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ABSTRACT 
The gradual loss of the structure or functionality of neurons, or neurodegeneration, is the root cause of 
neurodegenerative diseases. Parkinson’s disease is a brain disorder that is caused due to degradation of dopamine and 
presence of Lewy bodies and misfolding of protein alpha-Synuclein. COMT [catechol-o-methyl Transferase] is an enzyme 
which degrades the dopamine is a potential target to discover newer Anti-Parkinson drugs. Present marketed drugs have 
major side effects like Sleepiness and fainting, Impulsive and compulsive behaviours, hallucinations and delusions, Blood 
pressure changes so there is a need for development of new drugs. Hence, the present study aims to identify lead moieties 
to inhibit COMT through ligand-based pharmacophore modelling. Ligand-based pharmacophore model was developed 
by using Pharmagist webserver. Based on the model developed, novel ligands were obtained from Zinc-Pharmer 
Database. The server has identified 1000 best possible ligands with high pharmacophoric similarity. Based on Lipinski 
rule it was screened through Using data warrior tool, the identified ligands were filtered and subjected for Molecular 
Docking studies using Auto Dock Vina. Based on binding affinity and amino-acid interaction top ten compounds was 
subjected to ADMET Studies by using PKCSM Webserver. ZINC12218382 was identified as best compound with high 
binding affinity and good amino acid interactions when compared with standard drug.  
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INTRODUCTION 
The gradual loss of the structure or functionality of neurons, or neurodegeneration, is the root cause of 
neurodegenerative diseases. Cell death may ultimately result from such neural injury. Amyotrophic 
lateral sclerosis, multiple sclerosis, Parkinson's disease, Alzheimer's disease, Huntington's disease, 
multiple system atrophy, and prion disorders are a few examples of neurodegenerative illnesses 
[1,2].Parkinson's disease [PD] is a complicated, progressive neurological condition marked by tremor, 
stiffness, and bradykinesia. As the condition worsens, some individuals may have postural instability. it is 
characterised by a variety of motor issues, including bradykinesia, resting tremor, stiffness, flexed 
posture, "freezing," and loss of postural reflexes. Parkinson's is a neurodegenerative illness with several 
factors, including inParkinson's disease, a variety of Factors contribute to neurodegeneration[3].Protein 
misfolding is a condition where normal protein changes to 3-Dimensional structure in the nerve cell 
mutations in genes like SNCA, PARK2, PINK1, DJ-1 and LRRK2 leads to protein misfolding and effects the 
neural function the aggregation of this protein is also called as LEWY BODY [LB’s] [4-7]. The main 
component of this LB’s is “Alpha synuclein “its main function involves axonal transport, synaptic function, 
and neuronal plasticity The mutation of genes and oxidative and nitrosative stress causes aggregation of 
the protein and protein further leads to neurodenegration by obstructing the mitochondrial function [8-
10].The main function of the mitochondria is generation of the energy in the form of ATP disfunction of 
mitochondria causes PD For example, environmental neurotoxin 1-methyl-4-phenyl-1,2,3,4 -
tetrahydropyridine [MPTP] produces parkinsonism. It is converted into toxin named as 1- methyl-4-
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phenylpyridinium [MPP+] By the enzymatic action of MAO-B which obstructs the electron transport chain 
[ETC], leading to mitochondrial dysfunction. This accumulates in the dopaminergic neurons causing 
neuronal death. this leads to the formation of ROS species which increases oxidative stress and decreased 
ATP production which causes High intracellular calcium concentration, nitric oxide [No] and 
excitotoxicity-mediated neuronal damage. Genetic mutations also cause mitochondrial dysfunction. For 
example, in patients with PD, the mutation in maternally inherited 12SrRNA which reduces the activity of 
cytochrome coxidase activity which is Necessary for normal mitochondrial functioning [10-11].Cure for 
the Parkinson’s disease is still unknown but surgery, medications, and physical treatment may deliver 
relief and it may increase quality of patient’s life. Practice of the exercise in the middle age may reduce the 
risk of the disease even caffeine acts protective and vitamin C and E which are antioxidants has protective 
action against the disease.The significance of in silico tools has much importance in advanced 
pharmaceutical research.  Computer-aided drug discovery [CADD] tools provide virtual shortcut, in 
reducing the long process and cost of research and development. Now a days CADD has become an 
effective and indispensable tool in therapeutic development CADD technologies are powerful tools that 
mainly decreases the number of ligands that are required to be screened in experimental assays CADD 
tools identify lead drug molecules for testing, can predict effectiveness and possible side effects, and 
assist in improving bioavailability of possible drug molecules [12]. 
A pharmacophore is the collection of steric and electronic properties required for the best 
supramolecular interactions with a particular biological target and for inducing [or inhibiting] the target's 
biological response.These molecular structures can be classified as hydrophobic, hydrophilic, cationic, 
anionic, donors or acceptors of hydrogen bonds, or any possible combinations of these. The few features 
that make up a pharmacophore model are arranged in a particular 3D manner[13].Putting molecules in 
the best possible positions to engage with a receptor is a process known as docking. A mechanism known 
as "docking" occurs in a cell when molecules are linked together to create a durable complex.Successful 
docking methods search high-dimensional spaces effectively and use a scoring function that correctly 
ranks candidate dockings The ligand is docked onto the receptor and the interactions are checked. The 
scoring function generates score, depending on which the best fit ligand is selected. The ADMET 
[absorption, distribution, metabolism, excretion, and toxicity] characteristics play a crucial role in 
deciding a molecule's fate inside the body. When a molecule is administered orally, a good absorption is 
sought.The distribution and absorption of a molecule throughout the system will be governed by the 
balance of lipophilic and hydrophilic groups in the structure. From a therapeutic standpoint, effectiveness 
and toxicity are important[14]. 
Hence the present work focuses to identify novel molecules to inhibit the COMT enzyme for the treatment 
of Parkinson’s disease through the application of computational tools.  
 
