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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of COVID-19, has affected
the human population, resulting in multiple waves of pandemics around the world. One of the main threats is
hyper-evolved viral variants with high transmissibility and virulence, and the best solution is the application of
multitargeted drugs of plant origin. In this perspective, the anti-SARS-CoV-2 activity of Garcinia gummi-gutta
was evaluated through an in silico approach. A total of 97 phytochemicals from G. gummi-gutta were tested against
three therapeutic targets of SARS-CoV-2, namely spike protein, main protease (M), RNA-dependent RNA
polymerase, and two human host targets such as angiotensin-converting enzyme-2 and nuclear factor-«B through
molecular docking. Out of 97 phytochemicals screened, 18 of them showed significant binding free energy with
all the five selected targets. The compound amentoflavone was chosen as the best lead molecule based on binding
energy, molecular interactions, and absorption distribution metabolism and excretion profile. The interaction of
amentoflavone with MP™ was further verified using molecular dynamic simulation. The overall results revealed that
the compound amentoflavone can be recommended as the best lead compound with multitargeting potential against
SARS-CoV-2, and can be recommended for further experimental studies leading to drug discovery.

INTRODUCTION

The COVID-19 epidemic has emerged as a global

type 2 transmembrane-bound serine protease, and virus entry
triggers RNA release followed by polyprotein translation [3].

extreme and has affected the global population. The global
epidemic has broken out with 770,437,327 confirmed cases
including 6,956,900 deaths as of September 6, 2023 [1]. The
structure, mode of infection, and propagation of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), the
causative agent of COVID-19, have been well described [2].
The first step of infection is the attachment of the receptor
binding domain (RBD) in the spike protein (SP) to the host
cell receptor angiotensin converting enzyme-2 (ACE2). SP
activation is mediated by transmembrane protease serine-2, a
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Two important proteases, main protease (MP°) and papain-
like protease (PLP°) mediate the cleavage of polyproteins into
functional nonstructural proteins (NSPs) [4]. The enzyme
RNA-dependent RNA polymerase (RdRp) has a key role in
viral replication and recapitulation [5]. It may be an attractive
target for drug discovery and vaccine development against
COVID-19. SARS-CoV-2 is a rapidly mutating virus that has
given rise to several new strains of the virus, and therefore,
the effectiveness of vaccination has become debatable. Since
ancient times, herbal medicines have been used to treat viral
diseases and the potential of some such medicines has been
experimentally demonstrated [6]. Plant-derived molecules have
evolved through repeated testing and reconditioning within a
living system, and such molecules induce less toxicity, also
several such molecules have shown diverse therapeutic activity
due to their simultaneous effects on multiple targets. The
importance of the multitarget activity of chemical molecules
of plant origin has been well evaluated [7.8]. Recently, the
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common practice of “one disease—one target—one drug” has
been transformed into a polypharmacological or multitarget
approach to drug discovery as a potential solution to diseases of
complex etiology and drug resistance problems [9].

Garcinia gummi-gatta (L.) Robs., also known as
Malabar tamarind, is a tropical species under the genus Garcinia
native to Southeast Asia and used against viral diseases in
Indian traditional drug systems. In Indian Ayurvedic medicine,
it is used to treat diarrhea, dysentery, and cancer. In addition,
its anti-inflammatory, antimicrobial, anticancer, antihistaminic,
antiobesity, antiadipogenic, hypolipidemic, vasodilating,
and gastroprotective effects have been demonstrated [10].
Docking followed by lead optimization through analysis of
physicochemical properties, drug-likeness, and absorption
distribution metabolism and excretion (ADMET) properties
using computational tools is the best way to rapidly primary
confirmation of the medicinal properties of phytochemicals
without large economic inputs. In light of the above reasons,
phytochemicals from G. gummi-gatta were docked with
selected SARS-CoV-2 and human targets, and lead molecules
were identified using in silico methods.

