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ABSTRACT

One of the deadliest diseases is the SARS-CoV-2 virus, today. The rate of spread of this virus is very high.
Momordica Charantia extracts studied for this virus. The inhibitory activities of 96 components in the extract of
Momordica Charantia were compared against the SARS-CoV-2 virus. Molecular docking method was initially
used for this comparison. ADME/T analysis of the inhibitors with the highest inhibitory activity was performed
using the results obtained from these calculations. The molecular docking calculations of the molecule with the
highest inhibitory activity were tried to be supported by MM-PBSA calculations. The molecular mechanics
Poisson-Boltzmann surface binding free energy values of area (MM-PBSA) calculations study interactions
between inhibitor molecules and SARS-CoV-2 virus proteins at 100 ps. Finally, the molecules with the highest
inhibitory activity were compared with FDA approved drugs. As a result of the made molecular docking
calculations, the docking score parameter is Karaviloside Il with -9.36, among the extracts of momordica
charantia, which has the most negative value. The Gibbs free energy value of the Karaviloside Il against 6X6P
protein with the best docking score value was calculated. This value is -477143.61+476.53. As a result of the
comparison of inhibitory activities of extracts of Momordica charantia against SARS-CoV-2 virus, it has been
observed that the Karaviloside Ill molecule has higher inhibitory activity than other melodies and FDA drugs.
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Introduction

Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), which started in Wuhan city of China and
affected the whole world, is currently the most contagious
and effective virus [1]. This virus started in the last month
of 2019, infected 23 million people in 7 months, and
caused the death of 850 thousand people. This infection
was declared a pandemic by the world health organization
(WHO) in March 2020. SARS-CoV-2 is an enveloped
positive-sense single-stranded ribonucleic acid (RNA)
virus. It is a dangerous virus that can spread from person
to person through droplet exchange while coughing,
talking, and sneezing. The upper respiratory tract's
symptoms such as fever, dry cough, nausea, head and
throat pain, and runny nose are in the foreground for this
virus [2]. In patients, all of these symptoms appear
between 3 and 14 days. People with low immune systems
such as diabetes, heart problems, cancer, asthma, and
organ transplantation are reported to show acute
symptoms [2]. When the virus's incubation period ends,
these mild symptoms worsen and begin to accumulate
water in the lungs. Subsequently, the virus leads to
respiratory failure and finally causes the patient to
become pneumonia. When the disease reaches this level,
it is challenging for the patient to recover [3].

Another name for SARS-CoV-2 disease is COVID-19.
This disease is the seventh coronavirus transmitted to
humans.
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Figure 1. Chronological order of Coronavirus species

This virus is classified under four main headings: alfa,
beta, gamma, and delta [4]. The order of the coronavirus
types by years is shown in Figure 1. The six known before
that are HCoV-229E (Human coronavirus 229E), HCoV-
0C43 (Human coronavirus OC43), SARS-CoV (Severe acute
respiratory syndrome- coronavirus), HCoV-NL63 (Human
coronavirus NL63), HCoV-HKU-1 (Human coronavirus-
HKU-1), MERS-CoV (Middle East respiratory syndrome
coronavirus) [5]. Although SARS-CoV-2 triggers diseases in
different and multiple organ systems in animals, it
generally targets humans' respiratory systems. Although
HCoV-229E, HCoV-0C43, SARS-CoV, HCoV-NL63, and
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HCoV-HKU-1 cause upper respiratory tract discomfort
with mild symptoms, SARS-CoV, MERS-CoV, and SARS-
CoV-2 have serious and dangerous diseases. It is classified
as the high pathogen that can cause [3,6]. The membrane
receptor of host cells plays an essential role in the entry of
coronaviruses into host cells and their pathogenesis. The
coronavirus recognizes host receptors with its envelope-
anchored spike (S) protein and binds with this protein's
help. It then enters the cell by binding the host and viral
membranes [7]. It was seen in many experimental and
theoretical studies conducted before that, it was observed
that the genome sequences of SARS-CoV-2 were 80%
similar to other coronaviruses [8]. But SARS-CoV-2
infection rate is more than ten times higher [9]. The
coronavirus genome consists of four main structural
proteins. These are (1) the spike (S) protein, (2)
nucleocapsid (N) protein, (3) membrane (M) protein, and
(4) the envelope (E) protein [10].

