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ABSTRACT

SARS-CoV-2 is drastically spread across the globe in a short period of time and affects the lives of billions.
There is a need to find the promising drugs like candidates against the inhibition of novel corona virus
or SARS-CoV-2. Herein, the interaction on sex hormones (testosterone and progesterone) with Mpro of
SARS-CoV-2 was investigated with the help of molecular docking. The binding energy for the formation
complex between the progesterone and testosterone with main protease of SARS-CoV-2 are -86.05 and
-91.84 kcal/mol, respectively. From this, it can be understood that testosterone showed better binding
affinity with Mpro of nCoV and thus, more inhibition of the main protease. Then, the binding was further
studied using molecular dynamics simulations at different temperatures (300, 310 and 325) K. It has been
observed that the formations of complex between the Mpro of nCoV with testosterone/ progesterone is
better at 300 K than 310 and 325 K. Further, it is found that the more effective binding of testosterone
with Mpro of nCoV is observed than the progesterone based on the RMSD, RMSF and H-bond trajectories.

Results indicate the promising nature of testosterone towards the inhibition of Mpro of nCoV.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Novel Corona virus disease (COVID-19) was first reported in
Wuhan in 2019 and after then, cases were reported from all the
nations across the globe in a short period of time and affects
the lives and economic outcomes of whole world. [1-5] Com-
mon symptoms of new corona virus infections are fever, headache,
chills, dry coughing, and breathlessness. SARS-CoV-2 has infected
billions of people resulted about millions of deaths worldwide.
Many people are found to be asymptomatic and recovered without
medical intervention but those peoples are already suffering from
any kind of illness, diabetes, asthma and respiratory disorders need
medical treatments [4,6-9]. Remdesivir is a nucleotide prodrug
that helps to inhibit viral- RNA dependent RNA-polymerases, that
plays an important role in replication of viruses including coron-
aviridae. [10,11] Peoples suffering from COVID-19 are treated with
remdesivir and other repurposing drugs while those suffering with
hypoxia, require oxygen support. It is expected that the hormones,
progesterone and testosterone might interact with nCoV. [12-15]
Progesterone causes the endometrium transition from prolifera-
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tive phase to the secretory phase for maintain the blastocyst and
maintain the pregnancy. It also plays an important role for main-
taining the several types of tissues that are not belonged to the
reproductive systems like mammary glands for breastfeeding, car-
diovascular system bones. It’s a steroid based hormone and known
as preg-4-ene-3, 20-dione. It can be used in the medications by
the combination of estrogen to five the hormonal therapies to the
for menopausal systems and low hormonal women [1,14,16-21].
Testosterone is found in males and formed in testicles in the ley-
dig cells while in the female ovaries also make testosterone in
small amounts. It plays major role in the production of sperms in
the male, secondary sexual characteristics and effects the devel-
opment of body mass, bones and red blood cell production. This
belongs to the class having the keto and hydroxyl at 13 and 17
positions, respectively. It shows action when on binding with the
androgen receptors, or by conversion of estradiol to activate the
androgen receptors [16,18,22-24]. Progesterone decreases the in-
nate immune response while increases the immune tolerance and
antibody production that leads to the increase immune dysregula-
tion that causes COVID-19 cytokine storm. The combination is the
viable options for the therapeutic treatment of the COVID-19 pa-
tients. It has been seen that the females are less effected and se-
vere condition as compared to the males [15,25-28]. Further, low
levels of testosterone in the male shows the ills effect in the en-
dothelial cell functioning, that show low immune responses that
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Fig. 1. Structure of (a) progesterone and (b) testosterone.

effects the ability to fight with SARS-CoV-2 and causes the inflam-
mation. Decreased level of serum testosterone has poor effect on
the COVID-19 patients by deregulating the pulmonary protective
pathways [16]. Molecular dynamics (MD) stimulations is used to
investigate the atom’s site in the space. In this approach, the dy-
namic model is under the force of motion that can be studied. This
motion of the stimulations can be studies by different numerical
of solution like classical Newtonian dynamic equations that gives
the information about the atoms sites in the molecule along with
thermodynamic properties of the molecules. [29-33] In the present
work, authors have investigated the interaction of testosterone and
progesterone against Mpro of nCoV using molecular docking and
temperature dependent molecular dynamics simulations (300, 310
and 325 K).