MATERIALS AND METHODS

Selection and preparation of drug targets

The first selected target protein was the spike RBD
of SARS-CoV-2 protein data bank (PDB ID 6M0J; chain B)
with a resolution of 2.4 A. The second is the ACE2 receptor,
angiotensin-converting  enzyme-related  carboxypeptidase
(PDB ID 1R42; chain A) at 2.20 A resolution and the third
is the MP° (PDB ID 7BUY; chain A) at 1.60 A resolution.
Followed by SARS-CoV-2 RdRp (PDB ID 7BV2; strand A)
at 2.5 A resolution and the fifth target human nuclear factor-
kB (NF-«kB) (PDB ID 1IKN; strand A) at 2.30 A. Active site
residues were predicted using PDBSum. Crystal structures of
the target proteins were obtained from the PDB database and
initial processing was performed using AutoDock Tools. Before
docking water molecules and heteroatoms were removed from
all the targets and polar hydrogen and Gastieger charges were
added to the aforementioned macromolecules [11].

Selection and preparation of ligands

Ninety-seven compounds from G. gummi-gutta
were screened against five selected targets to identify the lead
molecule. The 3-D structures of the phytochemicals and the
control drug were downloaded from the PubChem database
in .sdf format. Energy minimization was performed using
Universal Force Field (uff) with conjugate gradient as the
optimization algorithm. Ligands were converted to pdbqt file
format using Open Babel within PyRx 0.8 [12].

Molecular docking

Docking of the selected targets and phytochemicals
was performed using the AutoDock Vina tool, which follows
the Lamarckian Genetic Algorithm [13], and it was accessed via
the PyRx virtual screening software package. During molecular
docking, the target proteins were considered rigid, and the
phytochemicals (ligands) as flexible molecules. The grid boxes

were laid out in such a way as to include the active site residues
of each target in the grid box. For SP and ACE2, the X, Y, and
Z coordinates were 43.2751, 55.1173, 30.4412; 25,000, 25,000,
and 25,0000. Similarly, for MP°, RdRp, and NF-kB, the X, Y,
and Z coordinates were 25.2024, 40.5658, 40.0652; 25.0000,
25.0000, 30.3256; 85.2286, 65.2258, and 85.7493, respectively,
with an exhaustiveness parameter of 8.

Postdocking analysis

Protein-ligand interaction was analyzed and visualized
using PyMol 4.6.0 [14] and Discovery Studio Visualizer [15].

Physio-chemical and pharmacokinetic analysis

Pharmacokinetic properties such as absorption,
distribution, metabolism, and elimination analysis of the
top five results from each target were performed using the
SwissADME online program [16] where molecular descriptors
were calculated such as molecular weight, hydrogen bond donor,
hydrogen bond acceptor, logP, and violation of Lipinski’s rule
of five, further toxic properties were analyzed using pkCSM
[17].

Molecular dynamic (MD) simulation

MD simulation is one of the powerful computer
simulation techniques used to study the stability and dynamics
of protein-ligand complex interactions. In the present study,
we have performed MD simulation of the Mr®-lead complex
and MP* complexed with native inhibitor using Desmond for a
time interval of 100 ns with the optimized potentials for liquid
simulations all-atom force field. The docked complex was
centered in the octahedron box and the system was solvated
by a simple H,O point charge model with buffers at a distance
of 10 A around the protein. Overlapping water molecules were
also removed and Na+ counter ions were added to neutralize the
system. The number of atoms, pressure and temperature held
constant system was achieved using a Nose-Hoover thermostat
and a Martyne-Tobias-Klein barostat.

RESULTS AND DISCUSSION

Selection of the target proteins

The RBD in SP of SARS-CoV-2 forms the interface
between SP and ACE2. The RBD binds to ACE2 with affinity in
the low nanomolar range, suggesting its key functional role in
binding with ACE2, and thus these two proteins are considered
the most promising targets against viral entry [18]. The crystal
structure of RBD is a 97.14 kDa glycoprotein with 832 amino
acids and a five-stranded antiparallel  sheet (B1- B3- B5- p4-
B2) core and f4- B5 sheets together form a receptor binding site
known as the receptor binding motif, which directly interacts
with ACE2. The crystal structure of ACE2 is a 76.98 kDa
carboxypeptidase consisting of 673 amino acids [19]. MP® or
3C-like protease has a key role in viral replication; cleaves
polyproteins ppla and pplab into 12 functional proteins. It is
a 34.36 kDa homodimer with three domains each (domains
I, 11, and III). The substrate binding site is located in the cleft
between domains I and II and contains catalytic dyads His41
and Cysl145 that aid in substrate recognition [20]. Structural
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and functional annotation of SARS-CoV-2 MP® and its role as
a therapeutic target are summarized [21]. RdRp is an enzyme
that inhibits viral RNA synthesis, and its structural and
functional annotations have been reported [22]. It is a 159.19
kDa multisubunit replicase complex with Nsp12-Nsp7-Nsp8
subunits that has a pivotal role in viral replication. The increase
in pro-inflammatory cytokine production and subsequent high
death rate in patients with COVID-19 is modulated by the NF-
kB signaling pathway [23]. The crystal structure of NF-kappa
B is a 72.77 kDa transcription factor with 612 amino acid
residues. NF-kappa B is a potential drug target for severe cases
of COVID-19 [24].

