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Abstract
the development and evolution of viruses that cause disease have presented a formidable challenge to 
contemporary medicine and the global economy, not to mention a catastrophic risk to human health. 
Almost all of these viruses are zoonotic, meaning they were first identified in animals and then spread 
to humans. An emerging virus may cause only a few isolated instances, resulting in a limited outbreak, 
or it may cause widespread infection and spread to other parts of the world, triggering a full-blown 
epidemic. these kinds of emerging occurrences have occurred frequently and in many different forms 
during the past few decades. Monkeypox is a zoonotic disease caused by the monkeypox virus, a 
member of the orthopox family that also includes variola, cowpox, and vaccinia. Both animals and 
humans can get infected by this virus. Similar to smallpox this disease shows less severe rashes and 
lower mortality rate. the outbreak of monkeypox was declared a global public health emergency by 
the World Health Organization in July 2022. Unknown mutations and variations are linked to the recent 
epidemic. Presently, FDA approved tecovirimat, cidofovir and brincidofovir are there in market to treat 
monkeypox virus. But there are some side effects of these drugs as they are synthetic. So, scientists 
are working on natural remedies that can be used as alternative to these drugs. in the present study 
virtual screening of phytochemicals (N-(2-Allylcarbamoyl-4-chloro-phenyl)-3,4-dimethoxy-benzamide, 
6-Dimethylaminonaphthene-1-sulfonicacid amide, Oleic Acid and dipentyl ester) from Allophylus 
serratus were employed against core viral cysteine proteases from monkeypox virus was done. the 
docking study revealed that selected ligands bind with target viral protein with binding affinity in the 
range of -5.0 to -6.7 kcal/mol. N-(2-Allylcarbamoyl-4-chloro-phenyl)-3,4-dimethoxy-benzamide showed 
the highest binding affinity of -6.7 kcal/mol which can be investigated in the future to design potential 
drugs against monkeypox virus. thus, this study foresees the possibility of bioactive phytochemicals 
functioning as template molecules for further experimental evaluation of their efficiency against 
monkeypox virus.

Keywords: Monkeypox, Tecovirimat, Docking Study, Drugs, Cysteine Proteases

iNtRODUCtiON

 Multiple viral illnesses have recently 
made a comeback, with the world seeing new 
cases of Nipah, influenza (H1N1, H5N1), Ebola, 
Zika, and coronaviruses in recent years (MERS-
CoV and SARS-CoV-2). Recently included to this 
group are orthopoxviruses such as monkeypox 
virus (MPXV), variola, cowpox, and vaccinia, all 
of which can cause disease in humans.1,2 MPXV 
is an orthopox virus that leads to a viral zoonosis 
disease named as ‘monkeypox’, and is generally 
transmitted from monkeys to humans. This disease 
has similar symptoms to smallpox but it is less 
critical than it. But due to outbreak of this virus 
and increasing number of cases in July 2022, it 
was declared a public health emergency by World 
Health Organization (WHO).3 Starting with West 
and Central Africa, the outbreak led to around 
80,328 cases all over the world, affecting 110 
countries with 53 deaths, as reported by Centers 

