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PROTEIN-LIGAND DOCKING STUDY FOR THE IDENTIFICATION OF 

BINDING SITES AND LIGANDS AGAINST THE ISCHEMIC STROKE 

RECEPTORS 

Mohamed Ifran, Heshani Mudalige, Ominda perera 

School of Science, BMS, Sri Lanka 

ABSTRACT 

Globally, Ischemic stroke is an onerous 

disease which is the foremost reason for 

permanent disabilities and second leading 

cause of morbidity. It is mediated by 

various pathophysiological pathways. 

Prevailing current treatments are restricted 

to anti-platelet therapy and thrombolytic 

agent which may pave a way to 

hemorrhagic condition. Antagonism for 

PAF-R and S1R has become a novel 

therapeutic strategy for ischemic stroke. 

Receptor and phytochemicals 3D 

structures were retrieved from RCSB PDB 

and PubChem. BD and SSD were carried 

out in Autodock. In vina, *.BAT file was 

created to execute docking for 

phytochemicals in a single config.txt file. 

Based on BE and Ki, phytocompounds 

were short-listed and further filtered in 

relevant to ADME properties including 

the Lipinski’s rule of five, GI absorption 

and PAINS which were verified by 

SwissADME webtool. Ramachandran plot 

and redocking (-10.7 kcal/mol, 

RMSD=0.382) for 5ZKP and 5HK1 (-10.1 

kcal/mol, RMSD= 0.354) were carried out 

for validation. Docking poses and 

interactions were analysed in BIOVIA DS 

and Ligplot+. Blazeispirol X showed best 

BE= -11.76 kcal/mol, Ki= 6.6 nM in AD4 

SSD and vina (-12.1 kcal/mol) for 5ZKP 

and manoalide showed best results of 

(BE=-10.18 kcal/mol, Ki= 34.35 nM in 

AD4 SSD for 5HK1 while licoricidin 

showed -10.9 kcal/mol in vina. PHE 174, 

PHE 97, LEU 279 and TRP 73 were 

identified as common AARs in 5ZKP. As 

the most common AARs in 5HK1, 

MET93, ALA185, LEU182, TYR103, 

TYR206, and LEU495 were identified.  

Future research can be performed based on 

this study to uncover phytochemicals to 

treat ischemic stroke.  

Key words: PAF-R, S1R, .BAT, 

Blazeispirol X 

 

ABBREVIATIONS 

IS : Ischemic stroke 

AD4 : Autodock 4 

BD : Blind docking 

SSD : Site specific docking  

MD : Molecular dockings 

PAF-R : Platelet activating factor receptor  

S1R : Sigma 1 receptor 

GPF : Grid parameter file 

DPF : Docking parameter file 

GLG : Grid log file 

DLG : Docking log file 

BBB : Blood brain barrier 

HB : Hydrogen bond 

HPI : Hydrophobic interaction 

BE : Binding energy 

BA : Binding affinity 

GA : Genetic Algorithm  

LGA : Lamarckian genetic algorithm 

AAI : Amino acids interaction 

AAR : Amino acid residues 

PDB : Protein Data Bank 

PCA : Principal component analysis 

LC-MS : liquid chromatography mass 

spectrophotometry 
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INTRODUCTION 

Ischemic stroke 

Stroke is an exigent disease that leads to 

a high morbidity, and it has developed as 

one of the three most ubiquitous and 

critical illnesses across the globe (Katan 

and Luft, 2018; Yang et al., 2022). 

Furthermore, stroke has a high disability 

rate, leading to perpetual disability for 

about half of its survivors (Donkor, 2018). 

Age, hypertension, obesity, 

hyperlipidemia, diabetes, smoking, and 

alcohol consumption are major risk factors 

linked with stroke (Kuriakose and Xiao, 

2020). With the increase in the ageing 

population the incidence of stroke is 

predicted to continue increasing, and by 

2030, the mortality of stroke may surpass 

12% (Xing et al., 2012). Thus, stroke 

surges the worldwide economic and social 

burden (Xu et al., 2021). In general, stroke 

can be divided into ischemic stroke (IS) 

and hemorrhagic stroke (HS), based on the 

way the blood flow is interrupted. 

Hemorrhagic stroke ensues from the 

ruptures of a debilitated blood vessel, 

resulting in the accumulation of blood in 

the neighbouring brain tissue (Chauhan 

and Debette, 2016). Of the two, ischemic 

stroke is the main type which amounted to 

87% of all strokes (Moon et al., 2021). 

Symptoms of IS depend upon the location 

where the brain damage occurs. 

Commonly, the symptoms are face 

drooping, arm weakness, slurred speech 

and diplopia, bulbar palsies, and 

dysphagia (Musuka et al., 2015). 

thrombolysis, mechanical thrombectomy 

and neuroprotective therapies are the 

current major treatment available for IS 

(Liaw and Liebeskind, 2020). 

