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ABSTRACT

BACKGROUND: A recent COVID-19 pandemic has resulted in a large death toll rate globally and even no cure or vaccine has been suc-
cessfully employed to combat this disease. Patients have been reported with multi-organ dysfunction along with acute respiratory distress
syndrome which implies a critical situation for patients and made them difficult to breathe and survive. Moreover, pathology of COVID-19 is
also related to cytokine storm which indicates the elevated levels of interleukin (IL)-1, IL-6, IL-12, and IL-18 along with tumor necrosis factor
(TNF)-a. Among them, the proinflammatory cytokine IL-6 has been reported to be induced via binding of severe acute respiratory syndrome
coronavirus 2 (SARS)-CoV-2 to the host receptors.

METHODOLOGY: Interleukin-6 blockade has been proposed to constitute novel therapeutics against COVID-19. Thus, in this study, 15 phy-
tocompounds with known antiviral activity have been subjected to test for their inhibitory effect on IL-6. Based on the affinity prediction, top
3 compounds (isoorientin, lupeol, and andrographolide) with best scores were selected for 50 ns molecular dynamics simulation and MMGB/
PBSA binding free energy analysis.

RESULTS: Three phytocompounds including isoorientin, lupeol, and andrographolide have shown strong interactions with the targeted pro-
tein IL-6 with least binding energies (-7.1 to —7.7 kcal/mol). Drug-likeness and ADMET profiles of prioritized phytocompounds are also very
prominsing and can be further tested to be potential IL-6 blockers and thus benficial for COVID-19 treatment. The moelcular dynamics simu-
lation couple with MMGB/PBSA binding free energy estimation validated conformational stability of the ligands and stronger intermolecular
binding. The mean RMSD of the complexes is as: IL6-isoorientin complex (3.97/3 +0.77), IL6-lupeol (3.975\ +0.76), and IL6-andrographolide
complex (3.96,&10.77). In addition, the stability observation was affirmed by compounds mean RMSD: isoorientin (0.72,&10.32), lupeol
(mean 0.38A =0.08), and andrographolide (1.09A +0.49). A similar strong agreement on systems stability was unraveled by MMGB/PBSA
that found net binding net ~ —20kcal/mol for the complexes dominated by van der Waal interaction energy.

CONCLUSION: It has been predicted that proposing potential IL-6 inhibitors with less side effects can help critical COVID-19 patients
because it may control the cytokine storm, a major responsible factor of its pathogenesis. In this study, 3 potential phytocompounds have
been proposed to have inhibitory effect on IL-6 that can be tested as potential therapeutic options against SARS-CoV-2.
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Introduction

Recent outbreak of coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) an enveloped RNA virus, primarily infects
human respiratory system but may also attack urogenital sys-
tem, nervous system, digestive system, and circulatory system.!
In the Nidovirales order, SARS-CoV-2 belongs to Coronaviridae
family. Virus was named as corona virus because of the pres-
ence of crown like spikes on its outer surface (corona in Latin
means crown).? In the past 2 decades, thousands of deaths are

caused by infectious and lethal coronaviruses including severe
acute respiratory syndrome (SARS) coronavirus and Middle
East respiratory syndrome (MERS) coronavirus.? The recent
outbreak of COVID-19 was discovered in late December 2019
in Wuhan, China, where pneumonia of a mysterious cause was
initially diagnosed in the patients.* To contest this virus, there
is an urgent need to explore the SARS-CoV-2 pathogenicity
mechanism and how it manipulates the immune system.” It has
been reported that SARS-CoV-2 infection results in an exag-
gerated immune response in some patients regulated by
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excessive release of circulating cytokines termed as cytokine
release syndrome (CRS).6 Cytokine release syndrome is found
to be one of the influential reason of major deterioration of
COVID-19 patients leading to multiorgan failure.” This has
also been termed as “cytokine storm” and is mostly indicated by
increased levels of interleukin (IL)-6,1L-1,1L-2,1L-10, tumor
necrosis factor (I'NF)-a and interferon (IFN)-y.8 Interleukin
(IL)-6 having significant proinflammatory properties plays
crucial role in acute respiratory distress syndrome (ARDS),
systemic inflammation, pneumonia related to respiratory fail-
ure, and many other adverse effects.” Interleukin-6 levels are
diligently linked to the severity of COVID-19 infection, and
its high level has been observed in patients with respiratory
dysfunction.!? Interleukin-6 level is associated with mortality
risk while its mean values were observed to be more than 3
times higher in patients with complicated COVID-19 com-
pared with those with noncomplicated disease.!! Therefore,
IL-6 blocking agents have been effectively used for the treat-
ment of patients with hyper inflammatory states and also
approaches intended at impeding this cytokine have been rap-
idly endeavored.!?