The active site residues of selected target proteins
determined using PDBSum were as follows: SP-Lys417,
Gly446, Tyr449, Asn487, Tyr489, GIn493, Thr500, Asn501,
and Tyr505; ACE2—Arg273, His345, Thr371, Glu375, His378,
Glu402, Phe504, His505, Tyr515, Tyr510, and Arg514; and
MPe—Thr26, His41, Met49, Gly143, Ser144, Cys145, His164,
Met165, Asp187, RdRp-Arg555, Asp623, Ser682, Thr687, and
Asp760.

Selection of the ligands

Compounds of plant origin have shown multitarget
inhibitory activity and such molecules induce fewer side effects
compared to synthetic drugs [25]. For example, Keerthi et al.
[26] screened 249 phytochemicals from Syzygium aromaticum
(clove) against four targets of SARS-CoV-2, namely SP, ACE2,
major protease (MP™), and RdRp by an in silico method and
found that 46 phytochemicals have an inhibitory effect on
all the above-mentioned targets. Similarly, the plant-derived
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compounds [-sitosterol and campesterol have inhibitory
activity on nine Russell viper venom proteins [27]. In addition,
several plant-derived products used in modern medicine have
multipurpose activity and are prescribed as drugs against many
diseases [28]. From this perspective, a total of 97 phytochemicals
from G. gummi-gutta were prepared for docking.

Molecular docking

The selected 97 phytochemicals from G. gummi-
gutta were docked to each of the five selected targets, namely
SP, ACE2, Mr°, RdRp, and NF-kB. Docked molecules with
minimum binding energy <—6 kcal/mol were considered as
active/hit molecules as reported earlier [29]. Of the 97 tested
phytomolecules, 18 of them have significant activity on all the
above-mentioned targets (Table 1). Out of 18 common hits, 8§
of them, namely 1,4-dicaffeoylquinic acid, amentoflavone,
cambogic acid, dihydromorelloflavone, luteolin-7-glucuronide,
morelloflavone, oxyguttiferon K, and rheediaxanthon A have
binding free energies/mol of —7 kcal/mol against all five targets
(Supplementary Tables 1-4). Against the SP, only the compound
amentoflavone showed H-bond interaction with the active site
residues, GLN493 and ASNS501, while 1,4-dicaffeoylquinic
acid, dihydromorelloflavone, luteolin-7-glucuronide, camboic
acid, rheediaxanthone A, and morelloflavone showed H-bond
interaction with SP without the involvement of active site
residues. Against ACE2, the compounds amentoflavone,
cambogic acid, and luteolin-7-glucuronide formed H-bond
interactions with the active residue ARG5 14, while oxyguttiferon
K has H-bonds with the active residues ARG273 and HIS345.
Similarly, dihydromorelloflavone has three H-bonds and out

Table 1. The docked results showing phytochemicals from G. gummi-gutta having free energy of
binding <—6 kcal/mol against all the selected targets.