MATERIAL AND METHODS 
Identification and preparation of the Target: The target protien was identified and retrieved from the 
PDB[Protien drug bank] with PDB ID 4XUC with the resolution of 1.80Å in the protien preparation water 
molecules, hetero groups and unwanted ligands were removed  by using the software known as SPBDV 
and saved  in the PDB format[15]. 
Identification of the ligands: The Drugs which are available in the market are selected through 
literature survey which are used as standard and the structures are Dopamine [681], Entacapone 
[5281081], Epinephrine [5816], isoprenaline [3779], L-dopa [6047], Methyldopa [38853], Nebicapone 
[9838389], Nor-epinephrine [439260], Opicapone [135565903], Rimiterol [36283], Selegiline [26757], 
Tolcapone [4659569] are downloaded by the NCBI PubChem website In SDF format [15,16]. 
Ligand based Pharmacophore modelling: The above molecules were introduced to pharmacophore 
modelling by using a web server known as pharmagist which helps to generate pharmacophore features 
for a set of molecules here sybyl Mol2 format was submitted with valid Email-Id the server generates 
multiple combinations of the submitted molecules and it is downloaded in Jmol format.The 
pharmacophoric features obtained as Jmol format is then subjected to ZINC harmer which is a web server 
which is used to screen ZINC database with the pharmacophoric features obtained for the set of 
molecules by this we can recognise the molecules which fulfil the required features it is filtered, and Top 
hits are selected and downloaded as SDF file. The results obtained through the Zinc pharmer is further 
filtered using the software known as Data Warrior based on the Input variables such as Molecular weight, 
RMSD, number of rotatable bonds, Hydrogen Bond donars, Hydrogen bond acceptors etc the results are 
downloaded as SDF file and used for the Docking studies[16]. 
Molecular docking studies: The protein is downloaded and prepared and ligands are downloaded and 
made cluster using Discovery studio in the form Mol SDF File and made ready for the docking studies.The 
docking studies was done using PyRx in which protein is loaded and made macromolecule and then Drug 
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cluster is loaded and energy minimisation is done the protein and drug cluster is converted in to pdbqt 
format the grid box is identified and allowed for the docking and result is downloaded in the pdbqt form 
[17]. 
Building the protein -ligand complex: By using the PYMOL software which is used for the visualisation 
and to make complex here particular drug and protein is made complex and saved as PDB format [18] 
Studying the protein -ligand interactions: The Discovery studio software is used for for both clustering 
the ligands and visualisation of the protein ligand interactions the complex obtained is loaded in the 
discovery studio and analysed for the interactions in the form of 2D and 3D structures [19]. 
ADMET STUDIES 
Based on the results obtained through molecular docking studies Drug likeliness was determined using 
the webserver known as PKCSM[20]. 
 