Many plant-derived natural compounds namely phyto-
chemicals might provide a preliminary opinion for the use of
plant extracts in IL-6 inhibition. Phytochemicals can provide
an affluence of chemical diversity, with anti-inflammatory
actions, and thus may have effectiveness as therapeutic agents
against COVID-19 infection. Plant could provide different
and cost-effective source of drugs that can standardize IL-6
levels.!3 Presently, there is a converted interest in the hunt of
new phytochemicals with anti-inflammatory activity to reduce
the menace of COVID-19. Numerous studies accentuate the
importance of phytochemicals as an anti-inflammatory agent
thus inhibiting the level of IL-6 in various coronavirus diseases.
The use of phytochemicals as anti-IL-6 may thus be an oblig-
ing strategy for reducing the side effects of COVID-19.14

This study has been designed to elucidate the potential of
potent antiviral phytocompounds as IL-6 inhibitors. During
infection, there is a rapid activation of T-lymphocytes into
pathogenic T-helper cell and produce granulocyte-macrophage
colony-stimulating factor (GM-CSF). This environment of
cytokines may induce inflammatory monocytes with an
increased expression of IL-6 as well as stimulate inflammation.
Then these inflammatory monocytes and pathogenic T-helper
cells in large number may enter in pulmonary circulation and
damage lung functions which causes difficulty in breathing and
may lead to mortality.® All observations suggest that severe
lungs pathology may associated with excessive noneffective
immune response. Thus to block or inhibit inflammatory/
cytokine storm IL-6 may play very effective role and can be a
promising treatment for the patients of COVID-19 infection.1®”
In this study, phytochemicals isoorientin, lupeol, and andro-
grapholide are found to be potential phytocompounds to
inhibit or regulate the IL-6 and targeted 3-dimensional (3D)
structures of protein was retrieved from Protein Data Bank

(PDB). The plant-based phytocompounds were survey from
literature and then selected as antiviral compounds The aim of
the in silico study is to identify the efficacy of (isoorientin,
lupeol, and andrographolide) production that can be tested as
potential candidates against COVID-19 infection.007A

Materials and Methods

Sequence retrieval

Sequence and structure of IL-6 were retrieved from PDB
under PDB iD (1alu). Furthermore, the retrieved model of tar-
geted protein was subjected to UCSF Chimera 1.12 to detach
and remove water molecules from the protein, thus preparing it
for docking. In addition, energy minimization was performed
by UCSF Chimera using steepest descent approach with con-
jugate gradient 1000 runs having Amber force-field.®

Phytocompound selection

After extensive literature, 15 phytocompounds (8-epicatechin,
afzelechin, andrographolide, azadirachtin, catechin, isoorientin,
isovitexin, eucalyptol, kaempferol, lupeol, marmin, melanoxe-
tin, nimbin, quercetin, and wedelolactone) were selected based
on their antiviral activity.!” The 2D structures of selected phy-
tocompounds were drawn by ChemDraw and retrieved as
PDB format.?’ Energy minimization was performed against all
selected phytocompounds using UCSF Chimera 1.12.
Furthermore, the top 3 phytocompounds were selected on the
basis of binding affinities (Kcal/mol). The Lipinski’s rule of 5
ADMET
(Absorption, Distribution, Metabolism, Excretion, and

was determined by wusing mCule server.!

Toxicity) properties were calculated by admetSAR server.??

Interaction studies

Molecular docking studies were executed to identify the pro-
tein-ligand interactions and binding conformational behavior
within active pocket of targeted protein IL6. Before docking
experiments, active sites of IL6 were identified by literature??
and online tool using Galaxy binding site server.?* Grid was set
around the active site residues of selected protein. AutoDock
Vina was used to perform docking experiment.?> The 100
models were generated to observe the best binding conforma-
tions. The generated docked complexes were visualized and
analyzed by UCSF Chimera 1.12 and Discovery studio,?

respectively.

Molecular dynamics simulations

To obtain detailed dynamics and mechanistic analysis, all docked
complexes were subjected to molecular dynamics simulation
using AMBER 14 simulation package.?” Initial libraries were
generated using Antechamber program for all 3 compounds. To
integrate the docked complexes in TIP3P water box of size 12 A,
along with ff14SB force field (which is required to describe the
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molecular interactions within the system), leap program was
used. To neutralize the systems, counter ions were added to the
hydrated complexes. Gradually, energy of the systems was mini-
mized, resulting in relaxation of all hydrogens for about 500
cycles followed by 1000 cycles of water box minimization with a
restraint of 200 kcal/mol A2. The systems were then again mini-
mized for 1000 cycles with a restraint of 5kcal/ molA2 on car-
bon alpha atoms. After that, nonheavy atoms were minimized
tor up to 300 cycles with a restraint of 100 kecal/mol A2. Once,
minimization accomplished, systems were then heated to 300K
for 20 picoseconds (ps) with a time step of 2 femtoseconds (fs)
and 5kcal/mol A2 restraint on carbon alpha atoms. Langevin
dynamics have been used to maintain the overall temperature by
keeping the gamma In value of 1.0.28 To constrain bonds with
hydrogen atoms, SHAKE was employed, whereas heating the
system was accomplished by Canonical ensemble (NVT).?
Complexes were then again equilibrated for 100 ps with 2 fs time
steps along with SHAKE for H-bonds, NPT to maintain pres-
sure (utilizing isotropic positions) and Langevin dynamics for
temperature scaling.’® For another 50 ps, same parameters were
used to reduce the carbon restraint by 1kcal/ mol A2 after every
10ps. Afterward, systems equilibrate itself for 1ns using the
same conditions. NVT ensemble coupled with Berendsen tem-
perature coupling algorithm was used for production run.3!
SHAKE was again used to apply on hydrogen bonds with a
threshold value of 8.0 A for nonbonded interactions. For 50ns,
production run was carried out with 2fs time intervals. The ini-
tial velocity in each of the simulation run was kept random. The
simulation trajectories were analyzed using CCPTRAJ pro-
gram3? of AMBER package and were visualized in visual molec-
ular dynamics (VMD) version 1.9.3,% and depictions were
captured.’* Root mean square deviations (RMSD) and root
mean square fluctuations (RIVISF) analysis of complexes were
also performed to evaluate systems stability.