for Disease Control and Prevention (CDC) on 19th 
November 2022.4 Monkeypox virus (MPXV) is a 
double helical DNA virus residing in animal hosts 
like rodents and non-human primates. From 
humans to humans, it is transmitted through 
semen contact and nasal droplets. Previously 
there were two different genetic clades based 
on geographic division that vary in severity and 
pathology of infection. The Central African trait 
was more severe and transmissible than the West 
African trait but due to general viral evolution 
a third multi country outbreak strain has been 
reported that led to spread of disease all over 
the world.5,6 Smallpox and monkeypox share 
somewhat same symptoms but monkeypox is less 
severe than smallpox. The same vaccination would 
have been effective against monkeypox but due to 
eradication of smallpox in 1980, the vaccine was 
discontinued. These vaccines can be first line of 
defense but their usage is limited due to ill effects 
working with live/ attenuated viruses.7 Many 
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drugs have been reported for treating viruses 
from orthopox family. A p37 viral envelope protein 
inhibitor Tecovirimat, is generally administered 
that halts the spread of virus particles from 
infected cells. Another possible mechanism of 
action can be DNA polymerase inhibitors Cidofovir 
and Brincidofovir that can be used to inhibit the 
replication of viral particles.1,8 But the problem 
with these drugs is ample of side effects leading to 
many other ailments as they are synthetic. Efforts 
are needed to fill the gap of applicable science and 
basic science to stop the further outbreaks of new 
viruses that are emerging due to faster evolution 
and susceptibility of various hosts. So, the scientists 
are exploring something new and natural remedies 
including of medicinal herbs, plant metabolites 
and phytochemicals for these viruses that can be 
effective and safe alternative for these drugs as 
found useful against various important emerging 
and re-emerging pathogens.9-12 In addition, about 
50 single nucleotide polymorphisms (SNPs) were 
discovered in the 2022 MPXV genome that were 
not present in the 2018-2019 MPXV strains that 
were circulating. This adds to the seriousness of 
the ongoing global pandemic and that MPXV is 
accelerating its progression. This highlights the 
critical need for research into new treatments for 
MPXV. In this respect, drug repurposing appears 
to be a useful alternative because it eliminates the 
requirement for drug development and shortens 
the timeline for drug discovery.
 Having comparable signs and symptoms 
to smallpox, monkeypox is typically a self-limiting 
infection. In most people, monkeypox causes 
only mild symptoms, but in a few, significant 
complications may arise. Since MPXV is so very 
similar to the smallpox virus, vaccinations and 
antiviral treatments developed for smallpox can 
be used successfully against monkeypox.1,13,14 
Cross-immunity against poxviruses, however, has 
been on the wane worldwide ever since smallpox 
vaccination campaigns were abandoned. That is 
why in 2022, when monkeypox broke out in various 
parts of the world, public health officials began 
to worry about the possibility of a new global 
pandemic.15,16 In the cytoplasm of infected cells, 
MPXV employs several virally encoded proteins, 
including cysteine proteinase, to replicate, as is 
the case with other poxviruses.17 In the life cycle 
of most viruses, proteases catalyze the cleavage of 

viral precursor polyproteins, playing a pivotal part 
in the process. Therefore, cysteine proteinase and 
other proteases enzymes are promising targets for 
the development of new antiviral medicines.18,19 
Unfortunately, the MPXV cysteine proteinase 
enzyme has not yet been crystallized, which can 
hinder structure-based drug design and screening 
efforts.20

 Researchers are increasingly looking 
to plant-derived compounds and bioactive 
phytochemicals in contemporary medicine 
because of their widespread antibacterial, antiviral, 
antivirulence, and pharmacological characteristics. 
Phytochemicals and other medications have been 
projected to be effective against SARS-CoV-2, 
Ebola, and Nipah virus in numerous in silico and 
pharmacoinformatics-based investigations.10,12,21 In 
the present study, our team has explored various 
compounds of well-known Indian medicinal 
plant Allophylus serratus for its potential to 
spread and prevent monkeypox disease. This 
drug is known in Ayurveda for its anti-viral and 
anti-inflammatory properties.22 There are many 
bioactive compounds present in this plant that 
are rich in flavonoids, tannins, steroids, phenolics, 
alkaloids and saponins. Various anti-inflammatory, 
anti-ulcer, anti-bacterial and anti-viral properties 
have been reported.23 Using this ancient Ayurvedic 
knowledge we have explored the binding affinities 
of core protease of MPXV with different bioactive 
compounds of this plant. Core proteases are 
cysteine proteases that are responsible for 
replication and cleavage of major membrane and 
structural proteins.24 So, this is a well-known target 
for inhibiting molecular mechanisms of MPXV. 
After deriving this target our team has identified 
binding affinities of this protease with various 
compounds using molecular docking studies. The 
results show that phytochemicals of Allophylus 
serratus can be used as a natural pharmacophore 
for countering MPX. 

