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Abstract— Nipah virus (NiV) poses a health threat. It causes 

severe respiratory and neurological diseases with no treatment 

available. We aim to screen 7,676 compounds from ZINC15 

database, 52 compounds from anti-Nipah webserver, as well as 

3 antivirals (Ribavirin, Acyclovir and Favipiravir) and their 

conformers as probable inhibitors for Nipah virus G 

Attachment Glycoprotein. For molecular docking we used Glide 

docking of Schrödinger software. The compounds were 

subjected to drug likeness and ADMET. Molecular dynamic 

(MD) simulation was done using GROMACS software. 

Benzamide, acetic acid, acetamide, ethanone, pyrimidin and 

oxamide derivatives (from ZINC15 database) had the best 

minimum binding energies of -7.554 Kcal/mol to -6.773 

Kcal/mol, whereas Ribavirin, Acyclovir and Favipiravir had 

binding energies of -6.727 Kcal/mol, -5.695 Kcal/mol and -5.245 

Kcal/mol respectively. From anti-Nipah website, Bradykinin 

and EICAR had binding energies of -7.906 Kcal/mol and -6.892 

Kcal/mol respectively. MD simulation showed that all ligands 

were stable except EICAR and Bradykinin. All protein ligand 

complexes showed stable complexes except Favipiravir. 

ZINC19693736, ZINC19738967, ZINC408709522 and Ribavirin 

were the most stable ligand-protein complexes and 

ZINC222903805, ZINC257273320, ZINC19738967 and 

Ribavirin complexes were the most flexible among others. 

Therefore, 5 out of 7676 small molecules retrieved from ZINC15 

database (ZINC222903805, ZINC257273320, ZINC19693736, 

ZINC19738967 and ZINC408709522) could be possible 

candidates for anti-Nipah virus. We recommend that these 

compounds should be studied further in vitro, in vivo, and in 

clinical trials as potential anti-Nipah. 

Keywords— anti-Nipah virus, molecular docking, Molecular 

dynamic, ZINC15 database, Nipah virus G Attachment 

Glycoprotein 

I. INTRODUCTION 

Nipah virus (NiV) is a member of the Paramyxoviridae 
family. Clinically it is asymptomatic but sometimes it causes 
severe respiratory and neurological diseases that might be 
lethal. In 1998, the first NiV was discovered in Malaysia and 
also caused few outbreaks in Bangladesh and India. NiV is 
highly pathogenic to many mammals and is potentially 
pandemic since it is transmitted from animal to animal as well 
as from human to human [1]. NiV encoding 6 structural 
proteins, namely:phosphoprotein (P), nucleocapsid (N), 
fusion protein (F), matrix protein (M), glycoprotein (G) and 
the large protein (L) which is an RNA polymerase. In addition 
to 3 non-structural proteins (C, V and W) encoded by the 
Phosphoprotein gene [2].   

Many attempts were made to control NiV infection and 
manage infected patients. Previously, Ribavirin and Acyclovir 
were used to treat NiV during the outbreaks [1], [3], [4]. 
Recently Favipiravir was also used in the same context in 

vivo. It also gave promising results on NiV-infected hamsters 
[4], [5]. There were only small number of cases infected, and 
diagnosis is difficult, which slowed research on this virus 
(since it needs a Biological safety level 4). Listed as a priority 
to cause outbreak, the WHO gave warning regarding NiV  [1]. 
Due to lack of vaccines or specific treatment, efforts are 
urgently needed towards discovery of new antiviral drugs 
against NiV.  

The Niv Glycoprotein attaches to the B2 or B4 ephrin of 
the host cell which is followed by genome internalization 
through endocytosis [6]. Thus, the Glycoprotein is considered 
a good target for in silico drug discovery [7]. 

Some previous molecular docking studies searching for 
potential ligands to NiV –G showed promising results. 
Benzene carboxamide, carboxamide and pyrimine derivatives 
were found to be potential inhibitors of NiV-G [8]. Another 
study showed that a total of 17 FDA approved drugs were 
predicted to be a good candidates as anti- NiV-G attachment 
in silico [9]. Also, Rajput et al., in 2019 extracted the first 
"anti-Nipah" web resource from research articles and patents. 
It includes 313 compounds (181 unique compounds) [10].  