Binding free energy calculation

Binding affinities of the optimal docking conformations
obtained as a result of molecular docking were calculated by
using MMGB/PBSA method.>® The AMBER MMPBSA.py
model was selected to perform the calculations.’® Four protein-
inhibitor complexes and their binding modes were used as rep-
resentatives to calculate binding free energy employing Prime
v3.5 using following formulas:

AG bind = G complex —(G protein+ G ligand)
AG bind = AH-TAS= AEMM +AGsol-TS
AE MM = Einternal + E vdw+ E ele

AG sol = AGPB/GB+AGSA

where AE MM, AG sol,and -TAS represents the gas-phase MM
energy, the solvation free energy, and conformational entropy,

respectively. Internal AE having all bond, angle, and dihedral

) and the
van der Waal’s (AE,_,, ) were considered in AEMM. AG was the

sum of electrostatic solvation energies, whereas GB or PB mod-

energies along with electrostatic internal energies (AE,

els were used to calculate the polar contribution. The nonpolar
energy was assessed by evaluating solvent accessible surface area
(SASA). As entropy calculation is computational expensive,
therefore, it was not included in the study.

Results

Structural and functional evaluation of

phytocompounds
The basic biochemical, ADMET properties and the chemo-

informatics analysis were assessed to check their therapeutic
behavior. Supplementary Table 1 shows that isoorientin, lupeol,
and andrographolide have molecular masses of 434.34, 426.71,
and 350.44g/mol, respectively, comparable to standard value
(<5000g/mol). Moreover, the Lipinski’s rule of 5 (RO5) analyses
showed that phytocompounds (wedelolactone, catechin, and
quercetin) possess better HBA and HBD values which are signifi-
cantly justified their drug like behavior (Supplementary Table 1).

Interaction analysis

Molecular docking is best computational approach to explore
the active sites of protein and conformational position of
ligands within active pocket of targeted protein. The gener-
ated docked complexes from molecular docking studies were
examined on the basis of binding affinities (Kcal/mol), molec-
ular interactions as well as bonding interactions. The lowest
binding energy value depicts the best conformational position
of ligand within the active region of targeted protein IL-6.
The docking results showed 3 phytochemicals, including
isoorientin, lupeol, and andrographolide show best interac-
tions with the active site of IL-6. The best possible orienta-
tions of 3 prioritized phytocompounds have been shown in
Figure 1. The interactive residues of each compound with
IL-6 are listed in Table 1. All the 3 prioritized phytocom-
pounds including isoorientin, lupeol, and andrographolide
were found to bind at the same active region of protein IL-6.
Key residues in protein-ligand docked complex which can play
key role in the inhibition of viral activity have also been dem-
onstrated. In addition, the hydrogen and hydrophobic analysis
of molecular interactions were further analyzed on the basis of
binding interactions and behaviors of receptor-ligand com-
plex. In isoorientin-1L6 docked complex, couple of hydropho-
bic bonds (Leu-147, Lys-144 with distance bond length
3.68A and 4.20A respectively) and single hydrogen bond
were observed at Leu-140 with 1.93 A distance (Figure 1A).
Similarly, Leupeol-IL6 docking complex, couples of hydro-
phobic interactions were identified at Leu-147, Leu-151 with
distance bond length 5 39A and 5.20A, respectively (Figure
1B). Likewise, in docked complex andrographolide-I1L6
results showed that a single hydrogen bond (Ser-91 with bond
distance length 2.18 A) was observed with 2 hydrophobic
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Figure 1. Docked complexes and interacting residues of IL-6 with (A) isoorientin, (B) lupeol, and (C) andrographolide. Red dotted lines represent

hydrogen bonds and blue lines show hydrophobic bonds.

Table 1. Interactive residues of prioritized phytocompounds with IL-6.

