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Abstract
Background and Objective: SARS-CoV-2 is the virus causing COVID-19, which is a potentially fatal illness. COVID-19 is a severe worldwide
public  health  pandemic,  because  of  its  high  fatality  rate,  quick  transmission  and  lack  of  treatments.  This  work was carried out to
assess  the  in  silico   inhibitory effect of phytocompounds  from  Balanites   aegyptiaca   on COVID-19. Materials and Methods: In this
study Balanites aegyptiaca active compounds were screened for their potential activity on the main protease of SARS-CoV-2 using
molecular  docking and  Molecular  Dynamic  (MD)  simulation  studies.  Results: Precose compound showed the best docking energy
(-9 kcal molG1), the best stable complex with the main protease of SARS-CoV-2, MD simulation and stable integration of key residues
(His41, Glu166 and Asp189) of the main protease active sites with Precose. Conclusion: These findings suggest that this compound could
be a good candidate for developing and manufacturing an anti-SARS-CoV-2 medication.
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INTRODUCTION

A deadly corona illness was discovered in Wuhan, China,
around the end of 20191. In a short period, the disease had
spread over the world. The COVID-19 disease had gained
prominence and on 11 March, 2020, it was declared a global
pandemic2. The rapid dissemination of COVID-19 across the
world has resulted in an emergency for the global health care
system. In many countries, this disease has a varying effect
depending on its cultural values, prevention efforts and health
infrastructure. Because of the high mortality associated with
corona disease, it is challenging for the whole world either to
develop new antiviral medications or to improve the existing
antiviral drugs to develop an efficient therapeutic solution for
COVID-19. It takes years to establish effective drugs that would
impede the control of this pandemic. Efficient treatment of
control mechanisms to prevent coronavirus must therefore be
established3. 

For centuries, natural resources have been the main
source of remedy and they will continue to be so in the future.
In several cultures across the globe, medicinal plants have
been the main cure for sickness and the promotion of general
health4. Natural products are cheap, more reliable and have
few or no side effects than synthetic medicines5,6. Desert date
(Balanites aegyptiaca), is one of the possible and promising
herbal medicine that could be included in the healthcare
program of many developing countries. The plant can be
found in the majority of the world's tropical regions. It is
indigenous to most middle East, Africa, Pakistan and Southern
Asia7,8. 

Traditional  healers  in  many  countries  utilize  different
parts   of   Balanites   aegyptiaca   in   folk   medicine   because
they contain anti-diabetic8,9, anti-microbial10,11, antioxidant12,13,
anti-cancer14,15,  anti-viral16,17,  anti-nociceptive  and  anti-
inflammatory18,19  and  anti-cholesterol20  activities.  The fruit of
the desert date contains a considerable quantity of sugars21.
The kernel contains proteins22, polyphenols23 and nutritive oil,
both saturated and unsaturated fatty acids22,24. The most
important biochemical components in the fruit of Balanites
aegyptiaca  fruit  are  saponins25.  In  addition,  the  roots,
branches and leaves of the desert date contain alkaloids,
flavonoids, tannins and vitamins21. 

Among the many clinical trials currently underway to
investigate potential treatments and other viral targets, the
major protease (also known as 3CLpro or Mpro) is one of the
effective characterized therapeutic targets26,27. The main
protease of the novel coronavirus SARS CoV-2 is one of the
most efficient targets for antiviral pharmaceutical treatments
against COVID-1927. It is necessary for the processing of viral

RNA-encoded polyproteins28. This research was undertaken to
assess the in silico  inhibitory effect of phytocompounds from
Balanites aegyptiaca against COVID-19.

MATERIALS AND METHODS

Study time: This work was carried out between March and
December, 2020, that’s Covid-19 pandemic time. 

Protein models selection and preparation: The main
protease of SARS-CoV-2 proteins was selected as a target for
molecular docking and molecular dynamics simulation study,
due to its critical involvement in the processing of
polyproteins28. The RCSB PDB database had been used to
obtain the 3D structure of the main protease (5RFS)29. Then it
was prepared for docking by atom protonation, water
molecules  removal,  atom  fixation  and  energy  minimization
by  the  Schrödinger  Maestro  software  using  Protein
Preparation  Wizard  SiteMap.  The  Receptor  Grid  generation
was used for the prediction of protein active site, the active
site  residues  were  determined  according  to  a  previous
publication28.

Ligand selection and preparation: Active compounds of
Balanites aegyptiaca were selected from a previous
publication30, the top 11 compounds selected for molecular
docking and their 2D structures were obtained from the
PubChem database. LigPrep wizards of Schrödinger Maestro
software was used for ligands preparation. 

