 and the vspetiaren
named as UNMC78LUNMC78T and UNMC78Fwere deposited at The University of

Nottingham Malaysia campus.

3.1.2Plant extraction

The plant meerial for UNMC 45L, UNMC 78L,UNMC 78T and UNMC 78FRwere dried at

WKH DWPRVSKHULF WHPSHUDWXUH a U& DQG VKDGHG IUF

The dried plant were pulverisedto smaller parts and subjected to maceration for over 3

days by using sequential gradient extraction of different polarity of solvents starting with
hexane, ethyl acetate and ethanol. Solvents were removed after 3 days of maceration by using
distilatioQ XQGHU UHGXFHG SUHVVXUH DW U& DQG ODWHU Wk
for every and each specific solvent and this procedure were repeated for three times. All the
extracts were dried in desiccators until it is concentrated. The residuesedbiaere

designated as aqueous extracts and stored &t& XQWLO DVVD\HG

61



3.2CETP drug screening assay
3.21 Sample preparation

Extracts The extracts were prepared by dissolving in DMSO solvent in ordeake stock
solutions .The stock solutions werabgected to vortex and sonication when there was
difficulty in dissolving. Subsequent serial dilutions were made to the required concentrations

using distilled deionized water. The final concentration of DMSO was adjusted to 0.1%.

Chemical The analyticaktandard (+)Garcinia acidvaspurchased from sigma Aldrich and

it wasfurther being diluted with DMSO until the final concentration of 1% DMSO.

Figure 26 Structure of Garcinia acid

3.2.2Principle of the inhibitory assay

The CETP inhibitor drug screening kit (BioVision, Mountain View, CA, USA) uses donor
molecule containing a fluorescent sglfenched neutrdipid, which is transferred to an
acceptor molecule in the presence of the CETP (rabbit serum). The lipid transfers of donor
molecule to the acceptor molecule mediated by CETP me8ults in an increaseof
fluorescent intensity. Whereas, in the present of the imnititil hinder the lipid transfer and

therefore will cause the decrease in fluorescent intensity.
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3.2.3Determination of CETP inhibitory activity

To assess the percentage inhibition of the crude extracts towards, @HdIRRscence
bioassaywas carried ait by using the CETP Drug Screening Kit (#keD20, BioVision,
Mountain View, CA, USA). The procedures of the assay can be desbwiedig as follows:

O R linkibKdts were added, followed b$ O RI UDEELW VHUXP 7KHQ WK

which is being provided LQ WKH DVVD\ NLW OIRIORRJRYIFPREOWR X
OROHFXOH DQG O RI &(73 EXIIHU ZDV D @& daBpledtdd[HG Z H (
WR O ZLWK WKH SURYLGH GvaBaubjdeztedaXincHbatiory idrHL Hourf W X U H

at 37C, and the fluorescence intensityas measuredoy using fluorescence plate reader
(Varioscan Flash, ThermoScientific) at Excitation wavelength of 465 nm and Emission
wavelength at 535 nm. The percentage inhibition of the extracts towards G&3IP
determired by comparing the activity of CETP in the presence and absence of the tested
compound. As a background, negative control lacking of rabbit serum was being used.
Positive controlsvere testedn order tosee the degree of inhibition by 0.1BMSO, and

CETP was not being affected by DMSO. All the measurements were carried out in triplicate.

The percentage inhibition of the extracts towards CETP actixs/calculateds follows:

T te—fGafc—<te

ofo’ZiifﬁE,,Zf""ifT «
P BT R 7 A

L IsF &

3.3Enzyme kinetic assay

Same procedure as 3.2.3 except that the readvegs collectedor 60 minutes at every 1

minutes interval.
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3.4 Phytochemical screening

Several tests were performed to confirm the presence of segomadabolites: alkaloid,

flavonoid, saponin, tannin, steroid, terpenoid and phytosterol.

Phytochemical analysis of plant extracts &mtive compound was carried on according to
Igbinosaet al, 2009; Savithramma & Rao, 2011; Tiwat al, 2011 All of the test were

carried out in triplicate.

3.4.1Detection of alkaloids

0.5g of the rtracts were dissolved individually ihOml of dilute Hydrochloric acid and
ILOWHUHG 7ZR WHVWYV :DJQHUTV weéid \psford i ordéDtdHQ GUR |

confirm the presence of alkaloids in the extracts.

3411:DIJQHUTV 7THVW

2ml of the firates were treatedZLWK :DJQHUJV UHDJHQW ,RGLQH LQ

Formation of brown/ reddish precipitate indicates the presence of alkaloids.

3412'UDJHQGURIINYV 7THVW

2ml of the fltrateswere treatedZ LWK 'UDJHQGURIIfY UHDJHQW VROXWLF

lodide). Formation of red precipitate indicates the presence of alkaloids.

64



3.4.2Detection of flavonoids

0.5g of the extractswere subjectedo two types of flavonoids testing which are (Alkaline
reagenttest and Lead acetate test) order toconfirm the presence of flavonoids in the

extracts.

3.4.2.1Alkaline Reagent Test

0.5g of the gtracts were treatedwith few drops of0.5M sodium hydoxide solution.
Formation of intense yellow colour, which becomes colourlesadaiition of 1ml of dilute

sulphuricacid, indicates the presence of flavonoids.

3.4.2.2L.ead acetate Test

0.5g of the grtractswere treateavith few drops of lead acetatelstion. Formation of yellow

colour precipitate indicates the presence of flavonoids.

3.4.3 Detection of saponins

0.5g of theextractswere subjectedb two types of saponin testing which are (Froth test and

Foam Test)n order toconfirm the presence oaponins in the extracts.

3.4.3.1Froth test

0.5g of the etractswere dilutedwith distilled water to 20ml and thiswas shakenn a
graduated cylinder for 15 minutes. Formation of 1 cm layer of foam indicates the presence of

saponins.
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3.4.3.2Foam test

0.59 of the extractswas shakemvith 2 ml of water. If foam produced persists forrthutes

it indicates the presence of saponins.

3.4.4 Detection of tannins (Gelatin Test)

0.5g of the extractswere addedo 1% gelatin solution which contains sodium chloride.

Formation of white precipitate indicates the presences of tannins.

3. '‘"HWHFWLRQ RI VWHURLG WHUSHQRLG 6DONRZVNLYV 7H

0.5g of the rtracts were treated with chloroform and filter@chl of thefiltrateswere treated
with few drops of concentrated Sulphuric Acid, shaken and allowed to Jtaedppearance
of golden yellow colour indicates the presence of terpenoid. The peesémlue or green

interface corresponds to the presence of steroid.

3.4.6 Detection of phytosterols (Libermann% X F K DTg<p) | V

0.5g of the gtracts were treated with chloroform and filtered. The filtrates were treated with
few drops of acetic anhydride, boilddr 15 minutesand cooled.1ml of concentrated
sulphuric acidwas addedFormation oforownring at the junction indicates the presence of

phytosterols.
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3.5 StatisticalAnalysis:

The results of three independent experiments were obtained and the values were presented as
mean = standard deviation (SD). @Gmay analysis of variance (ANOVA) test were applied

to analyse P value.-¥alues less than 0.05 were considered as statistsigihyficant. All

statistical analyses were performed by using GraphPad Prism 5.0 (GraphPad Software Inc.,

San Diego, CA).
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3.6 Verification of HCA content in crude extract of UNMC 78F

3.6.1Verification using FTIR spectrophotometry method

The FTIR spectra from ethanol extracts were generated by 100 FTIR PelkinElmer (USA).
Prior to the sample loading, the stage was cleaned and blanked. A drop of concentrated crude
extract was placed on the reading spot and scanned. The absorbance pegitsduessl

with a resolution of 4 mh (40005500 cm') and averaged 32 scans. The spectra were
analyzed by baseline correction and attenuated total reflectance (ATR) to directly investigate
the chemical composition of smooth surfaces and undisturbed state of various materials in the
sample (Schmitt and Flemng, 1996). Each samples were triplicated and the best results

selected for functional groups verification.

3.6.2 Verification using HPLC method

(-) Garcinia Acid (GHeO7) from Sigma Aldrich were taken as reference standard. The high
performance liquid liromatography system used in this study was from Agilent (1260
Infinity Series, 1260 Quad Pump) with C18 RP column 4.6 x 150 mm. The system consists of
Rheodyne injector with sample loop of 20 pL, OpenLab CDS (Chem station edition)
software. In the presemstudy, attempts were made based on HPLC methoddiogy the

existing protocol (Gogcet al.,2014).

