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Abstract: Lassa fever is an animal-borne, or zoonotic, acute viral hemorrhagic illness caused by 
Lassa virus, a member of the arenavirus family of viruses. There is currently no licensed vaccine for 
Lassa fever, but several potential vaccines are in development. However, there is still a need for a 
safe treatment with proven efficacy and a range of potential treatments. In both viral RNA synthesis 
and immunological suppression, the Lassa virus’ nucleoprotein (NP) plays a crucial role. An are-
naviral NP that demonstrates surprising capabilities and suggests particular mechanisms for im-
mune evasion and cap binding. These discoveries have a lot of potential for therapeutic develop-
ment. Based on cheminformatics approach, we focused on designing a computational drug for the 
targeting of viral nucleoprotein of human pathogenic Lassa fever virus. We accomplished several 
vital steps including target protein and ligand identification and refinement, active site analysis, 
ADMET analysis, molecular docking, protein-ligand interaction analysis, etc. We retrieved Lassa 
viral nucleoprotein receptor from widely used RSCB PDB website as well as control ligand mole-
cules including Arbidol, Ribavirin, Favipiravir, UTP (Uridine 5′-Triphosphate) from significant 
chemical database PubChem. ADMET property analysis by SwissAdme and pkCSM server, molec-
ular docking study done by PyRx virtual screening tools, and Discovery studio used for further 
protein-ligand interaction analysis. We found a very significant molecular binding affinity score 
that promises the designed drug is more stable and reliable. However, it will demand to be consid-
ered considerably in vivo and in vitro experimental drug design models. 
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1. Introduction 
Lassa fever virus illnesses is comprehended as viral hemorrhagic fever [1]. The virus 

that causes Lassa fever is only found in West Africa, and it was originally identified in 
1969 [2,3]. LFV outbreak began to grow in size in Nigeria in 2015, reaching new maxima 
in 2016, 2017, and 2018 [4]. In Nigeria 2019, there were 554 cases with laboratory confir-
mation and 124 fatalities, for a case fatality rate (CFR) of 22% [4]. Between epidemiological 
weeks 1 to 15 of 2023 (week ending 16 April), there have been 4702 suspected cases, five 
probable cases, and 877 confirmed cases of Lassa fever in Nigeria [5]. There have been 152 
deaths among confirmed cases, representing a 17% case fatality rate [5]. LASV is caused 
by rodent-to-human LASV transmissions from direct infected animals or animal excreta, 
but there has also infected human- to-human [6].  
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The incubation period for LF is approximately 7–21 days, individuals infected with 
LASV are asymptomatic 80%, whereas 20% of infected individuals experience severe and 
multi system disease [6,7]. However, there have also been human-to-human infections 
and transmitted from rodents to humans by direct contact with sick animals or animal 
excrement [6]. A few days later, symptoms including nausea, vomiting, diarrhea, cough-
ing, head ache, muscle pain, chest pain, nausea, and sore throat may occur [8]. The initial 
phases of illness can be detected using significant RT-PCR method, ELISA are the most 
frequently used to diagnose Lassa fever [8]. There is currently no vaccine that protect 
against Lassa fever [8]. The emergence of potential new therapeutics for Lassa fever, such 
as ribavirin, favipiravir and monoclonal antibodies play promising role against LASV 
[4,9,10]. 

2. Material and Methods 
2.1. Receptor Protein Preparation 

The crystal 3D structure of the target nucleoprotein (PDB ID: 3MX5) of infectious 
Lassa fever virus structure was obtained from the RSCB protein data bank (PDB) 
(https://www.rcsb.org/) [11–13]. The Biovia Discovery Studio visualization tool was per 
formed for the protein preparation [14]. 

2.2. Ligands Preparation 
We select some FDA approved ligands such as Uridine 5′-triphosphate (PubChem 

CID: 6133), Arbidol (PubChem CID 131411), Ribavirin (PubChem CID: 37542), and Favi-
piravir (PubChem CID: 492405) were obtained from the PubChem data base (https://pub-
chem.ncbi.nlm.nih.gov/).  

2.3. Active Site Determination 
The widely significant CASTp v.3.0 server was used to predict the active sites of the 

Lassa virus refined nucleoprotein 3MX5 to the specific on chain C [15]. 