PubChem I.D  Phytochemical SPIKE ACE2 Mpre RdrP NFkB
12358846 1,4-Dicaffeoylquinic acid =7.2 -10.4 =7.7 -8.7 =75
5281650 Alpha-mangostin -8 -9.4 —6.8 =7.6 -7.3
5281600 Amentoflavone -9 —-11.6 -9.2 -9.9 —9.6
5353639 Cambogic acid 7.8 —-11.7 =7.7 =7.2 —8.6
11467081 Dihydromorelloflavone =73 —11 -8.3 -9.5 -9.5
15382978 Garbogiol —6.9 -9.5 -7.3 -8.9 7.6
5317534 GB-1[Garcinia] —6.9 -10.2 -7.9 -8.8 -8.9
5352088 Guttiferone E -6 -9 —6.8 =7 8.1

102164369 Guttiferone M -6.3 -9.7 =72 -7.9 -84
9915833 Isomorellic acid —6.9 -11.8 =7.7 -7.9 -9
5280601 Luteolin 7-glucuronide =7.7 -10.4 -7.9 -8.6 -8.8
5464454 Morelloflavone -8 —11 -8.5 -9.2 -8.9

102164367 Oxyguttiferone I -6.5 -11.3 =7.7 -8.3 -7.8

102164368 Oxyguttiferone K =72 -10.4 =75 =7.7 —8.3

102164366 Oxyguttiferone K2 —6.1 -10.8 —6.9 -7.4 =79

102164365 Oxyguttiferone M -6.5 -10.5 =74 =7.6 -9
5281717 Oxyresveratrol —6.5 -7.8 —6.6 =7.1 =73

102060338 Rheediaxanthone A =75 -10.3 -7.6 —8.2 -9
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of eight hydrophobic interactions, two are with the active
residues ARG273 and HIS345. The compound morelloflavone
showed no H-bond with ACE2 and showed strong hydrophobic
interactions, but none with the active site residue.

Docking interaction between MP™ with selected
hits revealed that they all have H-bonding and hydrophobic
interactions. The amentoflavone compound has the lowest
binding energy and formed H-bonds with active residues HIS41,
SER144, and CYS145. The second lowest binding energy with
Mrre was recorded for morelloflavone, which has three H-bonds
with active residues GLY 143 and SER144. The third smallest
binding energy was shown by dihydromorelloflavone, which
showed four H-bonds and three hydrophobic interactions, but
these interactions were not with any of the active residues. All
five other compounds showed binding energy at the same level
as the others and formed H-bonds with active site residues
(Supplementary Table 1). The target RdRp showed both
H-bonding and hydrophobic interactions with the selected eight
hits, but only cambogic acid and luteolin-7-glucuronide showed
H-bonding interaction with active residues. The former showed
H-bonding with THR687 and the latter with ASP760. The NFkB
target showed both H-bonding and hydrophobic interactions,
but none of the selected hits interacted with its active residues.

The amentoflavone compound showed the lowest
docking score against all targets (—9, —9.2, —9.9, and —9.6 kcal/
mol against SP, MP°, RdRp, and NF-kB) and formed H-bonds
and hydrophobic interactions with all targets and interactions
with active residues of three targets. The compound isomorelic
acid with ACE2 showed the highest docking score (—11.8 kcal/
mol). However, the docking scores of cambogic acid (—11.7
kecal/mol), amentoflavone (—11.6 kcal/mol), oxyguttiferon I
(—=11.3 kcal/mol), dihydromorelloflavone (—11 kcal/mol), and
morelloflavone (—11 kcal/mol) were at the same level. The
compound amentoflavone showed the lowest score for four of
the five target drugs (Table 1). Therefore, it was chosen as the
lead molecule. The docking interaction of amentoflavone with
each of the selected targets is shown in Figure 1.

Physio-chemical and pharmacokinetic analysis

Physicochemical properties showed that except for
rheediaxanthone A, all others violated Lipinski’s rule of five. The
compounds 1,4-dicaffeoylquinic acid, dihydromorelloflavone,
and morelloflavone showed three violations. However, with the
exception of rheediaxanthone A, all others showed favorable
drug similarity scores. Dihydromorelloflavone showed the
highest drug-likeness score followed by luteolin 7-glucuronide
and oxyguttiferon K, cambogic acid, 1,4-dicaffeoylquinic acid,
morelloflavone, and amentoflavone.