DOCKED COMPLEXES  INTERACTIVE RESIDUES IN

MOLECULAR INTERACTIONS

Isoorientin with IL-6 Ser-91, Thr-92, Leu-95, Phe-98,

Leu-140, Phe-143, Lys-144, Leu-147

Lupeol with IL-6 Val-88, Ser-91, Thr-92, Leu-95, Phe-143,

Lys-144, Leu-147, Ser-150, Leu-151

Andrographolide with Ser-91, Thr-92, Leu-95, Lys-144,
IL-6 Leu-147, GIn-148, Leu-151

interactions (Leu-147, Leu-151 with bond length 5.10 and
5.20A, respectively) (Figure 1C). The compounds interact

with different sites of IL6 which are involved in direct or

indirect contacts with the IL-6 receptor (a-chain) and gp130
(B-chain) which might act as potential blockers of functional
hexameric IL-6 receptor complex.3¢

Three phytocompounds including isoorientin, lupeol, and
andrographolide exhibited good interactions with IL-6 protein
and were further analyzed to check their binding behavior
against target protein. Their 2D structures have been repre-
sented in Figure 2. Isoorientin showed better binding affinity
against 11.-6 as compared to all other phytocompounds with
the binding energy of -7.7 Kcal/mol.

Molecular dynamics simulation

The conformational stability, structural integrity, and dynamics of
all 3 complexes were elucidated by running MD simulation for the
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Figure 2. 2D chemical structures of prioritized phytocompounds (A)
isoorientin, (B) lupeol, and (C) andrographolide.

period of 50-ns at 300 K. First, all atom carbon alpha atoms RIVISD
compared to the first snapshot which was treated as a reference was
estimated that revealed the mean RIMSD values as follow: 1L6-
isoorientin complex (3.97A+0.77), IL6-lupeol (3.97A +0.76),
and TL6-andrographolide complex (3.96A 0.77). A very stable
nature of dynamics of the complexes was noticed, which demon-
strated strong strength of intermolecular interactions (Figure 3A).
In addition, compounds binding mode stability was further
affirmed by assaying ligand RMSD (Figure 3B). Isoorientin (max-
imum, 1.6A, and mean 0.72A +0.32) and lupeol (maximum,
0.80 A and mean 0.38 A = 0.08) binding conformation was found
as highly stable, whereas andrographolide (maximum, 1.96A,
mean, 1.09 A +0.49) was reported to show conformational flexi-
bility. Visual inspection demonstrated that compound achieved a
more stable binding mode than the original predicted by molecular
docking. Once, a new stable pose achieved the compound was
noticed to have stable conformation till rest of the simulation time
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Figure 3. Simulation trajectories analysis: (A) receptor RMSD versus

time, (B) inhibitors RMSD verses time, and (C) R, versus time.
RMSD indicates root mean square deviations.

(Figure 4). Next, radius of gyration (Rg) was calculated for all 3
complexes to look for IL6 structural compactness: higher R, indi-
cates less tight packing of secondary structure elements and vice
versa (Figure 3C). The mean R, values for complexes are as follows:
IL6-isoorientin(26.64 A *0.713499),IL6-lupeol (27.26 A = 0.86),
and IL6-andrographolide (27.05A +0.83). These values reflect
highly packed nature of the systems and thus very stable behavior
of the receptor in the presence of compounds.
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Figure 4. Andrographolide binding conformation at the start (tan) and end (sky blue) of simulation time. The receptor can be depicted in dark olive green.

Estimating MMGB/PBSA binding free energy of

complexes

Quantitative assessment of the compounds binding to the IL6
was estimated using the MMGB/PBSA methods (Table 2).
Van der Waals’s energy of the molecular mechanic’s force field
of all 3 complexes in both approaches reports to be favorable
and contributes significantly to the protein’s docked conforma-
tion stability. The electrostatic energy is insignificant in com-
pounds, and IL6 interaction, therefore less important in the
binding strength. The polar energy of isoorientin in both
MMGBSA and MMPBSA participates less in binding while
contributing considerably to lupeol and andrographolide bind-
ing. Compound isoorientin was rescored to have favorable
lower binding energy in the gas-phase (-33.4112kcal/mol in
both MMGBSA and MMPBSA) in contrast to nonfavorable
delta solvation energy (4.9514kcal/mol in MMGBSA and
7.9993 in MMPBSA). The net energy of IL6-isoorientin
complexis -28.4598 kcal/molin MMGBSA and -25.4119 keal/
mol in MMPBSA. IL6-Lupeol complex, on the other side,
illustrated favorable solvation energy and not gas-phase energy,
and IL6-andrographolide complex demonstrated that both
gas-phase energy and solvation energy are essential in com-
pound binding to the receptor. The IL6-lupeol complex’s net
binding energy is -19.2682kcal/mol in MMGBSA and
-21.4869 in MMPBSA, and andrographolide complex is
-25.5448 kcal/mol in MMGBSA and -24.5036 in MMPBSA.