RESULTS AND DISCUSSION 
Ligand based Pharmacophore modelling: The pharmacophore hypothesis was done using PharmaGist 
server the pharmacophore features obtained consists of 3 features that is 1 aromatic ring 1 hydrogen 
bond donor, 1 hydrogen bond acceptor based on the output file from Pharma Gist   it was introduced into 
Zinc Pharmer to screen and identify compounds with similar pharmacophoric features here we got 1000 
hits and results was downloaded in Mol2 format. This was then introduced into Data Warrior which is a 
screening tool based on the input variables like LogP, Molecular weight, Hydrogen Bond donor, Hydrogen 
Bond Acceptor, number of Rotatable Bonds, polar surface area of standard drugs was compared with the 
drugs obtained through the zinc database and it was filtered it was downloaded in SDF format. 
Molecular docking studies: The molecular docking studies of COMT inhibitors was done the main 
intention was to determine the major binding sites in the protein’s active pocket with PDB ID 4XUC using 
Auto Dock Vina molecular docking was carried out. The Drugs which are used as standard and the 
structures are Dopamine [681], Entacapone [5281081], Epinephrine [5816], isoprenaline [3779], L-dopa 
[6047], Methyldopa [38853], Nebicapone[9838389], Nor-epinephrine[439260], Opicapone[135565903], 
Rimiterol[36283], Selegiline[26757], Tolcapone[4659569] 
Are currently used in the market and among this Inhibitors Tolcapone was found with the Docking score 
of -7.7Kcal/mol and has conventional hydrogen bonding with MET90, GLU249 Pi-Pi stacked interaction 
with TRP193 Pi-Cation interaction with LYS194 Pi-Alkyl interaction with TRP193, LYS194, MET90 
Therefore this interaction helps to understand inhibitory properties of the COMT inhibitors. 
 

Table: 1 DOCKING SCORE AND TYPE OF INTERACTION OF STANDARD DRUGS 
Compound Docking 

score 
Interacting residues Type of Interaction 

ENTACAPONE -5.8 TRP193, LYS194, GLU249 
MET90 

Conventional hydrogen bond, Pi- cation, Pi-Alkyl, 
unfavourable Acceptor-Acceptor 

EPINEPHRINE -6.6 ASP191, GLU140, GLY167, 
TRP193, HIS192, ILE141, 

SER169, GLN170 

Conventional hydrogen bond, Pi-sigma, Pi-Pi Tshaped, 
Carbon Hydrogen bond 

LEVODOPA -6.8 ASP191, ILE139, HIS192, 
TRP193, ILE141, GLU140, 

TYR118 

Conventional hydrogen bond, Pi-Sigma, Pi-Pi T shaped, 
unfavoured Acceptor- Acceptor 

NEBICAPONE -7.3 PRO224, LYS194, MET90, 
ASN220, GLU249, ASP219 

Conventional hydrogen bond, Unfavourable Donor- 
Donor, unfavourable Acceptor- Acceptor, 

Pi-Cation, Pi-Alkyl 
NITECAPONE -6.2 LYS194, GLU249, MET90, 

ASP191 
Conventional Hydrogen bond, Unfavourable Acceptor- 

Acceptor, 
Pi-Cation, Pi-Alkyl 

NOREPINEPHRINE -5.6 GLU249, MET90, ASP191 
LYS194 

Conventional Hydrogen bond, 
Carbon Hydrogen bond, Pi-Cation, 

Pi-Alkyl 
OPICAPONE -7.5 MET90, PRO224, TRP193, 

ASN220, GLU249 
Conventional Hydrogen bond, 

Pi-Cation, Pi-Sigma, Pi-Pi stacked, 
Pi-Alkyl 

SELEGILINE -4.7 GLU77, THR81, ASP94, 
LYS95, GLU84 

Carbon Hydrogen Bond, Pi-Anion 
Pi-Alkyl 

TOLCAPONE -7.7 TRP193, LYS194, GLU249 
MET90 

Conventional Hydrogen bond, Pi-Cation, Pi-Pi Stacked, Pi-
Alkyl 

DOPAMINE -5.8 TRP193, LYS194, GLU249, 
MET90 

Conventional Hydrogen Bond, Unfavourable Acceptor-
Acceptor, 

Pi-Alkyl, Pi-Cation 
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After obtaining molecule from the Zinc Pharma based on the pharmacophore modelling 10 molecules 
were selected and subjected to docking to the protein with PDB ID 4XUC Based on the binding 
interactions the compound are identified the docking score ranges from -8.2 to to- 4.7kcal/mol by 
docking a compound ZINC12218382 was identified with highest binding score of -8.2Kcal/mol which 
exhibits Conventional hydrogen bond with GLU106, Carbon hydrogen bond interaction with ALA102, Pi-
Sigma interaction with ALA102, The binding interaction between Docked molecules and the protein was 
done using Discovery studio Docking study showed that these compounds can bind similarly as that of the 
standard therefore this compound can inhibit COMT Interaction of the Ligands with the protein is given in 
Table2. 
 

