3 Biotech (2023) 13:221
https://doi.org/10.1007/513205-023-03635-7

ORIGINAL ARTICLE q

Check for
updates

In silico screening, ADMET analysis and MD simulations
of phytochemicals of Onosma bracteata Wall. as SARS CoV-2 inhibitors

Udaykumar G.Vegad'?
Tejas M. Dhameliya®®

- Normi D. Gajjar>® - Prinsa R. Nagar®*© - Sanjay P. Chauhan'® . Devang J. Pandya®*

Received: 13 March 2023 / Accepted: 16 May 2023 / Published online: 31 May 2023
© King Abdulaziz City for Science and Technology 2023

Abstract

Being attracted with their cardiotonic, antidiabetic, cough relieving activity, treatment of fever, absorbent, anti-asthmatic,
etc. activities reported in ancient Ayurvedic literature, phytochemicals of Onosma bracteata wall should be evaluated for
their activity against SARS-CoV-2 virus. The main objective of this study is to identify a hit molecule for the inhibition
of entry, replication, and protein synthesis of SARS CoV-2 virus into the host. To achieve given objective, computational
virtual screening of phytochemicals of Onosma bracteata wall has been performed against three main viral targets: spike,
RdRp, and MP™. Further, the analysis of Lipinski’s Ro5 and their estimation of ADMET profiles were performed using
computational tools. The MD simulations studies of top hits against each viral target have also been performed for 20 ns to
ensure their stability. The analysis of results revealed that Pulmonarioside C (9) and other plant compounds showed better
binding affinity towards targets than existing antiviral compounds, making them probable lead compounds against SARS-
CoV-2. Structural modifications and studies through in silico analysis provided the founding stone for the establishment of
SARS CoV-2 inhibitory potential of phytoconstitutents of Onosma bracteata wall.
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Introduction

Corona Virus Disease-2019 (COVID-19), caused by infec-
tious coronaviruses or severe acute respiratory syndrome
coronavirus-2 (SARS CoV-2), was first reported in Wuhan
of the Hubei region of China in December 2019 and was
declared a pandemic on 13 March 2020. As of 26 April
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2023, it has caused the infection to 764,474,387 people
across the globe, along with 6,915,286 confirmed deaths
(WHO Coronavirus Disease (COVID-19) Dashboard 2023).
The disease conditions of COVID-19 vary from asympto-
matic, pre-symptomatic, mild pneumonia, severe pneumo-
nia, acute respiratory distress syndrome, and critical stages,
which may lead to fatalities (Adhikari et al. 2020). The
control of the pandemic spreading is challenging because
there is no specific drug to fight against it, as usually hap-
pens in virus-originated diseases. The unprecedented rapid
spread of COVID-19 and its unclear mortality rates have
created urgency for a treatment to be developed worldwide.
In addition, due to the higher mutagenicity of the virus, sev-
eral variants such as ‘gamma’, ‘delta’, and ‘omicron’ have
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increased the state of urgency (Update on Omicron 2022;
Lopez Bernal et al. 2021).

The identification of the crucial proteins and enzymes
involved in the virus’ entry and replication processes have
been regarded as the basic steps to identify the viral drug
targets for SARS-CoV-2 (Sorouri et al. 2021). The genomic
sequence of the virus has been reported similar to that of
SARS CoV-1 by 79.5% and that of bats infecting strain
of coronaviruses by 96% (Wang et al. 2020). The SARS
CoV-2 spike protein binds to the angiotensin-converting
enzyme-2 (ACE2) receptor through the receptor-binding
domain (RBD) for inoculation into the host cell, followed
by the membrane fusion with host cells allowing the entry
of the viral genome. The alternative entry of the virus may
be via direct proteolytic cleavage of transmembrane pro-
tease 2 (TMPRSS2) to the ACE2 receptor. The high bind-
ing preference of the RBD, pre-activation of the spike, and
covered RBD in the spike possibly help efficient viral entry
as well as evading the immunity surveillance (Shang et al.
2020). The viral genome translation has followed this into
polyproteins ppla and pp1b host cell machinery. These poly-
proteins, along with proteases like the 3 Chymotrypsin-Like
Protease (3CLP™, also called main protease MP™), are trans-
formed into replicase-transcriptase complex, which gener-
ates viral genome for viral replication mediated through
RNA-dependent RNA polymerase (RdRp). Thus, ACE2 of
the host, MP™, and RdRp of the virus are vital enzymes for
developing therapeutics against COVID-19 (Swiderek and
Moliner 2020; Abuo-Rahma et al. 2020; Zhang and Kutate-
ladze 2020; Gajjar et al. 2021; Nagar et al. 2021).

