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INTRODUCTION
1.0 INTRODUCTION

Parkinson's disease (PD) was first formally described in "An Essay on the Shaking Palsy," published in 1817 by a London Physician named James Parkinson (1755-1824). James Parkinson systematically described the medical history of six individuals who had symptoms of the disease that eventually bore his name. Unusually for such a description, he did not actually examine all these patients himself but observed them on daily walks. But Jean-Martin Charcot (1825-1893) with Alfred Vulpian (1826-1887) added more symptoms to James Parkinson's clinical description and finally concluded as “PARKINSON’S DISEASE” to the syndrome (http://www.motionscience.ewebsite.com/articles/history-of-parkinsons.html).
The ancient Greek Physician Galen (129-200) who worked in ancient Rome, wrote extensively on disorders of motor function, including the book on tremor, palpitation, convulsion and shivering. He distinguished between forms of shaking of the limb on the basis of origin and appearance. The aged, he noted, exhibited tremor because of a decline in their power to control motion of their limbs. The key to overcoming tremor was to abolish the proximal causes. Arvid Carlsson (1950) demonstrated that dopamine was a neurotransmitter in the brain and not just a precursor for norepinephrine, as had been previously believed. He developed a method for measuring the amount of dopamine in brain tissues and found that dopamine levels in the basal ganglia, a brain area important for movement, were particularly high. He then showed that giving animals the drug Reserpine caused a decrease in dopamine levels and a loss of movement control. These effects were similar to the symptoms of PD (http://viartis.net/parkinsons.disease/history.htm).

PD is one of the most common age-related neurodegenerative diseases. Clinically, most patients suffer from slowness of movement, rest tremor, rigidity, and disturbances in balance. It affects 1 in 500 of the general population and 1 in 100 of those individuals aged 60 or over (Gao et al., 2008). Most cases of PD are classified as sporadic and occur in people with no apparent history of the disorder in their family. Although the cause of these cases remains unclear, sporadic cases probably result from a complex interaction of environmental and genetic factors. Additionally, certain drugs may cause Parkinson-like symptoms. Approximately 15 percent of people with PD have a family history of this disorder. Hence familial cases are caused by mutations in the LRRK2, PARK2, PARK7, PINK1, or SNCA gene, or by alterations in genes that have not been identified. Mutations in some of these genes may also play a role in cases that appear to be sporadic (Tan et al., 2007).


Adenosine, a naturally occurring nucleoside, is involved in a wide variety of physiological and pathophysiological processes. Some of its physiological actions include effects on heart rate and atrial contractility, vascular smooth muscle tone, release of neurotransmitters, platelet function, lipolysis, renal function and white blood cell function. The effects of extracellular adenosine are mediated by adenosine receptors of which four subtypes have been identified in human (Volpini et al., 2009).
Adenosine receptors (AR) belong to the super-family of seven transmembrane domain G protein-coupled receptors. Four subtypes (A1, A2A, A2B, and A3) of receptors have been cloned and characterized (Fredholm et al., 2001). The subtypes are classified on the basis of coupling to second messengers, as well as pharmacological profiles for agonists and antagonists. Adenosine receptors are found in a wide variety of tissues and preside over panoply of biological effects. It is known that A2A and A2B receptors can activate adenylate cyclase while A1 and A3 receptors cause the reverse effects (Hourani et al., 2001). As a result, the ligands of these receptors are desirable for pharmacological and medicinal studies, in particular for the treatment of serious disorders such as hypoxia, asthma, and Parkinson’s disease (Ye et al., 2008).
Adenosine, endogenous ATP metabolite, is highly released during pathological conditions, such as hypoxia and ischemia. Cell distress and tissue damage increase the release of adenosine 200-fold in the extracellular compartment compared to physiological conditions. Adenosine can signal through four cell-surface receptors: A1 receptor, A2A receptor, A2B receptor and A3 receptor, all coupled to GTP-binding proteins. The activation of the adenosine signaling pathways is strictly dependent on the extracellular concentration of the nucleoside. A1 receptor and A2A receptor are activated by low levels of adenosine (0.01 to 1 μM), whereas A2B receptor and A3 receptor require higher amounts (>10 μM). Based on both their tissue/organ expression and on their cell density, adenosine receptors can play differential roles, which can be ascribed to cyclic-AMP (cAMP)-dependent or independent signaling pathways. In this regard, since the four receptors can mediate different effects, it is of note that the activation of one receptor can lead to a signaling pathway that is opposed to the signaling induced by another adenosine receptor (Morello et al., 2009).
Adenosine A2A receptor is selectively localized in striatum for controlling motor activity, it appeared to be an attractive target for a novel treatment in PD. Several selective antagonists of adenosine A2A receptor have shown antiparkinsonian effect in vivo and in vitro without any problematic side effects as that observed in dopaminergic therapy (Matsubara et al., 2002).
Mefloquine (Lariam®) is a clinically useful antimalarial compound, effective against multi-drug resistant strains of Plasmodium falciparum, the protozoan parasite responsible for infection. The antimalarial drug mefloquine has been found to be a reasonably potent and moderately selective adenosine A2A receptor antagonist. Further investigation of this compound has led to the discovery of a series of keto-aryl thieno[3,2-d]pyrimidine derivatives, which are potent and selective antagonists of the adenosine A2A receptor. These derivatives show selectivity against the A1 receptor. Furthermore, some of these compounds have been shown to have in vivo activity in a commonly used model, suggesting the potential utility for the treatment of PD (Gillespie et al., 2008).

Recent clinical evidence has demonstrated that adenosine A2A receptor antagonists effectively decrease motor impairment in Parkinsonian patients who have low risk of dyskinesia, potentially providing an alternative  approach for the treatment of PD, and several companies have now advanced selective antagonists of this receptor into clinical development (Volpini et al., 2009).
The key to rational drug design is that proteins exhibit their function by interacting with other molecular components. Molecular interactions play the key role in all biological reactions. Even most of the drugs exert their pharmacological reactions depend only upon their successful binding to their receptor’s active site inside the body thus either mimicking or mitigating the effect of natural ligand’s binding to the receptor. Hence the understanding of mode of binding of ligand’s to their receptors will be crucial in successful design of more efficient drugs. Experimental methods to identify these binding modes are more expensive and time consuming (Yaseen et al., 2010).

To reduce the cost, researchers have decided that an effective means of generating the simulation of so many binding modes with the help of computing power can be done in silico methods are extremely useful for both finding potential binding sites and also to discover new molecules that could bind to a known site.

OBJECTIVES OF THE STUDY:

i. XP (Extra precision) docking of thieno[3,2-d]pyrimidine-4-methanone derivatives (ligands) to evaluate their interaction with antagonists of the human adenosine A2A  receptor using GLIDE 9.0 (Schrödinger).

ii. Calculating the ADME properties for the top best screened compounds using Qikprop to find out the potential inhibitor against the target human adenosine A2A receptor.

iii. Predicting QSAR (Quantitative Structure Activity Relationship) analysis for screened compounds.

 REVIEW OF LITERATURE
2.0 REVIEW OF LITERATURE
          “Involuntary tremulous motion, with lessened muscular power, in parts not in action and even when supported; with a propensity to bend the trunk forward, and   to pass from a walking to a running pace: the senses and intellects being uninjured.”

    -  James Parkinson, 1817

2.1 PARKINSON’S DISEASE

Parkinson´s disease (PD) is one of the most common neurodegenerative disorders (Yang et al., 2009). It is characterized by the progressive loss of substantia nigra dopaminergic neurons and the presence of cytoplasmic inclusions named Lewy bodies (Bianco et al., 2002). Numbers of biochemical processes are involved in pathogenesis and progression of neurological disorders. The concept of oxidative stress and antioxidants may be directly or indirectly involved in the pathogenesis of PD (Nikam et al., 2009).
2.2 PREVALENCE
Cumulative prevalence of PD is greater than one per thousand people. The estimated sibling risk ratio for PD is around 1.7 (70% increased risk for PD if a sibling has the disease) for all ages, and increases by more than seven times for those younger than 66 years. These data are consistent with a significant genetic contribution to disease risk (Fung et al., 2006). Prevalence estimates PD varies widely across studies but the interpretation of this variation is hampered by differences in methodology and diagnostic criteria (Bergareche et al., 2004). 
2.3 ACTION OF DOPAMINE

During movement, signals pass from the brain's cortex, via reticular formation and spinal cord (pathway A), to muscles, which contract. Other signals pass, by pathway B, to the basal ganglia; these damp the signals in pathway A, reducing muscle tone so that movement is not jerky. Dopamine, a nerve transmitter made in the basal ganglia, is needed for this damping effect. Another transmitter, acetylcholine, inhibits the damping effect (http://www.holisticonline.com/remedies/parkinson/pd_brain.htm).
         FIGURE 1: ACTION OF DOPAMINE IN BASAL GANGLIA
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Source: http://www.holisticonline.com/remedies/parkinson/pd_brain.htm
2.4 GENETICS OF PARKINSON'S DISEASE 
Parkinson’s disease is a frequent neurological disorder of the basal ganglia, which is characterized by the progressive loss of dopaminergic neurons mainly in the substantia nigra pars compacta (Iarlori, 2009). Cognitive deterioration is found in approximately one-firth of individuals affected by PD who progressively develop dementia (Aarsland et al., 2001). The exact causes of PD are not fully established, genetic and environmental factors leading to oxidative stress, mitochondrial dysfunction and apoptosis have been associated with its pathogenesis (Santos et al., 2009). Monogenic forms of recessive parkinsonism caused by mutations in parkin (PARK2), in PINK1 (PARK6) and in DJ-1 (PARK7) represent an important cause of early-onset parkinsonism (Storch et al., 2004).
· Parkin gene (PARK2)
The proportion of parkin mutations is clearly a function of age at onset (82% before age 20 years to 28% between 46 and 55 years). Routine diagnostic testing for quantitative alterations of the parkin gene (PARK2) is now available; such quantitative alterations like exon deletions and duplications cover up to 85% of all known mutations in the parkin gene. Mutations in the parkin gene are a major cause of early-onset autosomal recessive familial PD and isolated juvenile-onset PD (Lücking et al., 2000).

