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Abstract 

Conventional pharmacotherapy is employed to counteract the effects of Marburg 
virus (VP40) and their associated pathologie for example Ibuprofen, naproxen, 
aspirin, ketorolac, celeocoxib, rofecoxib, etoricoxib, lumiracoxib etc. but these 
drugs are not more efficient because of some side effects like cardiovascular, 
gastrointestinal, insomnia, and diarrhea. Owing to these side effects we have 
selected some of synthetic supramolecular compounds containing sulphones and 
hydrazide, SM (1-5). All selected SM (1-5) compound were optimized by using 
Avogadro, gaussian09 software, using B3LYP theory and 6-31g basis sets through 
density functional theory. The title target enzymes were obtained from protein 
data bank, the optimized supra-molecular compounds were theoretically docked in 
an active pocket of target enzymes Marburg virus (VP40) by using MGL tools, 
Auto Dock vina. For each compound ten conformers were generated in which top 
ranked conformations with lowest binding energy of each compound was selected 
for further analysis. The inhibitors-protein interaction was visualized after docking 
in Pymol, BIOVIA discovery studio and ligplot which help in visualization of 
ligand-receptor hydrogen bonding, π…π interaction, aromatic interactions and 
hydrophobic interactions. The tested compounds show better inhibitory activity 
against Marburg virus (VP40). Their strong binding energies suggest that these 
inhibitor compounds have the ability to effectively modulate the activity of 
Marburg virus (VP40) enzymes, making them valuable candidates for the 
development of novel therapies addressing inflammation, pain, and other related 
conditions. Further exploration and evaluation of these compounds may lead to 
the discovery of potent Marburg virus (VP40) inhibitors with enhanced efficacy 
and fewer side effects. 
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INTRODUCTION
The Marburg virus (MARV), a member of the 
Filoviridae family, is an enveloped, non-segmented, 

negative-sense RNA virus known for causing severe 
hemorrhagic fever with high mortality rates. [1] One 
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of its essential structural and functional components 
is the viral matrix protein VP40, which plays a 
crucial role in the virus's life cycle, particularly in 
virion assembly, budding, and pathogenesis. [2, 3] 
VP40 is a multifunctional protein that mediates viral 
egress by interacting with the host cellular 
machinery, facilitating the formation of filamentous 
virions characteristic of Filoviridae viruses. [4, 5] 
Structural studies have revealed that VP40 exists in 
multiple oligomeric states, each associated with 
distinct functions. [6, 7] As a dimer, VP40 regulates 
viral RNA synthesis and trafficking, whereas the 
octameric form is involved in intracellular signaling 
and host immune modulation. [8-10] Computational 
and experimental studies have demonstrated that 
VP40 engages with host phospholipids, such as 
phosphatidylserine (PS), through its lipid-binding 
domain, which is critical for its localization to the 
plasma membrane and subsequent virion formation. 
[11] Mutational analyses of VP40 have identified key 
residues responsible for its membrane association, 
self-assembly, and interaction with other viral 
components. Given its indispensable role in viral 
replication and pathogenesis, VP40 represents an 
attractive target for antiviral intervention. [12, 13] 
Recent advancements in molecular docking and 
computational drug discovery approaches have 
enabled the identification of small molecules capable 
of disrupting VP40 function, thereby inhibiting 
MARV replication. [2, 13] Despite the significant 
role of VP40 in MARV biology, no FDA-approved 
antiviral drugs specifically targeting this protein are 
currently available. [14] Therefore, further research 
on VP40 inhibitors, including the exploration of 
novel chemical scaffolds such as sulphonyl hydrazide 
derivatives, is critical for developing effective 
therapeutic strategies against Marburg virus 
infection. Understanding the molecular mechanisms 
of VP40-mediated viral egress and host interactions 
will not only enhance our knowledge of Filoviridae 
pathogenesis but also contribute to the rational 
design of targeted antiviral compounds to mitigate 
the impact of MARV outbreaks. [2, 13, 15] 
Sulphonyl hydrazides are an important class of 
heterocyclic compounds known for their diverse 
biological activities, including antiviral, antibacterial, 
and anticancer properties. [16] Structurally, these 
compounds contain a sulphonyl (-SO₂) group 

attached to a hydrazide (-NH-NH₂) moiety, which 
allows them to form stable interactions with various 
biomolecular targets. Their potential as antiviral 
agents has gained significant attention in recent years 
due to their ability to interact with viral proteins, 
thereby inhibiting key stages of viral replication. [17] 
No FDA-approved antiviral drugs specifically 
targeting this protein are currently available. 
Therefore, further research on VP40 inhibitors, 
including the exploration of novel chemical scaffolds 
such as sulphonyl hydrazide derivatives, is critical for 
developing effective therapeutic strategies against 
Marburg virus infection. The bojectives of the 
current study is to investigate the molecular 
interactions of sulphonyl hydrazide derivatives with 
MARV VP40 using computational docking 
techniques and to compare the docking results with 
known MARV VP40 inhibitors for validation. 
 