ADMET analysis

The analysis of absorption parameters showed that all
selected active compounds have water solubility in the range of
—4.5 to —2.89 log mol/l. The compounds 1,4-dicaffeoylquinic
acid, alpha-mangostin, dihydromorelloflavone, and luteolin-
7-glucuronide showed lower Caco2 permeability values,
corresponding to lower intestinal absorption. Among the hits,
only 1,4-dicaffeoylquinic acid and luteolin-7-glucuronide showed
intestinal absorption >30%, indicating a poor rate of absorption,

Figure 1. Docking between the selected target proteins and the best lead
amentoflavone (a) 3-D view and (b) 2-D view. 1) SP and amentoflavone,
2) ACE2 and amentoflavone, 3) MP and amentoflavone, 4) RdRp and
amentoflavone, and 5) NF-kB and amentoflavone.

while all others showed 70%—-100%, indicating a high rate of
intestinal absorption. P-glycoprotein, an ATP-binding cassette
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transporter, has an important function in drug availability,
determining the influx and efflux of drugs from the system.
All hits are P-glycoprotein substrates; four compounds, namely
1,4-dicaffeoylquinic acid, garbogiol, luteolin-7-glucuronide, and
oxyresveratrol, do not act as inhibitors of P-glycoprotein I and
I, while cambogic acid and isomorelic acid can only inhibit
P-glycoprotein 1. All compounds showed logKp >—2.5, which
indicates good skin permeability. The distribution parameters
showed that except for the compounds 1,4-dicaffeoylquinic acid
and luteolin-7-glucuronide, all others showed a poor volume of
distribution (VDss) as the VDss values were below 0.71 Ikg.
Blood-brain barriers (BBBs) block the passage of drugs into the
brain. If the logBB value of a compound is >0.3, it will easily
cross the BBB, while if the logBB value is <—1, it will be poorly
distributed to the brain. Only two compounds, oxyguttiferon I
and oxyguttiferon M, have a logBB greater than 0.3, while
cambogic acid, garbogiol, isomorelic acid, oxyguttiferon K2,
oxyresveratrol, and rheediaxanthon A have a logBB less than
—1. Compounds with logPS > —2 can enter the central nervous
system (CNS), while compounds with logPS < —3 cannot enter
the CNS. Among the hits, the compounds 1,4-dicaffeoylquinic
acid, amentoflavone, dihydromorelloflavone, GB-1[garcinia],
luteolin 7-glucuronide, and morelloflavone have logPS <—3 and
the compounds alpha-mangostin, guttiferon F, oxyguttiferon I,
oxyguttiferon K2, oxyguttiferon M, and rheediaxanthon A have
logPS >-2; therefore, these molecules can penetrate the CNS. The
remaining five compounds may have moderate CNC penetration.
Cytochrome P450 (CYP) and hemoproteins play an important
role in drug metabolism and blocking its activity has led to drug
interactions when drugs are co-administered by increasing their
plasma concentration and toxicity, resulting in adverse side
effects and treatment failure. None of the compounds act as
CYP2D6 substrates, while except for two compounds, garbodiol,
and luteolin-7-glucuronide, all others are CYP3A4 substrates
and except for guttiferon F, guttiferon M, oxyguttiferon I,
oxyguttiferon K2, oxyguttiferon M, and rheediaxanthone A, all
others are not CYP3A4 inhibitors. In the elimination profile,
total clearance indicates the ability of the body to eliminate
the drug from the system and is related to the bioavailability
of drugs. The compounds alpha-mangostin, amentoflavone,
garbogiol, guttiferon F, guttiferon M, luteolin 7-glucuronide, and
oxyresveratrol showed a high overall clearance rate compared
to all other hit molecules. Furthermore, none of the compounds
act as renal Oct2 substrates. In the toxicity profile, Ames toxicity
was noted for alpha-mangostin and garbodiol, hepatotoxicity
was noted for oxyguttiferon I, oxyguttiferon K2, oxyguttiferon
M, and rheediaxanthone A, and none of the compounds showed
skin sensitization, Tetrahymena pyriformis and minnow toxicity.

Because the compound amentoflavone has the lowest
binding score against four out of five target proteins with good
interactions involving active site residues and also showed
favorable drug similarity and ADMET scores. Therefore, it is
selected for further study.

MD simulation
MD simulation is an attractive computational

application for analyzing the time-dependent stability of
protein-ligand complexes through various parameters [30].