The mobile phase used was HPLC grade (Millipore) water and the HPLC method was carried

out taking a series of differer){ HCA concentrations with firgpreeminent flow rate of 1.0

PO PLQ 'HWHFWLRQ ZDV GRQH E\ 'XDO DEVRUEDQFH GHW
sample eluted was 20 pL for 8 minutes at 58/8 bar Quart pump and 25 °© C of column
temperature. Prior to injection to the HPLC system, sl 4amples and the standavesre

filtered through membrane filters of pore size 0.45 um. As water has been used in this study,
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to maintain the efficiency and column life after completion of the experiment it is purged

several times with methanol.
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3.7 Molecular docking using GLIDE

3.7.1 Overview of docking methodology

The docking methodology thatasbeing usedn this projects basedn GLIDE (gridbased
ligand docking with energetictat was being implemented together with Schrodinger suite.
GLIDE uses a hierarchical filter to search the best position with the active site of the protein.
The GIDE algorithm is based on the systematic search of conformations, positions,
orientations ba ligand in the protein active site usitige funnel type approaclFriesneret

al., 2004)
Ligand Conformation
\ 1. Sitepoint search /
2a. Diameter test
\ 2b. Subset test /
\ 2c. Greedy score /

2d. refinement

3. Grid minimization +
Monte carlo

4. Final scoring (GLIDE score)

Top hits

Figure 27 GLIDE docking hierarchy using the ‘funnel' theory (Friesneret al, 2004)

The docking scoringverecarried out using GIDE Scorefunction where GIDE energywas

being used to predict binding affinity.
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Smallnumbers of bestefined posesvere passed on théllowing stage in the hierarchical
energy minimization on OPL8A van der waals and electrostatic grids for the proféhe
best posesvere chosen and subjected to Monte Carlo simulations and it will be rescored

using GlideScore function.

GLIDEscore can be defined below:

GScore = 0.065 * vdW + 0.120 * Coul + Lipo + HB + Metal +BuryP + RotB + Site

Where,

vdW = van der Waals energies

Coul = represents Coulomb energy

Lipo = hydrophobic term

HB = hydrogen bonding term

Metal = anionic interactions with metal cations
BuryP = buried polar group

RotB = frozen rotable bond

Site = polar but non hydrogen bonding atothat exist in hydrophobic region

3.7.2 Ligand structure preparation

All the compounds wereonstructed using 28ketcher using the Schrodinger grigah user
interface Maestro 8.5. The illustration in 2Retcher can be converted into 3D structure

when it is being exported into the workspé€gesneret al,, 2004)
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3.7.3 Protein structure preparation

A typical PDB protein complex structure can be downloaded from the Research Collaborator

from the Research Collaborator for Structural Bioinformatic (RCSB) website

http://www.rcsb.or§y The PDB identification (PDB ID)for CETP are 20BD (native

protein) and 2EWS (torcetrapib attached). The PDB structures for CETP were corrected
using protein preparation wizard that can be found in Maestro. The structures were prepared
for docking with the protein preparation wizard usthg following default steps: assigning

bond orders, adding hydrogens, treating metals, creating disulfide bonds, converting
selenomethionines, deleting waters, assignirgoHd network structure minimization in
vacuum up t00.3 A RMSD by using OPLS2005 brce field After preprocessing and
preparation steps, the-bbnds were further optimizedll waters molecules and additional

ligands were deleted from the structure.

3.7.4 Receptor Grid Generation

Ligand docking jobs cannot be performed ugtids arefully generated. The set up of grid
generation can be done from the Receptor Grid Generatiorddp menu from maestro.

The grid size can be determined from the position and the size of the active site. The
maximum available grid size#as36 x 36 x 36A% outer box and 14 x 14 x 14%Anner box.

The force field that is being used for grid generatiasOPLS_2005 force field.
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Figure 28 The image of 20BD protein in ribbon diagram format. The purple colour box

indicates the grid box that wasbeing generatedbefore the docking procedure begun.

3.7.5 Docking protocol

Molecular docking using Glide thatas beingdevelopedoy Schrodingel(Glide,2014)was
performedto investigate the binding mode betwettie active site of CETP and prepared
ligands. The docking ligandsere treatedlexibly, and the prepared protein was held rigidly
during the docking procedur&he conformationsare further refinedvia Monte Carlo

sampling of pose conformationBhere were 20 posé®ing collected.

3.7.6 Confirmation of docking using GOLD suites

In order tovalidate the docking poses, GOLD suites were being employed to dock the ligands
of interest with CETP (PDB ID: 20BD). @LD usesa Geneticalgorithm for searching
binding space and ligand conformatiosplce and it employs matching giarmacophore
points to generate ligand pog&&rdonket al.,2003) GOLD uses several scorirfgnctions,

which includes GoldScore, ChemScore, ASP and ChemPLP.

The protein and ligands were first being prepared in Maestro interfacieiigandswere
docked into the active sites using GOLD suitisiding site of CETP was fieed as all the
residues that are located withinAl@rom CE atom in N terminal. The default parameters if
GOLD suiteswas using genetic algorithm (GA) in order to search for the reasonable

corformation of ligands. The maximu number of GA runs was set 10. The total number
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of poses available was 1Based on the three scoring function, chemscore fitness function

has been chosen in order to evaluate the docking conforni@iimret al., 2004)
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3.8 Molecular Dynamic Study using Desmond

3.8.1 Overview of Molecular Dynamic methodology

Molecular dynamic (MD) simulations is best to describe molecular motions of a system
based on time and space using apliorce fields. This techniquegives virtual
understandings into the atomic fluctuations but it is mainly based on the applied force fields,

electrostatic interactions and motion assimilation through distinct time frame.

Three basic stages for MD simulatioontains:
1) setup
2) equilibrium

3) run.

In the setup stage, the proteimere inserted with vater soaking the protein into the
membrane and also soaking the preteembrane complex into a box of wat€éhe system

underwent energy minimization andheated gradually to the desired temperature for
simulation and later will be equilibrated. In the equilibration stage, the protein heavy atoms
wererestrained and it will slowlyeleased until the full systemiasstable and unrestrained.

The MD simulationwas based on force field method andwas EDVLFDOO\ REH\ 1HZV

second law:

Lef
F = net force of an object
m = mass of an object

a = acceleration of an object
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3.8.2 Molecular Dynamic Simulation protocol

The docking results fronlGLIDE were subjected to long equilibrium molecular dynamic
(MD) simulations by using Desmon@Schrédinger Releast0151, 2015) with default

OPLS_2005 force field.

The ligandprotén complex was embedded in POP@@dmitoyt2-oleoytsnglycer3-
phosphocholinejnembrane andolvated with TIP3P waten a periodic orthorhombic box
with 10A x 10 A x 10 A distancéhrough the Desmond system builder which can be found
in Maestro nterface. In order to maintain the neutrality of the system, sodium and chloride
ions were addedl50 mM Na"Cl- wereadded as well in order to simulate the physiological

condition ofthe system. The final system consiste6®370 atom

The systemundergoes energy minimization using the Desmond minimizer whichbean
foundin Maestro interface, which uses limitetemoryBroydenFletcher-GoldfardShanno
(LBFGS) and weepestdecentalgorithms. Simulationswere conductedvith a constant
temperature of 300 K using Nostoover chain thermostaiMartyna et al, 1992) and
MartynaTobiasKlein barostat methodslartynaet al, 1994) The simulationsvere runfor
10s and 20ns in total. Lorrgnge electrstatic interactionvascalculated using particle mesh
Ewald algorithm(Dardenet al, 1999) The systemswere undergang default relaxation

protocolbeforethe MD simulation.

Thesystemundergoesight steg MD simulationprotocol thainvolves:

Stage 1: Task

Stage 2: Simulate

Stage 3: Simulate, Berendsen NVT, T=10 K, Small timesteps, and restraims\onsolute

atoms
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Stage 4: Simulate, Berendsen NPT, T=10 K, and restrairftsary solutatoms
Stage 5: solvate_pocket

Stage 6: simulate, Berendsen NPT and restrainkeany solut@atoms

Stage 7: simulate, Berendsen NPT and no restraints

Stage 8: simulate

1



Trajectories were further analysed using desmoatithe simulations were evaluated based
on system potential energies, calculation of the radius gyration, root mean square (RMSD)

and rootmeansquare fluctuation of the protein (RMSF).

Figure 29 Flowchart of MD simulation by Desmond
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3.9 Virtual Screening and SAR(Structural Activity Relationship) studies of
HCA analogues against CETP

3.9.1 Preparation of the compound libraries

An analogueis describedas a structurethat is related to the drug of interest, in which
biological and chmical properties might differ. As part of structwaetivity relationship

study, structural analogs of an initial lead compound are tested. The awal@gsetrieved

from webaccessible ZINC thredimensional (3D)Www.zinc-docking.con). Zinc 3D is a

database that compiles chemisttlicturesand it contains 13 million of compourftiwin &

Shoichet, 2005; Irwiret al, 2012)

The compound library thas obtainedfrom ZINC 3D databases further processedith

Ligprep module in Maestro interfaca set of 9 ligands were prepared using Ligprep module.

3.9.2 Preparation of protein binding sites and targets

Thethree dimensionatructures of CETRre obtainedhrough RCSB website with the PDB
ID:20BD. The PDB structures for CETP were correctechgigorotein preparation wizard

that canbe foundin Maestro. The structuresere preparedor docking with the protein
preparation wizard using the following default steps: assigning bond orders, adding
hydrogens, treating metals, creating disulfide bonds, converting selenomethionines, deleting
waters, assigning 48ond network, structure minization in vacuum up to 0.8 RMSD by

using OPLS_2005orce field. After preprocessing and preparation steps, thertds were
further optimized. All waters molecules and additional ligamdse deletedfrom the
structureThe set up of grid generation che done from the Receptor Grid Generation drop

down menu from maestro by usi@dPLS 2005orce field.
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3.9.3 Docking simulations and ligands ranking

All analogue compounds thatvere prepare@arlier were docked into the binding site using
Glide. The GlideSP was employed here to screen allahalogiesanda maximum number

of poses per ligand was set 100 beforbeiing passd to gridrefinement calculation. One
good conformationfor each molecule whicbeing rankedoy Emodel score wherémodel
combinesGLIDEScore with norbonded interaction energy with the internal energy of the
generated ligand conformation. All molecules with the highest ranking possso(&were

selectedor further experimental analysis.