 
Pathophysiology of ischemic stroke 

Excitotoxicity, focal cerebral ischemia, 

hypoxia, energy depletion, oxidative 

stress, neuronal apoptosis, nerve necrosis 

and blood-brain barrier (BBB) disruption 

mainly express the pathophysiological 

process of IS (Zhou et al., 2021; Orellana-

Urzúa et al., 2020).  

 

protein-ligand docking  

Protein–ligand docking is important 

method to understand therapeutic 

utilization (Huang and Zou, 2010). The 

primary aim of this is to predict the 

conformation and orientation (binding 

poses) of a ligand when it binds to a 

protein receptor. Tertiary (3D) structures 

of proteins are essential to determine the 

functions of protein such as interactions 

and binding affinity. Computational 

docking is considered an imperative 

approach for study of protein-ligand 

interactions and for drug discovery and 

development (Hernández-Santoyo et al., 

2013). The docking techniques can be 

classified as blind and site-specific 

docking. Blind docking is executed as the 

grid box covers the entire protein receptor. 

This method is an excellent technique for 

the detection of binding sites of (novel) 

proteins. However, being computationally 

slow is the drawback of this approach. 

Site-specific docking is performed when 

the binding pocket is known which is 

comparatively quick and accurate (Meng 

et al., 2011). Figure 2 depicts the 

summative procedure of docking 

 
 
 
 
 
 
 
 
 

Figure 1: Pathophysiological pathways 

of Ischemic stroke (Barzegar et al., 2021) 
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Figure 2: Steps involved in docking 

(Protein–Ligand Docking - Profacgen, 

2022) 

 
Protein receptor selection 

Biologically active in the stable state is 

the main characteristics of receptors. The 

study focuses on proteins which are novel 

target for ischemic stroke in humans. The 

selection of target protein for docking 

purpose is according to their X-ray 

diffraction. The selected protein should be 

free from protein break in entire 3D 

conformity, and in PDB formats to 

encounter prerequisites of docking 

analysis. X-ray crystallographic structures 

of 5ZKP Human platelet-activating factor 

receptor (PAF-R) and Human Sigma-1 

receptor Enzyme (S1R) are prepared for 

docking as shown in Table 1. 

 
Table 1: Details of the receptors used in the study 

 
 
 
 
 
 
 
 
 
 
 
 
Ligand selection 

Ligands must have the ability to interact 

with the target receptor. In this study, FDA 

approved drugs (Figure 3) and 

phytochemicals (Table2) are used as 

ligands based on the cost-effectiveness 

and effortless availability

. 

 
 
 
 
 

Figure 3: (A) ABT-491_HCL (B) Azelastine (C) Ketotifen (D) Rupatadine (E) Nilotinib 

 

 
 

A B C D E 
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Table 2: Few Phytochemicals used in the study 

 
 
 
 
 
 
 
 
 
 

 
Software utilization 

AutoDock is an open-source, molecular 

modelling software available freely that is 

utilized for protein-ligand docking with 

high accuracy. AutoDock Vina is one of 

the fastest and most broadly operated 

open-source docking engines. It is a 

computational docking program that runs 

on a simple scoring function and rapid 

gradient-optimization conformational 

search. AD4 provides better binding site 

prediction with precalculated grid-maps. 

UCSF Chimera is an alternative advanced 

software platform for docking through 

vina and visualization of molecular 

structures (Butt et al., 2019; El-Hachem et 

al., 2017). Visualization software such as 

PyMOL, BIOVIA DS and LigPlot are 

beneficial to analyse and obtain the 

structures of protein complex (Laskowski 

and Swindells, 2011) 

 

Validation 

Redocking and superimposition are the 

methods used to validate the docking 

procedure, exclude false-positive result, 

and examine the productiveness (Saliu et 

al., 2021). Ramachandran plot can be used 

for assessing the precision of predicted 

protein structure (Agnihotry et al., 2022). 

As a secondary verification tool, 

Ramachandran plots assists to verify the 

stereochemistry and geometry of the 

complex by creating that none of the 

geometries are in the plot’s prohibited 

electrostatically unfavored regions (Patil 

et al., 2019). 

 

Significance of the study 

IS remains the prominent reason of 

morbidity and mortality. Existing stroke 

treatment is restricted to two groups of 

FDA-approved drugs of thrombolytic 

agents (tissue plasminogen activator 

(tPA)) and antithrombotic agents (aspirin 

and heparin). After onset of stroke 

symptoms, these current treatments have a 

limited time-window (<4.5 h) for 

administration. While thrombolytic agents 

reinstate perfusion, they involve severe 

risks for hemorrhage, and do not influence 

responses for injury during reperfusion. 

Therefore, stroke therapies that can 

suppress detrimental effects of ischemic 

injury are vastly needed. With regard to 

that, PAF-R and S1R are new therapeutic 

approach to target IS. Arterial 

thrombogenesis is a crucial pathological 

pathway, which is regulated by PAF-R, 

leading to IS. Therefore, targeting PAF-R 

with antagonists is highly effective (Bazan 

et al., 2015). Ample studies suggest, sigma 

1 receptor is capable of being targeted for 

treatment of IS (Sałaciak and Pytka, 

2022). 