Therefore, an all-atom MD simulation was performed for
two complexes, i.e., MP°-lead complex and MP™-inhibitor
complex. The root mean square deviation (RMSD) and root
mean square fluctuation (RMSF) parameters were used to
analyze the stability of the protein-ligand complex during 100
ns of simulations. For the ligand in the MP™-lead complex, the
RMSD value was noted to be 1.2-2.7 A during the simulation
whereas the RMSD value was 0.4-2.8 A in the MP-inhibitor
complex. Overall, the RMSD plot shows very slight structural
variations, indicating better stability of the protein-lead
complex compared to the protein-inhibitor complex. However,
there is no specific rule for the RMSD value to evaluate the
consistency of a protein-ligand complex, as the RMSD value
will depend on the size of the interacting molecule. RMSD is
classified into three categories (a) good solutions when RMSD
<2.0 A, (b) acceptable solutions when RMSD is between 2.0
and 3.0 A, and (c) poor solutions when RMSD >3.0 A. When
a protein-ligand pose is classified as good, it means that the
scoring function reproduced the crystallographic binding
orientation [31]. The average RMSD values of the protein
backbone and the ligand in the MP*-lead complex were 2.03
and 1.19 A, thus indicating good structural reconstruction
duration in the simulation of the protein-ligand complex.
The structural integrity and controllability of each residue in
the protein-ligand complex were analyzed using RMSF. The
RMSF for the protein-main chain and side chain were 0.99
and 0.89 A in the given protein-lead complex. For the Mpr-
lead complex, fluctuations were observed at regions from
residue indexes of 30-70, 140-200, 230-240, and 270-280.
For inhibitor-bound MP™ complex, fluctuations were observed
around regions 15-20, 30—40, 0-60, 145-160, and 180-190.
Notably, most of the active site residues fall within these
windows, favoring ligand interaction. Thus, low values of
RMSD and RMSF indicate minor structural modifications and
conformational changes. The simulation results are depicted
in Figure 2a—d.

The protein—ligand interactions observed during a
100 ns simulation period are shown in Figure 3. Protein-ligand
interactions can be divided into four types, i.e., hydrogen bonds,
hydrophobic interactions, and ionic and water bridges. Stacked
bar graphs are analyzed over the course of the trajectory,
i.e., a value of 0.8 on the y-axis indicates that the interaction
is maintained for 80% of the simulation time. In addition, a
value above 0.1 indicates multiple types of interaction with the
same residue. Here, Glul166 of the MP* shows interaction with
lead for 100% of the simulation time through water-bridged
hydrogen bonds, and GIn189 interacts with lead for about 80%
of the simulation time. Interaction analysis between MP™ and
lead during 100 ns simulation shows that amino acids Ser46,
Leul4l, Gly143, Serl44, Cys145, Glul66, Asp187, GInl89,
and Thr190 formed hydrogen bond interactions. Similarly,
Met49 and Metl65 form hydrophobic interactions. Notably,
all active site residues show good interaction with the lead
molecule, of which His41, Met49, Glyl143, Cys145, His164,
and Metl65 interact through hydrogen bonds. The H-bond
interaction plays a key role in protein-ligand interaction due to
its strong influence on drug adsorption, specificity, distribution,
and metabolism.



Sugathan et al. / Journal of Applied Pharmaceutical Science 14 (07); 2024: 124-132 129

a B Co, mm (Lig) fit on prot

Protein RMSD (A)
Ligand RMSD (&)

Time (nsec)

g“ f‘ \' |
2 BN
B

.

=W

c*

B Co, mmm (Lig) fit on prot

Ligand RMSD (A)

20 40 60 80 L

Time (nsec)

¢ mm Co

° 50 100 150 200 250 300

Residue Index

d m Ca
4.8
4.2
3.6 4
~
°<3.o
-
S
m2,4
21.8 1
1.2 4
0.6
o 25 50 75 100 125 150 175

Residue Index

Figure 2. a) RMSD of Mre-lead complex, b) RMSD of M -inhibitor complex, ¢) RMSF of MP*-lead complex, and d) RMSF of

Mrre-inhibitor complex.

b
3b /\‘?‘wf\"‘qwsb“"d{”c;‘%/eé

GO IL LR S R g
4 K/ D7 N A& 07 o7 o7 D7 D707 07 N K7L DR >
T LS DL L E P S E T

o .& &
I A P S I 3
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The interaction between the spike glycoprotein of
SARS-CoV-2 and human ACE2 is the primary step for the
entry of the virus into the human body and its mechanism
is described [32]. Inhibitors of these two targets can prevent
the infection. Once the viral RNA enters the cell, it encodes
two overlapping open reading frames (ORFla and ORF1ab),
which are translated into two large polyproteins (ppla and
pplab). These polyproteins are further processed by Mre
and PLP® to produce 16 NSPs. The NSP4-NSP16, released
by MP© cleavage, is responsible for viral genome replication
and transcription. Blocking the activity of MP© leads to the
termination of viral RNA replication and transcription [33].