ZINC15 is a database of small molecules that is a freely 
available. The molecules are provided with ligand annotation, 
purchasability, target, ready-to-dock formats, and biology 
association tools. (http://zinc15.docking.org.) [11]. We aim to 
test some compounds from ZINC15 database, anti-Nipah web 
server as well as the 3 antivirals (Ribavirin, Acyclovir and 
Favipiravir) using molecular docking as possible anti-
glycoprotein of NiV. 

II. MATERIAL AND METHODS 

A. Preparation of ligands 

ZINC15 is a free database, from California University, San 
Francisco. It contains more than 750 million compounds and 
also contains more than 230 million compounds in easy to 
dock format (http://zinc.docking.org/substances/subsets/IF/) 
[11]. 

Ligands used were 7676 small molecules retrieved from 
ZINC15 database. The compounds were chosen to have 
molecular weight up to 450 Dalton, log p up to 3, exclusively 
In-stock and exclusively anodyne compounds (those which do 
not generate any adverse effects in humans). We also chose 52 
compounds from Anti-Nipah web server 
(https://bioinfo.imtech.res.in/manojk/antinipah/) which had a 
link to PubChem webserver (pubchem.ncbi.nlm.nih.gov/). In 
addition, 3 antiviral compounds (Ribavirin, Acyclovir and 
Favipiravir) reported from the literature as possible anti-Nipah 
drugs were also studied [4]. 
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LigPrep generates energy minimized 3D molecular 
structures by applying rules. It increases ionization states, 
tautomeric, stereoisomers and ring conformations to produce 
chemical and structural variety from the input molecule. 
(Schrödinger Release 2020-4:, New York,. 
https://www.schrodinger.com/products/ligprep). Ligpre 
generated 11308, 87, and 4 conformers for the molecules from 
ZINC15, from anti-Nipah and the 3 antivirals respectively.  

PHASE (Schrödinger Release 2020-4) was used for 
Pharmacophore sites generation that gives 6 pharmacophore 
features which are: (N) negatively ionized group, (P) positive 
ionized group, (D) hydrogen bond donor, (A) hydrogen bond 
acceptor, (H) hydrophobic group and (R) aromatic ring. It has 
its unique validation for common pharmacophore algorithm 
[12]. These Pharmacophores were used for prediction and 
visualization of the bonds formed by Glide software. 

B. Preparation of protein 

The 3D structure of Nipah G Attachment Glycoprotein 
(PDB ID: 3D11) was downloaded from protein data bank in 
PDB format. We used Protein preparation wizard of 
Schrödinger for protein energy minimization, H-bond 
addition and 3D-structure examination. We chose receptor 
grid of 20 Å in all directions of the G- Head active site[13]. 

Schrödinger's Protein Preparation Wizard is a software 
that converts PDB into protein models by modeling 
simulations. Protein Preparation Wizard add missing 
hydrogen atoms automatically, it removes co-crystallized 
water molecules, and adjusts metal ionization [14].  

C. In-silico docking 

Glide achieves smaller root mean square (RMS) 

deviations in re-producing the conformations and positions of 

co-crystallized ligands 

(www.schrodinger.com/products/glide). All Glide software 

parameters for docking were set to the default values. 

D. In-silico absorption, metabolism, distribution, excretion, 

Drug likeness, IC50 and toxicity studies 

Selected ligands with the highest binding energies were 
further subjected to computing physicochemical parameters as 
well as for predicting ADME and pharmacokinetic properties, 
drug likeness and medicinal chemistry using SwissADME 
(http://www.swissadme.ch/). 

PkCSM webserver (http://biosig.unimelb.edu.au/pkcsm/) 
was used to predict metabolism of the selected compounds, 
total clearance, renal OCT2 substrate, AMES test for 
muatgens detection, maximum tolerated dose for human (log 
mg/kg/day) hERG I and II inhibitors, oral rat acute and 
chronic toxicity and Skin Sensitization. The solubility of the 
selected compounds was examined using 3 different methods 
(ESOL Solubility, Ali Solubility and Silicos-IT Solubility). 
The prediction of IC50 and pIC50 (which is the negative log 
of the IC50 value when converted to molar) was done as 
service from anti-Nipah web site (REF). Drug likeness models 
were done using the Molsoft (http://molsoft.com/ mprop/). 