3.9.4 CETP assay for the analogs

Chemicals: DEisocitric acid trisodium salt hydrate, and potassiuydroxycitratetribasic

monohydratevere purchaseftom SigmaAldrich, and itwasbeing dilutedwith 1% DMSO.

In order toassess the percentage inhibition of #malogstowards CETP, aldorescence
bioassaywas carried out by using the CETP Drug Screening Kit (#k&0@, BioVision,
Mountain View, CA, USA). The procedures of the assay can be desbriedig as follows:

O RI WKH LQKLELWRUYV ZH fArabi Seru@®. ThEBNCQi@ RnadieG mix\

which is being providedLQ WKH DVVD\ NLW OIRIORJRYIF PROWMR X
OROHFXOH DQG O RI &(73 EXIIHU ZDV D @4 Ea@plddd[HG ZH(
WR O ZLWK WKH SURY migitedvdassubjeztecBX inchbatiory ierH hour

at 37°C, and the fluorescence intensityere measured by using fluorescence plate reader
(Varioscan Flash, ThermoScientific) at Excitation wavelength of 465 nm and Emission
wavelength at 535 nm. The percentaigaibition of the extracts towards CETWas
determinedby comparing the activity of CETP in the presence and absence of the tested

compound. As a background, negative control lacking rabbit serum was being used. Positive
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controlswere testedn order tosee the degree of inhibition by 0.1% DMSO and CEvud?e
not affected by DMSO. All the measurements were carried out in triplicate. The percentage

inhibition of the extracts towards CETP actiwtgs calculateds follows:

T fe—fFafc—cte

[ ZHfEL 20 .
cc—<Ete—"HfFE i%of—.c.““.t-—”"ﬂfwssrr

LIsSFée-
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Chapter 4. Resultsand Discussion

Secondary metabolites thatbeing isolatedrom naturalproduct are often used as medicines
(Sung et al., 2004) Up to date, there arseveral researcthat has been dona order to
identify plants thabas the ability taeduce the plasma low lipoprotein le@mran et al.,

2009; Khaliliet al., 2009)

Torcetrapib, is a potent inhibitors for CETP which shows assuring results towards inhibition
of CETP activity, increases in HDt levels and affect reduced progression of atherosclerosis

in animal modelgOkamotoet al, 2000) However, during phase 2 of ILLUMINATE study,
administration of torcetrapib has caused off target results which are increase in production of
aldosterone and elevated blood pressure among tested .patsitconsidered as failure
since it cause higher risk of combined @peint of death from coronary heart disease, stroke,

myocardial infarction and hospitalization dudrtstableangina(Barter, 2009)

This led to the increase interest of research towards other CETP inhibitors especially in
natural productPlants have well documented for their medicinal uses for thousands of years.
They have evolved and adapted over millions of years to withstand ibaatsects, fungi

and weather to produce unique, structurally diverse secondary metabolites. Their
ethnopharmacological properties hdyeen useds a primary source of medicines for early
drug discovery(Butler, 2004) According to World Health Organization (WHO), 80% of
people still rely on planbased traditional medicines for primary healtre(Farnsworth et

al., 1985) and 80% of 122plant derived drugs were relatedto their original
ethopharmacologicgburpose(Fabricantand Farnsworth, 2001)The knowledge associated
with traditional medicine (complementary or alternative herbal products) has promoted

furtherinvestigations of medicinal plants as potential medicines and has led to the isolation
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of many natural products that have becomel known pharmaceuticals. These explain that
plant naturaproduct provides a suitable platform as a candidate for CETBitiots. All of

the plants that wereeing choseifor preliminary screening against CEWere chosedue to

their ethnopharmacological properties that possess the cholesterol lowering properties. Due
to this interest, all of the plants which are UNMGH#& UNMC 45L were chosen and to be
tested their potency against CETP activitha to datethere is no specific protocol that has
been developed in search of CEihibitors from plant natural products especially that

contains crude extracts which is knot@possess many secondary metabolites.

83



4.1 Plant collection and identification

Garcinia atroviridis Griffith ex T. Andersonplant parts (leavestwigs and fruity were
collected from Taman Botani, Universiti Putra Malaysia aras identified by botanistin
Universiti Putra Malaysia.Garcinia atroviridis was depositedn University of Notingham
Malaysia Campus herbarium as UNMC 78 where UNMC W&is indicatedas leaves of
Garcinia atroviridis, UNMC 78T as twigs ofsarcinia atroviridis and UNMC 78Fasfruit of

Garcinia atroviridis.

Figure 30 Garcinia atroviridis plant found in Taman Botani, UPM.
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Figure 31Young leaves ofGarcinia atroviridis

Figure 32 Yellow colour fruit is riped fruit and green colour fruit is unriped fruit.
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Figure 33 Dried fruit of Garcinia atroviridis which is also known aspsam kepind|
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The leaves ofGarcinia parvifolia were collected from the lowland dipterocarp, Sungai
CongkakReserve Forest in Malaysia and a voucher specimen (45L) was deposited at the

Herbarium of The University of Nottingham, Malaysia Campus.

Figure 34 Garcinia Parvifolia with unriped fruit
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4.2 Extraction Results

4.2.1 Extraction Yields

Table 2 represents the yield of extraction for different plant parGastinia atroviridis
which are leaves, twigs and fruits and leaves parSavtinia parvifolia. All of these plant
parts were extracted using different polarity which ranging fromgdolarity to high polarity

of organic solvent.

Table 2Yield of Extraction of Garcinia atroviridisand Garcinia parvifolia.

Scientific Plant | Code | Dried | Solvent Extracts Percentage
name part weight | used for yield
(9) extraction
(ml)
Garcinia Leaves | 78L | 1596 Hexane 9.3
atroviridis 12784 Ethyl 101
Acetate

Ethanol 13.8

Hexane 8.4

Twigs | 78T | 1109 |8872 Ethyl 10.3
Acetate
Ethanol 127
Fruit 78F | 865 6920 Hexane 5.6
Ethyl 6.1
Acetate
Ethanol 8.0
Garcinia Leaves | 45L | 437 3496 Hexane 3.4
parvifolia Ethyl 41
Acetate
Ethanol 5.0
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The extraction yield of the plants is highly depending on the solvent polarity which will later
determines both quantitatively and qualitatively the extchctampound. Based dhe table

2, three solvents with increasing polarity had been used in the maceration process which is
Hexane, Ethyl Acetate and Ethan®he highest percentage yield obtained is from Ethanol
extracts of all plant species and the lowest percentage yieldasied from Hexane extracts

of all plant species.
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4.3Phytochemical screening of crude extract

In order tounderstandhe possible compousdhat mightbe present in the plant species,

variousphytochemical screening had been carried out.

In order to predict the presence of alkaloids, flavonoids, saponin, tannin, steroid, terpenoid
and phytosterol content in the extractsytopchemical screening of UNMC 78L, UNMC 78T
and UNMC BF had beerarried ot and the result can be shown in tabédow. The results

of phytochemical screening of UNMC 45L can be obtained from Vébiad) (2012).
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Table 3Phytochemical screening of UNMC 78T

Extracts Alkaloids Flavonoids  Saponin  Tannin  Steroid Terpenoid Phytosterol
Hexane - ++ - + ++ + T
Ethyl Acetate - - - ++ - - +
Ethanol + - + - + + i}

++ highly present
+ slightly present

- not present at all

Based on table 8, more secondary metabolites are present in the Hexane extracts of UNMC 78T compare to the ethybatetatd ettianol
extracts of UNMC 78T. Based on tkable above, flavonoids, tannin, steroid, terpenoid and phytosterol presthd hexane extract. For the
ethyl acetate extracts, only tannin and phytosterol does present in the eXledtsd, saponin, steroid and terpenoid were present in the

ethanol extracts of UNMC 78T.
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Table 4 Phytochemical Screemg of UNMC 78L

Extracts Alkaloids Flavonoids  Saponin  Tannin Steroid Terpenoid Phytosterol

Hexane - ++ = - ++ + +
Ethyl Acetate - + - ++ + ++ -
Ethanol + - + - - - ++

++ highly present
+ slightly present

- no present at all

Positive results of flavonoids, steroid atefpenoid can be seen with the Hexane and Etlegtate extracts of UNMC 78lEthyl Acetate
extracts of UNMC 78L contains tannins which does not present inHmthneextracts and ethanol extracts. Phytosteo@sdpresents in both

Hexane and Ethanol extracts. Conversely, only the ethanol extracts of UNMC 78L revealed the presence ahsag&alnidscomposition in

the screening.
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Table 5Phytochemical screening of UNMC 78F

Extracts Alkaloids Flavonoids  Saponin Tannin  Steroid Terpenoid Phytosterol

Hexane - ++ - ++ - - -
Ethyl Acetate - - + + - - -
Ethanol ++ ++ + - - - +

++ highly present
+ slightly present

- not present at all

The table abové@able 10)shown that Ethanol extracts contain alkaloids, flavonoids, saponin and phytosterol while Ethyl acetateskytthcts

contain saponin and tannin. Hexane extracts only contains flavonoids and tannin.
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4.4 Optimizing and developnent of Cholesteryl Ester TransferProtein

Assay

4.4.1 Development of Cholesteryl Ester Transfer Protein Assay

One of the main objectives of this study is to develop a protocol in order to see the
inhibition activity of the crude extracts and other possiblebitdri against CETP
activity. The basic principle of the CETP assay is based on fluorometric reading at
which it contains donor molecule and acceptor molecule. Donor molecule contains
fluorescent selfjuenched neutral lipid which will be transferred to @toe molecule
in the present of CETP. The successful transfer will cause increase in the fluorescent

intensity value while presence of inhibitor will reduce the fluorescent intensity reading.