2.4. Molecular Docking Study 
All docking studies were performed using the PyRx, which identifies good associa-

tions between the ligand and the protein [16]. A grid was constructed at the site of a co-
crystallized ligand employing the PyRx tool [16]. This grid reflects features of focused 
protein and curvature utilized to produce more comprehensive ligand, poses assessment. 

2.5. ADMET Analysis 
We used computational way to anticipate ADMET properties of the ligands and their 

impurities to assist in quality monitoring of drugs. The SwissADME [17] and pkCSM [18] 
servers were used to predict the ADMET properties of the selected ligands. 

3. Results and Discussion 
3.1. Receptor Protein Retrieval and Preparation 

Lassa Fever nucleoprotein 3MX5 [13] was chosen for this study and this 3D theoreti-
cal protein model was resolved using the X-ray diffraction method with a resolution factor 
of 1.90 Å [12]. Employing Discovery Studio 4.0 program [14], the ligands molecule, chain 
A, chain B, hetero atom, and water from PDB files were deleted, and only chain C of 3MX5 
was utilized to screen and choose drug interaction for further examination [13]. 

3.2. Ligand Molecules Retrieval 
Four FDA-approved antiviral drugs were selected after existing literature study re-

view and databases were explored for potential small-molecule drug compounds against 
Lassa fever virus [4,9,12]. The ligand molecules including Uridine 5′-triphosphate 



Chem. Proc. 2023, 14, x FOR PEER REVIEW 3 of 6 
 

 

(DrugBank Accession No.: DB04005), Arbidol (DrugBank Accession No.: DB13609), Rib-
avirin (DrugBank Accession No.: DB00811), and Favipiravir (DrugBank Accession No.: 
DB12466) were retrieved as 2D and 3D conformer in SDF format from PubChem source.  

3.3. Active Site Determination and Grid Box Set Up 
CASTp webserver was used to generated active site of nucleoprotein structure 3MX5 

refined protein of Lassa virus which is carrying specific target chain C [15]. In CASTp 
server we found most area (SA) Å2 1919.831 coverage in pocket ID 1 with most volume 
(SA) Å3 1818.156. According to AS sequence ID alignment and manipulation in PyRx 
docking environment we set specific grid box center x, y, z is 60.6760676459, 
54.6751522917, 19.7695301284 and size x, y, z is 41.5732287602, 54.9212097324, and 
40.1680733943 respectively. 

3.4. ADMET Properties Prediction 
We investigated the ADME characteristics by the SwissADME [17] of UTP, Arbidol, 

Ribavirin, and Favipiravir with their specific SMILE ID retrieved from PubChem. MW, 
heavy atoms, H-bond acceptors, rotatable bonds, H-bond donors, consensus Log Po/w, 
Log S (ESOL), GI absorption, BBB permeant, and Lipinski’s rule etc. characteristics stud-
ied significantly. (Table 1) Accessibility and drug likelihood traits, also known as Pfizer’s 
rule of five, are trustworthy criteria for assessing the possibility that a prescription will be 
prescribed, as indicated in Lipinski’s rule of five criteria [19], that hydrogen bond donors 
must be 5>, hydrogen bond acceptors must be 10>, molar refractivity must be between 40 
to 130, molecular mass must be less than 500 Da, and CLogP value must less than 5 [19]. 

Table 1. Absorption, Distribution, Metabolism, Excretion and Toxicity (ADMET) properties of four 
ligand compounds resulted by using swissADME and pkCSM tools. 

Physicochemical Properties UTP Arbidol Ribavirin Favipiravir 
Molecular weight (g/mol) 484.14 477.41 244.20 157.10 

Heavy atoms 29 29 17 11 
Ratable bonds 8 8 3 1 

H-bonds acceptors 15 4 7 4 
H-bonds donors 7 1 4 2 
Lipophilicity:     

Consensus Log Po/w −3.75 4.26 −2.18 −0.27 
Water Solubility:     

Log S (ESOL) 1.20 −5.45 −0.21 −0.80 
Class Highly Soluble Moderately Soluble Very soluble Very soluble 

Pharmacokinetics:     
GI absorption Low High Low High 
BBB permeant No No No No 
Druglikeness:     

Lipinsky 
No; 2 violations: 

NorO > 10, NHorOH 
> 5 

Yes; 0 violation Yes; 0 violation Yes; 0 violation 

Medicinal Chemistry:     