There has been a continuous need for novel approaches
and identifying novel molecules or hits to counter the dis-
ease. In ancient texts, ayurvedic therapies mention epi-
demic diseases and their management descriptively under
the term Janapadodhwamsa (Goyal 2019; Rastogi et al.
2022). In addition, the Ministry of Ayurveda, Yoga, and
Naturopathy, Unani, Siddha, and Homeopathy (AYUSH),
Government of India has recommended immunity-boosting
remedies for self-care during the COVID-19 crisis. It men-
tions various Ayurveda interventions, including general
measures, immunity-promoting therapies, simple ayurvedic
procedures, and dry cough/sore throat measures (Ayurveda’s
immunity boosting measures for self care during COVID 19
crisis 2022). These remedies have been recommended by
eminent Ayurveda professionals across India, and scientific
literature supports immunity-boosting claims (Vegad and
Pandya 2021). Additionally, ancient Ayurvedic literatures
have indicated various plants useful in respiratory disease
conditions.

O. bracteata Wall., a perennial herb explicitly found in
the north-western Himalayas at 3500-4500 m, has been
acknowledged in ancient Ayurvedic literature Bhavprakasha
Nighantu as Gojihva, which falls in Saka Varga (vegetable
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class) as per Charak and Sushruta. The Gojihva has been
reported to have cardiotonic, antidiabetic, anti-tussive,
anti-pyretic, absorbent, anti-asthmatic, antitoxic, anti-
inflammatory, anti-leprotic, and diuretic activities (Vegad
and Pandya 2022a). Preliminary pharmacological studies
have revealed it as hepatoprotective (Kumar et al. 2020),
diuretic (Vegad and Pandya 2022b), anticancer (Albagami
et al. 2018; Kumar et al. 2021), anxiolytic (Asif et al. 2019),
smooth muscle relaxant, and anti-aging substances (Farooq
et al. 2019). Allomicrophyllone (1) and ehretiquinone (2),
along with three novel benzoquinones ehretiquinones B-D
(3-5) with anti-aging activity, have been isolated from O.
bracteata (Farooq et al. 2019). Hernacorizine (6) and two
naphthoquinones derivatives (7-8) have been separated from
methanol extract of the plant in an unpublished thesis work
(Khan 2017). Three new compounds, Pulmonarioside C
(9), 9'-methoxyl salvianolic acid R (10), and (—)-4-O-(E)-
p-coumaroyl-L-threonic acid methyl ester (11), have been
reported for the first time from the plant (Sun et al. 2021).
Now-a-days, computational drug discovery is very emerg-
ing and widely used approach for identification of hit mole-
cules through protein-ligand interactions (Singh et al. 2022;
Singh and Purohit 2023a, b) In continuation of our quest for
effective SARS CoV-2 inhibitors (Nagar et al. 2021; Sureja
et al. 2022), these novel compounds attracted us for in sil-
ico screening against ACE2, MP™ and RdRp viral targets
through measurement of binding energies, ADMET analysis
and MD simulations.