Many theoretical studies have shown that it has been
shown that four basic proteins within the SARS-CoV-2
virus are focused. The first is the main protease of the
coronavirus 3CLpro and PLpro. The antiviral drug lopinavir
[11,12] is used. The second is the RNA-dependent RNA
polymerase [(RdRp), also called nsp12] protein of the
coronavirus. Remdesivir [11], ribavirin [11,13], and
favipiravir [14] are used as antiviral drugs. The third is the
coronavirus s protein (viral spike glycoprotein). Arbidol
[15] is used as an antiviral drug. The fourth and last is the
ACE 2 protein of the coronavirus. Arbidol [15] is used as
an antiviral drug.

Momordica charantia has many major components.
The most important of these main components are
cucurbitacins, sterols, triterpenoids, and vicine [16].
Momordica charantia has been used for centuries,
particularly in the treatment of stomach diseases. The
fruit of Momordica charantia is separated when ripe,
giving orange-yellow fruits. In recent years, research has
been carried out for cancer treatment with Momordica
charantia, whose homeland is considered to be India.
With Momordica charantia, natural support can be
provided for digestive system diseases. The active
ingredient called quarantine in Momordica charantia is
effective in gastritis, stomach ulcer, reflux problems.
Momordica charantia reduces the number of Helicobacter
Pylori bacteria, suppressing their activity, and preventing
their growth. It is effective against stomach and intestinal
infections with its anti-inflammatory properties. An article
published in "Current Molecular Medicine" in May 2011
wrote that Momordica charantia contains more than 20
bioactive compounds that increase its therapeutic value.
Nearly 100 in vitro studies have proven the blood sugar
lowering effect of Momordica charantia to date. In the
June 2001 issue of the journal "Planta Medica" published
a study demonstrating the capacity of Momordica
charantia to inhibit HIV [17]. The June 2009 issue of the
"Pharmaceutical Research" newsletter also reported that
Momordica charantia inhibits cancer cells' growth and
promotes cancer cell death without touching healthy cells
[18]. The October 2010 issue of "Cancer Science" included

a study stating that Momordica charantia extract prevents
carcinogenic cells from spreading from prostate tumors to
the lung [19].

Spike
Glycoprotein (S)
6MO0J, 6X6P

Main protease (M)
6MOJ, 5RGG

RNA polymerase
(RdRp)
6MOJ, 6X6P

Figure 2. Target proteins of the sars-cov-2 virus

In the study of Ahamad et al.,, Momordica charantia
found 96 components. These ninety-six molecules are
given in supplementary data file. However, the inhibitory
effects of 96 molecules of Momordica charantia against
proteins of spike glycoprotein (PDB ID: 6M0J, 6X6P), main
protease (PDB ID: 5RGG, 7BUY), and RNA dependent RNA
polymerase (RdRp) (PDB ID: 7BV1, 7BV2) of the SARS-CoV-
2 virus were compared by molecular docking calculations,
are represented in Figure 2. The molecular mechanics
Poisson-Boltzmann surface binding free energy values of
area (MM-PBSA) calculations study interactions between
inhibitor molecules and SARS-CoV-2 virus proteins at 100
ps. Afterward, ADME/T analysis of the molecules with the
highest inhibitory activity among these 96 molecules was
performed.

Material and Methods

Previous theoretical studies show that the inhibitory
properties of the molecules formed by many components
of the Momordica Charantia against SARS-CoV-2 proteins
were compared using molecular docking, which is one of
the most used methods. Inhibitory activities were
compared using the numerical value obtained from the
interactions between molecules and SARS-CoV-2 proteins
by molecular docking method. Active regions of many
SARS-CoV-2 proteins are determined by calculations. In
this study, molecular docking calculations were made to
compare the inhibitory activities with the molecules of the
Momordica Charantia.