· PINK1 gene (PARK6)
Several European families with recessive parkinsonism supported linkage to the PARK6 locus and pathogenic mutations were shown in the PINK1 gene; the first data indicate that mutations in the PARK6 gene might represent the second most common known genetic cause of parkinsonism and heterozygous mutations might contribute to the disease. 

· DJ-1 gene (PARK7)
Mutations in the DJ-1 gene (PARK7) are rarer (up to 1 % in young onset PD) and not screened in routine diagnostics.

2.5 PATHOGENESIS OF PARKINSON'S DISEASE
PD is pathologically characterized by loss of catecholaminergic neurons in the brainstem. Numbers of biochemical processes are involved in pathogenesis and progression of neurological disorders. The concept of oxidative stress and antioxidants may be directly or indirectly involved in the pathogenesis of PD. Clinical features of PD are tremors of hands, neurographia, bradikinesia, hypokinesia and akinesia. Motor deficits (bradykinesia and rigidity) in PD are mainly caused by degeneration of nigrostriatal dopamine neurons and resulting disturbances within basal ganglia pathways (Müller et al., 2000). 
FIGURE 2: AETIOLOGICAL AND PATHOGENITIC FACTORS OF PARKINSON'S DISEASE
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Source: Mizuno et al., 2008

Recent progresses in the pathogenesis of sporadic PD and genetics of familial PD are reviewed. There are common molecular events between sporadic and familial PD, particularly between sporadic PD and PARK1-linked PD due to alpha-synuclein (SNCA) mutations. As highly phosphorylated aggregated proteins are deposited in nigral neurons in PD, dysfunctions of proteolytic systems. The ubiquitin-proteasome system and autophagy-lysosomal pathway seem to be contributing to the final neurodegenerative process (Mizuno et al., 2008). Genetic susceptibility to environmental toxins due to decreased enzymatic detoxification may play a crucial role in the pathogenesis of PD (Rahbar et al., 2000).
2.6 NEUROPATHOLOGY
A major neuropathological hallmark of PD is the degeneration of dopaminergic neurons in the substantia nigra pars compacta (SNpc) and in other brainstem regions. Second neuropathological feature is the presence of intracytoplasmic inclusions in surviving neurons, which comprise a dense core of different proteins as α-synuclein, parkin, ubiquitin, synphilin-1, tubulin, and other cytoskeletal proteins (Arduino et al., 2011). PD can be caused due to exogenous neurotoxins, infectious agents, mitochondrial hypothesis, genetic hypothesis, and endogenous neurotoxins (Nikam et al., 2009). 
FIGURE 3: LEWY BODY (SUBSTANTIA NIGRA OF THE BRAIN)
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Source: http://www.nottingham.ac.uk/pathology/lewy/lewyinfo.html

As shown in Figure 3, the substantia nigra is populated by nerve cells which contain a dark-brown pigment called neuromelanin. In both Parkinson's disease and Lewy body dementia these cells die and so the substantia nigra appears abnormally pale in comparison to normal. Remaining nerve cells contain abnormal structures called Lewy bodies. 

Sporadic PD involves multiple neuronal systems and results from changes developing in a few susceptible types of nerve cells. Essential for neuropathological diagnosis are alpha-synuclein-immunopositive Lewy neurites and Lewy bodies. The pathological process targets specific induction sites: lesions initially occur in the dorsal motor nucleus of the glossopharyngeal and vagal nerves and anterior olfactory nucleus. The disease process in the brain stem pursues an ascending course with little interindividual variation. The pathology in the anterior olfactory nucleus makes fewer incursions into related areas than that developing in the brain stem. Cortical involvement ensues, beginning with the anteromedial temporal mesocortex. The symptomatic Parkinson cases proposing a staging procedure based upon the readily recognizable topographical extent of the lesions (Braak et al., 2003).
2.7 SYMPTOMS OF PARKINSON'S DISEASE

Measurement of PD symptoms has varied greatly, and this lack of standardized measurement has hindered comparisons of research findings. In general, symptoms have been measured by observer ratings of the presence or absence of symptoms or a measure that combined observer ratings and subjective reports of symptom severity (Dodd et al., 2001). Schrag et al. (2001) studied 92 persons with PD to determine factors predictive of Quality of Life. Such factors included postural instability, hallucinations, falls, gait impairment, dyskinesia, orthostatic hypotension, insomnia, pain, and speech and swallowing impairments. 
Studying the symptom experience of persons with PD could aid in determining the extent to which particular symptoms and symptom dimensions pose a problem and could assist in determining which of these to target for interventions. Symptoms found in this study to be most distressing should be considered when interventions are being developed. It is likely that distress does make symptoms worse, so it is important to assess symptom intensity, duration, and frequency as well as distress when interventions to reduce distress are evaluated (Backer et al., 2006).

2.8 ADENOSINE A2A RECEPTOR

Adenosine, an endogenous purine nucleoside, is a potent regulator of the inflammatory response and stimulus for fibrosis. Adenosine, acting at the A2A receptor, plays a central role in hepatic fibrosis via direct promotion of collagen production by hepatic stellate cells (Block et al., 2010). Adenosine modulates a great variety of physiological functions, such as a general depression of the central nervous system, vasodilation and inhibition of platelet aggregation (Parenti et al., 2006). 
Extracellular adenosine regulates a wide range of functions in higher organisms, in which the effects are mediated by a family of four class A (rhodopsin-like) GPCRs, adenosine receptors known as A1, A2A, A2B, and A3. A2A antagonists, either alone or in combination with dopamine agonists, can have a role in the treatment of neurodegenerative movement disorders such as PD (Ghatol et al., 2010).
2.9 STRUCTURE OF ADENOSINE A2A RECEPTOR

The adenosine A2A receptor belongs to the seven trans-membrane helix G-protein-coupled receptor family is abundant in striatum, vasculature and platelets and is involved in several physiological processes such as blood pressure regulation and protection of cells during anoxia (Weiß and Grisshammer, 2002). Adenosine A2A receptor protein is a member of the G protein-coupled receptor family which possess seven transmembrane alpha helices. The crystallographic structure of the adenosine A2A receptor PDB 3EML reveals a ligand binding pocket distinct from that of other structurally determined G protein-coupled receptors (http://en.wikipedia.org/wiki/Adenosine_A2A_receptor).

FIGURE 4: CRYSTALLOGRAPHIC STRUCTURE OF THE ADENOSINE                   A2A RECEPTOR
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Source: http://en.wikipedia.org/wiki/Adenosine_A2A_receptor

The adenosine class of heterotrimeric guanine nucleotide-binding protein G protein-coupled receptors (GPCRs) mediates the important role of extracellular adenosine in many physiological processes and is antagonized by caffeine. The crystal structure of the human A2A adenosine receptor, in complex with a high-affinity subtype-selective antagonist, ZM241385, to 2.6Å angstrom resolution. Four disulfide bridges in the extracellular domain, combined with a subtle repacking of the transmembrane helices relative to the adrenergic and rhodopsin receptor structures, define a pocket distinct from that of other structurally determined GPCRs. The arrangement allows for the binding of the antagonist in an extended conformation, perpendicular to the membrane plane. The binding site highlights an integral role for the extracellular loops, together with the helical core, in ligand recognition by this class of GPCRs and suggests a role for ZM241385 in restricting the movement of a tryptophan residue important in the activation mechanism of the class A receptors (Jaakola et al., 2008).

2.10 STABILITY OF ADENOSINE A2A RECEPTOR 
FIGURE 5: STABILITY OF ADENOSINE A2A RECEPTOR
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Source: O'Malley et al., 2010

G protein-coupled receptors (GPCRs) constitute the largest family of integral membrane proteins present in all eukaryotic cells, yet relatively little information about their structure, folding, and stability has been published. Several approaches to characterizing the conformational stability of the human adenosine A2A receptor. The stability of human adenosine A2A receptor was increased upon incubation with the agonist N6-cyclohexyladenosine or the antagonist theophylline. When extracellular disulfide bonds were reduced with a chemical reducing agent, the ligand binding activity decreased by [image: image7.png]


40%, but reduction of these bonds did not compromise the unfolding transition observed via urea denaturation. Overall, these approaches offer a general strategy for characterizing the effect of surfactant and ligand effects on the stability of GPCRs (O'Malley et al., 2010).

2.11 A2A RECEPTOR SIGNALING PATHWAYS
A2A receptor is coupled to a Gs protein. Its activation leads to the accumulation of intracellular levels of cAMP generated by the enzyme adenylyl cyclase (AC). This latter triggers the activation of protein kinase cAMP-dependent (PKA) and subsequently activation of cAMP responsive element binding protein (CREB), which in turn inhibits NF-κB. Alternative cAMP-mediated pathway(s) have been also investigated, such as modulation of MAPK signaling pathway (JNK, ERK). A2A receptor stimulation may also induce SOCS-3 expression through EPAC-1 in a cAMP-dependent manner (Morello et al., 2009).