Discussion

Through the membrane receptor cells, tissues carry out their
specific functions after stimulation. Frequently such receptors
are not only used to transmit signals regarding cell cycle activa-
tion and progression but may also mediate the signal of cell
apoptosis before it gets a chance of differentiation and prolif-
eration. A classic example can be of lymphocytes. Interaction
of receptor and antigen results in initiation of signaling cascade

which leads to cell differentiation and proliferation when
costimulatory signal provided simultaneously. If apoptosis is
not inhibited/stopped, it will result in cell death. Mature T-cells
attain costimulatory device, if there would be an inhibition of
co-stimulation ligation of antigen to receptor results in mature
T-cell death. Apparently, effective activation signals require
effective inhibition of cell death.3” In viral clearance T-cells
play very vital role with cytotoxic T-cell that may secrete differ-
ent molecule and IFN-y to remove virus from the host.38
Meanwhile to clear the pathogen, helper T-cells promote the
ability of B-cells and T-cells.?® Although virus-mediated con-
tinuous stimulation may induce exhaustion of T-cells and
results in reduced capability of cytokines production as well as
function.®* In COVID-19 patients decrease in both total
T-cell, cytotoxic T-cells,and helper T-cells has been observed.*!

In response to infection, cytokines production increases and
this phenomenon of excessive inflammatory reaction known as
cytokine storm may contribute to develop ARDS and multiple
organ dysfunction syndrome as well as respiratory viral infec-
tion setting.3#*? SARS-CoV-2 has been observed to signifi-
cantly increase the level of IL-2,IL-7,1L-10, TNF-a, G-CSE,
IP-10, MCP-1, and MIP-1A.¥ Consistent with this, Diao
et al*! also found the increase concentration of different
cytokines such as TNF-a, IL-6, and IL-10 in COVID-19
patients. All these observations suggest an inverse correlation
between the number of T-cells and the level of IL-6, IL-10,
and TNF-q, also suggest that these cytokines stimulate T-cell
reduction in COVID-19 patients. A potent pyrogenic cytokine
IL-6 produced in response to infection or tissue damage has an
essential role to modulate host immune response as well as it
has a critical role in the progression of virus.* During an infec-
tion, IL-6 might be considered as important cytokine along
with IL-1 and TNF-0.* Recent studies describe that severity
of disease and its outcomes in COVID-19 infected patients are
associated with characteristics of immune response. Various
components of inflammatory cascade and IL-6 induce host
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Table 2. MMGB/PBSA binding energies of high affinity complexes.

METHOD ENERGY COMPONENT ISOORIENTIN LUPEOL ANDROGRAPHOLIDE

MMGBSA Van der Waals - —-24.4464 -31.4618
Electrostatic 1.8065 25.8202 18.5105
Polar solvation 9.5663 —-17.9394 -8.7597
Nonpolar solvation -4.6149 -2.7027 -3.8338
Net gas-phase -33.4112 1.3738 -12.9513
Net solvation 4.9514 —-20.6421 -12.5935
Total -28.4598 -19.2682 -25.5448

MMPBSA Van der Waals -35.2177 —24.4464 -31.4618
Electrostatic 1.8065 25.8202 18.5105
Polar solvation 11.1732 -20.6224 -8.8799
Nonpolar solvation -3.1739 -2.2384 -2.6723
Net gas-phase -33.4112 1.3738 -12.9513
Net solvation 7.9993 -22.8607 -11.5523
Total -25.4119 -21.4869 -24.5036

defense against infection. Although increased production of
IL-6 may result in acute severe systemic inflammatory response
named as cytokine storm. Moreover, an important proinflam-
matory cytokine like TNF-a may interact with its specific
receptor and results in T-cell apoptosis, as increased expression
of receptor for TNF-a has been seen in aged T-cells. Various
studies demonstrate low number of T-cells in patients over
60years which indicates that in these patients TNF-a can be
directly responsible for reduction of T-cells in these patients.?’
Similarly, another study found elevated level of different
cytokines such as IL-2, IL-6, IL-7, IL-10, interferon-y-
inducible protein, granulocyte-colony stimulating factor, mac-
rophage inflammatory protein 1 alpha, and TNF-0..>° These
observations suggest that cytokine response magnitude and
characteristics are associated with the pathogenesis of disease.
Thus, it has been shown that dysregulated and persistent
release of IL-6 is associated with pathogenicity of infection.
Blockage of IL-6 has been shown to be effective against this
infection.3# As it is hypothesized that IL-6 may play very
vital role in serious adverse outcomes in patients infected with
SARS-CoV-2 pneumonia, as well as the inhibition of IL-6
could be an appropriate therapeutic target for these patients.*’