Molecular docking: The ligand docking of Maestro was used
for molecular docking studies. The protein was set as rigid
while ligands were flexible. Extra Precision (XP) docking was
used, the partial charge cutoff was set at 0.15 and the van der
Waals radii scaling factor was set at 0.8. Post docking energy
minimization step was done and only 5 poses per ligand were
included.  The protein and ligands-interaction were analyzed
with PLIP web server31, hydrogen bond distances were
estimated and interacted residues were specified. 

Molecular  dynamic  simulation:  D  simulation  was  done  for
the  complex  of  Precose  and  main  protease  which  showed
the best docking score. The Desmond package in the
Schrödinger Maestro software32 was used for the simulation
study. The complex was run at 50 ns MD simulation, TIP3P
water  model was prepared using a system builder, the system
was  minimized  at  2000  iterations,  NPT  temperature   was
set at 300 K, then Maestro was used for visualization of
trajectories. 
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RESULTS AND DISCUSSION

Active sites prediction: The following residues 25, 26, 27, 39,
40, 41, 49, 141, 142, 143, 144, 145, 163, 164, 165, 166, 167, 168,
181, 187, 188, 189, 190 and 404 were identified by SiteMap as
the active site of the protein. With a site score of 1.016, the
identified pocket indicates its good durability, usual values
between 0.5 and 1.0 indicate a binding pocket as drug able
site33.  A good drug target has a high durability score and can
induce a therapeutic effect in a live system through small-
molecule binding.  

Molecular  docking  observations:  After  molecular  docking
of  the  prepared  ligand (n = 11) into protein active sites,
different docking  energies  and  conformations  were 
generated,  Precose  (CID_444254)  showed  docking   score -9,
Meptazinol hydrochloride (CID_65483) showed docking score
-5.3, 1alpha, 25-dihydroxy-3 (CID_9953732) showed docking
score -4.8 and Hyocholic acid (CID_92805) showed -4.3 in
Table 1 and Fig. 1. Precose (CID_444254) showed the highest
docking score (-9 kcal molG1) and interaction with SARS-CoV-2
main   protease  protein  as  shown  in  Table  1  and  Fig.  2.
The   Precose   compounds   (CID_444254)   is   also   known  as

Fig. 1: 2D structures of the selected Balanites aegyptiaca compounds with their docking score and PubChem IDs

Table 1: PubChem ID and docking score of the selected compounds from the Balanites aegyptiaca
Compounds ID Docking score H-bonds
Precose CID_444254 -9.0 His41,His164, Gln189, Thr190
Meptazinol hydrochloride CID_65483 -5.3 His41
1alpha, 25-dihydroxy-3 EDIT NAME CID_9953732  -4.8 Gly143, Thr190
Hyocholic acid CID_92805 -4.3 Gly143
Mestranol CID_6291 -4.3 Asn142
Carisoprodol CID_2576 -3.9 Glu166, Asn142
Calcitriol CID_5280453 -3.6 Gly143
Hydrocortisone butyrate CID_26133 -3.6 Glu166, His164, Cys145
Trandolapril CID_5484727 -3.0 His41, Glu166
Methyl N- (a-methylbutyryl) glycine CID_193872 -2.5 Cys145
Alfacalcidol CID_5282181 -1.3 Gln189
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Fig. 2: 3D interaction of the precose compound (green) with the main protein of SARS-CoV-2 (blue)
Enlarged view showing the residues associated with ligand interaction

Fig. 3: 2D interaction of the precose compound with main residues of SARS-CoV-2
Hydrogen bonds are shown in purple arrows
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Table 2: H-bonds formation by the interaction of main protease residues with Precose compound 
Insert Residue AA Distance H-A Distance H-A Donor angle  Donor atom Acceptor atom
1 41A HIS 2.96 3.77 143.71 4741 [O3] 614 [Nar]
2 164A HIS 1.88 2.81 162.61 4746 [O3] 2527 [O2]
3 189A GLN 2.71 3.64 162.97 4738 [O3] 2899 [O2]
4 189A GLN 1.94 2.9 174.24 4743 [O3] 2895 [O2]
5 189A GLN 2.05 2.93 150.66 4740 [O3] 2895 [O2]
6 189A GLN 3.23 3.64 107.61 4733 [O3] 2899 [O2]
7 189A GLN 2.35 3.34 166.38 4747 [N3] 2899 [O2]
8 190A THR 2.5 2.93 105.24 2909 [Nam] 4742 [O3]
9 190A THR 1.72 2.68 168.41 4742 [O3] 2912 [O2]

Fig. 4: Root mean square deviations (RMSDs) trajectories of the main protease of SARS-CoV-2 residues and Precose complex run
at 50 ns
Protein backbones carbon alpha atoms showed in blue colour and the ligand in red colour

anti-hyperglycemia agents, which are clinically applied to
prolong the increases in post-meal blood glucose34. Balanites
aegyptiaca compounds used in this study have the potential
activity against the COVID-1935. 