Molecular docking calculations to calculate the
inhibitory activities of 96 molecules studied were
performed using the Maestro Molecular modeling
platform (version 12.2) by Schrodinger. For these
calculations, proteins and 96 pieces of Momordica
Charantia molecules studied must be prepared. In
docking calculations, a different process s
performed for molecules at each stage. First, it was
used from the Gaussian software program [20] to
obtain optimized structures of molecules with
extension *.sdf were created using these structures.
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All calculations were made with the Maestro
Molecular modeling platform (version 12.2) by
Schrédinger, LLC [21]. The Maestro Molecular
modeling platform (version 12.2) by Schrodinger
comes together from many modules. In the first
module, the protein was prepared and the active site
of the protein was found. The protein preparation
module [22,23] is used. In the next module, the
LigPrep module [24,25] was used to do the necessary
operations for docking calculations of molecules.

For the next step, The Glide ligand docking
module [26] was used to calculate interactions
between the 96 therapeutic agents studied and the
SARS-CoV-2 progeny. In this module, the OPLS3e
method was used in all calculations for docking
calculations of molecules and proteins. Numerical
values of many parameters obtained as a result of
molecular docking calculations using this module are
used. After the docking calculations, studied 96
therapeutic agents were made ADME/T analysis
(absorption, distribution, metabolism, excretion, and
toxicity) so that they could become drugs in the
future. The Qik-prop module [27] of the Schrédinger
software was used for ADME/T analysis.

Molecular mechanics Poisson-Boltzmann surface
area (MM-PBSA) calculations were performed for
6X6P protein and molecule 4a. For MM-PBSA
calculations, Nanoscale Molecular Dynamics (NAMD)
[28] and Visual Molecular Dynamics (VDM) [29]
software programs were calculated all calculations.
Binding free energy provides an overview of
biomolecular interactions between protein and
inhibitor. The binding energy of protein and inhibitor
constitutes of potential energy, polar and non-polar
solvation energies. In these calculations, the free
binding energy and the total free energy of the
protein, inhibitors, and inhibitor-protein complex
were calculated respectively.

AG'Binding = AGcomplex - (AGProtein + AGlnhibitm')

where; AGpinging is the binding free energy,

AGcomplexr AGproteins and AGnhipitor

demonstrates the total free energy of the protein-
ligand complex and total free energies of the isolated
protein and ligand, respectively. Each term in the
above equation consists of the combination of many
energy components. These are composed of many
components such as van der Waals energy,
electrostatic energy, and polar contribution.

Results and Discussion

The ninety-three molecules of Momordica
charantia will inhibit three different proteins of the
SARS-CoV-2 virus. Three different SARS-CoV-2 virus
proteins were taken into consideration, spike
glycoprotein, main protease, and RNA dependent
RNA polymerase proteins. It should be well known
that the more that these 96 molecules interacts with
the three different proteins of the SARS-CoV 2 virus,
the most inhibition effect would be. The molecule
with the most inhibition effect will stop the SARS-
Cov-2 virus from entering the cell. Hence, replication
of the SARS-Cov-2 virus in human metabolism would
be inhibited.

Ninety-three molecules of the studied Momordica
charantia were investigated by the molecular
docking method against the SARS-CoV-2 virus's
proteins. As a result of these calculations, many
parameters about the inhibitors were calculated.
These parameters provide much information about
inhibitors' inhibitory properties against SARS-CoV-2
virus proteins [23]. As a result of molecular docking
calculations, the most important parameter among
the obtained parameters is the docking score
parameter. This parameter is used to explain the
interaction between inhibitors and proteins. It
should be well known that if the interaction between
the inhibitor and the proteins increases, the
inhibitor's activity increases [25]. This increase in
interaction causes the SARS-CoV-2 virus to inhibit the
protein.