Computational approaches can provide rapid and reliable
solutions drug discovery and have been contributing signifi-
cantly in the field since long.*®* Various studies suggest that
use of bioinformatics analysis and techniques can decrease the
risk factor and cost related to novel drug discovery.”® They have
number of benefits as compared to conventional approaches
such as time saving, efficiency, less cost, and also identify the
side effects of drug utilizing different bioinformatics tools.”! In

current years, due to the advance advantages of herbal medi-
cines, interests of pharmaceutical industry in natural products
are increased.> Meditational plants are best source for dietary
supplements, while its active compounds of plants play impor-
tant role in treatment, preventing from number of diseases, and
they are more effective as compared to pharmaceuticals drugs.>
Previous studies showed that plant-derived phytocompounds
have been effective activity against viral diseases.>

In this study, interaction analysis of 15 phytocompounds
(8-epicatechin, afzelechin, andrographolide, azadirachtin, cate-
chin, isoorientin, isovitexin, eucalyptol, kaempferol, lupeol,
marmin, melanoxetin, nimbin, quercetin, and wedelolactone) has
been performed against targeted protein (IL-6). The basic idea
was to discover a potent and efficient IL-6 inhibitor with antiviral
activity from the prioritized phytocompounds with least side
effects. Three phytocompounds showed strong antiviral activity
on the bases of strong interaction, drug-likeness properties (Table
3), and binding affinity with IL-6 (Supplementary Table 1). The
interaction analysis and binding affinities proved that all top 3
phytocompounds are effective against targeted protein IL-6.

Prioritized phytocompounds against targeted protein I1L-6
may inhibit the activity of viral mechanism thus reducing the
pathogenicity of SARS-CoV-2. Molecular docking studies of
active compounds and drug-likeness properties proved that
these compounds are strong candidate for antiviral drug against
corona virus. Even among the prioritized phytocompounds,
lupeol and andrographolide have more favorable results to be
used as therapeutic compounds than isoorientin, but still all
these are computational predictions and need experimental
validations.
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Table 3. ADMET properties of top 3 selected phytocompounds.

PROPERTIES ISOORIENTIN
Blood-brain barrier -

Human intestinal absorption +

AMES toxicity AMES toxic

Carcinogens Noncarcinogens

Biodegradation Not readily biodegradable

Aqueous solubility (Logs) -2.3978

Conclusions

The current in silico study is performed to recognize the thera-
peutic effect of plant-based compounds against corona virus.
Three phytocompounds including isoorientin, lupeol, and
andrographolide have been prioritized, which can display
effective antiviral characteristics against SARS-CoV-2.

Authors’ Note
Sajjad Ahmad is now affiliated to the Department of Health
and Biological Sciences, Abasyn University, Peshawar, Pakistan.

Acknowledgements

The authors acknowledge the IMBB department of The
University of Lahore, Lahore campus for their administrative
support.

Author Contributions

AM and AN designed the study. AN along with MH, SA,
MH, FMA, TH]J and AZ carried out the computational analy-
sis and designed the first draft. AI, MH and BR helped in
improving and revising the manuscript. All authors read and
agree to all the data provided in the manuscript.

ORCID iD

Anam Naz (2} https://orcid.org/0000-0002-6514-5417

Supplemental Material
Supplemental material for this article is available online.

REFERENCES

1. Cui], LiF, Shi Z-L. Origin and evolution of pathogenic coronaviruses. Nat Rev
Microbiol. 2019;17:181-192.

2. ZhongN, Zheng BJ, Li YM, et al. Epidemiology and cause of severe acute respi-
ratory syndrome (SARS) in Guangdong, People’s Republic of China, in Febru-
ary, 2003. Lancet. 2003;362:1353-1358.

3. Yang X, YuY, Xu ], et al. Clinical course and outcomes of critically ill patients
with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospec-
tive, observational study. Lancet Respir Med. 2020;8:475-481.

4. Epidemiology Working Group for NCIP Epidemic Response, Chinese Center
for Disease Control and Prevention. The epidemiological characteristics of an
outbreak of 2019 novel coronavirus diseases (COVID-19) in China. Zhonghua
Liu Xing Bing Xue Za Zhi. 2020;41:145-151.

5. LuH, Stratton CW, Tang YW. Outbreak of pneumonia of unknown etiology in
Wauhan, China: the mystery and the miracle. ] Med Virol. 2020;92:401-402.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

LUPEOL

Non-AMES toxic
Noncarcinogens

Not readily biodegradable
-4.4193

ANDROGRAPHOLIDE
+

+
Non-AMES toxic
Noncarcinogens

Not readily biodegradable
-2.8534

Wu Z, McGoogan JM. Characteristics of and important lessons from the coro-
navirus disease 2019 (COVID-19) outbreak in China: summary of a report of 72
314 cases from the Chinese Center for Disease Control and Prevention. JAMA.
2020;323:1239-1242.

Mosaddeghi P, Negahdaripour M, Dehghani Z, et al. Therapeutic approaches
for COVID-19 based on the dynamics of interferon-mediated immune responses
[published online ahead of print February 25, 2021]. Curr Signal Transd T. doi:1
0.2174/1574362416666210120104636.