 

 

Phytochemical Source References 

Yangambin Ocotea 

fasciculata 

(Martins et al., 

2020) 

Manoalide Luffariella 

variabilis 

(Nakao and 

Fusetani, 2010) 

Kadsurenone Piper kadsura (Huang et al., 

2009) 

Denudatin Hypericum 

denudatum 

(Bridi et al., 2017) 

Andrographolide Andrographis 

paniculata 

(Brahmachari, 

2017) 
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Objectives  

General objective 

 
To select the potential and effective 

ligands and to identify their binding sites 

against IS receptor proteins and find 

treatment for IS. 

 

Specific objectives  

To be familiar with software such as 

AutoDock, AutoDock Vina, PyMOL and 

Chimera.  

To identify the best ligand binding sites 

for IS receptor protein by performing blind 

and site-specific docking using 

AutoDock/Autodock Vina/Chimera.   

To find the most potent FDA-approved 

drugs and phytochemicals against IS by 

targeting 5ZKP and 5HK1 receptors. 

To examine the feasibility to target S1R 

for treatment with respect to ADME 

analysis. 

 
MATERIALS AND 

METHODOLOGY 

Materials 

Table 3: Materials of the study 

 
 
 
 

Hardware Software Webtools 

PC with processor 11th Gen 

Intel(R) Core i7-

1165G7@2.80GHz 

Python 3.10.2 RCSB PDB (Protein Data 

Bank) 

RAM 8.00 GB (7.70 GB usable) MGLTools 1.5.7 NCBI PubChem 

AutoDockTools 4.2.6 SwissADME 

Sample Others Autodock Vina 1.1.2 Ramachandran Analysis 

(SAVESv6.0 – Structure 

Validation Server 

(ucla.edu) 

FDA approved 

drugs 

Dialog 4G 

router 

OpenBabel GUI     2.4.1 

PyMOL 2.5 

BIOVIA Discovery 

Studio 2021 

Phytochemicals UCSF Chimera 

LigPlot+ v2.2 

METHODOLOGY 

Software installation 

The below-mentioned software was 

downloaded and installed according to the 

user manual provided. 

 
Table 4: Utilized software for the study 

 
 

 
 
 
 
 
 
 
 
 

https://saves.mbi.ucla.edu/
https://saves.mbi.ucla.edu/
https://saves.mbi.ucla.edu/
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Familiarization of software 

Computer workshops, self-study, 

literature survey, YouTube tutorials were 

exercised to obtain the basics of each 

software. Autodock 4.2.6 user manual and 

‘Workflow Docking with Autodock 4: A 

Beginner's Guide’ by Ahamad. T (2021) 

were scrutinized to acquire adequate 

knowledge on Autodock 4. YouTube 

video tutorials were followed. 

 
Retrieval and preparation of receptors  

The 3D structures of target receptors 

PAF-R (PDB ID: 5ZKP), S1R (PDB ID: 

5HK1) were retrieved from RCSB PDB in 

*.pdb format. Protein preparation wizard 

Autodock tools was used to remove water 

molecules accompanied by addition of 

polar hydrogen and Kollman charges. 

Then the atoms were assigned as AD4 

type. The *.pdbqt format of the receptors 

were saved.  

Retrieval and preparation of ligands  

All the FDA approved drugs and 

phytochemicals 3D structures were 

obtained from NCBI PubChem in .sdf 

format followed by the conversion of *.sdf 

to *.pdbqt using Open Babel GUI. Further 

optimization was made by Autodock 

4.2.6(Morris et al., 2014).   

Blind docking by Autodock 4.2.6 

Following the chemical alteration of the 

protein, a grid was set up so that the whole 

protein could be screened for potential 

binding sites by optimizing grid 

parameters as shown in the table 5. Then, 

a text file of the grid information was 

saved in the same folder, along with the 

protein in *.pdbqt format. The grid 

parameter file (*.gpf) also saved for the 

execution of Autogrid4.exe. GA runs were 

set to 10 and the population size was 

optimized to 150 in the search parameters 

which was saved in the Lamarckian format 

as docking parameter file (*dpf) to 

perform docking procedure. 

 
 

Table 5: Grid box parameters for BD 

Rec

ept

or 

Size Centre values Sp

aci

ng 

(Å) 

X Y Z X Y Z 

5Z

KP 

7

0 

7

0 

1

2

6 

39

.1

72 

-

10

.4

97 

-

16

.0

18 

0.8

00 

5H

K1 

7

8 

9

2 

9

0 

16

.3

22 

40

.0

76 

-

31

.5

60 

0.5

75 

 
Site-specific docking by Autodock 

4.2.6 

Receptor was separated from ligands 

for binding sites and non-standard 

residues such as waters, metals and 

heteroatoms were deleted in aims not to 

disrupt the docking. The missing atoms 

were repaired along with addition and 

spread of the Kollman charges.  The grid 

box as per the table 6. Then the same 

procedures as BD was pursued.  