E. Molecular dynamics simulations 

Protein, Ligands and Binding stability of the selected 
compounds were determined by 100 ns MD simulation using 
GROMACS software [15]. In order to simulate the molecular 

dynamics of the compounds and the proteins, GROMACS 
software was used which uses the Newtonian equations of 
motion in cases with high number of atoms. [15]. Root Mean 
Square Deviation (RMSD) was calculated for proteins  over 
time. In addition, Root Mean Square Fluctuation (RMSF), 
Radius of Gyration (RG) were also calculated for residues. 
Solvent-Accessible Surface Area (SASA) was calculated as 
well for Protein-Ligands [15]. 

III. RESULTS 

A. Molecular docking  

Ribavirin, Acyclovir and Favipiravir docking energies 
were -6.727 Kcal/mol, -5.696 Kcal/mol and -5295 Kcal/mol 
respectively. From the 7,676 small molecules of ZINC15 
database, six showed minimum binding energies lower than 
Ribavirin. From the 52 compounds retrieved from anti-Nipah 
webserver, only two compounds showed biding energies 
lower than the three antivirals (Bradykinin scored -7.906 
Kcal/mol and EICAR scored -6.892 Kcal/mol). Fig.  1 shows 
the docking results from Schrodinger suite of Ribavirin 
antivirals, one high scored compound from ZINC15 and the 
best one compound from anti-Nipah database. Three amino 
acids were the most H-bonded in the active site.  

From the best 6 compounds from ZINC15, 5 were also 
present in anti-Nipah webserver as well, however, they are 
present as different derivatives of the same compound. Only 
ethanone derivative from ZINC15 was not shared in both 
databases. Regarding molecular docking scores, those shared 
molecules from ZINC15 database had higher binding energies 
than their corresponding derivatives from anti-Nipah 
database.   

B. In-silico absorption, metabolism, distribution, excretion, 

Drug likeness, IC50 and toxicity studies 

Physicochemical properties were determined for the 
ligands with best binding energies. Those were Molecular 
weight, formula, Number of rotatable bonds, Number of H-
bond donors and acceptors, Molar refractivity, and 
Topological polar surface area. 

All ligands ranged from Very soluble to moderately 
soluble except ZINC222903805, ZINC409389262, 
ZINC19738967 and ZINC408709522 which were poorly 
soluble according to in Silicos-IT Solubility approach. Gastro-
intestinal absorption of Ribavirin, Bradykinin and EICAR 
were low while absorption of other ligands was high. Five 
compounds (ZINC257273320, ZINC409389262, 
ZINC19738967, ZINC408709522 and Bradykinin) were 
Substrates of P-glycoprotein.  

Regarding compounds that penetrate the Blood Brain 
barrier, the boiled egg diagram for GI- absorbance and blood 
brain barrier penetration is shown in Fig.  2. It shows that 
Bradykinin is out of the diagram range which means a very 
low Gastro-intestinal absorption and do not penetrate the 
blood brain barriers. ZINC19693736 is the only ligand that 
penetrates the blood brain barrier. EICAR and Ribavirin had 
law absorbance rate. ZINC257273320, ZINC409389262, 
ZINC19738967 and ZINC408709522 are Substrates of P-
glycoprotein. 
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Fig. 1. Docking interaction diagram between Glycoprotein of Nipah virus with: A. Ribavirin B. ZINC222903805 C. Bradykinin. 

 

The skin permeation of the selected compounds ranged 
from -16.16 cm/s (Bradykinin) to -7.03 cm/s 
(ZINC000409389262). All ligand passed Lipinski rule of five 
except Bradykinin. Six out of eleven compound did not pass 
the Ghose filter, two did not pass the Veber filter and Egan 
Rule and Three did not pass the Muegge filter. Synthetic 
Accessibility scores ranged from 2.08 to 4.4 except 
Bradykinin which scored 8.35.  