MetHODOlOGy

Retrieval of MPXV viral core cysteine proteases 
amino acid sequence
 The FASTA sequence of core cysteine 
proteases of MPXV was retrieved from Uniprot 
(https://www.uniprot.org/).
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Secondary and tertiary structure prediction
 Secondary structure was depicted by 
PHYRE (http://www.sbg.bio.ic.ac.uk/~phyre2/
html/page.cgi?id=index). 3-D structure of core 
cysteine protease of monkeypox virus was 
modelled by online server SWISS-MODEL (https://
swissmodel.expasy.org/). After modelling, the 
structure was further validated by Protein 
Structure Validation Software Suite (PSVS)(https://
mybiosoftware.com/psvs-1-5-proteins.

Receptor preparation
 The verified 3-D model was prepared for 
docking studies by removing water molecules and 
heteroatoms from modeled receptor.

ligand library preparation and analysis of 
physiochemical properties of ligands
 Four phytochemicals were selected 
from Allophylus serratus, viz.N-(2-Allylcarbamoyl-
4-chloro-phenyl)-3,4-dimethoxy-benzamide, 
6-Dimethylaminonaphthene-1-sulfonic acid 
amide, Oleic Acid and dipentyl ester. The 3-D 
structures of selected phytochemicals were 
downloaded from pubchem in sdf format. ADME 
profiling of ligands at pH 7 viz. Unfavorable 
absorption, distribution, metabolism, and 
elimination of ligands were studied by using online 
tool. Physiochemical properties or Lipinski’s rule 
of five was also determined, which include LogP 
(<5), molecular weight (<500 Da), H-bond donor 
(5), molar refractivity, H-bond acceptor (<10), and 
drug likeliness are mentioned in Table 1.

table 1. Physio-chemical Properties of ligands

No. Ligands Pubchem     ADME Properties  Drug
  ID    (Lipinski’s Rule of Five)  Likeliness

   Properties Values

1. N-(2-Allylcarbamoyl-4- 2898006 Molecular  74.5 
 chloro-phenyl)-3,4-  weight (<500 Da)  Yes
 dimethoxy-benzamide  (5)LogP (<5) 2.7 
   H-bond donar 2 
   H-bond acceptor (<10) 6
   Molar Refractivity 98.55 
2. 6-Dimethylaminonaphthene-  Molecular  336 Yes
 1-sulfonic acid amide  weight (<500 Da)  
   (5)LogP (<5)  3.4 
   H-bond donar 2 
   H-bond acceptor (<10) 5 
   Molar  94.4 
   Refractivity  
3. Dipentyl ester  Molecular  306. Yes
   weight (<500 Da)  
    (5)LogP (<5) 4.3 
   H-bond donar 0 
   H-bond  4 
   acceptor (<10)  
   Molar Refractivity 86.05 
4. Oleic Acid  Molecular  282 Yes
   weight (<500 Da)
   (5)LogP (<5) 5.9 
   H-bond donar 1 
   H-bond acceptor (<10) 2 
   Molar Refractivity 87
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Molecular Docking studies of phytochemicals 
with viral core cysteine protease
 For in silico docking studies, PyRxv0.8 
was run (utilizes Auto dock Vina). Discovery Studio 
Visualizer was used to visualize docked structure 
with highest binding affinity.

ReSUltS AND DiSCUSSiON

 The in-silico experiments analysis reveals 
best binding between ligand candidates and viral 
target associated with MPXV. The higher binding 
affinity was used to determine the docking 
strength of each ligand molecule with its receptor. 
 Firstly, Amino acid sequence (58 residues) 
of cysteine proteases of MPXV was retrieved 
from Uniport having accession number Q5IXV7  
(Table 2).
 Then, the primary amino acid sequence 
was uploaded in secondary and tertiary structure 