Methods
Collection of data

3-D structures of the target proteins such as RdRp, spike
glycoprotein, and main protease were obtained from RCSB
protein data bank by following their PDB IDs (7BV2, 6MO0J,
6L.U7) (Protein Data Bank 2022; Jin et al. 2020; Lan et al.
2020; Yin et al. 2020). For further molecular modelling,
proteins were prepared using AutoDock Tools. (Trott and
Olson 2010). Following the deletion of water molecules,
addition of polar hydrogens and Kollman charges, the polar-
ity and charges of protein structures were corrected. Recep-
tor grid box of the dimensions of 90.768 A (x)x99.896 A
(y) X 99.788 A (z) with the center coordinates of 70 A
x)x70 A (y)x70 A (z) were generated around co-crystal-
lized ligand remdesivir with RdRp (Nagar et al. 2021). The
receptor grid box of the size of 50 A (x)x42 A (y)x50 A
(z) and the center coordinates of — 36.258 Ax40.262 Ax
13.154 A was generated in spike glycoprotein (Surti et al.
2020). Similarly, the receptor grid box of 24 A (x)x20 A
(y)x22 A (2) and the center coordinates of — 12.855 Ax
16.974 Ax66.782 A (x, y, and z) were generated around
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Table 1 Obtained binding energies and 2-D structures of the selected Onosma bracteata compounds and known drugs against RdRp, spike
glycoprotein-ACE2, and MP™

Comp. Codes Structures Binding energy (kcal/mol)
RdRp Spike glycoprotein- ~ MP™
ACE2
1 - 8.9 - 64 - 6.1
HO’ : )/ >
2 -79 - 6.8 - 6.5
HOQ :
=
H;C
3 - 8.8 - 6.5 —-6.7
e 2
4 -83 - 6.1 -6.7
HO/ : :\\\\\\\\\\\\‘:: é
)%‘ : O
5 - 6.8 - 6.8 - 6.6
6 -79 -538 - 6.0
OCHj
OCHj
&’f&m&ﬁ @ Springer
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Table 1 (continued)

Comp. Codes Structures Binding energy (kcal/mol)
RdRp Spike glycoprotein- ~ MP™
ACE2
7 OH O -6.4 -52 -53
L
OH O
8 OH O -173 -54 -54
48
OH O
9 z OH - 125 -72 -179
"IOH
OH
HO O
10 COOH -93 -6.1 -6.5
OO 0
COOCH,
11 -54 -53 -6.1

0 OH
N O/\H\COOCHS
OH
HO
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Table 1 (continued)

Comp. Codes Structures Binding energy (kcal/mol)
RdRp Spike glycoprotein- ~ MP™
ACE2
12 O8N NH -89 -6.5 -6.0
(N3)
ON o YTy,
NACN I AN _~_O
: N : N
CWY SR
13 (remdesivir) H,N N -9.1 -62 -57
<
N\—_ N 0
No . 0,0
1P,
HO y 'NH
W\ O
R\
o
14 -11.1 -8.1 -175
(Lopinavir)
15 -79 -6.1 - 6.5
(Ritonavir)
16 (Favipiravir) - 6.7 —-4.6 —-5.1
co-crystallized ligand N3 in MP™ after validating the pose ~ Molecular docking

of the co-crystallized ligand with the docked pose of N3.
Structures of eleven Onosma bracteata phytochemicals
were downloaded from PubChem in SDF format (PubChem
2021). After optimization and their conversion into PDBQT
files using OpenBabel, the ligands were subjected to molecu-
lar docking (O’Boyle et al. 2011).

The multi-ligand molecular docking was carried out using
AutoDock Vina to identify ligand interactions with the
selected proteins. Selected ligands were docked on the sites
on which the receptor grid boxes were generated for each
protein. Ten poses per ligand were obtained, and the binding
energy of each ligand’s top poses was compared with the
known antiviral drugs like remdesivir, lopinavir, ritonavir,
and favipiravir. Biovia Discovery studio 2020 was used to
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Fig. 1 The 3D-interactions of compounds Pulmonarioside C (9) (a),
9'-Methoxyl salvianolic acid R (10) (b), Allomicrophyllone (1) (c),
and Ehretiquinone —B (3) (d) complexed with RdRp. Ligand is shown

generate the 3-dimensional docking poses by visualizing
the docked complexes and their interactions 3-dimention-
ally (Dassault Systemes BIOVIA 2021). For this purpose,
interacting aminoacids are visualised in surface model and
ligand structure is presented in ball and sticks model to get
better understanding of interactions and interacting residues.