There is no literature u-date that uses the CETP drug soieg kit in natural
product research drug discovery. No reference can be made on the optimal conditions
that could be used in the experiment. Hence, several attemtgtiorizationof the

assay kit were carried out to establish a new method for thigchqaapose.

The important parameter in this optimization of assay is micebationtime. This

CETP screening assay kit needs to be incubated at certain period of time specifically
according to the human basal body temperature which |S.&everal testhad been

done at different incubation times which are 30 minutes, 40 minutes, 50 minutes, 60

minutes and 90 minutes.

It is being reported that 1,3tHazines were found to be potent towards CETP gfia
al, 1999. And, in this study to optimize the CBTdrug screening kit, 10uM of 1,3,5

triazine had been used to assess the optimal time of reaction.
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Figure 35 Different incubation time of 1,3,5triazine against CETP inhibition. Each
point represent the mean = standard deviation from three different independent
experiment (n=3)P<0.05.

Based on thdigure 35 the suitable incubation time is 60 minutes and this value
correspondtowards the 16 of the 1,3,5triazine (Okamoto et al, 2000) Less

incubation time might lead to incomplete reaction between the donor molecule and

the acceptor molecule. It is important to incubate the samples at the appropriate
incubation time as this will produdzetteraccuracy in thegercentage of inhibition

due to the facts that perfect time taken for incubation will leads to complete
reactions of the sampl8esides, prolong incubation time might cause the reaction to

EH 3VDWXUDWHG” ZKLFK ZLOO OHDG WR WKH ORVV RI

readirg is not accurate anymofEoti andFisher, 2004)

The percentage inhibition of the extracts towards CETP actnaty calculated as
follows:
T fe—FGafc—c'o
cf e ZYEfR,Zf ot f 1

. )
S e S R S T2
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TestedSample Negative Control

ADD MASTER MIX
10 | Donor molecule
10 | Acceptor molecule

20 | CETP buffer

Shake for 1
minute

Shake for 1
minute

Figure 36 Summary of CETP assay

Positive Control
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44.2 CETP inhibitory assay for all plant extracts

After the optimization of CETP has been done, further CETP inhibitory assay being
done involving all the extracts of UNMC 78, UNMC 45L and one crystal product
that was being isolated from UNMC 45L which is known as clusiangnéong,
2013) A higher inhibiton activity of CETP assay is being indicated by a lower
value of IGo, is anticipated as an active inhibitiofhe results are being described

below.

4.4.2.1 Inhibition of extracts from UNMC 78T against CETP activity

Figure 37 Percentage inhibition of UNMC 78T against CETP activity Each
points represent the mean + standard deviation from three independent

experiment (n=3)P<0.05.
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Table 61Cso00f UNMC 78T plant extracts

Plant Extract ICso0

UNMC 78T

Ethyl acetate 94.25+ 0.002 mg/ml

Ethanol Cannot be
determined

The three extracts of UNMC 78With different polaritywhich are Hexane, Ethyl
Acetate and Ethanol were screen to assess their inhibitory effect against CETP
activity. The 1Go for hexane extract and ethyl acetate extract are 89.6/035
mg/ml and94.25+ 0.002 mg/ml respectively. These values considered very high
since it almost reach 100mg/ml. Howeute ICso of ethanolextract of UNMC 78T

cannot be determined at the cortcation studied.

This reveals that extraction by using both low polarity and intermediate polarity
solvents were the best in extracting the secondary metabolites from UNMC 78T that
are actively inhibits CETP activity. In agreement with earlier results of UNMC 78T,
hexane ad ethyl acetate have been generally described as most suitable solvents for
extraction that recover flavonoids and phytosterol. These phytochemicals have been
investigated and they does have the properties as a cardioprotective (Ebest £

Samman, 1996; Testeat al, 2013;Yoshida & Niki, 2003)

98



4.4.2.2Inhibition o f extracts from UNMC 78L against CETP activity

Figure 38 Percentage inhibition of UNMC 78L against CETP activity Each
point represent the mean * standard deviation from three independent
experiment (n=3)P<0.05.

Table 7
I7CSEI)_0 Plant Extract ICs0 of Fl)Jl é\lnl\t/IC
UNMC 78L extracts

Hexane 54.83+ 0.027 mg/ml

Ethyl acetate 59.01+ 0.003 mg/ml

Ethanol 62.47+ 0.005 mg/ml

All of the plant extracts of UNMC 78L, which are Hexane and Ethyl Acetate, and
Ethanol undergoes screening to detect its inhibitory effect against CETP. Hexane
extractsshowthe highest potencygompared to the other extrad¢tdlowed by Ethyl
Acetateextract and Ethanol extract shows the lowest potency among other extracts.

The 1Gso for all the extractsare presenteth the table above. All of the extracts
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showsa gradualincrease in the percentage of inhibition as the concentration of the

extract increases

Percentage inhibition of UNMC 78L against CETP activity does produce the same
percentage inhibition trend as UNMC 78T where the most potent extracts is hexane
extracts and least potent is ethanol extracts. Based on the analysig, ciéll
differences of the value of kg can be observed betwedme three extracts with
different polarity. The higher potency of hexane extracts and ethyl acetate extracts is
due to the present of flavonoids, steroids and terpenoids in the extractseaed th
phytochemicals might present as an active ingredient that acts towards inhibition of

CETP activity.
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4.4.2.3 Inhibition of extracts from UNMC 78F against CETP activity

Figure 39 Percentage inhibition of UNMC 78F against CETP activity Each point
represent the mean + standard deviation from three independent experiment (n=3)
p<0.05.

Table 81Csoof UNMC 78F plant extracts

Plant Extract UNMC 78F ICso

Hexane 41.23+ 0.007 mg/ml
Ethyl acetate 35.79+ 0.003mg/ml
Ethanol 19.28+ 0.021 mg/ml

Three extracts of UNMC 78Were initially screenedn the inhibitory effects towards CETP
activity. ICso values were determined arebing listed in the tableB. Among these three
extracts, ethanol extracts of UNMC 78F appeared to be more potent compared with hexane
extract and ethyl acetate extract. This finding gives some interesting insight since the values
obtained for the percentage inhibition of ethanolamtsfrom UNMC 78Fis considered to

be very potentompared to the other extracts of different plant parts of UNMC 78 because
less amount of ethanol extracts of UNMC 78F is needed to obtain 50 percent effect. Thus,

therapeutic preparations of drugs wéflect the potency.
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In the present works, UNMC 78F shows a remarkable effects against the CETP activity. This
being indicated by the lowest values ofdCompared to other extracts. This findings suggest
that extraction usingpigh polarity solvent is th most effective way in extracting the active
secondary metaboliteBom UNMC 78F This results is well supported by other studies
which suggest the important bioactive compound that present in UNMC 78F which is
Hydroxycitric acid (HCA) are being extractday using higher polarity solventd ewis,

1965)
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4.4.2 .4 Inhibition of extracts from UNMC 45L against CETP activity

Figure 40 Percentage inhibition of UNMC 45L against CETP activity Each point
represent the mean + standard deviation from three independent experiment (n=3)
p<0.05.

Table 91Cs00f UNMC 45L plant extracts

Plant Extract UNMC 45L ICso

Hexane 97.35+ 0.0045 mg/ml
Ethyl acetate 98.72+ 0.0032 mg/ml
Ethanol 96.24+ 0.0028 mg/ml

Based on théigure 40,all of the UNMC 45L crude extract exhibit minimal inhibitory effect
since all of the extracts have the almost similag I@alues andthese value cannot be
determined as poterdompared to crude extracts from UNMC 78 plant species. This is
because the values obtained for they i€ almost 100mg/ml and this values considered very
high. The higher thdCsg values the less potent the eatts is.The IG values of the plant

extracts can be summarized above.

Preliminary screening of UNMC 45L shows that all of the extracts can inhibit CETP

however, the results are not that potent compared to UNMC 78. The lowest valug isf IC
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ethanol extacts followed by hexane extracts and ethyl acetate. This might be due to the
presence of certain secondary metabolites that are being extracted via hexane, ethyl acetate
and ethanol extracts from UNMC 45L is roghly active in the inhibition of CETP autty.

Although same solvents is being used as in previous extraction of UNMC 78T, UNMC 78L
and UNMC 78F but different activity is being observed due to specific compounds that might

present in one species and not in other species.
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4.4.25 Inhibition of Clusianone (Pure compound isolated from UNMC 45L) against
CETP activity

Figure 41 Percentage inhibition of clusianone against CETP activity. Each point
represent the mean + standard deviation from three independent experiment (n=3)
P<0.05.