Leadlikeness 
No; 2 violations: MW 

> 350, Rotors > 7 

No; 3 violations: MW > 
350, Rotors > 7, 
XLOGP3 > 3.5 

No; 1 violation: MW 
< 250 

No; 1 violation: MW 
< 250 

Synthetic accessibility 5.02 3.57 3.89 2.08 
Toxicological Properties:     

AMES toxicity No No No Yes 
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Oral Rat Acute Toxicity 
(LD50) (mol/kg) 

2.373 2.958 1.988 1.941 

Oral Rat Chronic Toxicity 
(LOAEL) (log 

mg/kg_bw/day) 
5.151 0.737 3.096 2.023 

Hepatotoxicity No Yes No No 
Skin Sensitization No No No No 

The pkCSM server was used to evaluate the toxicity of four ligand molecules, toxicity 
is a crucial part of computational drug discovery. AMES toxicity, skin sensitization, hepa-
totoxicity, oral rat chronic toxicity (LOAEL), and oral rat acute toxicity (LD50) result were 
investigated (Table 1). 

3.5. Molecular Docking Study and Protein-Ligand Interaction Analysis 
In molecular docking study through PyRx virtual screening tools predicted several 

binding affinity scores with 8 different models but we collected data for only RMSD 0 
resulted model, which is the most reliable and acceptable. UTP, Arbidol, Ribavirin and 
Favipiravir compounds with Lassa viral refined nucleoprotein 3MX5 showed their bind-
ing affinity score −8.8 (Kcal/mol), −7.1 (Kcal/mol), −6.8 (Kcal/mol), and −5.8 (Kcal/mol) re-
spectively as shown in Table 2. 

Table 2. The receptor ligand docking scores with different binding interactions. 

Protein-Ligand 
Complex 

Docking 
Score 

(Kcal/m
ol) 

H-Bond Non-Bonding Interaction 

3MX5-UTP −8.8 

ASN173, 
ALA, 

ARG118, 
VAL166, 
ALA552, 
ASP557 

van der Waals: 
LEU172, GLU170, SER121, TRP164, ARG162, ASP165, ALA122, LEU550, 

GLN379, ARG556, PRO555, ILE114, TRP331 
Unfavorable Positive-Positive: (ARG551) Pi-Cation: (ARG329) 

3MX5-Ribavirin −6.8 ASN173, 
ASP557 

van der Waals: 
GLU117, LEU172, ARG329, GLU170, ARH556, ILE114, PRO555, ARG118, 

ALA169, SER121 

3MX5-Favipiravir −5.8 SER121, 
ARG329, 

van der Waals: 
ALA169, ARG118, GLU117, ASN173, PHE173, TRP164 

Halogen (Fluorine): (LEU172) Pi-Sigma: (LEU172) Pi-Alkyl: (LEU120) 

Further protein-ligand-interaction was carried out by Discovery Studio, the 3D and 
2D diagram is shown in Figure 1 [14]. 



Chem. Proc. 2023, 14, x FOR PEER REVIEW 5 of 6 
 

 

 
Figure 1. Protein-Ligand Interactions with nucleoprotein refined 3MX5 with UTP, Ribavirin and 
Favipiravir analysis by Discovery studio; (a) 3MX5-UTP (b) 3MX5-Ribavirin (c) 3MX5-Favipiravir. 

4. Conclusions 
Lassa fever is an often pernicious viral hemorrhagic fever, and occur endemic situa-

tion in populations in several countries, it is caused by Lassa virus. According to genetic 
dating, zoonotic transmissions of LASV to humans have been going on for generations. A 
significant high case fatality rate is linked to this human pathogenic infectious disease. 
Thus, it may pose a threat to life. The immunology, epidemiology, ecology, and patho-
physiology of Lassa fever are still poorly understood, despite progress in these fields. The 
present drug design investigation used a computational chemistry strategy targeting po-
tential inhibitors against the nucleoprotein protein (3MX5) for advancements in deadly 
Lassa fever virus treatment. UTP, Arbidol, Ribavirin, and Favipiravir were selected as 
promising ligand candidates for receptor-based molecular docking against 3MX5 with the 
PyRx. The SwissADME and the pkCSM anticipated the ADMET properties of the selected 
ligands. Analyzing the different binding interactions, UTP showed a high binding affinity 
with nucleoprotein 3MX5 compared to other molecules. However, further extended in 
vivo and in vitro investigations are required to evaluate the current CADD study. 
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