Analysis of physicochemical properties and ADMET
parameters

Physicochemical properties of the selected molecules were
analyzed using virtual tools like Swiss ADME (Daina et al.
2017) and pkCSM (pKCSM 2021; Pires et al. 2015) and
compared with the selected known inhibitors. Required
ADMET parameters were also studied using pkCSM to
evaluate the pharmacokinetic properties of the selected
compounds.

Molecular dynamics (MD) simulations

The compound 9 with the highest binding energies against
all proteins during molecular docking was subjected to
MD simulations using GROMACS 2020.1 software (Abra-
ham et al. 2015, 2020). CHARMM36 as an all-atom force
field (Huang et al. 2016) and CGenFF server was used to
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in ball and stick model which interacts with the amino acids of RdRp
present in surface model

generate the topology of proteins and ligands, respectively
(Vanommeslaeghe et al. 2010; Yu et al. 2012). After gen-
erating topologies for ligand and protein, the complex was
solvated using the TIP3P water model, neutralized using Na*
and CI™ ions, equilibrated using a canonical [number of par-
ticles (&), system volume (V) and temperature (7), NVT]
and isobaric-isothermic [number of particles (N), system
pressure (P) and temperature (7), NPT] ensemble for 100
picoseconds. The final MD run of protein-ligand complexes
for 20 ns was subjected in NPT group at 300 K temperature
and 1 bar pressure as reported previously (Gajjar et al. 2021;
Nagar et al. 2021; Bhakhar et al. 2021; Dhameliya et al.
2022). After completion of MD run, calculation of an inter-
action energies is carried out by the extraction of average
short-range Coulombic interaction energy (Coul-SR) and the
short-range Lennard—Jones energy (LJ-SR) through energy
module to evaluate energies of electrostatic and hydropho-
bic interactions, respectively. Along with this, calculation of
root mean square deviation (RMSD) for protein and ligand,
Radius of gyration (RoG) of ligand in the complex, surface
area of the solvent atoms assessed by the complex and num-
ber of hydrogen bonds formed during the MD simulations
have also been calculated to understand the proper dynamic
changes of the protein—ligand complex at molecular level.
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Fig.2 3-D interactions of compounds Pulmonarioside C 9 (a), Ehre-
tiquinone-D (5) (b), Ehretiquinone (2) (c¢), and Ehretiquinone-B (3)
(d) with Spike glycoprotein-ACE2 (PDB ID: 6M0J). Ligand is shown

Results and discussion
Preparation of proteins

The protein deposited in protein data banks for RARp from
SARS CoV-2 (PDB ID: 7BV2, resolution of 2.8 A) (Pro-
tein Data Bank 2022; Yin et al. 2020) and ACE2 (PDB ID:
6MO0J, resolution of 2.45 A) (Lan et al. 2020) and MP™ (PDB
ID: 6LU7, resolution of 2.16 10\) (Jin et al. 2020) were used
for the present works. The proteins have been downloaded
from RCSB protein data banks and have been prepared using
AutoDock Tools for further molecular modeling (Morris
et al. 2009).

Molecular docking

The prepared proteins using AutoDock Vina have been
subjected to identify the binding energies of the selected
eleven ligands and their interactions at the active site and
the 2D-structures of natural products were downloaded from
the PubChem database (PubChem 2021) were converted into
PDBQT formats to use in molecular modeling. The energies
of the bound ligands were analyzed in comparison with N3,

(b)

Asn33

Pro3sy

-

in ball and stick model which interacts with the amino acids of Spike
glycoprotein-ACE2 present in surface model

and other antiviral drugs like remdesivir, lopinavir, ritonavir,
and favipiravir. From this molecular modeling, compound
9 was found with the highest binding energy against all the
selected targets (Table 1). The binding energy of compound
9 was found superior to selected known drugs against every
protein except lopinavir (6MOJ).