There are many more parameters obtained from
docking calculations. These parameters are used to
explain the interactions between the inhibitor and
SARS-CoV-2 proteins. These parameters are Glide
hbond, Glide evdw, and Glide ecoul. These
parameters provide information about the number
of chemical interactions that occur between the
inhibitor and the proteins. These parameters give a
numerical expression of hydrogen bonding, Van der
Waals interactions, and Coulomb interactions
occurring between inhibitors and proteins [30-32].
Apart from these parameters, there are Glide
emodel, Glide energy, and Glide einternal
parameters. All of these parameters explain the
interaction of molecules with inhibitors. Table 1
shows the numerical values of the five inhibitors with
the highest inhibitory activity among 96 inhibitors for
all parameters [33].

As a result of molecular docking calculations, the
best inhibitors for the three active protein regions of
the SARS-CoV-2 virus are given in Table 1. These
inhibitors are 4-Methoxybenzoic Acid (1a),
Gypsogenin (2a), Momordicine | (3a), Karaviloside IlI
(4a), and Charantoside Il (5a). The interactions of the
highest inhibitory activity molecules of 96 inhibitor
molecules of Momordica charantia with the studied
proteins are given in Figure 3-8.
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Table 1. Numerical values of the docking parameters of molecule against enzyms

Protein Parameters 1a 2a 3a 4a 5a
6MOJ Docking score -2.50 -3.34 -2.26 - -
Glide ligand efficiency -0.23 -0.10 -0.07 - -
Glide evdw -14.14 -18.81 -19.87 - -
Glide ecoul -6.99 -7.75 -9.24 - -
Glide energy -21.13 -26.55 -29.11 - -
Glide einternal 0.04 241 5.20 - -
Glide emodel -24.41 -26.83 -36.67 - -
Glide hBond -0.31 -2.09 -1.48 - -
6X6P Docking score -3.63 -7.32 -7.17 -9.36 -8.57
Glide ligand efficiency -0.33 -0.22 -0.21 -0.21 -0.18
Glide evdw -11.83 -26.94 -32.43 -28.75 -22.25
Glide ecoul -5.27 -3.49 -1.61 -9.01 -11.31
Glide energy -17.10 -30.44 -34.04 -37.76 -33.55
Glide einternal 3.35 7.70 0.00 15.62 0.00
Glide emodel -17.66 53.35 -46.09 10.46 26.41
Glide hBond -1.94 -1.95 -1.06 -2.96 -2.40
5RGG Docking score -2.65 -4.37 -6.44 -8.77 -7.09
Glide ligand efficiency -0.24 -0.13 -0.19 -0.19 -0.15
Glide evdw -15.39 -29.03 -32.83 -20.59 -31.84
Glide ecoul -2.62 -6.09 -7.87 -19.36 -11.57
Glide energy -18.01 -35.12 -40.70 -39.96 -43.41
Glide einternal 0.83 2.27 5.20 13.26 11.53
Glide emodel -21.91 -44.43 -51.48 -58.62 -55.18
Glide hBond -0.60 -0.82 -1.33 -5.38 -3.05
7BUY Docking score -3.12 -4.71 -4.52 -7.35 -7.27
Glide ligand efficiency -0.28 -0.14 -0.13 -0.16 -0.15
Glide evdw -15.10 -21.68 -22.73 -31.55 -37.42
Glide ecoul -2.14 -8.80 -6.06 -12.79 -7.02
Glide energy -17.24 -30.48 -28.79 -44.33 -44.44
Glide einternal 0.00 1.23 7.86 10.51 0.00
Glide emodel -21.91 -28.26 5.76 -32.36 -54.28
Glide hBond -0.35 -2.16 -1.32 -3.41 -3.03
7BV1 Docking score -3.66 -4.64 -5.14 -8.42 -7.98
Glide ligand efficiency -0.33 -0.14 -0.15 -0.19 -0.17
Glide evdw -13.52 -33.47 -23.84 -26.83 -28.73
Glide ecoul -5.87 -0.58 -8.77 -18.24 -16.73
Glide energy -19.39 -34.05 -32.61 -45.07 -45.46
Glide einternal 4.43 1.72 22.87 9.81 7.35
Glide emodel -21.47 -43.44 -18.74 -53.91 -55.02
Glide hBond -1.89 -1.41 -2.22 -3.55 -3.51
7BV2 Docking score -1.70 -4.18 -4.68 - -
Glide ligand efficiency -0.15 -0.12 -0.14 - -
Glide evdw -14.92 -28.86 -18.62 - -
Glide ecoul 3.65 1.04 -5.51 - -
Glide energy -11.28 -27.82 -24.13 - -
Glide einternal 0.43 0.49 5.70 - -
Glide emodel -12.60 -32.52 -28.47 - -
Glide hBond -0.30 -2.01 -1.92 - -
After comparing the inhibitory activity of As a result of molecular docking calculations,