prediction servers i.e. PHYRE and SWISS-MODEL 
respectively. Based on Phyre secondary structure 
modelling the alpha helix and beta strand represent 
58% and 12% respectively. The template used 
for 3-D modeling was other cysteine proteases 
with PDB ID 6ups. The 3-D structure of cysteine 
protease was visualized by the PyMOL visualization 
tool. The secondary and tertiary model of cysteine 
proteases of MXOV is depicted in Figure 1. 
Ramachandran plot was drawn from PROCHECK 
and it was observed that 84.8% residues were 
present in most favoured regions followed by 
11.0% residues in additionally allowed regions 
and 2.4% residues in generally allowed and 1.8% 
residues in disallowed regions. The overall G-factor 
score was found to be−0.98 (recommended value 
−0.5) for the probable model and the overall model 
average also had positive scores (cut-off score 
was >0.2) as established during verification of 3D 
structure. All of these programs together verified 

table 2. Amino acid sequence of cysteine proteases

>tr|Q5IXV7|Q5IXV7_MONPV Core protease I7 OS=Monkeypox virus 
MERYTDLVISKIPELGFTNLLCHIYSLAGLCSNIDVSKFLTNCNGYVVEKYDKSTTAGKVSCIPIGMMLELVESGHLSRPNSSDELDQK
KELTDELTTRYHSIYDVFELPTSIPLAYFFKPQLREKVSKAIDFSQMDLKIDDLSRKGIHTGENPKVVKMKIEPERGAWMSNRSIKNLV
SQFAYGSEVDYIGQ FDMRFLNSLAIHEKFD AFMNKHILSYILKDKIKSSTSRFVMFGFCYLSHWKCVIYDKKQCLVSF 
YDSGGNIPTEFHHYNNFYFYSFSDGFNTNHRHSVLDNTNCDIDVLFRFFECTFGAKIGCINVEVNQLLESECGMFISLFMILCT 
RTPPKSFKSLKKVYTFFKFLADKKMTLFKSILFNLQDLSLYITETDNAGLKEYKRMEKWTKKSINVICDKLTTKLNRIVDDDE

Figure 1. Secondary structure (A), Modelled 3-D structure of Cysteine proteases (B), Ramachandran plot (C)
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table 3. Binding affinity and RMSD value range of N-(2-Allylcarbamoyl-4-chloro-phenyl)-3,4-dimethoxy-benzamide

Ligand Binding Affinity rmsd/ub  rmsd/lb
 (∆G Kcal/mol)

N-(2-Allylcarbamoyl-4-chloro-phenyl)- -6.7 0 0
3,4-dimethoxy-benzamide _uff_E=517.53
N-(2-Allylcarbamoyl-4-chloro-phenyl)- -6.1 13.726 10.913
3,4-dimethoxy-benzamide _uff_E=517.54
N-(2-Allylcarbamoyl-4-chloro-phenyl)- -5.8 14.907 11.879
3,4-dimethoxy-benzamide _uff_E=517.55
N-(2-Allylcarbamoyl-4-chloro-phenyl)- -5.7 14.663 11.851
3,4-dimethoxy-benzamide _uff_E=517.56
N-(2-Allylcarbamoyl-4-chloro-phenyl)- -5.6 8.212 3.433
3,4-dimethoxy-benzamide _uff_E=517.57
N-(2-Allylcarbamoyl-4-chloro-phenyl)- -5.6 29.831 26.371
3,4-dimethoxy-benzamide _uff_E=517.59
N-(2-Allylcarbamoyl-4-chloro-phenyl)- -5.6 8.475 3.438
3,4-dimethoxy-benzamide _uff_E=517.60
N-(2-Allylcarbamoyl-4-chloro-phenyl)- -5.3 13.281 10.247
3,4-dimethoxy-benzamide _uff_E=517.61
N-(2-Allylcarbamoyl-4-chloro-phenyl)- -5.3 14.3799 12.509
3,4-dimethoxy-benzamide _uff_E=517.62

table 4. Binding affinity and RMSD value range of 6-Dimethylaminonaphthene-1-sulfonic acid amide