The 3D-poses of the top four ligands having the high-
est binding energies against each protein were presented
using Biovia Discovery Studio 2020 (Dassault Systémes
BIOVIA 2021). Against RdRp, compounds 9, 10, 1 and 3
were found with binding energies of — 12.5, — 9.3, — 8.9,
and — 8.8 kCal/mol, respectively. Compound 9 was found
to form hydrogen bonds (HBs) with Asn496 and Lys577
(chain A) and Adel3, Cytl5, and Urd17 (chain P), Urd12,
Adel3, Adel4, Cytl5, Urd16 and Urd17 (chain T, Fig. 1a).
Next, compound 10 was found to form HBs with the residues
Asn496 and Asn497, nucleotides, Urd13 and Adel5 (chain
P), and Adel4 of chain T. Additionally, it formed a z-alkyl
interactions with Lys500 and van der Waals interactions with
Adell, Urd12, and Adel3 (chain T, Fig. 1b). Compound 1
formed HBs by means of amino acids, Asn497 and Lys500
and Gual6 and Urd18 and Adel3. The n-x interaction was
also observed with the Adel5 (Fig. 1¢). Compound 3 inter-
acted with Ade19 and Urd20 and amino acid Lys45 through
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Fig.3 3-D interactive poses of compounds Pulmonarioside C (9) (a), Ehretiquinone-B (3) (b), Ehretiquinone-C (4) (c), and Ehretiquinone-D (5)
(d) with MP™ (PDB ID: 6LU7). Ligand is shown in ball and stick model which interacts with the amino acids of MP™ present in surface model

Table 2 Lipinski’s properties of

the selected compounds®

pisue cllalaie £
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Springer

Compd. Codes MW" HBD® HBA! RB® Log Pf No. of
violations®
1 366.41 2 5 2 1.8 0
2 348.39 1 4 2 3.5 0
3 334.37 1 4 2 2.87 0
4 364.39 2 5 3 2.25 0
5 348.39 1 4 2 3.5 0
6 284.26 2 5 2 2.99 0
7 190.15 2 4 0 1.79 0
8 204.18 2 4 0 2.22 0
9 984.86 10 24 13 0.26 3
10 564.49 7 12 10 3.89 3
11 3103 3 7 9 0.43 0
12 680.79 5 9 22 3.27 2
13 602.58 4 12 14 3.46 2
14 628.8 4 5 17 3.75 1
15 720.94 4 7 22 5.18 2
16 157.1 2 1 0.39 0

*Parameters calculated using SwissADME [31]
"Formula weight (<500 Da)
“Hydrogen bond donors (<5)

dAcceptors (£10)
°Rotational bonds

fPermeability in oil to water (£5)

(=10
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Table 3 The estimated absorption and distribution parameters of the selected compounds™®

Compd. Alilog§* MR?®! (PSA (A?)** CaCoO, Human intesti- VD, (Human)®"  Fraction P-gp I inhibi-
Codes permeability™  nal absorption (% unbound tion (yes/
absorbed)™2 (Human)®! 1no)®

1 -3.18 100.83  83.83 1.507 93.866 0.425 0.151 No

2 —4.52 99.16  63.6 1.394 97.303 0.39 0.049 Yes

3 —-3.86 9435  63.6 1.253 97.478 0.349 0.075 Yes

4 —-3.65 100.32 83.83 1.397 94.499 0.368 0.141 No

5 —4.52 99.16  63.6 1.394 97.303 0.39 0.049 Yes

6 —4.33 78.46 799 1.023 96.032 -0.137 0.067 No

7 —2.98 4829  74.6 0.059 80.455 0.171 0.487 No

8 —342 53.1 74.6 1.06 95.37 0.191 0.45 No

9 —17.28 229.58 355.04 -0.83 29.70 —-0.01 0.26 Yes

10 —8.02 14476  211.28 - 1.60 58.95 -0.85 0.26 No

11 —2.38 77.1 113.29 0.16 59.74 0.21 0.54 No

12 -7.18 184.13 197.83 0.64 57.19 —-0.10 0.04 Yes

13 —-6.01 15043 213.36 0.51 69.44 -0.38 0.03 Yes

14 - 821 187.92 120 0.57 62.72 -0.17 0.02 Yes

15 —10.08 197.82  202.26 0.21 75.89 -0.20 0 Yes

16 -0.84 3291  88.84 0.67 90.66 -0.35 0.80 No

#Parameters calculated using SwissADME [31]