 
Table 6: Grid box parameters for SSD 

Re

cep

tor 

Size Centre values Spa

cing

(Å) 
X Y Z X Y Z 

5Z

KP 

3

0 

3

0 

3

0 

33

.5

78 

-

4.

45

2 

7.

54

1 

0.51

3 

5H

K1 

3

0 

2

4 

3

4 

12

.1

62 

36

.4

23 

-

34

.7

78 

0.37

5 

 
Autodock vina and Argus lab 

The above-mentioned steps from 2.2.3 

and 2.2.4 were followed. Config.txt file 

was created as shown in the Figure 4 and 

vina.bat was generated and executed for 

all the ligands in a single step of execution. 
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Figure 4: Config.txt file for 5ZKP 

 
Analysis of docking parameters 

Binding free energy, and inhibitory 

constant of docked complexes obtained 

from RMSD table which generated by the 

Autodock suite dlg file. The Vina output 

files was analyzed for binding affinity 

values.   

Visualization of docking poses 

BIOVIA DS 

The PDB file of docked complex of the 

best docking pose was opened in BIOVIA 

DS.  

UCSF Chimera  

Phytochemical docked complexes were 

visualized as ribbon structure using UCSF 

Chimera. This was acquired by selecting 

‘publication’ visualization. 

Analysis of interactions 

BIOVIA DS 

The *.pdb file of the best docked 

complex was opened in the BIOVIA. 

Thereafter, the hydrogen interactions, 

unfavourable interactions, and 

hydrophobic interactions of the best 

docked pose in the 2D and 3D plane was 

visualized. The protein-ligand interactions 

such as HB, HPI (pi-pi, pi-psi, pi-alkyl) 

and the AAR in the active site were 

portrayed in 2D image (Butt et al., 2020). 

LigPlot + 

The *.pdb file of the best docked 

complex was opened in the LIGPLOT+ 

and the interactions between the ligand 

and the receptor with respect to the AAR 

that surrounds it was visualized. 

Analysis of ADME properties 

SwissADME web tool was used for 

initial screening of the phytochemicals 

through their canonical SMILES to 

determine drug likeliness, BBB 

permeability, GI absorption, and PAINS 

(Kalbhor et al., 2021).  

Validation 

Redocking 

The validation of molecular docking 

was carried out by redocking natural 

ligand 9ER for the receptor: 5ZKP. For the 

receptor 5HK1, the natural ligand 61W 

was redocked for validation. The docking 

parameter had to be varied to generate the 

lowest free BE, a greater homogenous 

cluster distribution, and a lower RMSD 

value (< 2 Å). This validation was carried 

out using AutoDock and Vina parameters 

that was assisted by Python platform. 

Ramachandran plot 

Validation of receptors was performed 

by comparing the Ramachandran plot of 

docked complexes before and after 

docking, for the analysis of most 

favourable regions to validate the receptor 

using PROCHECK in SAVESv6.0 (Berry, 

Fielding and Gamieldien, 2015) 

Super-imposition 

Natural ligands were retrieved and 

superimposed with the redocked complex 

using PyMoL. 

 

RESULTS  

Autodock 4.2.6 and vina 1.2.6 results 

for 5ZKP 

FDA-approved drugs 
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Table 7: Results of docking of FDA approve drugs to target 5ZKP 

 
 
 
 
 

Based on BD, Azelastine (-9.47 

kcal/mol) showed the higher BE and 

lowest Ki (114.25 nM), but ABT-491 

hydrochloride exposed the highest BE (-

11.78kcal/mol) and lowest Ki (2.33nM) in 

SSD against 5ZKP. However, nilotinib 

showed the highest BA(-9.7kcal/mol) in 

vina. 

 

BD poses of FDA-approved drugs for 

5ZKP 

 
 
 
 

Figure 5: BD poses of FDA-approved 

drugs 

 
Interactions of FDA-approved drugs for 

5ZKP in BD 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6: Interaction of FDA-approved 

drugs in BD 

 
 
 
 
 
 

Table 8: Interaction table of drugs from 

BD 

 
 
 
 
 
 

SSD poses of FDA-approved drugs for 

5ZKP 

 
 
 
 

Figure 7: Docking poses of FDA 

approved drugs in SSD 
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Interactions of FDA-approved drugs for 5ZKP in SSD 

 
 
 
 
 
 
 
 
 
 
 

Table 9: Interaction table of FDA 

approved drugs in SSD 

 
 
 
 
 

Figure 8: SSD interactions of FDA 

approved drugs 

 
vina docking poses of FDA-approved 

drugs for 5ZKP 

 
 
 
 

Figure 9: Docking poses of FDA-

approved drugs in vina 

 
Vina interactions 

Phytochemicals for 5ZKP 

 

Table 10: vina interaction table for 

FDA-approved drugs in vina 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: SSD poses of 

phytochemicals 

 
 
 
 
 
 
 
 

In BD and SSD, Blazeispirol_X showed 

the higher BE (-9.89 and -11.54 kcal/mol) 

and lowest Ki in SSD (6.60 nM). 
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SSD poses of phytochemicals for 5ZKP 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: BD and SSD binding energy and inhibition constant 