             FIGURE 6: A2A RECEPTOR SIGNALING PATHWAYS
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                                                   Source: Morello et al., 2009

The recent determination of X-ray structures of pharmacologically relevant GPCRs has made these targets accessible to structure-based ligand discovery. Here we explore whether novel chemotypes may be discovered for the A2A adenosine receptor, based on complementarity to its recently determined structure. The A2A adenosine receptor signals in the periphery and the CNS, with agonists explored as anti-inflammatory drugs and antagonists explored for neurodegenerative diseases (Carlsson et al., 2010).
2.12 MECHANISM OF ADENOSINE A2A RECEPTORS

Adenosine A2A receptors are highly concentrated in the striatum, where they play an important modulatory role of glutamatergic transmission to the GABAergic enkephalinergic neuron, which function is particularly compromised in PD. An important amount of preclinical data suggested the possible application of A2A receptor antagonists in PD, particularly as adjuvant therapy to the currently used dopaminergic agonists. Several A2A receptor antagonists are currently in clinical trials in patients with PD and initial results have been promising. Adenosine A2A receptors are expressed with the greatest abundance in the striatum and other nuclei of the basal ganglia. Scheme of the basal ganglia circuitry (involving the dorsal striatum) with the localization of A1-A2A receptor heteromers in glutamatergic cortico-striatal terminals and A2A-D2-mGlu5 receptor heteromers in the GABAergic striatopallidal enkephalinergic neuron (Müller and Ferré, 2007).
FIGURE 7: SCHEME OF BASAL GANGLIA CIRCUITRY

[image: image9.png]0001PRN. pdf (application/pdf Object) - Mozilla Firefox

Ele Edt Vew Hstory Bookmarks Ioos Help

O - C X @ (O i oo o of

~ Google

st ited [} GttingSarted 5] Laest eadines ] CustorizeLiks B Freo ke ) Windows Maretpece ] indows ecia [ Windows

| L] A2A_receptor_bieyer.pra (PG Image.. | | | ] 00D1PRN.pdf (application/pdf Obj..E3 | * |
SE kL €Pziziee (o (] i[fra -

2 Recent Patents on CNS Drug Discovery, 2007, Vol. 2, No. 1

Globus
Pallidus-

Subthalamic
Nucleus

Miiller and Ferré

‘ Glutamate

Fig. (1). Scheme of the basal ganglia circuitry (involving the dorsal striatum) with the localization of Aj-Ag receptor heteromers in
glutamatergic cortico-striatal terminals and A ,-D;-mGlus receptor heteromers in the GABAergic striatopallidal enkephalinergic neuron (see

text).
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The segregated expression of adenosine A2A receptors on the GABAergic striatopallidal medium spiny neurons, where A2A receptor and D2 dopamine receptor mRNAs are co-localized, and the opposing functional interaction between adenosine and dopamine suggest that adenosine A2A receptors may be an important therapeutic target (Rosin et al., 2003). Adenosine A2A receptor agonists provide an avenue to study the inflammation due to sepsis and should be considered for clinical interventions in septic patients. Ultimately, it will be important to delineate which cytokines and cells are the effectors of this anti-inflammatory effect (Moore et al., 2008).
2.13 DIAGNOSTIC CRITERIA 

There is no definitive test for the diagnosis of PD, the disease must be diagnosed based on clinical criteria. Rest tremor, bradykinesia, rigidity and loss of postural reflexes are generally considered the cardinal signs of PD. The presence and specific presentation of these features are used to differentiate PD from related parkinsonian disorders (Jankovic, 2008). The new developments in early diagnosis, establishing surrogate markers, genetics, neuroprotection and cell replacement in PD (Storch et al., 2004). Predictive genetic testing in PD has become available on a commercial basis and helps in the definite diagnosis for monogenic PD's (Choi et al., 2008).
Diagnosis of PD can be difficult in elderly patients because some of the key PD symptoms also may be manifestations of normal aging. Asymmetrical symptom onset, resting tremor, and sustained response to Levodopa are key features that suggest a diagnosis of PD (Pahwa, 2006). The differential diagnosis of parkinsonian disorders based on clinical symptoms remains unsatisfactory, particularly in early disease stages. Early differential diagnosis on the other hand is important as prognosis and treatment options differ substantially (Eckert and Eidelberg, 2004).

2.14 TREATMENT

The clinical utility for mefloquine has been eroded due to its association with adverse neurological effects. Better-tolerated alternatives are required. The objective of the present study was the identification of lead compounds that are as effective as mefloquine, but exhibit physiochemical properties likely to render them less susceptible to passage across the blood-brain barrier (Milner et al., 2010).

The antiparkinsonian potential of A2A receptor blockade has been expanded further by convergent epidemiological and laboratory findings suggesting a possible neuroprotective effect of A2A receptor antagonists in PD (Hauser and Schwarzschild,  2005). Moreover, clinical reports confirmed the potential neuroprotection by Dopamine agonists. Although the patient’s conditions should be considered in the selction of a drug, Dopamine agonist therapy is recommended as the initial therapy for PD (Kondo et al., 2002). Extraneuronal levels of Dopamine in basal ganglia are surprisingly much higher in the parkinsonian than in the control. This outcome of L-DOPA treatment is related to 
            1) Dopamine being a volume transmitter in striatum, and

2) The absence of Dopamine transporters in the parkinsonian brain. 
These latter phenomena are largely responsible for the beneficial therapeutic effects of L-DOPA therapy of PD (Kostrzewa et al., 2005).
The goal of treatment is to control symptoms, thereby allowing quality of life and functional ability to be maintained. Pharmacologic therapies are primarily targeted at stimulating dopaminergic receptors, either by increasing the levels of dopamine or by using dopamine agonists. L-DOPA, the main therapy for PD and a precursor of dopamine, has a short half-life and is quickly metabolized.  L-DOPA therapy is essential for patients in the advanced stages of PD (Pahwa, 2006).

2.15 QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIP (QSAR)

Quantitative Structure-Activity Relationship (QSAR) (also called QSPR - Quantitative Structure-Property Relationship) is the process by which chemical structure is quantitatively correlated with a well defined process, such as biological activity or chemical reactivity. The basic assumption for all molecule based hypotheses is that similar molecules have similar activities. This principle is also called Structure-Activity Relationship (SAR). Researchers have attempted for many years to develop drugs based on QSAR (http://en.wikipedia.org/wiki/Quantitative_structure-activity_relationship).
For 2D QSAR study, compounds were divided into training set and test set. QSAR model was developed using Multiple Linear Regression analysis considering the term selection criterion as r2. Selection of molecules in the training and test set is a key and important feature of any QSAR model. A QSAR attempts to find consistent relationships between the variations in the values of molecular properties and the biological activity for a series of compounds so that these "rules" can be used to evaluate new chemical entities.
   FIGURE 8: DERIVING A NEW QSAR MODEL FROM THE AVAILABLE

 DATA SET
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A QSAR generally takes the form of a linear equation

Biological Activity = Const + (C1 .P1) + (C2 .P2) + (C3 .P3) +...
Where the parameters P1 through Pn are computed for each molecule in the series and the coefficients C1 through Cn are calculated by fitting variations in the parameters and the biological activity, since these relationships are generally discovered through the application of statistical techniques (Katritzky et al., 2006).

MATERIALS & METHODS
3.0 Materials and Methods
3.1 PROTEIN (RECEPTOR) – LIGAND DOCKING

The molecular docking technique can provide many useful clues and insights for drug designs (Ye et al., 2008). The current strategy for drug design focuses on using computational tools to find bound conformations of ligands to larger receptor proteins of a known structure. Ligands that bind specifically to a certain proteins can lead to enzyme inhibition or modulation of signal transduction, and thus can be used as drugs. The goal of protein - ligand docking is to predict the predominant binding model(s) of a ligand with a protein of known three-dimensional structure (Srivastava et al., 2010). The hope of pharmaceutical companies for many years has been that computer aided rational drug design would lead to explosive growth in the area of discovering novel drug molecules.
3.2 LIST OF DATABASES AND TOOLS USED
TABLE 1: LIST OF DATABASES AND TOOLS USED

	DATABASES & TOOLS
	DESCRIPTION

	SWISS-PROT
	To analyse the 3D structure of the target protein human adenosine A2A receptor (3EML).

	PDB
	Target protein (3EML) was downloaded along with the Co-crystal Ligand (ZMA).

	PDBSUM
	To identify the active site residues of target protein (3EML) from Ligplot.

	GLIDE
	Grid based Ligand Docking with Energetics for docking study.

	QIKPROP
	For calculating ADME properties.

	STRIKE
	For predicting Quantitative Structure Activity Relationship (QSAR) model.


3.3 Databases 
3.3.1 SWISS-PROT

Swiss-Prot is a curated protein sequence database which strives to provide a high level of annotation, a minimal level of redundancy and high level of integration with other databases (http://expasy.org/sprot/). The swiss-prot protein sequence database consists of sequence entries. Sequence entries are composed of different line types, each with their own format (Bairoch, 2000). The aim of Swiss-Prot is to provide all known relevant information about a particular protein.
3.3.2 PROTEIN DATABANK (PDB)
The Protein Data Bank (PDB) is a single worldwide repository for the 3D structural data of large biological molecules, such as proteins and nucleic acids. The RCSB PDB also provides a variety of tools and resources. Users can perform simple and advanced searches based on annotations relating to sequence, structure and function. These molecules are visualized, downloaded, and analyzed by users, ranges from students to specialized scientists (http://www.pdb.org/pdb/home/home.do).