Clusianone, a pure crystal compound found in hexane extracts of UNMQM&Lg 2013)

had been testetbr CETP inhibition. Large numbers of polyisoprenylated benzophenone
have been isolated from Guttiferae (Clusiaseae) family and clusianone and its derivatives are
considered as polyisoprenylated benzophenone. Several studies haven phave
benzophenone and its derivativileses have important bioactivity such as anti lipogenic; anti
cancey antroxidant, antiinflammatory and antiulcer(Kumaret al, 2013; K. Yoshidat al,

2005) Due to this interesting bioactivity, it is important to see the efficiency of clusianone

tested gainst CETP activity.

Various concentration had been used to see the effect against CETP. However, no effective

inhibition can be seen from lowest the highest concentration ofclusianoneand the
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percentage inhibition does not reach 50% inhibition. Buthis reason, IC50 aflusianone

against CETP inhibition cannot be determin€de results obtained are quite disappointing

as the IGo of clusianone cannot be determined. From this observation, clusianone is not an
effective inhibitor towards CETP ahis range of concentration. However, final conclusion
cannot be drawn based on these ranges of concentration, as there are some limitations. The
possible reason is it that clusianone might target specific protein to react since it does not
inhibit CETP inthis amount but possible to inhibit HMGoA reductase with this range of

concentratior{WWong2013)
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4.4.26 Inhibition of Hydroxycitric Acid against CETP activity.

Figure 42 Percentage inhibition of Hydroxycitric acid (HCA) against CETP activity .
Each point represents the mean + standard deviation from three independent
experiment (n=3)P<0.05.

This study was initiated after we discovered the highest inhibition of crudeihd extracts

of Garcinia atroviridis against CETP activity via the CETP inhibitory assay. Based on
several literatures (Jers al, 2002,Hobbs, 1994)HCA is the principal compound that acts

as a potent inhibitor of ATP citrate lyase which catalyzes the extramitochotldaaage of

citrate to oxaloacetate and aceBdA: citrate + ATP +CoA acetylCoA + ADP + Pi +
oxaloacetate (Daikuhaet al, 1968). The inhibition of this reaction limits the availability of
acetytCoA units required for fatty acid synthesis and ligigsis during a lipogenic diet, that

is, a diet high inlipids (Sullivan et al, 1972). Extensive animal studies indicated thpt (

HCA suppresses the fatty acid synthesis, lipogenesis, food intake, and induced weight loss
(Sullivanet al, 1972).Severalstudies have confirmed that HCA does not bring short term

and long term bad effect. One of thieides uses variable time length which is 4 to 30 days
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and doses taken are from 150mg to 150@fgure compoundbut no one has ever reported
about toxicity of HCA(Leonhardtet al.,2004; Leonhardét al.,2001; Rao & Sakariah, 1988)
Several form of readily available product tieantairs HCA can be found commercialguch
as Regulatdt, Citrin K® and SuperCitrimak(Preusset al, 2006) Based on this, the initial

assumption is HCA is also responsifieinhibiting the CETP activity.

Based on the CETP inhibitory asstimat was being graphed in figure 4Be 1Go of HCA
inhibition against CETP is 20.0¥ M. This value indicates that HCA is a potent
inhibitor towards CETP activityFrom this assay, HCA has been identified as a potential
inhibitor for CETP.This significant results for CETP inhibition is important and need to be
further validated in seriesf in-silico techniques which are being discussed later in this

chapter.
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45 Determination of enzyme reaction: Designing and Optimizing enzyme

kinetics assay

4.5.1 Kineticproperties of HCA against CETP activity

Every inhibitor might have different inhibitory mechanisms against the protein of interest
(Copeland, 2000) There are four main types of inhibiiiocompetitive inhibition, non
competitive inhibition or mixed, uncompetitive inhibition and mecharisised inactiation

or also being called as suicide mechanism. This study is important to assess the inhibitory
mechanism of HCA against CETP. Only kinetic study of HCA has been carried out since it

shows the highest inhibition rates.

In order to evaluate the meclsm of inhibition between CETP and HCA, enzyme kinetic

study was being done. However, there are no reported kinetic assay procedures has been done
by using the assay kit. The same assay kit that was being used in the screening assay was also
use in this egeriment and the same protocols had been applied except that the readings were

taken every 1 minute interval during the 60 minutes incubation period.

The kinetic assay is being done based on Michealis Menten equation in order to determine

the Km value ad the maximum reaicin rate which is Vmax using LaweaveiBurke plot.

o f§>7
e E>?

The type of inhibition with the valued Ki can be determine from LineweavBurke plot or
double reciprocal plot. This is important to know the properties of the inhibitors and the
mechanism of reaction between the inhibitors and the protein in order to know the

effectiveness of the inhibitor.
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Several concentrations have beestead to see their kinetic properties evemmihute interval

for 60 minutes duratian

Figure 43 Progress curve for kinetic assay of HCA against CETFEach point represents

the mean + standard deviation from three independent experiment (n=3)<0.05.

Progress curve from figure 45 shows that as the time passed by the absorbance increase
resulting in the formation of the by product. But when it started to reach 30 mirhges, t
absorbance remains constant which indicates that the maximum incubation times has taken

place.
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LINEWEAVERBURK ANALYSIS
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Figure 44 Lineweaverburk analysis of HCA inhibition kinetic assay.

Further analysis by using MichaelMenten equation through theuble reciprocal plat or
Lineweaverburk analysisin figure 44,suggested that HCA is mon-competitive inhibitor
against CETP. Noncompetitive inhibitor or allosteric inhibition is an inhibitor which binds to
enzymes regardless of substratedbig. This can be seen in theneweaverBurk plotin

figure 44, whereby the Km is unchanged for every substrate concentration and the Vmax
which is the slope is increased when the concentration of the inhibitor increase. The
mechanism of action of HCA is the same as that torcetraibre it has been proven to be
non-competitive inhibitor through traditional biochemical meth@lark et al, 2006) The

results obtain from enzyme kinetic assay can be used as a supporting data for molecular
modeling experiment which later can prediat #gpecific interaction of the inhibitor and the

active site.
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4.5Validation of HCA presence in ethanol crude extracts of UNMC 78F

4.5.1 Validation by using FTIR method

The spectra of th&. atroviridis fruit rind (UNMC 78F) macerated with ethanol solven
provide a number of spectral details indicating some similarities with each other. From the
FTIR spectra analysis, all significance functional groups were present. The existence of
carboxylic acid, esters and hydroxyl group indicated high probabilititeedHCA content in

the concentrated crude extract Gf. atroviridis fruit rind (UNMC 78F)(Jenaet al, 2002).

The absorbance peaks of the spectra and data can be sEgurm45 and Table Q,

respectively.

4.5.11 Hydroxyl (OH) bands

The OH stretchvalue for ethanol extracts of UNMC 78F were fitted within the range 3550
cmtto 3200 cmt. The GH bandvaluein ethanol extracts of UNMC 78F is 3405.17tm
(Figure45). However, it can be seen that the OH band spectra were broad and less peaky, this
may due to different signal arise from vibrations of molecules, as the identification of
hydroxyl and carboxyl group require- stretch. This situation leads to broadening and

overlapping bands of spectra (Schmitt and Flemming, 1996).

4.5.12 Carboxyl (COOH) bands

According to the standard IR spectra table, the present of carboxyl group in the sample can
be deduced as long as theH) C=0 and &0 stretch lie in between the value of 3200

2500 cmt, 1725 cm' #1700 cmtand 1300 cm-1000 cmt, respectively. The C=0 stretch of
carboxyl group depicted sharply at 1720.52 dor the sample macerated in ethanol extracts

of UNMC 78F. The @0 stretch were shown at 1200.27tand 1062.1 cmi. Both values
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fall in C-O stretch standard range, whiclsarthe probability one of the value is specific to

the carboxyl group. It is proven that the range below 1500 cam be very specific for a
substance or for different types of substitution. This range is frequently referred to as the
SILQJHUSULQ®RW DUNSIHRFFQVU XP 'LHP 8 U E DiQSchmitt asdF KUD G H
Flemming, 1996). Since the C=0 and3Cstretch between carboxyl group and esters close in

range, the way to detect the presence of the carboxyl groups is by confirmingtise€ich

which is absent in esters. Thus, thedGtretch must be within the range of 32002500

cmit. From the spectra absorbance peak Gtretch mildly depicted at the value 2922.41

cm for ethanol extracts. Hence, as the value fdd,GC=0 and @O stretcles fall within the

standard range, it can be deduced that carboxyl groups exist in the sample.

4.5.13 Esters bands

The present of esters can be verified from the C=0 a@ds@etch peaks. In this experiment,

the spectra absorbance pebak$ween esters and carboxyl groups resembled within the same
range. However, the-® stretch absorbance peaks that only exist in carboxyl group ard two
specific absorbance below 1500 ‘tmelatively belong to either one of the groups can be a
good inferene in verifying their presence, as in FTIR, different forms of vibrations are
discriminated, arising from different forces and binding angles of atoms in a molecule. Thus,
complex molecules display numerous options of internal vibrations (Schmitt and Fgmmi
1996). As in carboxyl groups, the C=0 stretch of esters in ethanol extracts fall in between
1730 cm*-1715 cm'. The possible value of absorbance peak feD Gtretch binding in
esters, 1199.08 ctand 1062.1 cn in ethanol extracts. The strong bandboth stretches

can be good base to conclude the existence of esters in this sample.
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Figure 45FTIR Absorbance peaks forethanol extracts of UNMC78F
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Table 10: Tabulated position of absorbance peaks

Position(cm-1)

Vibration Standard Sample extracted by
ethanol
Alcohols/Hydroxyl
O-H stretch 35503220 3405.17
Carboxyl group

O-H stretch 32002500 2922.41

C=0 stretch 17251700 1720.52

C-O stretch 13061000 1200.27/1062.69

Esters
C=0 stretch 17301719 1720.52
C-O stretch 13061000 1200.27/1062.69
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4.5.2 Validation by using HPLC method

HPLC method has been employed in this chapter in order to validate the presence of HCA in
ethanol crude extracts of UNMC 78F. Two chromatogram can be ségarm46 and 4.