 
Interactions of phytochemicals for 5ZKP in SSD 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure12: SSD interactions of phytochemicals 

 
 



ISSN 2659-2193 | Volume: 08 | Issue: 04 | 31-12-2022 | www.research.lk 
 

Table 12: SSD interaction table of phytochemicals 

 
 
 
 
 
 
 
 
 
 
 
 
Autodock 4.2.6 and vina 1.2.6 results for 5ZKP 

FDA-Approved drugs for 5HK1 

 

Table 13: Results of FDA-approved drugs for 5HK1 

 
 
 
 
 
 
 

Risperidone showed the higher BE (-11.4 kcal/mol) and lowest Ki (6.8 nM) in BD and the 

highest BA (-12.9 kcal/mol) in vina but paliperidone exposed the highest BE (-11.48 kcal/mol) 

and lowest Ki (3.83nM) in SSD against 5HK1. However, nilotinib showed the highest BA(-

9.7kcal/mol) in vina. 

 

SSD poses of FDA-approved drugs for 5HK1 

 
 
 
 
 
 
 
 

Figure 13: SSD poses of FDA-approved drugs 

 
Interactions of FDA-approved drugs for 5HK1 in SSD 
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Figure 14: Interactions of FDA-approved drugs for 5HK1 in SSD 

 
Table 13: Interaction table of FDA approved drugs in SSD 

 
 
 
 
 
 

TRP89, PHE107, TYR103 & LEU105 were found as common AAR in 5HK1 from SSD 

Vina docking poses of FDA-approved drugs for 5ZKP 

 
 
 
 
 
 
 

Figure 15: vina interactions for FDA approve drugs 

 

Interactions of FDA-approved drugs in vina 
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Table 14: Interaction table for FDA-approved drugs from vina 

 
 
 
 
 
 
 

LEU95, TYR206, TYR103, LEU182, ALA185, MET93 were identified as common AAR 

in 5HK1 from vina 

 
Phytochemicals for 5HK1 

 

Table 15: BE and Ki of phytochemicals in BD and SSD for 5HK1 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

SSD poses of phytochemicals for 5HK1 

 
 
 
 
 
 
 
 
 
 

Figure 17: SSD poses of phytochemicals for 5HK1 in chimera 
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SSD interactions of phytochemicals for 5HK1 

 
 
 
 
 
 
 
 
 

Table 16: SSD interaction table of phytochemicals for 5HK1 

 
 
 
 
 
 
 
 
 

Figure 18: SSD interactions of phytochemicals for 5HK1 

 
With respect to HB, GLU172 was identified as a common AAR and MET93, LEU105, 

PHE107, TYR103 and LEU95 were identified as common AAR with respect to HPI. 

 
Table 17: Autodock vina BA and ADME analysis for phytochemicals for 5ZKP and 5HK1 

Autodock vina results and ADME analysis for phytochemicals for 5ZKP and 5HK1 
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Phytochemical Binding 

affinity 

(kcal/mol

) 5ZKP 

Binding 

affinity 

(kcal/mol) 

5HK1 

ADMET properties 

Lipinski’s 

Rule 

BBB GI 

abso.  

PAINS 

Ajmalimine -10.8 -6.1        

X 

High X 

Alpinetin -9.4  -9.2   High X 

Cinchonine -9.6  -9.5   High X 

Curcurmin -9.4  -9.6        

X 

High X 

Denudatin B -9.0  -9.3   High X 

Epicatechin -11.5  -10.6        

X 

High 1 

alert 

Gingkolide B -10.7 -5.3        

X 

Low X 

Glaucocalyxin A -9.9  -8.9   High  X 

Gossypol -10.8 -5.6       X X Low 1 

alert 

Herquline B -9.4  -5.4   High X 

Hesperidin -10.5 -6.0       X       

X 

Low X 

Hyperforin -10.9 -4.8       X       

X 

Low X 

Kadsurenone -9.1  -9.2   High X 

Kadsurin A -9.5  -8.6   High X 

Kadsurin B -9.4  -9.0   Low X 

Licoricidin -10.0 -10.9  X High X 

Liriodenine -10.1  -8.8   High X 

Macluraxanthone -11.1 -7.6  X High 1 

alert 

Naringin -10.6 -5.6       X       

X 

Low  X 

Neferine -10.9 -6.2  X High X 

Nimolicinol -9.5 -5.9        

X 

High X 

Pinusolide -9.5  -9.1   High X 

Prehispanolone -9.9  -6.7   High X 

Proanthocyanidin -9.6 -6.1       X       

X 

Low X 

Protopine -10.7  -9.6   High X 
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Blazeispirol X, Puberulin and 

Epicatechin showed the higher BE and 

relatively significant lower Ki for both BD 

and SSD with the BBB permeability, an 

essential feature of a drug candidate for IS 

against 5ZKP. GI absorption including 

caco-2, which is considered as gold 

standard method for orally administered 

drugs to assess active and passive 

transport and absorption is also positively 

high in most of the phytochemicals. Pan-

assay interference compounds (PAINS) 

are uninhibited molecules which lead to 

false-positive problems. Therefore, only 3 

compounds have PAINS among the series 

of phytochemicals as depicted in Table 21. 