Human adenosine A2A receptor was identified as a drug target for the present study. The crystal structure of adenosine A2A receptor was obtained from RCSB Protein Data Bank with the PDB ID: 3EML. 
3.3.3 PDBSUM
PDBsum is a pictorial database providing at-a-glance, an overview of every macromolecular structure deposited in the PDB. It provides schematic diagrams of the molecules in each structure and of the interactions between them. It aims to provide detailed structural analysis of each protein and any bound ligands and metals. RasMol scripts highlight key aspects of the structure, such as the protein domains, PROSITE patterns and protein-ligand interactions, for interactive viewing in 3D. Numerous links take the user to related sites (http://www.ebi.ac.uk/pdbsum/).
3.4 Tools used

3.4.1 MAESTRO 9.0
Maestro is the graphical user interface for all the Schrödinger products: CombiGlide™, Epik™, Glide™, Impact™, Jaguar™, Liaison™, LigPrep™, MacroModel®, Phase™, Prime™, PrimeX™, QikProp™, QSite™, SiteMap™, and Strike™. It contains tools for building, displaying, and manipulating chemical structures; for organizing, loading and storing these structures and associated data; and for setting up, submitting, monitoring, and visualizing the results of calculations on these structures. Maestro runs on SGI, Linux, and Windows platforms. This manual contains an introduction to the Maestro graphical user interface (GUI) and a description of how to use Maestro’s settings, panels, and features to build, import, and manipulate molecular structures. Figure 9 shows the Maestro workspace (below).

                               FIGURE 9: THE MAESTRO MAIN WINDOW
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3.4.2 BUILD PANEL 

The Build panel allows creating structures by drawing or placing atoms or fragments in the Workspace and connecting them into a larger structure, to adjust atom positions and bond orders, and to change atom properties. This panel contains a toolbar and three tabs.
  FIGURE 10: THE BUILD PANEL
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3.4.3 LIGPREP

LigPrep is a robust collection of tools designed to prepare high quality, all-atom 3D structure for large number of drug-like molecules, starting with 2D or 3D structures. The resulting structures can be saved in either (Structure Data) SD or maestro format. The simplest use of LigPrep produces a single, low-energy, 3D structure with correct chiralites for each successfully processed input structure. LigPrep can also produce a number of structures from each input structure with various ionization states, tautomers, stereo chemistries, and ring conformations, and eliminate molecules using various criteria including molecular weight or specified numbers and types of functional groups present. The LigPrep script provides an efficient way to use a set of tools for ligand preparation collectively and consistently. Thieno[3,2-d]pyrimidine-4-methanone derivative compounds chosen as small ligand molecules were drawn using build panel and prepared by LigPrep available in the Schrödinger software.
                            FIGURE 11: THE LIGPREP PANEL
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3.4.4 QIKPROP

QikProp is a quick, accurate, easy-to-use absorption, distribution, metabolism, and excretion (ADME) prediction program designed by Professor William L. Jorgensen. QikProp predicts physically significant descriptors and pharmaceutically relevant properties of organic molecules, either individually or in batches. In addition to predicting molecular properties, QikProp provides ranges for comparing a particular molecule’s properties with those of 95% of known drugs. ADME studies of the prepared ligands were done using QikProp and the results obtained were saved.

                                       FIGURE 12: THE QIKPROP PANEL
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3.4.5 PROTEIN PREPARATION 
A typical PDB structure file consists only of heavy atoms, can contain waters, cofactors, and metal ions, and can be multimeric. The structure generally has no information on bond orders, topologies, or formal atomic charges.  Terminal amide groups can also be misaligned, because the X-ray structure analysis cannot usually distinguish between Oxygen (O) and Nitrogen (NH2). Ionization and tautomeric states are also generally unassigned. Glide calculations use an all-atom force field for accurate energy evaluation. Thus, Glide requires bond orders and ionization states to be properly assigned and performs better when side chains are reoriented when necessary and steric clashes are relieved. The entire procedure can be performed in the Protein Preparation Wizard panel, from the Workflows menu on the main toolbar. The target protein (human adenosine A2A receptor) three-dimensional structure was taken from the PDB (3EML.pdb) was refined using AMBER force field modified for glide docking. The refined protein was saved in .png format.
        FIGURE 13: PROTEIN PREPARATION WIZARD
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3.4.6 RUNNING AND MONITORING JOBS
Maestro has panels for each product for preparing and submitting jobs. To use these panels, appropriate product and task from the Applications menu and its submenus should be chosen. Set the appropriate options in the panel, and then click Start to open the Start dialog box and set options for running the job. The Monitor panel is the control panel for monitoring the progress of jobs and for pausing, resuming, or killing jobs. The text panel shows various output information from the monitored job, such as the contents of the log file. While jobs are running, the Detach, Pause, Resume, Stop, Kill, and Update buttons are active. When there are no jobs currently running, only the Monitor and Delete buttons are active. When a monitored job ends, the results are incorporated into the project according to the settings used to launch the job.

                       FIGURE 14: JOB LAUNCHING WINDOW
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3.4.7 DOCKING METHOD - GLIDE (GRID BASED LIGAND DOCKING WITH ENERGETICS)
Docking studies using Glide were performed for 31 thieno[3,2-d]pyrimidine-4-methanone derivatives with human adenosine A2A receptor, having a PDB entry code 3EML (2.6 Å). Preparation of the protein for docking included removal of ligand and solvent coupled with addition of hydrogen atoms. Extra precision (XP) mode of Glide was used for the docking studies. Glide offers the full spectrum of speed and accuracy from high throughput virtual screening of millions of compounds to extremely accurate binding mode predictions, providing consistently high enrichment at every level. 
                  FIGURE 15: THE GLIDE DOCKING HIERARCHY
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Glide searches for favorable interactions between one or more ligand molecules and a receptor molecule, usually a protein. Each ligand must be a single molecule, while the receptor may include more than one molecule Eg: a protein and a cofactor. Glide can be run in rigid or flexible docking modes; the latter automatically generates conformations for each input ligand. The combination of position and orientation of a ligand relative to the receptor, along with its conformation in flexible docking, is referred to as a ligand pose. The ligand poses that Glide generates pass through a series of hierarchial filters that evaluate ligands interaction with the receptor. The initial filters test the spatial fit if the ligand to the defined active site, and examine the complementarity of ligand-receptor interactions using a grid-based method patterned after the empirical Chem Score function.  Poses that pass the screens enter the final stage of the algorithm, which involves evaluation and minimization of a grid approximation to the OPLS-AA non-bonded ligand interaction energy. Finally, the minimized poses are re-scored using Schrödinger’s proprietary Glide Score scoring function. Glide Score is based on Chem Score, but includes a steric-clash term and adds buried polar terms (Rewards) devised by Schrödinger to penalize electrostatic mismatches:
GScore = a * vdW + b * Coul + Lipo + Hbond + Metal + Rewards + RotB + Site

 where,
vdW          =   van der Waals interaction energy

Coul          =   Coulomb interaction energy

Lipo          =   Lipophilic-contact plus phobic-attractive term

HBond      =   Hydrogen-bonding term
Metal         =  Metal - binding term

Rewards    =  various reward or penalty terms

RotB         =   Penalty for freezing rotatable bonds.

Site           =   Polar interactions in the active site.

3.4.7.1 RECEPTOR GRID GENERATION
The shape and properties of the receptor are represented on a grid by several different sets of fields that provide progressively more accurate scoring of ligand poses. Choose Receptor Grid Generation from the Glide sub menu of the Applications menu. The option in each tab of the Receptor Grid Generation panel allows defining the receptor structure by excluding any co-crystallized ligand that may be present, determine the position and size of the active site as it will be represented by receptor grids, and set up glide constraints. Ligand docking jobs cannot be performed until the receptor grids have been generated. Receptor Grid Generation requires a “prepared” structure: an all atom structure with appropriate bond orders and formal charges. The Receptor Grid Generation panel has three tabs, which is used to specify settings for the receptor grid generation job:

· Receptor
· Site
· Constraints
FIGURE 16: THE RECEPTOR GRID GENERATION
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3.4.8 LIGAND DOCKING
Glide ligand docking jobs requires a set of previously calculated receptor grids and one or more ligand structures. The force field used for docking is the OPLS_2001 force field. Typically, glide standard-precision (SP) docking is used to find probable good binders in a large set: the top-scoring 10% to 30% can then be investigated more intensively using glide extra-precision (XP) docking or other methods available from Schrödinger. The ligand docking panel has five tabs Settings, Ligands, Constraints, Similarity and Output.    

FIGURE 17: THE SETTINGS TAB OF THE LIGAND DOCKING PANEL
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3.5 METHODS  
3.5.1 TARGET PROTEIN 
The protein molecule chosen for the docking studies was “Human adenosine A2A receptor”. The crystal structure of human adenosine A2A receptor was used as target structure in the current study. It was obtained from RCSB Protein Data Bank with the PDB ID: 3EML.
FIGURE 18: CRYSTAL STRUCTURE OF HUMAN ADENOSINE A2A RECEPTOR
[image: image20.png]crosoft Word E)=)

Pl Edt Vew Iuet Fomat ook Table Window Help Type aquestion for help 1+ | X

DEEHRLISRVE| s B S Q1 9 100% - @ | diRead |3

% New Microsoft Word Document - Wi

Drow = L | utoshapes- \ N\ 1O ] Al £ (8 19| & - Z- A
Page 1 Sec 1 11 At 4.6" ln4 Col1 REC| [TRK| ExT | OvR | G

T [@ o © i





The structural details of the protein (3EML) are as follows:
Adenosine A2A Receptor (AA2AR) 
Crystal structure resolution                      :  2.60 Å
Chains present                                           :  A

Total residues                                            :  448 amino acids 
Crystallography method                            :  X- ray diffraction

Space Group                                              :  P 21  [image: image21.png]