Guan W+j, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease
2019 in China. N Engl ] Med. 2020;382:1708-1720.

Zumla A, Hui DS, Azhar EI, Memish ZA, Maeurer M. Reducing mortality from
2019-nCoV: host-directed therapies should be an option. Lancet. 2020;395:¢35-¢36.
Ulhaq ZS, Soraya GV. Interleukin-6 as a potential biomarker of COVID-19 pro-
gression. Med Mal Infect. 2020;50:382-383.

Grifoni A, Weiskopf D, Ramirez SI, et al. Targets of T cell responses to SARS-
CoV-2 coronavirus in humans with COVID-19 disease and unexposed individu-
als. Ce/l. 2020;181:1489-1501.

Atal S, Fatima Z, Balakrishnan S. Approval of itolizumab for COVID-19: a pre-
mature decision or need of the hour? BioDrugs. 2020;34:705-711.

Mani NS, Budak JZ, Lan KF, et al. Prevalence of Coronavirus Disease 2019
infection and outcomes among symptomatic healthcare workers in Seattle,
Washington. Clin Infect Dis. 2020;71:2702-2707.

Chakraborty C, Sharma AR, Bhattacharya M, et al. COVID-19: consider IL-6
receptor antagonist for the therapy of cytokine storm syndrome in SARS-CoV-2
infected patients. J Med Virol. 2020;92:2260-2262.

Xiaohua C, Binhong Z, Yueming Q_, et al. Detectable serum SARS-CoV-2 viral
load (RNAaemia) is closely associated with drastically elevated interleukin 6
(IL-6) level in critically ill COVID-19 patients. medRxiv. 2020, https://www.
medrxiv.org/content/medrxiv/early/2020/03/03/2020.02.29.20029520.full.pdf
Xu Z, Shi L, Wang Y, et al. Pathological findings of COVID-19 associated with
acute respiratory distress syndrome. Lancet Respir Med. 2020;8:420-422.

Tian S, Hu W, Niu L, Liu H, Xu H, Xiao SY. Pulmonary pathology of early
phase 2019 novel coronavirus (COVID-19) pneumonia in two patients with lung
cancer. J Thorac Oncol. 2020;15:700-704.

Meng EC, Pettersen EF, Couch GS, Huang CC, Ferrin TE. Tools for integrated
sequence-structure analysis with UCSF Chimera. BMC Bioinformatics.
2006;7:339.

Kim S, Thiessen PA, Bolton EE, et al. PubChem substance and compound data-
bases. Nucleic Acids Res. 2016;44:D1202-D1213.

Mills N. ChemDraw Ultra 10.0 CambridgeSoft, 100 CambridgePark Drive,
Cambridge, MA 02140. www.cambridgesoft.com. Commercial Price: 1910for-
download, 2150 for CD-ROM; Academic Price: 710fordownload, 800 for CD-
ROM. J Am Chem Soc 2006;128:13649-13650.

Kiss R, Sandor M, Szalai FA. http://Mcule.com: a public web service for drug
discovery. J Cheminform 2012;4:P17.

Cheng F, Li W, Zhou Y, et al. admetSAR: a comprehensive source and free tool
for assessment of chemical ADMET properties. J. Chem. Inf. Model.
2012;52:3099-3105.

Wang J, Qiao C, Xiao H, et al. Structure-based virtual screening and character-
ization of a novel IL-6 antagonistic compound from synthetic compound data-
base. Drug Des Devel Ther. 2016;10:4091-4100.

Heo L, Shin WH, Lee MS, Seok C. GalaxySite: ligand-binding-site prediction
by using molecular docking. Nucleic Acids Res. 2014;42:W210-W214.

Trott O, Olson AJ. AutoDock Vina: improving the speed and accuracy of dock-
ing with a new scoring function, efficient optimization, and multithreading. /
Comput Chem. 2010;31:455-461.

BIOVIA DS. Discovery Studio Visualizer. Vol. 936. San Diego, CA: BIOVIA; 2017.


https://orcid.org/0000-0002-6514-5417
https://www.medrxiv.org/content/medrxiv/early/2020/03/03/2020.02.29.20029520.full.pdf
https://www.medrxiv.org/content/medrxiv/early/2020/03/03/2020.02.29.20029520.full.pdf
www.cambridgesoft.com. Commercial Price: 1910fordownload, 2150 for CD-ROM; Academic Price: 710fordownload, 800 for CD-ROM. 
www.cambridgesoft.com. Commercial Price: 1910fordownload, 2150 for CD-ROM; Academic Price: 710fordownload, 800 for CD-ROM. 
www.cambridgesoft.com. Commercial Price: 1910fordownload, 2150 for CD-ROM; Academic Price: 710fordownload, 800 for CD-ROM. 
http://Mcule.com: a public web service for drug discovery
http://Mcule.com: a public web service for drug discovery

Malik et al

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Gupta S, Bi R, Kim C, Chiplunkar S, Yel L, Gollapudi S. Role of NF-« B sig-
naling pathway in increased tumor necrosis factor-a-induced apoptosis of lym-
phocytes in aged humans. Cel/ Death Differ. 2005;12:177-183.