One clearly resolved peak were obtained in each chromatogram where therrétaetof

HCA in standard is 1.069 minuite figure 46and the peak obtained from ethanol extracts of

UNMC 78F is 1.106 minutim figure 47

The results were comparable since the peak of the ethanol extracts of UNMC 78F was
appearedn the same timescale as the standard. Two small peak also appeared in the crude
extract of UNMC 78Fn figure 47indicates that other compound also present irsémeple.

The results irfigure 47 which shows that HCA is the major organic acid that isnid in the

fruit sample of UNMC 78Fsince it was resolved as a single peak with no interference from
other compound The identity of HCA peak was confirmed by determination of relative
retentiontime andby spiking with standard HCA. The retention time of HCA in this
experiment is also being confirmed by other publarats well (Jayaprakasha and Sakariah,
1998; Ibnusauckt al.,2000; Jenat al.,2002;Jayaprakasha and Sakariah,2002; Asisd.,

2008, Kumar et al., 2013; Upadhyay et al., 2013 ).
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Figure 46 Chromatogram of HCA standard. The peak can be seen at Rt= 1.088inute
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Figure 47 Chromatogram of ethanol extract of UNMC 78F The peak can be seen at Rt£166 minutes, 1.303 minutes, 1.861 minutes
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4.6 Validation of HCA inhibition using molecular docking study

Molecular modeling has been used in the next part of the thesis in order to validate the
screening result and also $ee the interaction between the inhibitor and CETP virtually.
This study does not aim to find the possible binding poses of HCA but it is to show the most
suitable binding sites for HCA. By using GLIDE (Gitidsed ligand docking with energetics)
moleculardocking software which uses hierarchical filter in order to search for the best
position of the inhibitor with the active site of the protein. This software is the best in order to
search the most probable binding sites of crystal struciu@ETP at wheh HCA would

favour to bind at.

Based on the previous study done by éiwal. (2012), crystal structure of torcetrapib bounds

to CETP binding site has been obtained and RPPx®tein Data Bankidentificationfor this
structure is 4EWS. Based on thisstaf structure, torcetrapib bounds inside the CETP tunnel
and this binding site is used as reference for the molecular docking study of HCA against

CETP.
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CETP tunnel

Figure 48 (a) Image of CETP using solid surface setting in PyMol. (b) Slici
image of CETP where the tunnel is being labelled in red box.
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Figure 49 Ribbon view of docking pose of HCA against CETPThe structure of HCA is

indicated as the stick view.
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Figure 50 2D representation of the ligandreceptor interaction between HCA and
residue model obtained from docking using Glide showing hydrogen bonds involving
backbone atoms (solid purple arrows) and hydrogen bonds involving sidehain atoms
(dashed purple arrows). Polar and hydrophobic residues are depicted with light blue

and green circles respectively.
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Figure 51 3D representation of HCA and residues that involveThe yellow dashed line
indicated the hydrogen bonding of HCA with HIS232 and SER230.

Based on the Molecular docking results by using GLIDE, multiple poses has beenegenerat

but one best pose has been chosen. The best pose has been taken into account based on the
reading of GIDE gscore and GIDE emodel. GLIDE gscore is an empirical scoring
function that approximates the ligand binding free ene@)\IDE e model is a significant
weighting of the force fields components (electrostatic\&aa Der Waals energies). GLIDE

basically use Emodel in order to choose the best pose of a ligand and will rank the best poses
against one another withL@®OE score. SOGLIDE emodel can be summarized as scoring

based orGLIDE score, internal ligand strain (External) and Coulomb ¥ad Der Waals

energy.

Table 11 Docking result of HCA from GLIDE

GLIDE gscore -4.573

GLIDE -31.665

emodel
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The best pose and docking score for molecular docking of HCA to CETP are being
summarized in table above. TKIDE g-score reading is4.573 and thésLIDE emodel

value is-31.665.The GLIDE gscore that is being indicated in table 11 above shows the sum

of the individual Hbond scores for Hhonds between the ligand and given residue. The more
negative the score the stronger thddhding. Based on our results the negative values that

was being obtained indicate that thebbhding between HCA and CETP isag. Based on

this experiment, multiple poses has been generated and GLIDE emodel helps in picking up
WKH peEHVWY SRVH RI D OLJDQG 7KH UHVXOWY REWDLQHG

other poses.

Based on figur&l, there are still large spa left in the N pocket after HCA binding and C
pocket are remain undisturbed. This suggests that HCA entered the tunnel thrughnsl
opening. CETP tunnel are hydrophobic in nature and HCA is deeply buried inside the
hydrophobic tunnel of N terminaBased on the ligand receptor interaction figure, HCA is
occupying the pockt formed by side chains of PHE263, VAL198, GLN199, ILE215,
CYS13, ILEL5, HIS232, VALL36, SER30 and LE217. All of the side chain resida are
hydrophobic at which PHEG3 are beingemarked as hydrophobic neck of the tunnel except
for these three residues which are GLN199, @B® and HE232 which is a polar residues.
Due to this properties, HCA fors hydrogen bonding towards SER® and H$232. This

hydrogen bonds helps in the stapiof the bonding of HCA towards CETP tunnel.

In order to revalidate the producibility of GLIDE docking data, rescoring by using GOLD
suites has been implementethe usage of GOLD has been employed since it is using

different scoring matrices and different algorithm. The idea of revalidation of using different
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docking software is to see whether HCA does bind to the same site when different docking
software has beeuse.The score that provide the same binding site with the saséue
throughGOLD suites indicates that the GLIDE data are reproducible. The bests€irem
value obtaineds 38.6 and it does shows the same binding site and residues compared to

GLIDE results.
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Figure 52 3D superimposed image of HCA and torcetrapib where blue colour stick

indicates torcetrapib and green colour stick is HCA.

Figure 53 3D mesh surface of superimposed image of torcetrapifplue colored stick)

and HCA (green colored stick)
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Figure 54 Enlarged image of superimposed torcetrapib(blue colored stick) and HCA

(green colored stick)

The solved crystallised structure (PDB ID: 4EWS) with known inhibitor, Torcetrapib had

been use as reference for its binding site. The structure had been loaded into Pymol and
FRPPDQG VFULSW puDOLJQY KDV EHHQ XVHG WR aatUHDWH \
HCA. Based orfigure 520 figure 54 torcetrapib and HCA bounds at the same side although

both of them have huge differences in structure. (Reot Mean Square DeviatioRMSD

value that is being obtained through alignment2ig038. The RMSD measuse how

difference the two ligands which are HCA and torcetrapib. The smaller the values of RMSD
indicates how closer and similar the ligands. Based on this result, the value obtained is

expected for this structure (Koilet al.,2008)
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4.7 Molecular dynamic study of HCA inhibition.

Analysis through molecular dynamic study has been done as part of this thesis in order to see
the stability of the HCACETP complex that is being immersed in explicit water molecules in
nanosecond time scalen this dynamic study, the complex are being tested in equilibrium
state at which large scale motions are absent but they are still free to move but not in any
specific direction(Zeiske et al., 2016) This is important to see whether the HCATP
complex is still bind to each other when the molecular dynamic condition is being applied for

the duration of 20ns timescale.

In this work, the interaction between CETP and HCA were studied. The systers tised
HCA-CETP complex and MD simulations were performed with 10ns2fm$. The main
purpose for this study is to see the overall stability of the system in nanosecond time scale
based on th&Root Mean Square DeviatiolRSD) and Root Mean Square Fluctiian

(RMSH that obtained.
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Figure 55 RMSD value for 20ns simulation run

Protein RMSD:In figure 55,shows the RMSDvaluesof a protein (lefty -axis). All protein

frames are first aligned on the reference frame backbone, and then the RMSD is calculated
based on the atom selectionthe systemMonitoring the RMSD of the protein can give
insights into its structural conformation throughout the simulation. The overall structure of
HCA-CETP compx appeared to be equilibrated Iésan 5ns as deciphered the plot in

figure 45 and figure 46. The backbone net displacement which is measuredadson

RMSD reach almost plateau reading after 5ns. The overall RMSD reading are range between
0.8 A, 2.4 A and the highest is 3.2 A. The valuesrseto stabilizearound a fixed value
meaning that the system are already being equilibrateel RMSD values does not fluctuates

and seems to stabilize around fixed values which means that the system are fully equilibrated.

Ligand RMSD: Ligand RMSD (righY -axis) indicates how stable the ligand is with respect
to the protein and its binding pocket. In the above plot, 'Lig fit Prot' shows the RMSD of a
ligand when the proteiigand complex is first aligned on the protein backbone of the
reference and then the RM&iDthe ligand heavy atoms is measured. The values eloitéon

ligand RMSDare almost similar to the protein RMSD indicates the stability of the HCA
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binding.