 

 
 

Fig1:  2D AND 3D STRUCTURE OF ZINC92764435 
 

 
 

Fig2:  2D AND 3D STRUCTURE OF ZINC09257056 

 
Fig3: 2D AND 3D STRUCTURE OF ZINC94873487 
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Fig4: 2D AND 3D STRUCTURE OF ZINC92833078 

 
Table 2:  Binding Affinity and Type of interaction of ligand with protein 

Compound  Docking score  Interacting 
residues 

Type of Interaction 

ZINC92764435 -7.2  TRP193, ASP195, 
LYS194, ASP191, 
MET90,  
GLU249 

Convention hydrogen bond interaction 
Halogen [Flourine] 
Pi-Cation interaction 
Alkyl interaction  
Pi-Alkyl interaction  

ZINC92508175 -4.7 MET90, LYS194, 
GLU249 

Attractive charge interaction 
Pi-Pi Cation interaction 
Conventional Hydrogen bond interaction  
Pi-Pi alkyl interaction 

ZINC09257056 -6.2 TYR180, TYR163, 
TYR135 
VAL111, ASP181 
 

Convention hydrogen bond interaction  
Pi-Pi Sigma interaction 
Pi-Alkyl interaction  
Pi-Anion interaction  

ZINC94331900 -5.9 LYS95, GLU84, 
ASP94 

Unfavourable Donor-Donor Interaction, 
Pi-Anion Interaction, Alkyl Interaction 

ZINC92833078 -5.9 LYS95, GLU84 Pi-Anion interaction  
Pi-Alkyl interaction  
Convention hydrogen bond interaction  

ZINC94873487 -6.4 MET90, LYS194, 
PRO224,  
TRP193, ASP191 

Unfavourable Donor-Donor Interaction, 
Pi-Cation interaction, 
Alkyl interaction, Convention hydrogen 
bond interaction  

ZINC12218382 -8.2 GLU106, LYS259, 
GLN105, TYR244, 
ALA102, 
ILE99, LYS98 

Convention hydrogen bond interaction, 
 Pi- Sigma interaction, 
Pi-Alkyl interaction,     
  Alkyl interaction, Amide-Pi stacked 
interaction 

ZINC9475994 -7.2 TRP88, ASN220, 
ASP219, 
LEU248, LYS194 

Convention hydrogen bond interaction, 
Alkyl interaction  
Pi-Alkyl interaction, Unfavourable Donor-
Donor Interaction, Pi-Pi stacked 
interaction 

 
ADMET studies 
By Differentiating the ADMET properties of standard drug with the Zincdatabase drug I.e., ZINC1899064 
has Commending properties like water solubility, CaCo2 permeability, CNS permeability and it is non 
hepatotoxic molecule, while other molecules are showing hepatotoxicity.  The zinc data base molecule, 
ZINC1899064 will obey the Lipinski rule of five, by this the molecule can Absorb well by orally and it can 
pass BBB and CNS to show its activity. The drug development process is speed up by the drug-likeness 
filters based on physicochemical characteristics. The drug-likeness rules/filters based on physicochemical 
features, however, have drawbacks, as demonstrated by several research.  The physical properties of drugs 
which is screened as per Lipinski rule is given in Table 3. 
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Table3:DRUG ABILITY STUDIES OF THE LIGANDS VIZ.., PARAMETERS OF LIPINSKI RULE OF FIVE 
Compound Physical Properties Lipinski’s 

Rule Molecular 
weight 

Rotatable 
bonds 

H-bond 
acceptors 

H-bond 
donors 

Surface 
Area 

LOGP 

ZINC92764435 281.32 4 4 2 58.56 1.95 0 
ZINC92508175 289.19 4 2 3 44.90 2.03 0 
ZINC09257056 296.36 6 2 2 58.20 2.64 0 
ZINC94331900 297.41 4 4 2 74.78 2.50 0 
ZINC92833078 297.41 5 4 2 74.78 2.16 0 
ZINC94873487 302.41 4 1 2 111.60 3.41 0 
ZINC71899064 324.44 6 1 2 36.78 2.91 0 
ZINC12218382 410.53 4 2 2 40.80 5.29 1 
ZINC9475994 268.31 4 4 2 62.22 -0.58 0 

 
CONCLUSION 
The molecules which are in the market as an COMT inhibitor Which Dopamine[681], Entacapone 
[5281081], Epinephrine[5816], isoprenaline[3779], L-dopa[6047], Methyldopa[38853], Nebicapone 
[9838389], Nor-epinephrine[439260], Opicapone[135565903], Rimiterol[36283], Selegiline[26757], 
Tolcapone [4659569]used to get ligand-based pharmacophore model. The model gives molecules with 
similar pharmacophoric feature which is obtained from Zinc Data base and Data warrior, these molecules 
were subjected to docking by using Auto Dock Vina and based on docking score and binding interaction, 10 
molecules are obtained. Next further ADMET studies were done by using PKCSM and Swiss ADME online 
software. Which predicts the drug-likeness feature and oral rat chronic toxicity and hepatotoxicity. Based 
on the result molecule ZINC1899064 were predicted as the COMT inhibitor.Furtherin vitro and in vivo 
evaluation on the selected compound will lead to identify a potent lead as COMT inhibitor. 
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