Pastor RW, Brooks BR, Szabo A. An analysis of the accuracy of Langevin and
molecular dynamics algorithms. Mo/ Phys. 1988;65:1409-1419.

Kriutler V, Van Gunsteren WF, Hiinenberger PH. A fast SHAKE algorithm to
solve distance constraint equations for small molecules in molecular dynamics
simulations. J Comput Chem. 2001;22:501-508.

Tufan A, Giiler AA, Matucci-Cerinic M. COVID-19, immune system response,
hyperinflammation and repurposing antirheumatic drugs. Turk | Med Sci.
2020;50:620-632.

Ingraham NE, Lotfi-Emran S, Thielen BK, etal. Immunomodulation in
COVID-19. Lancet Respir Med. 2020;8:544-546.

Roe DR, Cheatham TE III. PTRAJ and CPPTRAJ: software for processing
and analysis of molecular dynamics trajectory data. J Chem Theory Comput.
2013;9:3084-3095.

Humphrey W, Dalke A, Schulten K. VMD: visual molecular dynamics. J Mo/
Graph. 1996;14:33-827.

Wang H, Ma S. The cytokine storm and factors determining the sequence and
severity of organ dysfunction in multiple organ dysfunction syndrome. Am J
Emerg Med. 2008;26:711-715.

Genheden S, Ryde U. The MM/PBSA and MM/GBSA methods to estimate
ligand-binding affinities. Expert Opin Drug Discov. 2015;10:449-461.

Boulanger M], Chow DC, Brevnova EE, Garcia KC. Hexameric structure and
assembly of the interleukin-6/IL-6 o-receptor/gp130 complex. Science. 2003;300:
2101-2104.

Wang ZQ, Bapat AS, Rayanade R], Dagtas AS, Hoffmann MK. Interleukin-10
induces macrophage apoptosis and expression of CD16 (FcyRIII) whose engage-
ment blocks the cell death programme and facilitates differentiation. Immunol-
0gy- 2001;102:331-337.

Mescher MF, Curtsinger JM, Agarwal P, et al. Signals required for program-
ming effector and memory development by CD8+ T cells. Immunol Rev.
2006;211:81-92.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.
54.

Zhu J, Yamane H, Paul WE. Differentiation of effector CD4 T cell populations.
Annu Rev Immunol. 2009;28:445-489.

Ng C, Snell L, Brooks D, Oldstone MA. Networking at the level of host immu-
nity: immune cell interactions during persistent viral infections. Ce// Host
Microbe. 2013;13:652-664.

Diao B, Wang C, Tan Y, et al. Reduction and functional exhaustion of T cells in
patients with coronavirus disease 2019 (COVID-19). Front Immunol. 2020;11:827.
Matthay MA, Ware LB, Zimmerman GA. The acute respiratory distress syn-
drome. J Clin Invest. 2012;122:2731-2740.

Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Lancet. 2020;395:497-506.
Velazquez-Salinas L, Verdugo-Rodriguez A, Rodriguez LL, Borca MV. The
role of interleukin 6 during viral infections. Front Microbiol. 2019;10:1057.
Dienz O, Rincon M. The effects of IL-6 on CD4 T cell responses. Clin Immunol.
2009;130:27-33.

Liu B, Li M, Zhou Z, Guan X, Xiang Y. Can we use interleukin-6 (IL-6) block-
ade for coronavirus disease 2019 (COVID-19)-induced cytokine release syn-
drome (CRS). J Autoimmun. 2020;111:102452.

Jones SA, Jenkins BJ. Recent insights into targeting the IL-6 cytokine family in
inflammatory diseases and cancer. Na# Rev Immunol. 2018;18:773-789.

Chen YP, Chen F. Identifying targets for drug discovery using bioinformatics.
Expert Opin Ther Targets. 2008;12:383-389.

Bleicher KH, Bohm HJ, Miiller K, Alanine AL Hit and lead generation: beyond
high-throughput screening. Nas Rev Drug Discov. 2003;2:369-378.

Katara P. Role of bioinformatics and pharmacogenomics in drug discovery and
development process. Netw Model Anal Health Inform Bioinform. 2013;2:225-230.
Mandal S, Mandal SK. Rational drug design. Eur J Pharmacol. 2009;625:90-100.
Butler MS. Erratum: the role of natural product chemistry in drug discovery. J
Nat Prod. 2006;69:172.

Nasri H. Herbal drugs and new concepts on its use. J/ Prev Epidemiol. 2016;1:¢01.
Wu PF, Zhang Z, Wang F, Chen JG. Natural compounds from traditional
medicinal herbs in the treatment of cerebral ischemia/reperfusion injury. Acta
Pharmacol Sin. 2010;31:1523-1531.