Figure 56 RMSF value for CETP during 20ns simulation run

The Root Mean Square Fluctuation (RMihalysis is used to characterizing changes along
the protein chain throughout the simulation run. On thisipléigure 56 most of the RMSF

values for amino acid fluctuates betweenA @ 3 A, but there is also some amino acid that

fluctuates highethan that.
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Figure 57 Histogram of Secondary Structure Element (SSE) for every amino acid
residue in CETP during simulation run. The orange region corresponds to the alpha
helix and the blue region corresponds to the beta sheets of CETP.
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Figure 58 SSE analysidike alpha helices and beta strands are monitored throughoutf
the simulation trajectory where top panel shows the percentage of SSE ov@0Ons
simulation time and bottom panel monitors each amino acid redue over time. The
blue region corresponds to beta sheets and the orange region corresponds to alpha helix
strands of CETP.
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Figure 59 Protein interaction diagram with the ligand throughout the simulation run.
The green, purple, pink and blue indicates hytbgen bonds, hydrophobic bonds, ionic

bonds and water bridges, respectively.

The protein interaction diagram are shown above where the interaction can be categorized
into four types such as Hydrogen Bond, Hydrophobic bond, lonic bond and water bridges.
Hydrogen bond can be largely seen on SER 230 and GLN 199. Small traces of hydrogen
bond can be seen on ARG 201. Hydrophobic bonds interaction can be seen at residye ILE
VAL 136, VAL 198, ALA 202 and LEU 228. Small traces of ionic interaction can be aeen
ARG 201. Water bridges interaction can be seen at residue VAL 136, ALA 195, VAL 198,

ARG 201 and H$ 232.
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Figure 60 Summary of interactions betweerresiduesover 20ns simulation run There is

a total of 6 contacts that has been made throughout th2Ons simulation run and this
can be seen on the top panel of the figure. The X values of the bottom panel of the
figures indicates the time taken for the overall simulation run and the Y values shows

the residues that is involves. The values in the middleorresponds to the number of

contacts based on the colour intensity.
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Figure 61 Summary of ligand properties throughout 20ns simulation timewhich
includes Ligand RMSD, radius of Gyration (rGyr), intramolecular hydrogen bonds,
Molecular surface area (MbISA) Solvent accessible surface area (SASA) and Polar
surface area (PSA).Ligand RMSD: RMSD value indicates the root mean square
deviation of a ligand based on the time t=0 which is regard as reference time. Radius of
Gyration (rGyr): Based on the principal moment of inertia and it measures the

S HIWHQGHGQHVV" RI OLJDQG ,QWUDPROHFXODU +\GURJH¢
internal hydrogen bonds (HB) within a ligand molecule. Molecular Surface Area
(MoISA): This value equivalent to Van der Waals surface areaSolvent Accessible
Surface Area (SASA): Considered as a surface area of a molecule accessible by a water
molecule. Polar Surface Area (PSA). Solvent accessible surface area in a molecule

contributed only by oxygen and nitrogen atoms.
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Figure 62 Screenshot of MD simulation starting from Ons to 20ns. There are two pockets that is hgicoloured
purple. The first pocket is the place where HCA is situated before simulation run and the second pocket is the pla
where HCA is situated after 20ns simulation run. The purple colour stick structure is HCA
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Ons

20ns
Figure 63 2D representation of the ligandreceptor interaction between HCA and

residue model obtained from docking using Glideduring Ons and 20ns simulation run,
showing hydrogen bonds involving backbone atoms (solid purple arrows) and hydrogen
bonds involving sidechain atoms (dashed purple arrows). Polar and hydrophobic

residues are depicted with light blue and green circles respectively.

Based orfigure 62 the ligand does show stable bonding inside the CETP tufinisl.can be

proven when HCA does not move outside the tunnel whenever pressure was applied for 20ns
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timescale during the MD simulation. This indicate the stability of the HEEA'P complex
(Alonso et al., 2006). And based on th&gure 63, the comparison of the ligand interaction
can be seen between before and after MD simulation. At Ons, H@#s foydrogn bonding
between SER30 and H8232. And after 20ns of MD simulation, HCA forms hydrogen
bonding between GLN9 and SER30. And based on this analysis, HCA does not deviate

too far and the hydrogen binding to SER230 shows the stability of the complex.

These simulations run give rise to valuable new predictions about the dynamics ef HCA
CETP complex and provide meaningful insights in general into the reliability and
reproducibility of the molecular modeling methods. Overall, the results of HCA binding

towards CETP are very encouraging.

4.8 Structure activity relationship study of HCA analogues.

The final part of this thesis is to study the structargvity relationship (SAR) between

readily available HCA analogues chemical structure that atitablain ZINC 3D database
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and to assess its possible anti CETP effects through in vitro study and the possible binding

site in the CETP tunnel through-gilico study.

ZINC 3D database, the web accessible chemical structure
(http://blaster.docking.orgfac)lrwin & Shoichet, 2005) contain over 4.6million
commercially available structures from over 50 compound vendors. In this part of chapter,
searching through ZINC 3D database was being employed to see the activity relationship
based on the structural similarity iveten HCA analogues and the potential inhibitory effects

against CETP.

Based on ZINC 3D database, there are 9 analogues structure can be obtained. All of the

analogues were then being subjected to molecular docking by GLIDE. Only two of the

analogues arthen being testefbr structural activity relationship (SAR) study.
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4.8.1 SAR studies of ZINC1656421

Figure 64 Chemical structure of ZINC1656421

Figure 653D image of docking between ZINC1656421. The yellow dotted lines shows
the hydrogen bonding between ZINC1656421 and HIS232 and SER230.
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Table 12 Docking Score result of ZINC1656421

GLIDE -4.966

gscore

GLIDE -25.859

emodel

Figure 66 2D representation of the ligandreceptor interaction betweenZINC1656421

and residue model obtained from docking using Glide showing hydrogen bonds
involving backbone atoms (solid purple arrows) and hydrogen bonds involving side
chain atoms (dashed purplearrows). Polar and hydrophobic residues are depicted with

light blue and green circles respectively.
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Based on thedocking result from GLIDE, ZIN@656421 does form hydrogen bonding

towards SER230 and H232. And the docking score dosBow that ZINC16%421 does

have good binding posedhe best pose and docking score for molecular docking of
ZINC1656421to CETP are being summarized in tabh® The GLIDE gscore reading is

4966 and theGLIDE emodel value is25.859 The GLIDE gscore that is being dicated in

table 12 above shows the sum of the individualbeind scores for Hbonds between the

ligand and given residue. The more negative the score the strongebthrediig. Based on

our results the negative values that was being obtained indicatiehdtoonding between
ZINC1656421and CETP is strong. Based on this experiment, multiple poses has been
JHQHUDWHG DQG */,'( HPRGHO KHOSV LQ SLFNLQJ XS WKH

obtained in this experiment is the best rank among other poses.
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4 8.2 SAR studies of ZINC895081

Figure 67 Chemical Structure of ZINC895081

Figure 683D view of dockingbetween ZINC895081 and CETP. The yellow dotted lines
shows the hydrogen bonding between HIS232 and SER230
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Table 13 Docking Score result of ZINC895081

GLIDE gscore -4.732

GLIDE emodel -26.712

Figure 69 2D representation of the ligandreceptor interaction betweenZINC895081

and residue model obtained from docking using Glide showing hydrogen bonds
involving backbone atoms (solid purple arrows) and hydrogen bonds involving side
chain atoms (dashed purple arrows). Polar and hydrophobic residues are depicted with

light blue and green circles respectively.

Hydrogen bonding that shows the stability of toenplex also form between 8232 residue
and SER230 of CETP towards ZINC895081. The hydrogen bonds form due to the presence

of hydroxyl group and the dissociate oxygen chain of ZINC89508ik best pose and
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docking score for molecular docking @gtINC165642 to CETP are being summarized in

table13. The GLIDE gscore reading is4.732and theGLIDE emodel value is26.712 The

GLIDE g-score tlat is being indicated in tablE3 above shows the sum of the individual H

bond scores for Hhonds between the ligarahd given residue. The more negative the score

the stronger the #honding. Based on our results the negative values that was being obtained
indicate that the Hbonding betweerZINC895081 and CETP is strong. Based on this
experiment, multiple poses has begenerated and GLIDE emodel helps in picking up the
HEHVWY SRVH RI D OLIJDQG 7KH UHVXOWY REWDLQHG LQ W

poses.
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Two of the analogues that has been generated via ZINC 3D database has been chosen to
undergo Structural Activity Relationship (SAR) study. Both of this analogues have been
further tested for their inhibition towards CETP usingiimo CETP assay. ZINC1656421 is

also known as potassium hydroxycitrate tribasic monohydrate and ZNC8950&ilsare

known as Isocitric acid.

Figure 70Inhibition of CETP activity by ZINC1656421

Based on CETP assay as summarized above, the IC50 obtaiZéN@i656421

IS 29.87+ 0.032uM.
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Figure 71 Inhibition of CETP activity by ZINC895081

Based on result above, compound 2 does shows inhibition towards CETP activity and the

IC50 obtained is 350.041M.