inhibitors against the protein, ADME/T analysis was
performed to theoretically predict the five
molecules' effects and responses with the highest
inhibitory activity in human metabolism. To predict
the effects and responses of inhibitors on organs and
tissues in the human body from the numerical values
obtained with this theoretical analysis. The
numerical values of all the inhibitors' calculated
parameters with this analysis are given in Table 2 in
detail.

there are two most essential parameters obtained
due to ADME/T analysis for inhibitors, which are The
RuleOfFive [34,35] and RuleOfThree [36] parameters.
These two parameters constitute a combination of
many parameters. Therefore, the numerical value of
this parameter is required to be zero. Each other
parameter gives the numerical value of the effects of
inhibitor molecules on different organs and tissues.
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Table 2. ADME properties of molecules

la 2a 3a 4a 5a Referance Range
mol_MW 152 471 473 635 663 130-725
dipole (D) 819 4.7 4.0 7.1 6.4 1.0-12.5
SASA 347 703 779 979 986 300-1000
FOSA 93 534 613 789 797 0-750
FISA 107 151 148 178 146 7-330
PISA 147 17 17 11 43 0-450
WPSA 0 0 0 0 0 0-175
volume (A3) 539 1420 1526 1966 2008 500-2000
donorHB 1 1 3 5 4 0-6
accptHB 2.8 4.7 7.1 12.7 14.4 2.0-20.0
glob (Sphere =1) 0.9 0.9 0.8 0.8 0.8 0.75-0.95
QPpolrz (A3) 15.5 48.9 49.9 64.3 66.3 13.0-70.0
QPlogPC16 53 12.7 14.1 18.9 18.9 4.0-18.0
QPlogPoct 7.9 20.6 24.7 35.8 35.8 8.0-35.0
QPlogPw 6.0 8.0 12.3 20.3 20.5 4.0-45.0
QPlogPo/w 2.0 5.8 4.6 4.5 4.5 -2.0-6.5
QPlogS -1.6 -6.8 -6.3 -6.9 -6.6 -6.5-0.5
CIQPlogS -1.6 -7.0 -5.9 -6.8 -6.9 -6.5-0.5
QPlogHERG -1.7 -1.9 -4.5 -5.2 -5.3 e
QPPCaco (nm/sec) 243 92 387 202 410 ok
QPlogBB -0.4 -1.0 -1.4 -2.2 -1.8 -3.0-1.2
QPPMDCK (nm/sec) 136 48 177 88 189 R
QPlogKp -2.8 -4.0 -3.4 -3.5 -2.8 Kp in cm/hr
IP (ev) 9.5 9.5 9.7 9.6 9.6 7.9-10.5
EA (eV) 0.4 -0.5 -0.6 -1.0 -0.9 -0.9-1.7
#metab 1 3 6 8 9 1-8
QPlogKhsa -0.6 1.3 0.9 0.7 0.6 -1.5-1.5
Human Oral Absorption 3 1 1 1 1 -
Per. Human Oral Absorp. 81 83 100 82 87 HoAE
PSA 59 94 84 125 116 7-200
RuleOfFive 0 1 0 1 1 Maximum is 4
RuleOfThree 0 1 1 2 2 Maximum is 3
Jm 9.6 0.0 0.0 0.0 0.0 -