Ligand Binding Affinity rmsd/ub  rmsd/lb
 (∆G Kcal/mol)

6-Dimethylaminonaphthene-1- -6.3 0 0
sulfonic acid amide_uff_E=613.42
6-Dimethylaminonaphthene-1- -6.2 12.237 8.915
sulfonic acid amide_uff_E=613.43
6-Dimethylaminonaphthene-1- -6.2 12.171 6.97
sulfonic acid amide_uff_E=613.44
6-Dimethylaminonaphthene-1- -6.1 26.281 25.01
sulfonic acid amide_uff_E=613.45
6-Dimethylaminonaphthene-1- -5.9 28.455 26.562
sulfonic acid amide_uff_E=613.46
6-Dimethylaminonaphthene-1- -5.8 7.837 5.12
sulfonic acid amide_uff_E=613.47
6-Dimethylaminonaphthene-1- -5.8 27.684 25.753
sulfonic acid amide_uff_E=613.48
6-Dimethylaminonaphthene-1- -5.8 7.579 4.889
sulfonic acid amide_uff_E=613.49
6-Dimethylaminonaphthene-1- -5.7 11.442 9.925
sulfonic acid amide_uff_E=613.50

the probable 3-D structure of cysteine proteases 
of MPXV.

Molecular Docking Analysis
 Molecular docking results revealed 
that N-(2-Allylcarbamoyl-4-chloro-phenyl)-3,4-

dimethoxy-benzamide,6-Dimethylaminona-
phthene-1-sulfonic acid amide, Oleic Acid and 
dipentyl ester showed the binding affinity in the 
range of -6.7 to -5.0 kcal/mol with target protein. 
Among four selected ligands N-(2-Allylcarbamoyl-
4-chloro-phenyl)-3,4-dimethoxy-benzamide 
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Figure 2. Docking of N-(2-Allylcarbamoyl-4-chloro-phenyl)-3,4-dimethoxy-benzamide with cysteine protease of 
MPXV. 3-D view (A) 2-D view (B) of binding of ligand with target protein

Figure 3. Docking of 6-Dimethylaminonaphthene-1-sulfonic acid amide with Cysteine protease of MPXV. 3-D view 
(A) 2-D view (B) of binding of ligand with target protein.

showed the highest binding affinity of -6.7 kcal/
mol (Table 3). It formed five H-bonds with the 
amino acid residues of cysteine protease as shown 
in Figure 2.
 Similarly, 6-Dimethylaminonaphthene-
1-sulfonic acid amide, dipentyl ester and oleic 
acid interact with binding affinity of -6.3, 
-5.1 and -5.0 kcal/mol (Table 4, 5 and 6). 6- 
Dimethylaminonaphthene-1-sulfonic acid amide 
interacts with target protein via two hydrogen 
bonds (Figure 3).

 Further, dipentyl ester and Oleic acid also 
interacts via hydrogen bonds. Dipentyl ester and 
Oleic acid formed only one H-bonds via ILE and 
ASP residues of cysteine protease respectively  
(Figure 4 and 5). Moreover, all four ligands 
also formed Van Der Waals, alkyl and π- alkyl 
interactions with cysteine protease of MPXV.
 To stop the spread of MPXV infections, 
a successful strategy involving the repurposing 
of bioactive phytochemicals and existing 
pharmaceuticals is required.25-27 Saho et al.28 
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identified that Tipranavir, Cefiderocol, Doxorubicin, 
and Dolutegravir were the potential drugs among 
the FDA approved list for monkeypox virus.28 
Similarly, Odhar et al.20 identified that tetracycline 
(antibiotics) strongly inhibits cysteine proteases of 
monkeypox virus.20 A natural biomolecule Glycocin 
F showed the highest binding with MPXV.12 High 
docking scores were also attained by lactococcin G 
and plantaricin ASM1 with the majority of related 

cell surface receptors and viral surface proteins. 
Study with phytochemicals is missing in literature; 
however, our team has published several reviews 
and editorial paper on monkeypox outbreak with 
promising insight into future perspectives.29-34 Our 
present study cannot be compared with previous 
studies as till date no in silico docking of MPXV 
with phytochemicals is reported.