Both of the analogues which are ZINC1656421 and ZINC895081 does sitomssing

results in thenhibition of CETP activityBoth of theanaloguesloes shows promising results

in the inhibition of CETP activity but the k¢ valuesare higherthan the 1Go of pure
compound ofHCA and from this results suggests that HCA is more potent inhibitor
compared t&ZINC1656421 and ZINC89508The higher the 16 values, the less potent the
inhibitor is.. This explains thaHCA is highly potent due to its properties which is easily
soluble in water or hygroscopic (Lewend Neelakantan, 1964nhd compared to the other

two analogues. This property giving HCA extra benefit because the presence of polar amino
acids in the CETP tunnel which can easily forms strong hydrogen bonding with HGA.

further explains why HCA stablely binds to CETP.

The present results may have important implications for our understanding of the
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pharmacological mechanisms of HCA and its analogues toward CETP activity and this study
of structural features of HCAts analogues and CETP are needed for the design of the new

leads in the discovery of CETP inhibitor.

SAR knowledge reported herein will help to advance this chemical series further and provide
template to produce more potent CETP inhibitors. Preliminary evaluations thresigican
studies and in vitro studies that the metabolic stability of HCA anahétogues series need

to be improved via synthesis. Next goal is the conception of improved compounds which

being obtained through synthesis activity, amenable-tivimtarget evaluation studies.
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Chapter 5. Conclusion

The mainaim of this projecis to assesthe inhibitory effect of Malaysian plasonCETP
activity. It is therefore, concluded from this present study that Malaysian [eal are
sources for isolation of potential inhibitoos hypercholesterolaemimwering agent that
possesses inhibitory effeoh CETP. Two different plants have beecollected which are
Garcinia atroviridis and Garcinia parvifolia. These two plants undergo methods of
extraction and optimization which includes sample preparation EGrRCassay. Two novel
compounds which are clusianone and HCAthentestedon inhibitory effect against CETP
activity. Based on the preliminary dadétained through screening of crude extracts, HCA
were choosen for having d@so of 20.07+ 0.05 0 DQG WKLV YDOMEAMSVKRZV \
highly potent inhibitor onCETP activity. The inhibitory effect of HCA has been further
revalidated usinggenzymekinetic study, molecular docking study and molecular dynamic

study.

HCA inhibition mechanism of actiowere donethrough enzyme kinetic studyhich acts as

an important indicator to access the specific binding interaction that might be involved.
Values generated from experimental results and plotted gnagbest that HCA possess
noncompetitive inhibition dracteristic in respecotCETP where Km is unchanged and
Vmax is increasing as the substrate concentration inctéHsisyery important resulproves

that HCA does possedsug likeinhibitory characteristic as torcetrapib.

An in silico molecular moeling study further support and validate the assay results by pose
and binding site validation and measuring the binding interaction between HCA and CETP.

Our results suggest that HCA does binds to the same sites as torcetrapib in regards of CETP
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tunnel. Molecular dynamic study has been done as part of this thesis in order to see the
stability of the HCACETP complex in nanosecond time scale. The results obtained through
this study suggest that the binding of HCA towards CETP is stable via the hydrogen bond

that exist at the SER 230 throughout 20ns simulation time.

In order to strengthen the result&o analogues of HCA which are being obtained through
ZINC 3D databasehas been selected and being further tested their strautivety
relationship viamolecular docking and CETP assay. The results suggest that HCA is potent
compared to its analogues due to its properties which exhibit higher water solubility and this

is strong evidencthat HCA is a potent inhibitor as CETP tunnel is highly hydrophobic.

This work is mostly pioneering research concerning the interaction of CETP and HCA and
thus paves the way to extetite scope of computational studies in order to gain a much
deeper understanding concerning the inhibition of CEJVerall, this PhD project gives a

firm foundation for future research regarding HCA inhibitanCETP.
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Chapter 6: Future Perspectives

This study has successfully proved that Malan local plantas a source for secondary
metabolitesloes have thgotentialability to inhibit CETP. Hydroxycitric Acid (HCAthat is
available commerciallys surprisingly able to inhibit CETP activityn order to gain deeper
understanding regarding the inhibition of HCA against CETP, several recommeritiation
could be carried out to extend this study. This includes conducting this experinrerivio

level, synthesis of HCA to produce more potent analogues, and to see the interaction

mechanisnbetween HCA and CETP via-bay crystallography.

Due to the positive results of inhibition of HCA against CETP in this PhD project, it beuld
extendto validate the HCA inhibition imnimal contextThis approaclhs important in order

to see the efficacy of HCA inhibition in animal physiology. The né@dvance inn-vivo
approach is by usinig-vivo molecular imaging system whenee can see how does the HCA
inhibition takes place in animal body enabling more complete understanding of the activity of
a potential therapeutic. This is one of the inténgsbreakthrough that we could explore in
CETP or atherosclerosis research at which we could see how does the interaction of HCA in

real time imaging.

Synthesis approach whether it is total synthesis or semi synthesis is another potential area to
be expbred in CETP research. This can be carried out by synthesizing HCA or other
potential CETP inhibitor by chemically adjusting the side chains in that active compounds to

enhance binding affinity towards CETP and thus, increase the inhibitory adtyiiyoxyl
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and amine group can be added in order to increase the hydrogen bonding between HCA and

CETP.

Another interesting field to explore in the CETP research -imyXcrystallography This
enables us to understand the physical relationship between CETRH@Ad X-ray
crystallography is one of the powerful techniques to gain significant understanding of the
mechanism of inhibition by HCAt protein level. This approach can be used to involve HDL
particle in order to better clarify the underlying mechanisetgra the inhibitory function of

the drug.

The novel understanding could be used to develop new molecular agents to fight the
progression of cardiovascular diseases since the existing medicines are not able to prevent all
cardiovascular events. Overdhjs piece of work gives a solid foundation for future research

projects related to natural product and CETP.
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APPENDIX A *Parameters for GLIDE
Al. Table for Protein preparation

Parameters Action

Ligands Delete
Bond order Assign
Hydrogen Bonds Add
Zero order bonds to metal Add
Disulphide bonds Add

Convert selenomethionines to Add

methionines

Fill in missing side chains using Prime Add
Fill in missing loops using Prime Add
Cap termini Add

Delete water Add +within 5A from het groups
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All Table for Docking run

Ligand sampling -Flexible
-Sample nitrogen inversions

-sample ring conformations

Epik state penalties to dockisgore Add

Scaling of Van der Waals -Scaling factor : 0.8

-partial charge cutoff: 0.15

Parameters Action
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APPENDIX B xParameters for GOLD
Bl Table for parameters for GOLD

Parameter Action

Input structure Protein target: 20BD

Observed ligands: HCA

Number ofdocking: 10

Early termination settings Allow termination if top 3 solutions are within

1.5A RMSD

Scoring function Chemscore

GA parameters Population size: 100
Selection pressure: 1.1
Number of operations: 30000
Number of islands: 3

Niche size: 2

Migrate 10

Mutate 95

Crossover 95
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APPENDIX C +Parameters for DESMOND

C1 Table for parameters for protein preparation

Parameters Action

Preprocess and analyse structure Assign bond orders
Add H

Treat metals

Delete water : 5A

H- bond assignment Sample water orientations

Impref minimization RMSD (A) :0.30

Force field: OPLS 2005
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Table CII Table for Generation of solvated system

Solvent model SPC

Boundary conditions Box shape: Orthothombic
Box size calculatioormethod: Buffer

Distances (A): a: 10.0 b:10.0 c: 10.0
Neutralize system Excluded region: Exclude ion and salt

placement within 7.0 A

lon placement: Neutralize

Add salt: Salt concentration = 0.15M
Salt positive ion : N&

Salt negative ion: Ci

Parameters actions

175



Clll Table for simulation parameters

Model system Load from workspace : docking model of
HCA-CETP
Simulation Simulation time : 20ns, elapsed: 0.0

Recording interval : 1.0 ps trajectory 20

Ensemble class: NPT

Temperature (K) : 300.0

Pressure bar: 1.01325

Relax model before simulation: Default
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APPENDIX D *Number of poses for HCACETP docking using GLIDE

No of poses
1

2

10
11
12
13
14
15
16
17
18
19

20

GLIDE gscore

-4.573

-4.436

-4.501

-4.522

-4.516

-.4.307

-.4.467

-4.493

-4.512

-4.533

-4.559

-4.413

-4.492

-4.431

-4.215

-4.390

-4.214

-4.108

-4.215

-4.331

GLIDE gmodel

-31.665

-31.624

-31.621

-31.618

-31.607

-31.601

-31.596

-31.582

-31.578

-31.563

-31.551

-31.548

-31.541

-31.535

-31.501

-31.492

-31.484

-31.470

-31.462

-31.458
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APPENDIX D tNumber of poses for HCACETP docking using GOLD

No of poses chemscore Ranking
1 38.6 1
2 36.4 2
3 35.9 3
4 33.7 4
5 32.0 5
6 31.6 6
7 29.9 7
8 28.1 8
9 274 9
10 23.6 10
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APPENDIX E *Docking results of HCA analogues using ZINC 3D database

Structure name GLIDE gscore GLIDE gmodel
ZINC1656421 -4.966 -25.859
ZINC1656422 -4.907 -24.974
ZINC1656423 -4.822 -24.550
ZINC1656424 -4.806 -22.568
ZINC895175 -4.902 -22.957
ZINC895081 -4.732 -26.712
ZINC895176 -4.686 -30.467
ZINC895179 -4.878 -24.131
ZINC895180 -4.754 -21.725
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APPENDIX F *Publication
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