2. Theoretical calculations
2.1. Designing of the ligands

The structure of hormones (progesterone and testosterone) are
drawn using chemdraw as mentioned in Fig. 1. These two struc-
tures were optimized before performing molecular docking and
molecular dynamics simulations. The crystal structure of Mpro of
nCoV (PDB ID- 6LU7) in complex with an inhibitor N3 was taken
from the RCSB (10.2210/pdb6LU7/pdb) and the same prepared be-
fore the molecular docking and molecular dynamics simulations
using Chimera. Further, the change in the structure of main pro-
tease of the SARS-CoV-2 in presence of progesterone and testos-
terone were investigated using the molecular dynamics (MD) sim-
ulations at 300 K, 310K and 325 K [7,34-39].

2.2. Molecular docking

Molecular docking of progesterone (Pr) and testosterone (T)
with Mpro of nCoV was performed using iGemDock [40] and gives
the binding energy for the formation of the complex using differ-
ent various dockings option available [41]. The binding obtained
is the combination of energy due hydrogen bonding, electrostatic
and van der Waals interactions. The parameters like population
size, generations and number of solutions selected for performing
docking with accuracy. Very slow docking was performed to get
10 solutions of each docking and considered to be most reliable
than others (standard, stable, rough and custom). This approach
has been applied in this work and got 10 solutions for each com-
pound as in Table 1.

2.3. Molecular dynamics (MD) simulations

Molecular dynamics simulations of Mpro of nCoV in presence of
Pr and T were performed using the online WEBGRO Macromolecu-
lar Simulations server (https://simlab.uams.edu/ProteinWithLigand/
protein_with_ligand.html). It is important to mention that it is
a GRACE High Performance Computing Facility and made avail-
able by the University of Arkansas for Medical Sciences (UAMS)
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as a public service and the same was developed by M. Balasub-
ramaniam, & P. Williams. Before performing MD simulations, the
topology of the ligands was created using the Prodrug, that is,
GlycoBioChemPRODRG?2 server. (http://davapcl.bioch.dundee.ac.uk/
cgi-bin/prodrg) The force filed applied to perform the MD sim-
ulations is GORMACS43al; further, SPS water model in triclinic
system and sodium chloride were taken. Then, the energy of the
protein-ligand complex was minimized using the steepest descent
integrator at every 5000 steps. The equilibration NVT/ NPT was
performed first at 300 K and 1 bar pressure. Then, the MD inte-
grator was Leap-frog for 100 ns and the frames per MD simula-
tions fixed to 1000. MD simulations gave various trajectories like
the root mean square deviation (RMSD), root mean square fluctua-
tion (RMSF), radius of gyration (Rg), solvent accessible surface area
(SASA), and hydrogen bonds (HBs). With the help of these trajecto-
ries, one can discuss the inhibition of Mpro of nCoV using Pr and
T at 300, 310 and 325 K. [42-45].

3. Results and discussion
3.1. Molecular docking

Ten solutions for the docking between the progesterone (Pr)/
testosterone (T) with MPro of nCoV are obtained and the best
pose has been taken for the investigation. The binding energy for
the formation complex between the progesterone and testosterone
with Mpro of nCoV are —86.05 and —91.84 kcal/mol respectively.
From Table 1, it can be understood that testosterone showed better
binding with Mpro of nCoV and thus, expecting more inhibition.
The results obtained from molecular docking are generally not re-
liable, therefore, there is a need to understand the binding through
different approaches like molecular dynamics simulations for suffi-
cient.

Further, the interaction between amino-acids of Mpro of nCoV
and progesterone/ testosterone after molecular docking can be in-
vestigated from docked views (Fig. 2) and the data available in
Table 2. It is found that progesterone forms hydrogen bond with
the THR26 (classical) as well as with MET165 (non-classical) and
THR25 (non-classical). Progesterone forms hydrophobic interaction
with CYS145. Further the interactions of testosterone with Mpro of
nCoV was investigated. It was found that testosterone forms hydro-
gen bond with the SER144 (classical), LEU141 (classical), GLY143
(classical) and CYS145 (classical) as well as with ARG188 (non-
classical) and ASN142 (non-classical). It also forms hydrophobic in-
teraction with HIS41, HIS163 and CYS145.