All ligands were neither Cytochrome P4502D6 inhibitor 
nor substrate nor inhibitors for CYP1A2  (mostly all were non-
quickly illuminated). Four compounds were Cytochrome 
P4502C19 inhibitors and Cytochrome P4502C9 inhibitors. 
Six compounds were Cytochrome P4503A4 substrates and 
five of them were Cytochrome P4503A4 inhibitors.  

Total Clearance (log ml/min/kg) of the selected 
compounds ranged from -0.24 (Bradykinin) to 1.26  

 

(ZINC19738967). Only two compounds (Acyclovir and 
ZINC408709522) showed probable positive AMES test. For 
humans, the maximum tolerable dosage (log mg/kg/day)  
ranged from -0.405 (ZINC257273320) to 1.297 (Favipiravir). 
All ligand did not inhibit the hERG I and 5 out of 11 inhibited 
the hERG II. Oral Rat Acute Toxicity (LD50) ranged from 
1.941 mol / kg (Favipiravir) to 2.675 mol / kg 
(ZINC19693736). The lowest observed adverse effect level 
(LOAEL) (log mg/kg of body weight/day) ranged from 0.619 
(ZINC257273320) to 5.791 (Bradykinin). All ligand did not 
stimulate skin sensitization and were not Renal OCT2 
substrates.  

Drug likeness score ranged from -0.87 (Favipiravir) to 
1.54 (ZINC19738967). On the other hand, Ribavirin, 
Acyclovir, Favipiravir showed IC50 of 2.28 μM , 661.37 μM 
and 18.66 μM respectively, the other compounds showed 
lower IC50 from 1.51 μM to 28.73 μM. (Table I.) 

A. 

 

C. 

 

B. 
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Fig. 2. The boiled egg diagram for gastro-intestinal absorbance and blood 
brain barrier penetration. 

C. MD simulations  

RMSD is frequently used to calculate the mean value 
change by disruption of atoms from a particular frame 
compared to a reference frame and help to investigate the 
equilibrate of the simulation [15]. RMSD of backbone for 
Glycoprotein G of NiV was simulated 6 time and average 
value was 0.251 nm. Protein has shown equilibration after 5 
ns and the average RMSD after equilibration of the six 
simulations was ranged from 0.232 nm (simulation no. 3) to 
0.271 nm (simulation no. 5) (Fig.  3 A). 

RMSD of ligands only indicate the ligand stability over 
time. The average RMSD of the were ranged from 0.066 nm 
(Favipiravir) to 0.622 nm (Bradykinin). Only two ligands 
were more than 0.5 nm (EICAR and Bradykinin). All ligands 
equilibrated ~ 1-2 ns except ZINC409389262 equilibrate after 
10 ns with average RMSD equals to 0.342 nm after 
equilibration, ZINC408709522 equilibrate after 30 ns where 
the average RMSD was 0.315 nm after equilibration and 
EICAR equilibration appear after 67 ns with average RMSD 
of 0.834 nm after equilibration. Fig.  3 B and C represent the 
RMSD of selected ligands. 

 RMSD of protein-ligands complex indicate the stability 
of the complex over time. The average RMSD of the were 
ranged from 0.330 nm (ZINC19738967) to 1.546 nm 
(Favipiravir). Only ZINC40870952, ZINC19693736, 
ZINC19738967 and Ribavirin and average RMSD values 
were lower than 0.5 nm. All protein ligand complexes were 
lower than 1 nm which mean stable complexes except 
Favipiravir complex which give average RMSD > 1 nm. Fig.  
3 D and E represent the RMSD of selected ligand after fit to 
Protein. 

Analysis of the RMSF graph found the main peaks of 
fluctuations between amino acid 60 and 275 with anther peaks 
at 379, 393,407 and 409 residues. Protein (Apo form) give 
only one fluctuation peak with Tyr154 residue by 0.536 nm. 
In ligand-protein complexes, Highest fluctuation was 0.603 
nm in Gly151 residue (ZINC222903805), 0.589 nm in Glu246 
residue (ZINC257273320), 0.509 nm in Tyr213 

(ZINC19738967) and 0.502 nm in Lys393 (Ribavirin). The is 
no change in the Rg and SASA values (data not shown). 