For 5HK1, Licoridicin, epicatechin, and 

manoalide showed significantly higher 

BA (-10.9, -10.6 and -10.6 kcal/mol 

respectively) but the BBB permeability is 

unavailable for them and epicatechin has 1 

PAINS alert. AAR found in the binding 

site of 5ZKP is shown in the Table 22 

while the bold texts depict the common 

AAR. 

 

Docking poses of vina docking for 5ZKP 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 19: Best DP of (A) Prehispanolone (B) Proanthocyanidin (C) Protopine (D) 

Puberulin (E) Quercetin (F) Resveratol (G) Silibinin (H) Yangambin in vina for 5ZKP 

Puberulin -11.7 -6.3   High  X 

Yangambin -9.7 -7.4        

X 

High  X 

Blazeispirol X -12.1  -7.0        

X 

High  X 

Berberine -9.4  -10.5   High  X 

Berberastine -9.5  -9.3   High X 

Manoalide -11.5  -10.6  X High  X 

Phomactin A -9.9  -5.3   High  X 

Phillygenin  -9.7  -10.3   High  X 

Rubraxanthone -10.3 -9.9  X High  X 

Silibinin -11.0 -9.8        

X 

Low  X 
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Interactions of phytochemicals for 5ZKP 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20: 2D images of the interactions of (A) Epicatechin (B) Manoalide (C) Protopine 

in vina for 5ZKP 

 
Table 18: Interactions table of 5ZKP in vina 
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Ligands HB HPI 

Blazeispirol x TYR22, TYR77 PHE174, HIS188, HIS275, 

HIS248, HIS249, LEU282, 

TYR102, PHE98, PHE97, TRP73, 

LEU279 

Protopine TYR77, TYR22 LEU279, PHE97, TRP73, PHE98, 

HIS188 

Liriodenine TYR77 TRP73, PHE97, LEU279, HIS275 

Glaucocalyxin A TYR77, PHE174 - 

Yangambin TYR22, TYR77, 

ARG14 

HIS249, HIS248, PHE98, PHE97, 

TRP73, PHE174, HIS275 

Chinchonine - PHE97, LEU279, TRP73, HIS248, 

TYR102, PHE98 

Berberastine - TRP73, LEU279, PHE97, 

VAL192, PHE98, ILE191 

Kadsurin A - TYR77, TYR22, TRP73, LEU279, 

HIS275, HIS248, GLN252 

Alpinetin TYR102 PHE98, PHE152, PH 97, LEU279, 

TRP73 

Andrographolide TYR102 PHE98, PHE97 

Apigenin GLN252, TYR177 LEU279, PHE174, TRP73, PHE97 

Bakkenolide A - HIS248, TRP73, LEU279, PHE97 

Curcurmin TYR77 TRP73, LEU279, PHE97, PHE174 

Herquilin B - - 

Lutelion TYR177, GLN252, 

TYR77 

LEU279, TRP73, PHE97, PHE174 

Paliperidone TYR151 PHE152, HIS188, PHE98, 

PHE174, LEU155, TYR177, 

PHE97, TRP73, LEU 79 

Piperenone TYR77 LEU279, TRP73, PHE18, 

PHE174, PHE97, TYR102, 

LEU282 

Quercetin CYS173, TYR77 LEU279, PHE97, GLU175 

Resveratol TYR22 TRP73, PHE97, LEU279, PHE174 
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Epicatechin TYR177, HIS188 PHE152, PHE174, LEU279, 

HIS275, TRP73, PHE97 

Prehispanolone HIS188 TYR177, PHE174, LEU279, 

PHE97 

Kadsurin b - ILE191, HIS188, LEU279, 

HIS248, HIS275, TRP73, PHE97 

Manoalide TYR177, HIS188, 

TYR151 

PHE174, PHE152, HIS275, 

LEU279 

Puberulin - TRP73, PHE97, LEU279, PHE98, 

HIS188, ILE191 

Phomactin A TYR102 PHE152, PHE174, LEU282, 

PHE97 

Macluraxanthanone ILE187, GLN252 HIS188, ILE191, PHE98, 

PHE152, TYR177, LEU279, 

TRP73, PHE97, PHE174 

Silibinin TYR151, ARG14 PHE174, TYR177, VAL184, 

LEU155, VAL182, HIS275, TRP 

255 

 
Interaction s of phytochemicals in vina for 5HK1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 21: Interactions of (A) Licoricidin (B) Macluraxanthone (C) Naringin 

 



ISSN 2659-2193 | Volume: 08 | Issue: 04 | 31-12-2022 | www.research.lk 
 

Table 19: Interactions table of phytochemicals for 5Hk1 

 
The docked BE (kcal/mol) of ligands with different software are presented in Table 24. 

3.5 Comparison of BE among 4 software 

 

Table 20: Docked results in different software 

 
Based on all the docking techniques, blazeispirol X showed higher BE.  