This good docking energy was the result of the good
positioning of the ligand in the protein active site. Results
showed  the  nine hydrogen bonds, which were formed due
to  the  interaction  of  Precose  and  the  main  of  SARS-CoV-2,
His41  formed  a  stable  hydrogen bond with a distance of
2.96 Å, four hydrogen bonds were observed with Gln189,
which is located at the centre of the binding site located
between Gln-189 and Glu-166 in Fig. 3. Table 2 summarizes
hydrogen bonding (H-bond), hydrogen-acceptor atom
distance (H-A) and donor-acceptor atom distance (D-A). The 
main  protease  residues  GLN189  formed  five  H-bonds with
the ligand acceptor atom number 2895, with distances

ranging  from  2.8-3.6  Å.  Additionally,  THR190  established
two  strong  hydrogen  bonds  and  two  acceptor  atoms
(4742 O3 and 2912 O2) that are involved in the ligand
interaction.  These  findings  are  consistent  with  those  of
Abel et al.36, who identified the same response of natural
chemicals with Gln_189, Glu_166 residues of the main
protease. Furthermore, in another study, the same residues
were found to have the same interaction with other active
compounds37. However, the main protease residues such as
Ser_284, Thr_285 and Ile_286 have not been linked to our
compound's interaction28.

The Precose compound can block the main protease
active site's catalytic residues containing the conserved
catalytic  residues  His_41  and  Cys_14538.  The  His_41  is
located at S2 subunits, which have an essential role in
performing  good  binding  with  hydrophobic  groups39.  The
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Fig. 5: Frequencies of the interactions of the protein with the ligand throughout the 50 ns simulation time
Graph showed the number of times for a specific reaction is maintained (e.g., a value of 0.25 refers to 25%),  green colour indicated the H-bonds while the blue
colour showed the water bridges and the violet colour demonstrated the hydrophobic interaction

Fig. 6: Interactions and bond types formed between ligand and protein during the simulation time (50ns)
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blocking of His41 could result in loss of main protease enzyme
activity.  The  two  stable  hydrogen  bonds  were  formed  with 
Thr_190 with small distances of 2.5 and 1.7 Å (Table 2). This
essential residue Thr_190 located at S4 of the enzyme binding
pocket39.

Observation of molecular dynamic simulation: The strength
of Precose compound binding affinities with the active site
residues of the main of SARS-CoV-2 was assessed using a
molecular dynamics simulation. This compound showed good
binding affinity to protein backbones residues during 50 ns
simulation time in Fig. 4. The ligand remains intact to protein
backbones during the whole simulation rime from 2 ns until
the end of the simulation. The fluctuation of the complex
remains in a range from 0.6-2.4 Å. This means good stability,
usually, fluctuation in this range considered stable40,41.
Residues showed integration persisted for more than 70% in
simulation considered stable (Desmond), in the current study,
three  residues  (His41,  Glu166  and  Asp189)  showed  stable
H-bonds with the ligand. Additionally, Glu166, Gln189 and
Gln192 showed stable water bridges in Fig. 5 and 6. The
previous  study  also  showed  that  stable  blocking  of  the key
residues His41, Glu166 was located at the active site of the
enzymes39 which may prevent the essential role of the main
protease in SARS-CoV-2 polyproteins processing28. 

CONCLUSION

The computational methods are widely used for the
prediction of SARS-CoV-2 inhibitors 35, 37, 38. In this study, a
total of 12  Balanites  aegyptiaca  compounds  were  screened
for  their  possible  activity  on  SARS-CoV-2  main  protease.
Based on docking energy, number and types of bonds in
addition to the positioning of ligands on protein active site,
the precise  molecule  was  identified  as  the  best  inhibitor 
of the main protease. The binding affinity of this compound to
the main protease was confirmed by MD simulation. These
results provide an insight for future  in vitro  or  in  vivo  studies
that sheds light on the possible use of precision in the
treatment of SARS-CoV-2 and similar viral diseases. Further
studies are required to confirm the usefulness of these novel
findings.

SIGNIFICANCE STATEMENT
 

This study identified the Precose molecule as the inhibitor
of the main protease of SARS-CoV-2 that can be beneficial for

further in vitro or in vivo research into the possible use of it in
the treatment of SARS-CoV-2 and other viral diseases. 
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