IV.  DISCUSSION  

 Viral diseases such as Middle East Respiratory Syndrome 
Coronavirus (MERS-Cov-2), Zika, Ebola, Avian flu, NiV and 
others pose a public health threat. Nipah virus infection is 
considered a potentially endemic disease. Like MERS-Cov-2, 
it is a respiratory disease transmitted zoonotically and from 
human to human.  Since no specific treatment for Nipah virus, 
measures taken for infected patients were only supportive 
[17]. In Malaysia NiV outbreak, ribavirin was chosen for its 
activity versus DNA and RNA viruses and ability to pass 
through the blood-brain barrier. It reduced mortality in those 
cases [17], [18]. We chose ribavirin as a standard for docking 
along with Acyclovir and Favipiravir, which were also 
previously used as supportive measures for infected patients 
with NiV [5], [19]. 

 The choice of molecules for screening in the present study 
were merited with many advantages. Anti-Nipah is basically 
a database for anti-Nipah compounds available on PubMed 
and patents, which made them available for screening [10]. 
Also, ZINC15 is a library of compounds with commercial 
availability. Their molecules came with assigned biological 
relevance and annotation and in a format compatible for most 
docking programs [11].  Six of the 7,676 small molecules of 
ZINC15 database showed docking scores lower than 
Ribavirin. From the 52 compounds retrieved from anti-Nipah 
webserver, only two compounds showed biding energies 
lower than the three antivirals. For the sake of redundancy 
between the two databases, all molecules but the ethanone 
from ZINC15were also present in anti-Nipah database but as 
different derivatives. The derivatives from ZINC15, however, 
had higher binding energies that their counterparts from anti-
Nipah database. 

Cytochrome P450 family is an enzyme that has mixed-
function oxidase system in humans and encoded by different 
genes that are expressed in liver and the central nervous 
system. Members of this family are considered as important 
enzymes involved in the metabolism of xenobiotics in the 
body [20]. They are responsible for the digestion and 
elimination of drugs, through adding hydroxyl, removing 
methyl and alkali groups.  

TABLE I. THE PREDICTION OF IC50, PIC50 AND DRUG LIKENESS SCORE FOR 

THE SELECTED LIGANDS. 

Compound name 
Predicted 

pIC50 
Predicted IC50 

(μM) 

Drug 
likeness 

score 

Ribavirin 5.64 2.28 1.18 

Acyclovir 3.18 661.37 0.98 

Favipiravir 4.73 18.66 -0.87 

ZINC222903805 5.76 1.73 0.63 

ZINC257273320 4.54 28.73 0.76 

ZINC409389262 4.95 11.22 0.56 

ZINC19693736 5.38 4.19 1.07 

ZINC19738967 5.82 1.51 1.54 

ZINC408709522 4.7 20.01 0.02 

Bradykinin 4.88 13.1 -0.55 

EICAR 5.47 3.39 0.85 
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Fig. 3. A. RMSD of Nipah G Attachment Glycoprotein (PDB ID: 3D11) backbone. The average RMSD of the 6 attempts was 0.251 nm. The average RMSD 
of simulation no. 1 is 0.261 nm (Dark blue), simulation no. 2 is 0.241 nm (Orange), simulation no. 3 is 0.229 nm (Gray), simulation no. 4 is 0.261 nm (yellow), 
simulation no. 5 is 0.266 nm (Blue) and simulation no. 6 is 0.245 nm (Green). B. RMSD of selected ligand after fit to ligand from ZINC database: Average 
RMSD of ZINC222903805 (Dark blue), ZINC257273320 (Orange), ZINC19738967 (Blue), ZINC19693736 (Yellow), ZINC408709522 (Green) and 
ZINC409389262 (Gray) were 0.127 nm, 0.144 nm, 0.155 nm, 0.156 nm, 0.274 nm and 0.326 nm respectively. C. RMSD of selected ligand after fit to ligand 
from Antivirals and Anti-Nipah webserver: Average RMSD of Favipiravir (Yellow), Acyclovir (Orange), Ribavirin (Dark blue), EICAR (Blue) and Bradykinin 
(Gray) were 0.066 nm, 0.093 nm, 0.128 nm, 0.544 nm and 0.622 nm respectively. D. RMSD of selected ligand after fit to Protein from ZINC database: Average 
RMSD of ZINC19738967 (Blue), ZINC408709522 (Green), ZINC19693736 (Yellow), ZINC257273320 (Orange) ZINC409389262 (Gray), and 
ZINC222903805 (Dark blue) were 0.330 nm, 0.390 nm, 0.488 nm, 0.598 nm, 0.622 nm and 0.853 nm respectively. E. RMSD of selected ligand after fit to 
Protein from Antivirals and Anti-Nipah webserver: Average RMSD of Ribavirin (Dark blue), EICAR (Blue), Acyclovir (Orange), Bradykinin (Gray) and 
Favipiravir (Yellow) were 0.423 nm, 0.544 nm, 0.571 nm, 0.920 nm and 1.546 nm respectively. 