R-value                                 

       :  0.198
Ligand chemical Component (co-crystal) :  ZMA 
3.5.2 COLLECTION OF LIGANDS
With proper literature support, a serious of 31 compounds of thieno[3,2 d]pyrimidine-4-methanone derivatives were considered for this study. These derivatives were drawn using maestro Build panel.
3.5.3 GLIDE - LIGAND DOCKING

To find the binding affinities between target receptor and screened out compounds, an automated flexible docking of ligands at the flexible active site of receptor was carried using Glide (Schrödinger, 2009). Glide uses a hierarchical series of filters to search for possible locations of the ligands in the active-site region of the receptor.  The shape and properties of the receptor are represented on a grid by several different sets of fields that provide progressively more accurate scoring of the ligand poses. Conformational flexibility is handled in Glide by an extensive conformational search, augmented by a heuristic screen that rapidly eliminates unsuitable conformations, such as conformations that have long-range internal hydrogen bonds. The hierarchical search gives Glide exceptionally high accuracy in predicting the binding mode of the ligand.  At the same time, the computational cost is dramatically reduced compared to what would be required for a complete systematic search.  The key to this reduction is that the algorithm allows the rotamer groups to be optimized one at a time for a given core conformation and location of the ligand. Before docking process, several separate pre-docking steps: ligand preparation, receptor preparation and grid generation were performed.  
The ligand and receptor preparation stage involved
· Fixing structures first, 

· Deleting unwanted chains and waters, 

· Fixing or deleting hetero groups, and

· Finally performing some optimization of the fixed structure
The ligands and receptor molecule preparation was followed by grid construction. For conformational search Glide uses a “Stochastic Search” docking algorithm. The algorithm approximates a complete systematic search over ligand positions, orientations, and conformations in the receptor site. The energy minimization stage utilizes the Monte Carlo simulation algorithm. The docked structures were then viewed and the results were saved using maestro working panel.

3.5.3.1 Step by Step Docking Method
1. Import the protein co-crystallized structure; 3EML was downloaded from the        Protein Data Bank.

2. All the water molecules were deleted.

3. Adjust the ligand bond orders and formal charges.

4. One ligand exists in two active site of the protein.
5. Docking was done, targeting the active site by keeping the appropriate ligand             as reference.

6. Run protein preparation.
3.5.3.2 SCHEMATIC REPRESENTATION OF LIGAND CONSTRUCTION

Glide
Structure of ligands was drawn in Maestro and saved in Maestro format

The structures was saved in the specific folder
3.5.3.3 SCHEMATIC REPRESENTATION OF TARGET AND LIGAND FITTING
3EML target structure was loaded into Glide software

Structure of ligands was loaded

Binding site specified

Ligand was docked with adenosine A2A receptor (3EML)

Results and docking score was saved

3.6 QUANTITATIVE STRUCTURE ACTIVITY RELATIONSHIP- STRIKE

Quantitative structure-activity relationship (QSAR) describes how a known biological activity can differ as a function of molecular descriptors derived from the chemical structure of a set of molecules. Many physiological activities of a molecule can be associated to their composition and structure. Molecular descriptors, which are numerical depictions of the molecular structures, are used for performing QSAR analysis (Latha, and Sharmila, 2010). QSAR models, it is necessary to construct numerical descriptors of a set of molecules. A descriptor represents a quantitative property that depends on the structure of molecule (Ray et al., 2008).
QSAR attempts to correlate chemical structure with activity using statistical approaches. The QSAR models are useful for various purposes including the prediction of activities of untested chemicals. QSAR and other related approaches have attracted broad scientific interest, particularly in the pharmaceutical industry for drug discovery and in toxicology and environmental science for risk assessment. An assortment of new QSAR methods have been developed during the past decade, most of them focused on drug discovery. QSAR approaches are employed in conjunction with improved knowledge of the structure and function of the target receptor (Perkins et al., 2003).

Using a collection of chemical structures and associated properties, Strike applies one of several regression methods to derive a QSAR and return statistical measures of its accuracy and significance. Once a satisfactory hypothesis has been obtained, Strike can quickly use this hypothesis to predict activities or drug likeness of large virtual libraries. The Strike workflow for model generation / validation generally consists of three steps namely,
· Data preparation

· Model generation and validation

· Model application
3.6.1 PREPARING TEST AND TRAINING SETS

The next step is to separate the 31 ligands into two sets, a test set and a training set. Choosing a random selection method from the select menu of project table can do this. These (20) selected entries counter in upper right corner of the panel act as a training set. Then the test set is validated against the training set compounds. The test set will be those molecules in the project table that were not members of the training set. Choosing invert from the select menu of the project table does this. Regression analysis seeks to determine the values of parameters for a function that cause the function to best fit a set of data observations that you provide. The following equation expresses these relationships in symbols and shows that regression is the process of estimating the value of a continuous target (y) as a function  (F) of one or more predictors (x1, x2,…,xn), a set of parameters (θ1, θ2, …, θn), and a measure of error (e).

                                                Y=F(x,θ) + e

The predictors can be understood as independent variables and the target as a dependent variable. The error, also called the residual, is the difference between the expected and predicted value of the dependent variable. The regression parameters are also known as regression coefficients.

3.6.2 BUILDING A PARTIAL LEAST SQUARE MODEL

It is known from the general solubility equation that a relationship exists between a compound’s aqueous solubility and its logP and melting points. Using this idea we can generate a model by including a logP estimate from QikProp along with a handful of molecular properties. Using Partial least square (PLS) regression method a statistical model was created for the chosen ligands. Linear equations are generated that describe the relationship between a group of factors and a dependent descriptor. The goal of PLS is to find factors that explain the variance in both the independent and dependent descriptors.

1. Choose Build QSAR model from the Strike submenu of the applications menu.

2. Ensure that the PLS regression method is selected.
3. The independent variables namely number of rotatable bonds, volume and partition co-efficient are selected against (QplogS) the active property; that is the dependent variable to be fit.
                                    FIGURE 19: QSAR BUILD PANEL
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A satisfactory QSAR relation was generated using the partial least squares (PLS). PLS, in particular, is able to identify linear combinations of the original physiochemical descriptors that are better for correlating the data thereby providing statistically more robust solutions. Thus applying it to test data with known target values and comparing the predicted values with the known values test a regression model is validated.

3.6.3 EXAMINING PLS MODEL-BUILDING RESULTS

A particular set of diagnostic statistics generated by model X with Y factor is called a predictor. Four predictors are listed in the results table of the build QSAR model panel after the model-building job has finished. We can report, view, plot the graph, delete or predict the QSAR model. More information about the model and the predictors is given in the output file (jobname.out).
      FIGURE 20: STATISTICS OF BUILD QSAR MODEL
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3.7 OUTPUT JOB FILES
Jobname_lig.mae                  The input ligand structure file.

Jobname_lig_prep.mae        The post preparation ligand structure file.

Jobname_lig_ref.mae           The post refinement ligand structure file if present,

                                                                                                                                                                                                                                                                                                                                                                                                                             the Receptor structure file contains only the Receptor file.
Jobname_prot.mae               The input receptor structure files.

Jobname_prot_prep.mae      The post preparation receptor structure file.

Jobname_prot_ref.mae         The post refinement receptor structure file.

                                              Contains the Receptor and ligand structure unless

                                              there is a separate Ligand structure file.

Jobname.log                         The log file for the complete preparation and Refinement job.

Jobname_predict out.mae    The output file for the generated QSAR model.
RESULTS & DISCUSSION
                       4.0 RESULTS AND DISCUSSION
 The new in silico screening method is highly efficient for identifying potential lead compounds against major infectious diseases. The present study entitled “Identification of potential inhibitors for human adenosine A2A receptor from the derivatives of thieno[3,2-d]pyrimidine-4-methanone” encompasses the screening of inhibitory activity of thieno[3,2-d]pyrimidine-4-methanone derivatives against human adenosine A2A receptor. The results obtained were presented and discussed in this chapter.
4.1 RESULT OF LIGPLOT ANALYSIS

The active site of the target protein (3EML) was identified using LIGPLOT. The figure shows the intermolecular interaction like hydrogen bonds, hydrophobic interactions and atom accessibilities. Hydrogen bond interactions are indicated by dashed lines between the atoms involved, while an arc represents hydrophobic contacts with spokes radiating towards the ligand atoms they contact. The active site residues are shown in Figure 21.