3.2. Molecular dynamics (MD) simulations

MD simulations is an advance technique to analyze the con-
figurational changes that occur after the induced fitting of ligand.
The system is evolved using classical mechanics for few nanosec-
onds (ns). MD generates trajectories and the points of trajecto-
ries were used for the further analysis. These following parameters
{radius of gyration (Rg), root mean square deviation (RMSD), root
mean square fluctuation (RMSF), and number of hydrogen bonds}
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Binding energy obtained using molecular docking for the formation of the complex be-
tween the Mpro of nCoV in presence of progesterone or testosterone individually.

Evpw (kcal/mol)  Epponding (kcal/mol)

Compounds Eginding energy (kcal/mol)
Progesterone-0 —85.8716
Progesterone-1 —66.5682
Progesterone-2 —86.0145
Progesterone-3 —84.7612
Progesterone-4 —84.7874
Progesterone-5 —84.7809
Progesterone-6 —84.7611
Progesterone-7 —84.0137
Progesterone-8 —84.7041
Progesterone-9 —86.0568
Testosterone-0 —78.3785
Testosterone-1 —87.5437
Testosterone-2 —78.4694
Testosterone-3 —78.6394
Testosterone-4 —91.8406
Testosterone-5 —77.1043
Testosterone-6 —77.5379
Testosterone-7 —71.6886
Testosterone-8 -91.635
Testosterone-9 —74.6947

—78.3564 —7.51513
—55.41 —11.1581
—79.0145 -7
—75.4354 —9.32584
—75.4392 —9.34816
—75.5145 —9.26636
—75.4339 -9.3272
—82.8708 —1.14298
—75.3562 —9.34794
—78.2143 —7.8426
—63.64 —14.7386
—75.4036 —12.1401
—70.3577 -8.11175
—64.1202 —14.5192
—72.5204 —19.3202
—65.1371 -11.9673
—66.1792 —11.3588
—58.9562 —12.7324
—74.5474 —17.0877
—63.3001 -11.3945

Table 2
Interaction between amino-acids of Mpro of nCoV and progesterone/ testosterone after molecular docking.
H-Bond
Compound - - .
Classical Non-classical Hydrophobic
Amino Acid  Distance (A)  Amino Acid  Distance (A)  Amino Acid  Distance (A)
Progesterone  THR26 2.11 MET165 2.80 CYS145 433
THR25 2.26
Testosterone SER144 3.12, 182 ARG188 217 HIS41 5.46
LEU141 2.44 ASN142 2.99 HIS163 5.09
GLY143 2.62 CYS145 4.44
CYS145 2.55

were calculated. Further, these parameters were used to analyze
the configurational stability of the protein-ligand complex. Herein,
protein-ligand complex was subjected to simulate for 100 ns to an-
alyze the configuration changes that occur within. Initially, protein-
ligand system was subjected to neutralize by applying FORCE-FIELD
Gormacs and adding Na+ ion for positive deficiencies and CI- ion
for negative deficiencies. Then, the system is solvated by adding
water and optimized to the minimum energy values. Further, en-
semble hypothesis was used to grow the system. Constant tem-
perature (NVT) and pressure (NPT) were applied. In Last system
was allowed to run MD simulations for 100 ns and trajectories
were recorded at appropriate time. SPC waters, Na and Cl were
added to the simulation box for testosterone /progesterone are
15,141/17,798, 50/57 and 46/53 respectively.

Radius of gyration (Rg) is the distance to define strength of sys-
tem to bear strain. It is measured by measuring the distance be-
tween rotational axis and center of mass. For the protein-ligand
system, it can be used to describe the conformational stability. Less
the value of Rg indicates more conformational stability. It means
that the center of mass of protein is closer to the axis of rotation.
However, invariant value of Rg shows the stability due to whole
time span of simulation. Herein, Rg values for Mpro of nCoV with
testosterone and progesterone were studied for 100 ns at 300, 310
and 325 K. The Rg values for the complexes range between 2.14-
2.18 nm and showed enough conformational stability. However, the
variation in the Rg value is much considerable during complete
time span of simulations. At 300 K, the variation in Rg value is less
and shows stability of complex during the course of simulation and
this more inhibition. After increasing temperature from 300 K to
310 K and 325 K, the behavior of Rg values changes. It was found

that Rg value decreases however, more decreases were reported at
310 K. This decrease in Rg value shows the lowest value for Mpro
of nCoV in case of progesterone on comparison with testosterone.
Most effective inhibition of Mpro of nCoV was estimated at 310 K
by the progesterone as in Fig. 3.