 

Validation 

Redocking 

Table 21: Redocking values and RMSD 

Natural ligand AD4 SSD Vina 

BE 

(kcal/mol) 

RMSD (Å) BA (kcal/mol) RMSD (Å) 

9ER (5ZKP) -10.22 0.652 -10.7 0.382 

61W (5HK1) -9.3 0.928 -10.1 0.354 

Ligands HB HPI 

Naringin LEU210 - 

Manoalide - ALA185, LEU105, TYR103, MET93, 

PHE107, ILE124, HIS154, VAL162, PHE133, 

TRP89, VAL84, TRP164 

Macluraxanthone THR181, 

THR202 

LEU95, LEU182, VAL84, LEU105, ALA185, 

TRP89, PHE184, PHE107 

Licociridin - TRP89, PHE107, LEU105, ALA185, LEU95, 

ILE178, LEU182, TYR103, VAL162, 

VAL84, PHE133, VAL152, HIS154 

Hyperforin - LEU182, ALA183, LEU203, LEU186, 

LEU199, ALA187, PHE191 

Hesperidin LEU203  

Glaucocalyxin - TYR103, TYR120, ALA185, TRP89 

Gingkolide - - 

Epicatechin - ALA185, TYR103, ILE124, HIS154, 

VAL162, PHE133, TRP89, TRP164, VAL84, 

PHE107, LEU105, MET93 

Curcumin - PHE107, LEU95, MET93, TYR103, TYR120, 

HIS154, ILE124 

Phytochemical AD4 Vina Chimera ArgusLab 

Blazeispirol X -11.76 -12.1 -11.8 -17.33 

Epicatechin -9.76 -11.5  -11.9 -17.43 

Puberulin -11.02 -11.7 -9.4 -16.99 
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The RMSD value of Vina (0.382Å and 

0.354Å) was better than AD4 (0.652Å and 

0.928 Å) as it was surveyed to be the 

lowest for 5ZKP and 5HK1 respectively. 

Since the RMSD value of superimposing 

is < 2.00 Å, it is validated the orientation 

and the conformations of the ligands are 

appropriate (Al-Khodairy et al., 2013). 

 
 
 

 
 
 
 
 
 
 
 

Figure 22: Ligplot+ for redocked 

complex 

 
 
 
 
 
 
 

Figure 23: Superimposed images of (A) 

9ER in vina (B) 9ER in AD4 (C) 61W in 

AD4 (D) 61W in vina 

 
Ramachandran plot analysis 

 
 
 
 
 
 
 
 
 
 

Figure 24: Ramachandran plots before 

and after docking 

The Ramachandran analysis for 5ZKP 

exemplified that, 363 (91.0%) residues are 

in most favoured region, 35 (8.8%) are in 

additionally allowed region and no 

residues in generously allowed regions. 

There was 1 residue in outlier region, 

which can be disregarded.  

In Ramachandran analysis for 5HK1, 

94.1% of residues are in most favoured 

region and 5.9% is in additional allowed 

region while no residues fall under 

generously allowed or disallowed region. 

 

DISCUSSION 

Computational approaches are of 

prodigious importance as they assist in 

detecting and developing novel capable 

compounds, particularly by molecular 

docking methods in pharmaceutical 

research. Several appraisals have applied 

docking methodology to discover 

probable novel compounds against diverse 

diseases. Platelet-activating factor 

receptor and sigma-1-receptor (5ZKP and 

5HK1) have become crucial therapeutic 

targets for IS. As 5ZKP has only A chain, 

the step for the deletion of unwanted 

chains was skipped. However, B and C 

chains of 5HK1 were deleted as the 

binding site is in the A chain and to reduce 

the period for protein preparation and 

docking. Water molecules and 

heteroatoms were deleted with the aim not 

to interrupt the binding site. Kollman 

charges, calculated from electrostatic 

potential, were added to 5ZKP and 5HK1, 

to calculate the net atomic charges and 

missing atoms are repaired to optimize the 

physiological protein (Geidl et al., 2015). 
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To identify the HB interactions, the polar 

hydrogen atoms were added.  

BD is beneficial if the binding pocket of 

the receptor remains unknown. The 

highest grid point, 126 is usually utilized 

in BD to cover the entire receptor, 

although the accuracy error is probably 

related to short intermolecular distances of 

dispersions and HB where the spacing 

value ranges from 0.375Å to 1Å for BD 

and SSD. With relevant to the binding 

pocket, SSD encloses only the interactive 

site by a specific grid points value. 

According to Darwin’s theory of 

evolution, a genetic algorithm runs (GA) 

is a built-in program in AD4 which 

presumes the best docking pose and 

demarcate the quality and reliability of the 

docking outputs (Ordog and Grolmusz, 

2008). Thus LGA, which processes 

ligands with higher degrees of freedom 

with 50 GA runs were executed 

(Population size: 300) for increased search 

efficiency and to attain the maximum 

possible docking poses to finalize the most 

precise and appropriate conformation of 

the ligand.  