FIGURE 21: INTERACTION OF ZMA WITH 3EML RECEPTOR
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FIGURE 22

STRUCTURE OF CO-CRYSTAL AND THIENO[3,2-D]PYRIMIDINE-4-METHANONE DERIVATIVE COMPOUNDS  WITH THEIR  MOLECULAR FORMULA

	ZMA
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C17H16F6N2O1
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C17H12F3N1O1
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	Compound 8
[image: image29.png]== B image - Windows Picture and Fax Viewer EX

Zistart [ ©)mo-odaFr.. | ) 0o-Goges.. | mportant-vir.. | B INTROGREVE... | G NewMcrosoft... | G materiskandm... | B image 2 sinage-Wind.. | @Jor 0 7R




C14H9F3N2O1S1
	Compound 9
[image: image30.png]= 9 image - Windows Picture and Fax Viewer EX

Zistart | 9 mo-odarr.. | ) 0o-Googes.. | mportant-vir.. | B INTROGREVE... | G NewMcrosofc... [ materskandmi | B image 2 Simage-Wind.. | @Jor 0 20PN
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C14H8F3N3O1S1
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C14H8F3N3O1S1
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C14H8F3N3O1S1
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C13H8F3N3O1S1
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C13H7F3N2O1S2
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C13H7F3N2O2S1
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C11H8N4O1S2

	Compound 25
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C11H6B1N4O1S2
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C13H11N3O2S2
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C5H6N2O1S1
	Compound 32
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C6H7N1O2S1

	Compound 33
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C6H4N2O2S1


	Compound 34
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C6H2Cl2N2S1

	Compound 35
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C11H5Cl1N2O1S2


TABLE 2
THE CALCULATED GLIDE SCORE, GLIDE BINDING ENERGY, NUMBER OF HYDROGEN BONDS AND BOND DISTANCE VALUES FOR THE MOLECULES TESTED FOR ADENOSINE A2A RECEPTOR ANTAGONISTS BY EXTRA PRECISION (XP) DOCKING RESULTS

	S.No


	Compound
	Glide score
	Glide energy

( Kcal/Mol )
	Interaction

( D-H…A )
	Distance

      (Å)

	1
	ZMA
	-8.784
	-43.53
	(N-H…O)A:ASN 253

(N-H…O)A:GLU 169

A:ASN 253(N-H…O)
	3.112

3.127

3.072

	2
	Compound 28
	-10.073


	-45.76


	A:ASN 253(N-H…N)

(N-H…O)A:ASN 253

(O-H…O)A:GLU 169
	3.130

3.008

3.142

	3
	Compound 1
	-9.918
	-27.54
	(O-H…O)A:GLU 169
(N-H…O)A:GLU 169
	2.969

2.926

	4
	Compound 25
	-9.856
	-38.92
	A:ASN 253(N-H…N)

(N-H…O)A:ASN 253
	3.119

3.101

	5
	Compound 6
	-9.847
	-31.01
	A:ASN 253(N-H…N)
	3.138

	6
	Compound 24
	-9.792
	-45.28
	(N-H…O)A:GLU 169
(N-H…O)A:ASN 253

A:ASN 253(N-H…N)
	2.987

2.700

3.248

	7
	Compound 8
	-9.684
	-36.50
	A:ASN 253(N-H…N)
	3.470

	8
	Compound 7
	-9.461
	-32.94
	A:ASN 253(N-H…N)
	3.100

	9
	Compound 9
	-9.114
	-34.00
	A:ASN 253(N-H…O)
	3.021

	10
	Compound 29
	-8.337
	-44.24
	(O-H…O)A:ILE 80
	2.724

	11
	Compound 11
	-8.148
	-32.85
	(N-H…O)A:GLU 169
	2.920


FIGURE 23: INTERACTION BETWEEN ZMA AND ADENOSINE A2A RECEPTOR
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FIGURE 24: INTERACTION BETWEEN COMPOUND 28 AND ADENOSINE A2A RECEPTOR
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FIGURE 25: INTERACTION BETWEEN COMPOUND 1 AND ADENOSINE A2A RECEPTOR
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FIGURE 26: INTERACTION BETWEEN COMPOUND 25 AND ADENOSINE A2A RECEPTOR
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FIGURE 27: INTERACTION BETWEEN COMPOUND 6 AND ADENOSINE A2A
RECEPTOR
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FIGURE 28: INTERACTION BETWEEN COMPOUND 24 AND ADENOSINE A2A RECEPTOR
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FIGURE 29: INTERACTION BETWEEN COMPOUND 8 AND ADENOSINE A2A
RECEPTOR
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FIGURE 30: INTERACTION BETWEEN COMPOUND 7 AND ADENOSINE A2A RECEPTOR
[image: image64.png]CEX

onHep
sH8 5 @ B H By page:[1of1 ]
B | ") zoom: [ 150 % Q@ uLap- - B

Ready OCR Language: Englsh [

= =

©
©
=
=
L.
)





FIGURE 31: INTERACTION BETWEEN COMPOUND 9 AND ADENOSINE A2A
RECEPTOR
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FIGURE 32: INTERACTION BETWEEN COMPOUND 29 AND ADENOSINE A2A RECEPTOR
[image: image66.png]Sico

ument Imaging, CEX

Fle Edt Vew Page Toos Window Help

sH8 5 @ B H By page:[1of1 ]
B | ") zoom: [ 150 % QA a2 -BEAB

OCR Language: Englsh [

= @2

@
@
L=
=
L
]





FIGURE 33: INTERACTION BETWEEN COMPOUND 11 AND ADENOSINE A2A RECEPTOR
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	ZMA
	                             COMPOUNDS



	
	
	1
	6
	7
	8
	9

	Mol. weight

(130 to 725)
	337.340
	378.317
	303.283
	304.271
	310.293
	308.277

	SASA

(300-1000)
	626.068
	591.418
	534.556
	528.368
	514.059
	515.670

	Volume

(500-2000)
	1053.233
	1031.266
	909.264
	902.327
	871.499
	864.329

	Donor HB

(0.0 to 6.0)
	4
	2
	1
	1
	1
	-

	Hb accpt HB

(2.0 to 20.0)
	6.75
	4.2
	2.7
	3.7
	3.7
	4

	Qplogs

(-6.5 to 0.5)
	-4.119
	-4.677
	-5.070
	-4.610
	-4.514
	-4.276

	QplogKp

(-8.0 to -1.0)
	-3.468
	-3.612
	-0.833
	-0.921
	-1.295
	-1.272

	QplogBB

(-3.0 to 1.2)
	-1.929
	0.926
	0.242
	0.207
	0.222
	0.343

	Human oral absorption

(>80% -high

<25% - poor)
	High
	High
	High
	High
	High
	High

	Rule of five
	0
	0
	0
	0
	0
	0

	QP log HERG

(<-5.0)
	-6.456
	-5.532
	-5.686
	-5.566
	-5.210
	-5.368

	Qplog Po/w

(-2.0 to 6.5)
	1.634
	3.997
	4.388
	3.898
	3.710
	3.581


TABLE 3
ADME PROPERTY FOR THE SCREENED COMPOUNDS
	
	COMPOUNDS



	
	11
	24
	25
	28
	29

	Mol. wt 

(130 to 725)
	323.292
	276.33
	287.354
	305.369
	319.396

	SASA

(300-1000)
	543.854
	485.844
	528.873
	545.940
	579.248

	Volume

(500-2000)
	914.311
	803.001
	877.447
	914.035
	975.025

	Donor HB 

(0.0 to 6.0)
	-
	3
	1
	2
	2

	Hb accpt HB 

(2.0 to 20.0)
	5.5
	5.5
	4.5
	6.2
	6.2

	Qplogs

(-6.5 to 0.5)
	-3.859
	-1.757
	-3.993
	-3.469
	-3.845

	QplogKp

(-8.0 to -1.0)
	-1.625
	-5.210
	-1.410
	-2.387
	-2.289

	QplogBB

(-3.0 to 1.2)
	0.07
	-0.515
	-0.194
	-0.824
	-0.923

	Human oral absorption

(>80% -high

<25% - poor)
	High
	High
	High
	High
	High

	Rule of five
	0
	0
	0
	0
	0

	QP log HERG 

(<-5.0)
	-5.487
	-5.731
	-5.623
	-5.411
	-5.628

	Qplog Po/w

(-2.0 to 6.5)
	3.008
	0.792
	3.047
	2.058
	2.415


To study interaction and potency of thieno[3,2-d]pyrimidine-4-methanone derivative compounds  were docked into active site of adenosine A2A receptor using Glide. The top 10 compounds (Compound 1, Compound 6, Compound 7, Compound 8, Compound 9, Compound 11, Compound 24, Compound 25, Compound 28 and Compound 29) with best Gscore were selected from the extra precision (XP) docking studies. The compounds with best Gscore are given in Table 2. These top ranked compounds were further analyzed for their pharmacokinetic properties using QikProp.

ADME prediction for these top hits is based on models derived by QikProp. The models for in silico profiling are usually chosen based on the internal experiences (Prediction reliability), consistency of the approach and its integration with current drug discovery workflows. The early in silico profiling for liabilities is intended to increase a computational alert. They require experimental profiling and appropriate adjustment of models that would rule out late phase failures.

The aqueous solubility (Log S) reflects the concentration of S of the drug in mol/l for a saturated aqueous solution in equilibrium with the crystalline material, while the octanol/water partition coefficient (log P) gives the log of the concentration ratio of the drug at equilibrium partitioning between octanol and water phases. Each property evaluated in silico for the top best docked compounds are summarized in Table 3.

Compound 28 showed the best GScore value of -10.073, a minimum energy of -45.76 kcal/mol having three hydrogen bond interaction with the residues of A:ASN 253(N-H…N), (N-H…O)A:ASN 253 and (O-H…O)A:GLU 169 having hydrogen bonds of length 3.13Å, 3.008Å and 3.142Å  respectively. Top best all 10 compounds showed high human oral absorption in pharmacokinetic studies. Thus based on GScore, glide energy, interaction and pharmacokinetic properties, compound 28 was found to be the best-ranked compound against all docked compounds.

4.2 QSAR RESULTS

A QSAR model was developed in order to correlate the antiviral activity, specifically the human adenosine A2A receptor inhibition activity, for thieno[3,2-d]pyrimidine-4-methanone derivatives (31 compounds). The model was constructed for training set (n=20) compounds with a total of 4 molecular descriptors (3 independent and 1 dependent) using the Partial Least Square analysis to derive a linear relationship between the antiviral activity and molecular descriptors.

  FIGURE 34: SELECTION OF TRAINING SET FROM 31 COMPOUNDS
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FIGURE 35: VALIDATING THE MODEL AGAINST TEST SET
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The 3 dependent variables are Volume (Volume), No of rotatable bonds (Rotor) and Partition co-efficient (QplogPo/w). The dependent variable taken for the study is Aqueous solubility (QplogS).
FIGURE 36: DESCRIPTORS EMPLOYED TO BUILD QSAR MODEL
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The regression equation was derived showing the line of best fit, and then the equation was tested for external validation with a test set (n=19) compounds.
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The robustness and predictability of (PLS) method, was verified by internal and external cross-validation methods. To cross validate the build QSAR model, Leave one-out (LOO) cross-validation algorithm was applied. This method trains the learning algorithm using the training data points. The PLS regression statistics, listing standard deviation (S.D), R-squared, F-factor and P-value.