2. METHODOLOGY 
2.1. Software used for Molecular docking 
The computational, modelling, and simulation tools 
required for molecular docking in the recent work 
are Chem Draw, Chem3D, Open Babel, Auto Dock 
tools, PyMol, and Discovery Studio Visualisation. 
These applications enable ligand optimisation and 
docking with particular targeted enzymes. 
2.2. General methodology of molecular docking 
By employing the molecular docking protocol, [18] 
the binding interaction mechanism of the 
synthesized sulfonyl hydrazide derivatives was 
examined for competitive and non-competitive 
inhibition of the mark enzyme of viral protein (vp40) 
of marburg virus (illustrated in Figure 1). Proteins' 
three-dimensional crystal structures were obtained 
from the Protein Databank. The title proteins were 
first prepared theoretically using Auto Dock MGL 
tools, and for ease of calculation, inhibitors, co-
factors, heteroatoms, and all water molecules were 
eliminated for optimization. For additional research, 
the most stable docking conformer with the lowest 
binding energy was chosen. PyMol, Auto Dock vina, 
Discovery Studio Visualization, and other programs 
were used to visualize the mechanism of proteins-
ligand complex interactions, their pictures, and the 
docking poses of the tested compounds against target 
enzymes [19]. 
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Figure 1. 3D crystal structure of MARV VP40 

 

2.3.  Optimization of Sulphonyl-hydrazides SM1-SM5 
The selected compounds were fully optimized before docking. Avogadro, Gaussian 09 software, B3LYP theory, and 
6-31g basis sets based on DFT were used [20] to optimize the chosen derivatives, SM1-SM5 in figure 2 

 
Figure 2.  Structural formulae of compounds SM1-SM5 
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2.4.  Molecular docking of ligands with Marburg 
virus (VP40) 
Molecular docking is a crucial technique for 
observing how inhibitors and target proteins 
interact, through the use of MGL tools, Auto 
Dock vina, the optimized compound of the 
selected compounds (shown in Figure 2) were 
theoretically docked in the active region of the 
target receptors namely Marburg virus (VP40). 
Ten conformers for compounds have been 
generated in which the most stable 
conformations were picked for additional 
examination. After the docking process, the 

inhibitor-protein interactions were observed in 
PyMol and BIOVIA Discovery Studio, which aid 
in the visualization of hydrophobic interactions, 
aromatic interactions, π-π interactions 
and ligand-receptor bonding via hydroge 
 

3. RESULTS  
3.1.  Interaction of SM1-SM5 with viral protein 

(VP40) of MARV residues  
SM1-SM5 are strongly interacted with the 
residues in active pocket of VP40 given in Figure 
3-7. The interacting residues and their binding 
energies are given in table 1. 

 
Table 1. Binding energies and interacting residues of SM1-SM5 against viral protein (VP40)  
 
 
 
 
 
 
 
 

ligands Binding score (kcal/mol) Residue involved in hydrogen bonding 
SM1 -17.48 CYS-47, CYS-41 
SM2 -16.01 GLN-461 
SM3 -15.66 CYS-41, ARG469, TYR-130 
SM4 -14.73 TYR-130, GLY-45, CYS-47 

SM5 -10.13 
GLN-44, ARG-61, ARG-83 
ARG-79, ARG-79 

Ibrofen -8.81 CYS-41 
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Figure 2.. Binding pose of SM1 with VP40, (A) 3D interactions, (B) interacting amino acids (C) Aromaticity 

(D), hydrogen bonding, and (E) 2D interactions 
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Figure 4. Binding pose of SM2 with VP40, (A) 3D interactions, (B) interacting amino acids (C) Aromaticity (D), 

hydrogen bonding, and (E) 2D interactions 



 
Volume 3, Issue 7, 2025 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

http://fmhr.org                                       | Jamil et al., 2025 | Page 673 

 
Figure 5. Binding pose of SM3 with VP40, (A) 3D interactions, (B) interacting amino acids (C) Aromaticity (D), 

hydrogen bonding, and (E) 2D interactions 
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Figure 6. Binding pose of SM4 with VP40, (A) 3D interactions, (B) interacting amino acids (C) Aromaticity (D), 

hydrogen bonding, and (E) 2D interactions 
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Figure 7. Binding pose of SM5 with VP40, (A) 3D interactions, (B) interacting amino acids (C) Aromaticity (D), 

hydrogen bonding, and (E) 2D interactions 
  



 
Volume 3, Issue 7, 2025 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

http://fmhr.org                                       | Jamil et al., 2025 | Page 676 