RMSD is helpful to measure the atomic coordinate in term of
rooting the average value of square of these coordinates. It is also
helpful to determine the conformational stability of macromolec-
ular system using the atomic coordinates of the backbone atoms.
The trajectory coordinates of backbone were used to compute the
RMSD values. For a successful molecular docking, RMSD value
should be least because it directly gives the deviation of mean
atomic coordinates. Less the RMSD value of the complex means
more will be the conformational stability of macromolecular sys-
tem. Herein, RMSD values for Mpro of nCoV with progesterone/
testosterone were analyzed at 300, 310 and 325 K. It was found
that RMSD values increases on increasing temperature. RMSD val-
ues at 300 K are under acceptable range and corroborating the
successful docking. The RMSD values for both testosterone, proges-
terone and MPro of nCoV was found as 0.2 nm and 0.3 nm respec-
tively. The result indicates better conformational stability of the
complex between Mpro of nCoV and testosterone than with the
progesterone. Result also indicate better conformational stability at
low temperature in case both testosterone and progesterone as in
Fig. 4. It was found that on increasing temperature RMSD increases
means conformational stability of complex decreases. At 310 K, the
RMSD values is little higher but are acceptable under the cellular
circumstances.

RMSF is much more similar to the RMSD but it differs in sense
that it uses individual residue flexibilities value for calculations. It
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Fig. 2. 2D- and 3D- representation for the interaction between Mpro of nCoV with (a & c) progesterone and (b & d) testosterone after molecular docking.
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Fig. 3. Radius of gyration for the complex between MPro of nCoV and testosterone/ progesterone at 300, 310 and 325 K.
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Fig. 4. RMSD fits to backbone for the complex between MPro of nCoV and testosterone/ progesterone at 300, 310 and 325 K.
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Fig. 5. RMSF fits to backbone for the complex between MPro of nCoV and testosterone/ progesterone at 300, 310 and 325 K.

can be used to define the conformational stability of the macro-
molecular system. Lesser the values of fluctuation indicates more
conformational stability. However, variation in fluctuation value in-
dicates the structural complexity within the macromolecular sys-
tem. RMSF values for Mpro of nCoV with testosterone/ proges-
terone were plotted at 300, 310 and 325 K as given in Fig. 5.
It is clear that some fluctuations occur in reason of 250 to 300
amino acid residues. However, the RMSF values remains in accept-
able range i.e. near the 0.2 nm indicate stability of particular amino
acid residues. Some instability recorded along amino acid residues
value 175-225 and 250-300 at higher temperature. Fluctuations
at binding cavity residues corroborates the successful docking.
Herein, no significant effect of increase of temperature were
observed.

Van der Waals interactions are hydrogen bond interactions are
highly strong during the complex formation. Hydrogen bonds de-
cide the proper anchoring of ligand in the receptor. More the num-
ber of hydrogen bonds indicates better anchoring of ligand within
active binding cavity. The number of hydrogen bonds for Mpro of
nCoV with testosterone and progesterone at 300, 310 and 325 K
were analyzed. The number of hydrogen bonds and their persis-
tence during the course of 100 ns simulation was analyzed at
300 K, 310 K and 325 K. Fig. 6 indicates that on increasing temper-
ature number of hydrogen bonds increases. Initially, progesterone
and Mpro of nCoV contains maximum three hydrogen bonds and
then increases on increasing temperature. While in case of testos-
terone, it shows similar nature thaton increasing temperature, the
number of hydrogen bonds decreases.
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Fig. 6. Hydrogen bonds for the complex between MPro of nCoV and testosterone/ progesterone at 300, 310 and 325 K.

4. Conclusion

Herein, the interactions of testosterone and progesterone with
MPro of nCoV were investigated with the help of molecular
docking. The binding energy for the formation complex between
the progesterone and testosterone with MPro are —86.05 and
—91.84 kcal/mol respectively. From this, it can be understood that
testosterone showed better binding with MPro of nCoV and thus,
showed more inhibition. Then, the binding was further studied
with molecular dynamics simulations at different temperatures,
that is, 300, 310 and 325 K as the information obtained from
molecular docking is not very reliable. It has been observed that
the formations of complex between the Mpro of nCoV with testos-
terone/ progesterone is better at 300 than 310 and 325 K. Further,
it is found that the binding is more effective with testosterone than
the progesterone based on the Rg, RMSD, RMSF and H-bond trajec-
tories.
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