Table 3. Representation of calculated parameters (kcal/mol) and standard deviation values of 6X6P protein and
molecule 5a

Time (ps) VDW Kinetic Potential Gibbs binding free energy
5000 37115.05 +6595.83 126302.61 +13544.26 -608437.17 +19585.05 -481644.11 +33037.00
10000 36094.54 +623.60 127085.12 +578.59 -603639.74 +998.39 -476081.47 +1441.35
15000 35723.95 +139.42 127073.28 +475.47 -603548.75 +488.83 -475969.93 +586.26
20000 36086.30 +620.05 127484.33 +347.71 -604501.37 +413.03 -476526.19 +462.71
25000 36155.52 +745.37 126908.49 +446.19 -604120.55 +421.86 -476727.22 +490.26
30000 34966.01 +571.37 127412.85 +383.23 -604979.05 +457.17 -477087.87 +515.18
35000 35187.36 +176.06 127982.60 +434.36 -603731.49 +595.22 -475245.12 +708.41
40000 34767.18 +42.96 127740.12 +366.03 -604973.83 +608.04 -476719.04 +657.72
45000 35430.36 $217.40 127164.10 +411.80 -604112.24 +547.16 -476449.45 +618.66
50000 35294.45 +647.40 126133.13 +473.90 -604967.54 +519.74 -478338.59 +583.24
55000 35355.61 +373.00 127982.63 +413.69 -604620.99 +626.82 -476140.86 +686.34
60000 35700.43 +356.67 127658.33 +417.18 -605190.27 +442.57 -477014.96 +392.80
65000 35845.87 +382.39 127679.02 +408.40 -605115.02 +415.79 -476944.97 +419.74
70000 35432.53 +381.52 127188.26 +345.76 -604172.07 +493.60 -476523.05 +469.70
75000 35632.89 +38.03 128005.92 +384.58 -605709.68 +474.10 -477214.31 +491.85
80000 35291.97 +217.59 127035.33 +389.65 -605856.03 +612.38 -478314.93 +531.02
85000 35446.23 +706.79 127629.78 +398.57 -606125.94 +405.27 -477988.34 +357.15
90000 35036.80 +230.09 127879.09 +425.58 -605938.91 +486.29 -477577.82 +452.78
95000 35100.63 +261.89 127409.73 +449.25 -606042.63 +515.98 -478126.02 +513.01
100000 34382.58 +572.34 127594.93 +376.68 -605226.04 +533.65 -477143.61 +476.53
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Detailed analysis of these parameters is given in
previous studies [37,38]. If these two parameters'
numerical value becomes zero, it is expected that this
inhibitor will be used as a drug in the future.

Molecular docking calculations for nanosecond-level
binding calculations between molecule and protein have
some drawbacks. In molecular docking calculations,
although inhibitors are very flexible, proteins are not
flexible at all. Molecular mechanics-Poisson-Boltzmann
surface area (MM-PSBA) calculations are used to examine
the interaction between molecule and protein in more
detail. With these calculations, flexibility is given to both
proteins and inhibitors. In these calculations, the protein
and inhibitor are too surrounded by solvent molecules. In
this study, the binding stability of protein-inhibitory
structures was found for every five nanoseconds due to
calculations. The Gibbs free energy value of the 4a
inhibitor against 6X6P protein with the best docking score
value was calculated. As a result of these calculations, the
binding free energy changes and their deviations values
were calculated for each five ns. There are many

interactions between protein and ligand. The most
important interaction among these interactions is the
hydrogen bond, which is one of the basic elements
responsible for molecular interactions in biological
systems [24]. The van der Waals energy (VDW), kinetic
energy, potential energy, and Gibbs binding free energy
changes of the inhibitor 4a against 6X6P protein were
calculated. The final binding energy between protein and
ligand is a cumulative sum of van der Wall, electrostatic,
polar solvation, and SASA energy. An illustration of the
interaction between protein and inhibitor is given at
between 0-100 ns every 25 ns, in figure 9. These values
are given in Table 3. Calculations made with molecular
mechanics-Poisson-Boltzmann surface area (MM-PBSA)
method were made to support molecular docking
calculations. The more negative values obtained in these
calculations indicate better binding [39-43]. The
numerical values obtained from the calculations were
plotted and given in Figure 10.