4. DISCUSSIONS 
Open chain and closed chain sulphones and 
hydrazide containing supramolecular compounds are 
biologically active. In this study we have selected 
some of synthetic supramolecular compounds 
containing sulphones and hydrazide, SM (1-5). The 
discovery of targeted potential drugs for 
inflammation in human body are still big challenge 
for modern world. The literature study shows that 
the drugs containing hydrazide, sulphones moieties 
are the competent drugs [21, 22]. So, to intervene in 
these challenges we are investigating the inhibition 
potential of the synthetic supramolecular 
compounds SM (1-5) against the targeted proteins 
MARV. Molecular docking studies were performed 
to explain the possible binding interactions modes of 
the selected supramolecular compounds containing 
sulphones and hydrazide moiety SM (1-5) with 
targeted protein MARV. Figure 3-7.  
 
4.1.  Molecular docking study of (SM1-SM5) 
The literature studies shows that structural variation 
link between the active site of MARV plays a key role 
in designing of targeted inhibitors [23]. Molecular 
docking investigation of (SM1-SM5) against MARV 
was carried out to predict binding and orientation 
nature of selected compounds in active packet of 
Marburg virus (VP40). Auto dock study were used 
for docking, which successfully docked the title 
compounds (SM1-SM5) in the active pocket of 
Marburg virus (VP40). Binding energy, and residue 
involved in hydrogen bonding are summarized in 
Table 1. Among the selected compound SM1-SM5 
exhibit docking score of -17.48 kcal/mol, -16.01 
kcal/mol, -15.60 kcal/mol, -14.73 kcal/mol, -10.13 
kcal/mol against MARV. The description of SM1 
were selected according to lowest binding energy 
pose. SM1 compound fitted best into MARV active 
binding sites. SM1 form Hydrogen bonding 
(S=O…HN, S=O…HN) interaction with CYS-47 and 
CYS-41 residues of MARV with bonds distances 
2.1Å and 2.3Å but also one weak π…π interaction 
(S=O…O=N, 2.5Å)GLY-45 given in Figure 3 and to 
demonstrate SM2 was also selected according to 
lowest binding energy pose, compound SM2 fitted 
best into MARV active binding sites. SM2 form 
Hydrogen bonds with GLN-461 (S=O…HN, 2.6Å) 
residues of MARV and form weak π…π interactions 

(S=O…O=S,2.8Å)GLN-461,(N…O=N,3.0Å)ASP-135 
given in Figure 4 Interaction study of MARV with 
SM3 possess three hydrogen bonds with CYS-41 
(S=O…HN, 2.1Å), ARG-469 (C=O…HN, 2.3Å), 
TYR-130 (O…HO, 2.6Å) residues and form weak 
π…π interactions (N…O=N,.3.5Å) ARG-469 given in 
Figure 5. The interaction pattern of SM4 was 
selected according to lowest binding energy pose 
SM4 fitted best into MARV active binding sites 
which allows compound SM4 to form Hydrogen 
bonding with (C=O…HO, 2.0Å) TYR-130, 
(NH…O=N, 2.3Å) GLY-45, (O…HN, 1.9Å) CYS-47 
residues of MARV and form weak π…π interactions 
(S=O…O=N,3.4Å)CYS-41,(S=O…O=N,3.4Å)TYR-39 
(S=O…O=S,2.4Å)GLU-465(S=O…O=S,2.4Å) GLN-
461 shown in Figure 6. SM5 exhibit only one 
hydrogen bond (O…HN, 2.8Å) with ARG-469 and 
having no π…π interactions given in Figure 7 The 
commercially available drug standard Ibrofen which 
having binding energy -8.81 kcal/mol against MARV 
[24]. Among the tested compounds, SM1 (-17.48 
kcal/mol) exhibit best inhibitory activity against 
MARV as compared to other tested compounds and 
as well as standard Ibrofen. 2D interaction, 
Hydrogen bonding pocket and aromatic interactions 
Figure of SM1-SM5 are given in Figure 3-7  
 
5. CONCLUSION 
Sulphones and hydrazone-containing synthetic open 
chain supramolecular compounds that we have 
chosen include SM (1-5). Molecular docking shows 
that supramolecular compounds SM1-SM5 exhibit 
binding energy –10.13kcal/mol to -17.48kcal/mol 
against MARV.(VP$)) Compare with standard drug 
Ibrofen which having binding energy -8.81 kcal/mol 
against MARV. The above-mentioned compounds 
show better inhibitory activity against Marburg virus 
(VP40). These inhibitors will be useful in future 
against Marburg virus (VP40). 
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