 

 Our selected ligands were almost all not quickly eliminated 
by most members of Cytochrome P450 family. Those 
compounds are thus recommended as potential drug for anti-
Nipah [21], [22]. OCT2, which is a renal uptake transporter 
found on the basolateral side of the proximal tubule cells 
facing blood. Cationic drugs and endogenous substances are 
cleared by this enzyme from the renal system [23]. All our 
selected compounds were found not to be affected by Renal 
OCT2 substrate. 

The lowest-observed-adverse-effect level (LOAEL) is 
known as the lowest concentration from a substance that 
causes change of growth, or morphology, or function, or 
lifespan of any organism compared with normal [24]. Federal 
agencies approves compounds only below this level. 
Comparable with our selected compounds, previous studies 
showed different anti-Nipah activities [25-28]. This shows 
that some of the derivatives of compounds we selected were 
previously effective as anti-Nipah virus. This validates our 
selected compounds as potential anti-Nipah. 

A.

 

C.

 

B.

 

D.

 

E. 
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The average RMSD value of proteins or ligand with a 
range of 0.1–0.3 nm is completely stable, where a value higher 
than this range indicates a large conformational change [29]. 
G protein of NiV is stable (RMSD average value was 0.251 
nm). As for ligand stability, all ligands were stable except 
EICAR and Bradykinin. This may be because the size of 
Bradykinin (very big size than active site cavity) and the 
presence of triple bond in EICAR. 

RMSD of protein-ligands complex indicate the binding 
stability of ligands and active site of the protein [30]. Average 
RMSD value of all complexes were lower than 1 nm. 
However, only ZINC40870952, ZINC19693736, 
ZINC19738967 and Ribavirin were lower than 0.5 nm which 
means significant stability than other ligands. RMSF analysis 
of MD simulation provides information about the protein 
heterogeneity and the steady state of protein-ligand 
complexes. The RMSF value is necessary for characterizing a 
protein that provides an conclusion about the changes of 
protein over time [31].  

The alignment of protein RMSF with the complexes 
RMSF values showed that the complexes are higher than the 
Apo form in RMSF. This indicate the flexibility nature of the 
protein complex [32]. According to our results, all protein 
ligand complexes were flexible but ZINC222903805, 
ZINC257273320, ZINC19738967 and Ribavirin complexes 
were the flexible complexes among others due to presence of 
RMSF value of more than 0.5 nm. 

V. CONCLUSION 

In-silico study showed that all selected molecules have the 
potentiality to be good inhibitors for Nipah virus. they mostly 
showed good ADMET parameters. We showed that our 
selected ligands have the potential to block viral active site 
and could be successful drugs. One hundred nanosecond MD 
simulation showed that ZINC40870952, ZINC19693736, 
ZINC19738967 and Ribavirin were the most stable ligand-
protein complexes and ZINC222903805, ZINC257273320, 
ZINC19738967 and Ribavirin complexes were the flexible 
among others. Therefore, 5 out of 7676 small molecules 
retrieved from ZINC15 database (ZINC40870952, 
ZINC19693736, ZINC19738967, ZINC222903805 and 
ZINC257273320) could be possible candidates for anti-Nipah 
virus. We recommend that they should be further investigated 
in vitro and in vivo. 
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