Conversely, Vina utilizes a gradient 

optimization algorithm and several CPUs 

with a default number of iterations at 10 

which lowers the period of docking and 

escalate the output of the execution. 

‘Monte-Carlo iterated local search 

method’ is used in vina which involves 

iterations of sampling, scoring and 

optimization. Scoring function calculates 

and estimate BE which defines the total of 

the ligand-receptor (intermolecular 

energy) and the ligand-ligand 

(intramolecular energy). Furthermore, the 

conformation is optimized with a 

Broyden-FletcherGoldfarb-Shanno 

(BFGS) method (Fletcher, 2013) that 

considers the gradients of the scoring 

function. Ligands are directed by these 

gradients to achieve a better conformation 

with a lower docking score. Despite 

halogen and guanidine-arginine 

interactions regulate the protein-ligand 

interactions significantly, scoring function 

cannot formulate precise BEs/BAs as 

those interactions are not deliberated as it 

is considered as a major limitation (Yang 

et al., 2015 and Ren et al., 2014). 

Predominantly, selection of the best 

performing ligands against 5ZKP and 

5HK1 is based on the BE and BA 

accompanied by ADME properties of 

phytochemicals. (Yang et al., 2015 and 

Ren et al., 2014). Moreover, common 

AAR with respect to HB and HPI were 

identified attested by previous studies, and 

newer interactions were noted from the 

current study for further analysis. Ligand 

specificity is decided corresponding to the 

numbers of HBs and HPI found in the 

binding site. Thus, higher numbers of 

interacting AAR show proficient binding 

of ligand to the target protein (de Freitas 

and Schapira, 2017). Table 26 depicts the 

comparison of this study and the previous 

study (El Mchichi et al., 2021). AAR 

which are common in both the studies are 

in bold. 

 
Table 22: Comparison of results with previous study 
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In this study, the BA of Kadsurenone is 

higher and Kadsurenone-5ZKP showed 

higher HB and HPI than by El Mchichi et 

al., 2021. Cedrol-5ZKP has the similar BA 

as the previous study with additional 

hydrophobic bonds. 

As attested by Battista et al., 2021, some 

FDA-approved drugs BEs for 5HK1 

showed lower value than this current study 

as shown in the Table 27. 

 
Table 23: FDA-drugs comparisons 

Drug Previous 

study 

value  

(Battista et 

al., 2021) 

kcal/mol 

This 

study 

values 

kcal/mol 

Risperidone -12.6 -12.9 

Paliperidone -12.2 -12.6 

 
Corresponding to the results, 

conclusion can be drawn as ABT-

491_HCl is a best-fit FDA-approved drug 

to target 5ZKP from SSD. Hence, nilotinib 

can be administered as it has more HBs, 

and BA is also high in vina. To target 

5HK1, risperidone is an effective drug 

based on AD4 and vina. Blazeispirol X 

shows tendency to target 5ZKP in all the 

techniques and manoalide is identified to 

treat IS via 5HK1. As the common AAR 

of 5ZKP, with respect to HB, TYR77 was 

found and PHE97, PHE174 TRP73, and 

LEU279 were identified with respect to 

HPI. MET93, ALA185, LEU182, 

TYR103, TYR206, and LEU495 were the 

common AAR in 5HK1. Based on the 

results, performance of vina is well 

defined, and these phytochemicals are 

more prone to target 5ZKP than 5HK1. 

 
Future work 

The enigma of this docking study is the 

receptor is being rigid which may affect 

the scoring function. Although the protein 

is rigid in the study, it also naturally has 

various conformation. This challenge can 

be overcome by in silico MD including 

flexible docking or molecular dynamic 

simulation. MD trajectories which involve 

PCA for a specific site of the receptors, 

can be followed further. Network 

pharmacology including PPI and pivotal 

gene analysis can be performed based on 

this research to validate the 

neuroprotective effects and mechanism of 

neuroprotection and pathophysiology of 

phytochemicals. Experimental, and 

computational validation techniques such 

as GO analysis, KEGG pathway 

enrichment using DAVID are beneficial to 

continue the study further (Dong et al., 

2021). Cell survival assay, qRT-PCR and 

western blotting can be followed to assess 

in vitro culture models of IS. QASR study 

can be done for the set of phytochemicals. 

Best QSAR analysis can be performed to 

assess IGC50 for phytochemicals. In 

future, puberulin can be extracted from 

Agathosma martiana through atmospheric 

pressure ionization (API) LC-MS 

techniques which can utilize either APCI 

or ESI. To evaporate the solvent, the 

eluant from the HPLC column is sprayed 

through a co-axial capillary with a heated 

gas in APCI (Donald et al., 2021).  PASS 

prediction also will be performed for 

selected phytochemicals. Further, the 

advanced sophisticated docking software 

such as schrodinger GLIDE can be utilized 

to execute and obtain more productive 

outputs. Estimation of an entire 

methodical exploration of the docked 

ligands’ conformational, orientational, 

and positional space is carried out by 

GLIDE (Friesner et al., 2004). 
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