Figure 9. Representation of the interaction between protein and inhibitor is given at between 0-100 ns every 25 ns
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Figure 10. Change of Gibbs free energy values of 6X6P protein and molecule 5a in every five ns intervals.
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As a result of the calculations, the inhibitory activities
of 96 components of Momordica Charantia were

Health. Numerical values of FDA-approved drugs are given
in Table 4. The structures of these FDA online drugs used

compared against the SARS-CoV-2 virus. The calculated were downloaded from the PubChem website
molecular dock results were compared with the values of  (https://pubchem.ncbi.nlm.nih.gov/), and their
corona drugs approved by the Food and Drug calculations were made.
Administration (FDA) of the United States Ministry of
Table 4. Numerical values of the docking parameters of molecule against enzymes
Protein Inhibitor Docking Glide ligand Glide Glide Glide Glide Glide Glide
score efficiency evdw ecoul energy einternal emodel hBond
6X6P 37542 -5.59 -0.33 -21.05 -8.78 -29.83 3.00 -41.96 -2.62
6M0)J 37542 -4.50 -0.26 -19.74 -5.20 -24.95 3.48 -37.19 -1.88
84029 -2.57 -0.05 -20.46 -7.48 -27.94 15.61 10000 -1.18
92727 -2.50 -0.05 -33.47 -11.57 -45.04 12.39 -58.92 -1.46
131411 -1.38 -0.05 -27.55 -2.58 -30.12 3.80 -42.67 0.00
5RGG 37542 -4.26 -0.25 -12.66 -9.40 -22.06 4.27 -26.29 -2.68
121304016 -3.19 -0.08 -37.43 -11.24 -48.66 9.35 -53.75 -1.63
492405 -3.05 -0.28 -10.30 -7.91 -18.21 0.01 -21.00 -1.31
7BUY 92727 -6.13 -0.13 -45.13 -7.17 -52.30 13.77 -68.86 -1.18
37542 -5.30 -0.31 -24.42 -8.92 -33.34 6.27 -40.09 -2.24
492405 -4.53 -0.41 -17.50 -8.09 -25.59 0.01 -33.10 -1.79
7BV1 37542 -5.79 -0.34 -18.85 -15.86 -34.71 1.97 -43.45 -3.25
7BV2 37542 -6.94 -0.41 -15.81 -23.93 -39.74 3.44 -50.88 -4.38

These drugs are ribavirin (Pubchem number: 37542),
arbidol (Pubchem number: 131411), favipiravir (Pubchem
number: 492405), remdesivir (Pubchem number:
121304016), clarithromycin (Pubchem number: 84029),
lopinavir (Pubchem number: 92727), and azithromycin
(Pubchem number: 447043). These drugs are actively
used against coronavirus. In the calculations for FDA
approved drugs, the docking score of the ribavirin drug
against the spike glycoprotein of the SARS-CoV-2 virus
with 6X6P ID was -5.59, while the docking score value of
the Karaviloside Il (4a) inhibitor of Momordica Charantia
was -9.36. Although the docking score of the ribavirin drug
against the spike glycoprotein of the SARS-CoV-2 virus
with 6MO0J ID was -4.50, the docking score of Momordica
Charantia's Gypsogenin (2a) inhibitor was -3.34. In the
next protein, the docking score value of the ribavirin drug
against the main protease protein of the SARS-CoV-2 virus
with 5RGG ID was -4.26, while the docking score value of
the Karaviloside Il (4a) inhibitor of Momordica Charantia
was -6.20. Although the docking score of the lopinavir
drug against the main protease protein of the SARS-CoV-2
virus with 7BUY ID was -6.13, the docking score value of
the Karaviloside Il (4a) inhibitor of Momordica Charantia
was -7.35. In the next protein, the ribavirin drug's docking
score against the RNA dependent RNA polymerase (RdRp)
protein of the 7BV1 ID SARS-CoV-2 virus was -5.79 while
the docking score value of Momordica Charantia's
Karaviloside Il (4a) inhibitor was -8.42. Although the
docking score value of ribavirin drug against RNA
dependent RNA polymerase (RdRp) protein of SARS-CoV-