Figure 4. Docking of dipentyl ester with Cysteine protease of MPOV. 3-D view (A) 2-D view (B) of binding of ligand 
with target protein

Figure 5. Docking of Oleic acid with Cysteine protease of MPXV. 3-D view (A) 2-D view (B) of binding of ligand with 
target protein
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CONClUSiON

 A member of the same orthopoxvirus 
genus as the virus responsible for smallpox, 
MPXV has long been established as an endemic 
threat in Africa. Vaccination against orthopox 
viruses has been suspended for the past four 
decades, since smallpox illness was ultimately 
eradicated. The resurgence of MPXV in an 
under-vaccinated population is a global health 
emergency that requires swift action from the 
scientific community. Patients with monkeypox 
disease may benefit from long-term remedies 
provided by monkeypox-specific therapies rather 
than impractical mass immunization campaigns 
within a limited time frame. Reusing existing drugs 
to find new uses against MPXV saves time and 
money over developing and testing completely 
new drugs. Given the growing danger posed by 
zoonotic illnesses to human health, especially in 
light of the emergence of monkeypox and other 
poxviruses, it is crucial that the pharmacopeia 

be further investigated in order to combat these 
infections. Computationally designed docking 
studies are effective, stable, specific and low 
costing as compared to traditional study used 
for vaccine development. In the current study 
we use cysteine protease as target molecule 
and naturally occurring phytochemicals from 
medicinal plant as ligands (N-(2-Allylcarbamoyl-
4-chloro-phenyl)-3,4-dimethoxy-benzamide,6-
Dimethylaminonaphthene-1-sulfonic acid amide, 
Oleic Acid and dipentyl ester) and found that  
N-(2-Allylcarbamoyl-4-chloro-phenyl)-3,4-
dimethoxy-benzamide has the highest binding 
affinity with target molecule. Therefore, after in 
vivo and in vitro study naturally occurring plant-
based metabolites can be further used to design 
novel drugs against MPXV. The authors also believe 
that recent pandemics and epidemics, such as 
those caused by COVID-19 and monkeypox, may 
help bring much-needed attention to diseases that 
are now neglected or otherwise understudied, and 
hence motivate much-needed research.

table 5. Binding affinity and RMSD value range of dipentyl ester

Ligand Binding Affinity rmsd/ub  rmsd/lb
 (∆G Kcal/mol)

dipentyl ester_uff_E=125.96 -5.1 0 0
dipentyl ester_uff_E=125.97 -4.7 8.108 1.768
dipentyl ester_uff_E=125.98 -4.7 26.741 25.441
dipentyl ester_uff_E=125.99 -4.6 6.874 0.95
dipentyl ester_uff_E=125.100 -4.5 2.135 1.476
dipentyl ester_uff_E=125.101 -4.1 9.863 4.012
dipentyl ester_uff_E=125.102 -4.1 3.202 1.844
dipentyl ester_uff_E=125.103 -3.9 7.125 2.026
dipentyl ester_uff_E=125.104 -3.8 27.473 25.867

table 6. Binding affinity and RMSD value range of Oleic acid

Ligand Binding Affinity rmsd/ub  rmsd/lb
 (∆G Kcal/mol)

Oleic Acid_uff_E=80.35 -5 0  0
Oleic Acid_uff_E=80.36 -4.7 2.089 1.285
Oleic Acid_uff_E=80.37 -4.6 22.272 20.718
Oleic Acid_uff_E=80.38 -4.6 28.375 24.898
Oleic Acid_uff_E=80.39 -4.6 24.375 22.692
Oleic Acid_uff_E=80.40 -4.5 24.302 1.497
Oleic Acid_uff_E=80.41 -4.5 3.312 1.817
Oleic Acid_uff_E=80.42 -4.5 2.355 1.399
Oleic Acid_uff_E=80.43 -4.5 3.393 10.913
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