Similarly, the enzyme RdRp is inevitable for RNA replication,
and its inhibitors can prevent viral replication [5]. The SARS-
CoV-2 infection may induce an uncontrolled inflammatory
response due to the abnormal functioning of NF-kB that leads
to disease progression and subsequent mortality. Hence, NF-
kB seems to be a promising target, and inhibitors that can
modulate the abnormal functioning of NF-kB have a vital role
in controlling disease progression and avoiding mortality. Thus,
the selected five targets have key roles in different stages of
pathogenesis and immune response. The phytochemicals that
can simultaneously inhibit the activity of all these targets can
be recommended as a lead for further investigation leading to
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the discovery of safe, effective, and stable drugs against rapidly
mutating pathogens such as SARS-CoV-2. This multitargeting
drug discovery approach is now getting more acceptance [11].
The docked results revealed that out of 97 phytochemicals
derived from G. gummi-gutta, 18 of them have an inhibitory
effect on all five selected targets, which indicates the significant
anti-SARS-CoV-2 activity of the selected plant. To optimise
the best lead, the top five lead molecules were subjected to
protein-ligand interactions and ADMET property analysis
and the results suggested that the compound amentoflavone
showed good docking scores and protein-ligand interactions
along with favourable ADMET properties against the selected
targets compared to the reference drug, remdesivir. The
compound establishes H-bond and hydrophobic interactions
with GIn493, Gly502, and Tyr505 amino acid residues, which
are the interactive residues of SP RBD with the human ACE2
receptor [18]. In addition, the lead compound interacts with
Arg514 of ACE2, which has been identified as a crucial residue
in substrate selectivity, and also establishes interaction with
His41 and Cys145, the catalytic dyad of MP®, one of the most
highly conserved enzymes among the coronaviruses [34,35].
Therefore, the compound amentoflavone possesses significant
stable binding interactions with multiple targets of SARS-
CoV-2. This was substantiated by MD simulation, where the
lead compound was compared with the inhibitor bound to Mr™.
The parameters analyzed for 100 ns of simulations were RMSD,
RMSF, the radius of gyration, and hydrogen bonding, and the
results revealed that amentoflavone showed better stability than
natural inhibitor-bound MP®.

The compound amentoflavone, a biflavonoid of
apigenin, possesses wide pharmacological activities, including
anti-viral, anti-fungal, anti-inflammatory, antioxidant, and anti-
cancer [36]. In addition, various studies have suggested the anti-
viral properties of amentoflavone against respiratory syncytial
viruses, herpes simplex virus, influenza virus [37], human
immunodeficiency virus [38], Coxsackievirus B3 [39], dengue
virus [40], and hepatitis virus [41]. Recently, molecular docking
studies have predicted the potential of amentoflavone to inhibit
SAR-CoV-2 via binding to MP® [42]. The current study provides
insight into whether amentoflavone is an ideal anti-COVID-19
drug candidate since it shows multiple target inhibitions, such
as 1) entry inhibition, 2) inhibition of viral replication, 3)
inhibition of viral multiplication, and 4) protection of host cells
from inflammatory responses. It is conceivable that, based on
the current in silico results, amentoflavone can be considered a
potential drug candidate against SARS-CoV-2. However, further
in vitro and in vivo studies are to be recommended for practical
confirmation.

CONCLUSION

In silico screening of 97 phytomolecules from G.
gummi-gutta against five targets, each with a key function
in different stages of viral infection and replication revealed
that 18 phytochemicals have inhibitory activity on all targets.
Based on binding energy, potency, and ADMET analysis,
the compound amentoflavone was identified as the best lead
against SARS-CoV-2. The results confirm the traditional use of

the plant against viral diseases. Further experimental studies are
necessary to match the in silico results.
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