FIGURE 37: LEAVE ONE OUT CROSS VALIDATION STATISTICS
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FIGURE 38:  PLOT FOR THE PREDICTED VS EXPERIMENTAL    ACTIVITIES OF A TRAINING SET
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FIGURE 39: PLOT FOR THE PREDICTED VS EXPERIMENTAL ACTIVITIES OF A TEST SET [image: image74.png]& New Microsoft Word Document - Microsoft Word =X
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TABLE 4
STATISTICAL RESULTS OF THE BUILD QSAR MODEL

	S.NO
	STATISTICAL MEASURE

	VALUES

	1
	SD-Standard deviation of the regression


	0.3882

	2
	R – squared value for the regression


	0.9644

	3
	F-Variance ratio


	114.7

	4
	P-Significance level of variance ratio


	3.071e-09

	5
	RMSE-Root-mean-square error of the test set


	0.4765

	6
	Q-squared- Value of Q2 for the predicted activities of the test set.


	0.7450


Thus the QSAR model generated has good correlation coefficients (r2 = 0.86, q2 = 0.74) thus indicating good predictive ability between its structure and function.
SUMMARY & CONCLUSION

5.0 SUMMARY AND CONCLUSION

An integrated structure-based and ligand-based drug design approach was used to understand the recognition process of the antagonists on the human adenosine A2A receptor. Adenosine A2A receptor antagonists are potential for the treatment of Parkinson’s disease, and several companies have now advanced selective antagonists of this receptor into clinical development (Gillespie et al., 2008). 
The present study entitled “Identification of potential inhibitors for human adenosine A2A receptor from the derivatives of thieno[3,2-d]pyrimidine-4-methanone”  focuses on evaluation of the interaction and binding affinity of thieno[3,2-d]pyrimidine-4-methanone derivatives with human adenosine A2A receptor as a target by using the commercially available docking software GLIDE. This thieno[3,2-d]pyrimidine-4-methanone derivative includes library of 31 compounds  collected from the literature studies. XP docking was performed for both co-crystal ligand (ZMA) and thieno[3,2-d]pyrimidine-4-methanone derivatives. Among the 31 compounds docked, top 10 compounds were selected based on the Glide score compared with co-crystal ligand. The top ranked (10) compounds were further subjected to pharmacokinetic studies. The compound 28 satisfied the pharmacokinetic properties and had a high level of human oral absorption.
Thus the compound 28 having the most negative score of -10.073 and lowest docking energy of –45.76 kcal/mol, was found to be the best-ranked compound against all docked compounds with co-crystal. It had also shown three strong hydrogen bond interaction with the residues of A:ASN 253(N-H…N), (N-H…O)A:ASN 253, (O-H…O)A:GLU 169 of length 3.130Å, 3.008Å, 3.142Å respectively. 

Quantitative Structure Activity Relationship (QSAR) analysis of the antagonists of thieno[3,2 d]pyrimidine-4-methanone derivative compounds were evaluated. A good correlation between 20 training and 19 test set compounds with four descriptors were obtained with the R2=0.96, q2=0.74, F ratio of 114.7, P value of 3.071e-09 and RMSE of 0.4765 respectively. The models were cross-validated using leave one out algorithm. Large F value, R2 value, and small P value, Root means Square error value (RMSE) proves this regression is more statistically significant and the model has greater degree of confidence.

The results of the current project suggest a deep insight regarding the ligand binding efficiency, the major role of the descriptors and the right structural features needed to develop the adenosine A2A receptor antagonists. Based on overall studies, Compound 28 was found to be more potent inhibitor based on Gscore, Glide energy, hydrogen bond interaction with residues in the active site of the adenosine A2A receptor and ADME results. 
Through iterative medicinal chemistry, the in vivo studies of thieno[3,2-d]pyrimidine-4-methanone derivatives have demonstrated that 4-keto-arylthieno[3,2-d]pyrimidine derivatives show strong antagonism of the human adenosine A2A receptor. In in silico studies also the compound 28 present in the same derivatives show strong antagonism of the human adenosine A2A receptor. To conclude the compound 28 (C13H11N3O2S2) may be used as antagonists of adenosine A2A receptor and can be used as a lead for designing further pharmaceuticals for the second generation drug discovery. This study may give insight to develop a novel antiparkinson drug.
BIBLIOGRAPHY 

BIBLIOGRAPHY

· Aarsland, D., Andersen, K., Larsen, J.P., Lolk, A., Nielsen, H and Sorensen, P (2001), Risk of dementia in Parkinson’s disease: a community-based, prospective study, Neurology, 56:730–736.

· Arduíno, D.M., Esteves, A.R and Cardoso, S.M (2011), Mitochondrial Fusion/Fission, Transport and Autophagy in Parkinson's Disease: When Mitochondria Get Nasty, Parkinson's Disease, 2011:1-13.

· Backer, J.H (2006), The symptom experience of patients with Parkinson's disease, J. Neurosci. Nurs. 38(1):51-57.

· Bairoch, A and Apweiler, R (2000), The SWISS-PROT protein sequence database and its supplement TrEMBL in 2000, Nucleic Acids Res.  28(1):45–48.

· Bergareche, A., Puente, E.D., Munain A.L., Sarasqueta, C., Arce, A., Poza, J.J and Massó, J.F.M (2004), Prevalence of Parkinson’s disease and other types of Parkinsonism A door-to-door survey in Bidasoa, Spain, J. Neurol. 251:340–345.

· Bianco, C.L., Ridet J.L., Schneider B.L., Déglon, N and Aebischer, P (2002), α-Synucleinopathy and selective dopaminergic neuron loss in a rat lentiviral-based model of Parkinson’s disease, PNAS,  99:10813–10818.
· Block, E.T and Cronstein, B.N (2010), Interferon-gamma inhibits adenosine A2A receptor function in hepatic stellate cells by STAT1-mediated repression of adenylyl cyclase, Int. J. Infereron Cytokine Mediator Res. 2010(2):113–126.

· Braak, H., Tredici, K.D., Rüb, U., Vos, R.A.I., Steur, E.N.H.J and Braak, E (2003), Staging of brain pathology related to sporadic Parkinson’s disease, Neurobiol. Aging, 24:197–211.

· Carlsson, J., Yoo, L., Gao, Z.G., Irwin, J.J., Shoichet, B.K and Jacobson, K.A (2010 ), Structure-based discovery of A2A adenosine receptor ligands, J. Med. Chem. 53(9):3748-55.

· Choi J.M., Woo M.S., Ma H.I., Kang S.Y., Sung Y.H.,  Yong S.W., Chung S.J., Kim J.S., Shin H.W., Lyoo C.H., Lee P.H., Baik J.S., Kim S.J.,  Park M.Y., Sohn Y.H., Kim J.H., Kim J.W., Lee M.S., Lee M.C., Kim D.H and Kim Y.J (2008), Analysis of PARK genes in a Korean cohort of early-onset Parkinson disease, Neurogenetics,  9:263–269.
· Dodd, M., Janson, S., Facione, N., Faucett, J., Froelicher, E. S., Humphreys, J., Lee, K., Miaskowski, C., Puntillo, K., Rankin, S and Taylor, D (2001), Advancing the science of symptom management, Journal of Advanced Nursing, 33:668-676.

· Eckert, T and Eidelberg, D (2004), The role of functional neuroimaging in the differential diagnosis of idiopathic Parkinson’s disease and multiple system atrophy, Clin. Auton. Res. 14:84–91.
· Fredholm, B.B., IJzerman, A.P., Jacobson, K.A., Klotz, K.N and Linden, J (2001), International union of pharmacology, XXV. Nomenclature and classification of adenosine receptors, Pharmacol. Rev. 53:527–552.

· Fung, H.C., Scholz, S., Matarin, M., Sánchez, J.S., Hernandez, D.,  Britton, A., Gibbs, J.R., Langefeld, C., Stiegert, M.L., Schymick, J., Okun, M.S., Mandel, R.J., Fernandez, H.H., Foote, K.D., Rodríguez, R.L., Peckham, E., DeVrieze, F.W., Hardy, K.G., Hardy, J.A and Singleton, A (2006), Genome-wide genotyping in Parkinson’s disease and neurologically normal controls: fi rst stage analysis and public release of data, Lancet. Neurol. 5:911–916.
· Gao, J.P., Sun, S., Li, W.W., Chen, Y.P and Cai, D.F (2008), Triptolide protects against 1-methyl-4-phenyl pyridinium-induced dopaminergic neurotoxicity in rats: Implication for immunosuppressive therapy in Parkinson’s disease, Neurosci. Bull. 24(3):133-142.
· Ghatol, S.P., Verma, S., Agarwal, K and Sharon, A (2010), Pharmacophore Distance Mapping and Docking Study of Some Benzimidazole Analogs as A2A receptor antagonists, IJPSDR, 2(1):71-77.
· Gillespie, R.J., Adams D.R., Bebbington, D., Benwell, K., Cliffe I.A., Dawson, C.E., Dourish, C.T, Fletcher, A, Gaur, S., Giles, P.R., Jordan, A.M., Knight, A.R., Knutsen, L.J., Lawrence, A., Lerpiniere, J., Misra, A., Porter, R.H., Pratt, R.M., Shepherd, R., Upton, R., Ward, S.E., Weiss, S.M and Williamson, D.S (2008), Antagonists of the human adenosine A2A receptor. Part 1: Discovery and synthesis of thieno[3,2-d]pyrimidine-4-methanone derivatives, Bioorg. Med. Chem. Let. 18(9):2916-2919.