2 virus with 7BV2 ID was -4.68, Momordica Charantia's
momordicine | (3a) inhibitor had a docking score of -6.20.
As a result of the calculations, the covid-19 inhibitory
activities of the molecules were compared. In many
previous studies, the activity comparison of molecules
was made. In the study of Aktas et al. [44], RNA dependent
RNA polymerase (RdRp) proteins were targeted, 3-
Hydroxypyrazine-2-Carboxamide (CID 294642) and 2-oxo-
(1,4-15N2)1H-pyrazine-3-(15N). The inhibitory activities
of Jcarboxamide (CID 76973015) molecules were found to
have higher inhibitory activity than the molecules studied.
In the study of Ataseven et al. [45], the inhibitory activities
of many boron molecules against spike glycoprotein, main
protease and RNA dependent RNA polymerase of SARS-
CoV-2 proteins were compared. ((R)-1-((S)-3-(4-
(aminomethyl)phenyl)-2-benzamidopropanamido)-4-
guanidinobutyl) boronic acid molecule was found to have
higher inhibitory activity than other molecules. In the
study by Tuzun et al. [46], the inhibitory activity of
molecules in Peganum harmala extract was investigated
to compare the inhibitory activities of SARS-CoV-2 against
main protease, spike glycoproteins and RNA-dependent
RNA polymerase proteins. It was observed that 1-methyl-
1-Methyl-9H-beta-carbolin-7-ol molecule had higher
inhibitory activity than other molecules against RNA-
dependent RNA polymerase (RdRp) protein. In the study
of Gedikli et al. [47], Inhibitory activities of SARS-CoV-2
virus against spike glycoprotein (PDB ID: 6M0J, 6LZG),
main protease (PDB ID: 5RGG, 6WTT), and RNA dependent
RNA polymerase (RdRp) (PDB ID: 6YYT, 7BV2) proteins
were studied, Carvedilol molecule was found to have

217



Tiiziin et al. / Cumhuriyet Sci. J., 43(2) (2022) 211-220

higher inhibitory activity than other molecules. Cetiner et
al. [48], in their study on boron-containing compounds,
compared the inhibitory activities of SARS-CoV-2 against
main protease, spike glycoproteins and RNA-dependent
RNA polymerase proteins. The 4,6-di-tert-butyl-2-(4-
methoxyphenyl) benzo[d][1,3,2] molecule was found to
have higher inhibitory activity than other molecules. In the
study of gedikli et al. [49], the inhibitory activities of
clarithromycin, azithromycin and their analogues against
the proteins of SARS-CoV2 virus were compared. In the
comparison of SARS-CoV-2 virus against RNA-dependent
RNA  polymerase proteins, it is seen that
Desosaminylazithromycin molecule has higher activity
than other molecules. Many molecules have been studied
in the above studies. Each molecule was found to have
different activity in different SARS-CoV-2 protein regions.

Conclusion

A comparison of the inhibitory activities of Momordica
Charantia against SARS-CoV-2 was performed for 96
components found in the extract. ADME / T analysis of
molecules with high inhibitory activity was performed
using the molecular docking method used for this
comparison. Based on these results, MM-PBSA
calculations were made for the molecule with the highest
inhibitory activity. MM-PBSA calculations confirmed
molecular docking results. Finally, by making a
comparison with FDA approved medicines; Results show
that the Karaviloside Ill (4a) inhibitor is a better inhibitor
than other inhibitors and FDA approved drugs. It is
recommended that the Karaviloside Il (4a) inhibitor be
used as an inhibitor in future in vivo and in vitro studies.
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