· Hauser, R.A and Schwarzschild, M.A (2005), Adenosine A2A receptor antagonists for Parkinson's disease: rationale, therapeutic potential and clinical experience, Drugs Aging, 22(6):471-482.

· Hourani, S.M., Boon, K., Fooks, H.M and Prentice, D.J (2001), Role of cyclic nucleotides in vasodilations of the rat thoracic aorta induced by adenosine analogues, Br. J. Pharmacol. 133:833–840.

· http://www.motionscience.ewebsite.com/articles/history-of-parkinsons.html

· http://viartis.net/parkinsons.disease/history.htm
· http://www.holisticonline.com/remedies/parkinson/pd_brain.htm
· http://www.nottingham.ac.uk/pathology/lewy/lewyinfo.html
· http://en.wikipedia.org/wiki/Quantitative_structure-activity_relationship
· http://en.wikipedia.org/wiki/Adenosine_A2A_receptor
· http://expasy.org/sprot/
· http://www.pdb.org/pdb/home/home.do
· http://www.ebi.ac.uk/pdbsum/
· Iarlori, C (2009), Anti-Inflammatory Agents in Parkinson’s Disease, Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 8:72-84.

· Jaakola, V.P.,   Griffith, M.T.,   Hanson, M.A.,   Cherezov, V.,   Chien, E.Y.,   Lane, J.R.,   Ijzerman, A.P and Stevens, R.C (2008), The 2.6 angstrom crystal structure of a human A2A adenosine receptor bound to an antagonist, Science, 322:1211-1217.

· Jankovic, J., (2008), Parkinson’s disease: clinical features and diagnosis, J. Neurol Neurosurg Psychiatry, 79:368–376.

· Katritzky, A.R., Kulshyn, O.V., Slavova, S, I., Dobchev, D.A., Kuanar, M., Fara, D.C and Karelson, M (2006), Antimalarial activity: a QSAR modeling using CODESSA PRO software, Bioorg. Med. Chem. 14(7):2333-2357. 
· Kondo, T (2002), Initial therapy for Parkinson’s disease: levodopa vs. dopamine receptor agonists, J. Neurol. 249(2):25–29.

· Kostrzewa, R.M., Nowak, P., Kostrzewa, J.P., Kostrzewa, R.A and Brus, R (2005), Peculiarities of L-DOPA treatment of Parkinson’s disease, Amino Acids, 28:157–164.
· Latha D.P  and Sharmila J.S (2010), QSAR study for the prediction of Half Maximal Inhibitory Concentration of Compounds structurally similar to Glycerol,  Turk. J. Biochem. 35(4):287–292.

· Lücking, C.B.,  Dürr, A.,   Bonifati, V., Vaughan, J., Michele, G., Gasser, T., Harhangi, B.S., Meco, G., Denèfle, P., Wood, N.W., Agid, Y., Nicholl, D., Breteler, M.M.B., Oostra, B.A., Mari, M.D., Marconi, R., Filla, A., Bonnet, A.M., Broussolle, E., Pollak, P.,  Rascol, O., Rosier, M., Arnould, A and Brice, A (2000), Association between Early-Onset Parkinson's Disease and Mutations in the Parkin Gene, N. Engl. J. Med. 342:1560-1567.
· Matsubara, E., Shoji, M and Abe, K (2002), The treatment of Parkinson's disease-adenosine A2A receptor antagonists, Nippon. Rinsho. 60(1):112-116.

· Milner, E., McCalmont, W., Bhonsle, J., Caridha, D., Cobar, J., Gardner, S., Gerena, L., Goodine, D., Lanteri, C., Melendez, V., Roncal, N., Sousa1, J., Wipf, P and Dow, G.S (2010), Anti-malarial activity of a non-piperidine library of next-generation quinoline methanols, Malaria Journal, 9:51.

· Mizuno, Y., Hattori, N., Kubo, S., Sato, S., Nishioka, K., Hatano, T.,  Tomiyama, H., Funayama, M., Machida, Y and  Mochizuki, H (2008), Progress in the pathogenesis and genetics of Parkinson's disease, Philos. Trans. R. Soc. Lond. B. Biol. Sci. 363(1500):2215–2227.

· Moore C.C., Martin, E.N.,  Lee G.H., Obrig, T., Linden, J and Michael, S.W (2008), An A2A adenosine receptor agonist, ATL313, reduces inflammation and improves survival in murine sepsis models, BMC Infectious Diseases, 8:141.

· Morello, S., Sorrentino and R., Pinto, A (2009), Adenosine A2A receptor agonists as regulators of inflammation: pharmacology and therapeutic opportunities, Journal of Receptor, Ligand and Channel Research, 2:11–17.

· Müller, C.E and Ferré, S (2007), Blocking Striatal Adenosine A2A Receptors: A New Strategy for Basal Ganglia Disorders, Recent Patents on CNS Drug Discovery, 2:1-21.
· Müller, U., Wächter, T., Barthel, H., Reuter, M and Cramon D.Y.V (2000), Striatal [123I]â-CIT SPECT and prefrontal cognitive functions in Parkinson’s disease, J. Neural Transm. 107:303–319.

· Nikam, S., Nikam, P., Ahaley, S.K and Sontakke A.V (2009), Oxidative Stress in Parkinson’s Disease, Indian Journal of Clinical Biochemistry, 24(1):98-101.
· O'Malley, M.A., Naranjo, A.N., Lazarova, T and Robinson, A.S (2010), Analysis of adenosine A2A receptor stability: effects of ligands and disulfide bonds, Biochemistry,  49(43):9181-9.

· Pahwa, R., (2006), Understanding Parkinson's disease: an update on current diagnostic and treatment strategies, J. Am. Med. Dir. Assoc. 7(7):4-10.

· Parenti, M.D., Fioravanzo, E., Mabilia, M., Gallo, G and Ciacci, (2006), A Induced fit and pharmacophore generation approach applied to A2A adenosine receptor antagonists,  ARKIVOC,  8:74-82.

· Perkins, R., Fang, H., Tong, W and Welsh, W.J (2003), Quantitative structure–activity relationship methods: Perspectives on drug discovery and toxicology, Environ. Toxicol. Chem. 22(8):1666-1679.

· Rahbar, A., Kempkes, M., Müller, T., Reich, S., Welter, F. L., Meves, S., Przuntek, H., Bolt, H.M and Kuhn, W (2000), Glutathione S-transferase         polymorphism in Parkinson’s disease, J. Neural. Transm.  107:331–334.

· Ray, S., De, K., Sengupta, C and Roy, K (2008), QSAR study of lipid peroxidation-inhibition potential of some phenolic antioxidants, Indian J. Biochem. Biophys. 45:198-205.

·  Rosin, D.L., Hettinger, B.D., Lee, A and Linden, J (2003), Anatomy of adenosine A2A receptors in brain: Morphological substrates for integration of striatal function, Neurology, 61(11):12-18.
· Santos E.F.D., Busanello, E.N.B., Miglioranza, A., Zanatta, Â., Barchak, A.G., Vargas, C.R., Saute, J., Rosa, C., Carrion, M.J., Camargo, D., Dalbem, A., Costa, J.C., Miguel, S.R.P.S., Rieder, C.R.M and Wajner, M (2009), Evidence that folic acid deficiency is a majordeterminant of hyperhomocysteinemia in Parkinson´s disease, Metab. Brain. Dis. 24:257–269.

· Schrag, A., Jahanshahi, M and Quinn, N (2001), What contributes to depression in Parkinson's disease? Psychological Medicine, 31(1):65-73.
· Srivastava,V., Gupta, S.P., Siddiqi, M.I and Mishra, B.N (2010), Molecular docking studies on quinazoline antifolate derivatives as human thymidylate synthase inhibitors, Bioinformation, 4(8):357-365.

· Storch, A., Hofer, A., Krüger, R., Schulz, J.B., Winkler, J and Gerlach, M (2004), New developments in diagnosis and treatment of Parkinson’s disease – From basic science to clinical applications,  J. Neurol. 251(6):33–38.
· Tan, E.K and Skipper, L.M (2007), Pathogenic mutations in Parkinson disease, Hum. Mutat. 28(7):641-53.

· Volpini, R., Ben, D.D., Lambertucci, C., Marucci, G., Mishra, R.C., Ramadori, A.T., Klotz, K.N., Trincavelli, M.L., Martini, C and Cristalli, G (2009), Adenosine A2A Receptor Antagonists: New 8-Substituted 9-Ethyladenines as Tools for in vivo Rat Models of Parkinson’s Disease, ChemMedChem. 4:1010 – 1019.

· Weiß, H.M and Grisshammer, R (2002), Purification and characterization of the human adenosine A2A receptor functionally expressed in Escherichia coli, Eur. J. Biochem. 269:82-92.

· Yang, J.O., Kim, W.Y., Jeong, S.Y., Oh, J.H., Jho, S., Bhak, J and Kim, N.S (2009), PDbase: a database of Parkinson's Disease-related genes and genetic variation using substantia nigra ESTs, BMC Genomics, 10(3):3-32.

· Yaseen, G and Sudhakar, J (2010), Design, synthesis and antimicrobial activity of 2-mercaptobenzimidazole derivatives, Int. J. Pharmacog. Biosci. 1(4):281-286.

· Ye, Y., Wei, J., Dai, X and Gao, Q (2008), Computational studies of the binding modes of A2A adenosine receptor antagonists, Amino Acids, 35:389–396.



























_1363502199