>pkCSM

“Solubility (<0)

dRefractivity (<155)

¢Polar surface area (< 150 A2)

fCaco-2 cell partition coefficient (log Papp in 10~® cm/s > 0.09)
£Intestinal absorption (% > 30)

"Volume of distribution (= 0.15 to> 0.45)

IFraction released, and  inhibition of the P-glycoprotein I

HBs. Alkyl groups present in the ligand structures formed
n-alkyl interactions with Urd17, Urd18 of chain P and amino
acids, Ala547, I1e548 (Fig. 1d). These interactions hypoth-
esized us to predict the strong binding of these compounds
with RdRp into its active site.

Next, we analyzed the binding modes of the best four
ligands against the spike-ACE2 complex (PDB ID: 6M0J,
Fig. 2). Ligands 9, 5, 2, and 3 had the binding energies
of — 7.2, — 6.5, — 6.5, and — 6.2 kcal/mol, respectively
(Table 1). Compound 9 interacted via HBs with amino acids,
Lys26, Asn33, Asn90, GIn96, GIn388, Arg559, and Ser563
(Fig. 2a). Due to nominal structural differences, compounds
5, 2, and 3 were found to form HBs with Asn33, and two
n-alkyl interactions with Pro389 (Fig. 2b—d).

With a view to a better understanding of the binding mode
of identified hits against MP™ (PDB ID: 6LU7), we studied
the binding interactions (Fig. 3) of the selected compounds
9, 3, 4, and 5 with the binding energies of — 7.9, — 6.7,
— 6.7 and — 6.6 kcal/mol, correspondingly. Compound

9 was found to interact via HBs with amino acids, Leu4,
Thr24, Thr26, Asnl42, Ser144, and Cys145, along with
the van der Waals interactions with Thr45 (Fig. 3a). Com-
pound 3 formed HBs with His41 and n-alkyl bonds with
Met49, Cys143, and His163 (Fig. 3b). Next, compound 4
formed HBs with His41 and n-alkyl bonds with Val3 (chain
C), Cys145 (chain A), and His163 (chain A) (Fig. 3c). The
almost similar interactions were observed in the case of
compound 5 due to their close structural similarity; only
amino acid, Gly143 was found to interact in place of His163
(Fig. 3d).

ADMET

For a drug molecule, the oral bioavailability of the drug
candidates has been considered the critical parameters that
can be devised following the Rule of Five (Ro5) given by
Christopher A. Lipinski (Lipinski et al. 2001; Lipinski
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Table 4 The predicted parameters of selected molecules for their metabolism, excretion and safety profile?

MolID  CYP2D6  CYP3A4 inhibitor®  CL Renal OCT2 AMES toxicity' hERGI  LDs" LOAEL'  Skin
inhibitor® substrate® toxicity® sensitization’
1 No Y PubChem-es 0.75 No No No 2.49 1.61 No
2 No No 0.14 No No No 243 1.79 No
3 No No 0.15 No No No 2.39 1.84 No
4 No No 0.13 No No No 2.40 1.43 No
5 No No 0.14 No No No 243 1.79 No
6 No Yes 0.44 No No No 2.55 1.07 No
7 No No 044 No No No 1.86 2.18 No
8 No No 0.50 No No No 1.62 2.93 No
9 No No —-0.75 No No No 2.49 5.66 No
10 No No —-034 No No No 2.48 3.77 No
11 No No 040 No Yes No 1.53 1.99 No
12 No Yes 0.68 No No No 2.98 2.36 No
13 No No 0.16 No No No 2.25 2.27 No
14 Yes Yes 0.68 No No No 2.54 2.17 No
15 No Yes 0.56 No No No 2.69 1.09 No
16 No No 0.50 No No No 1.86 1.22 No

*Parameters calculated using pkCSM [32]

®CYP2D6 inhibition

°CYP3A4 inhibition

9Renal clearance; (> 1 t0<0.1 mL/min/kg)

Inhibition of OCT2

fAMES harmfulness

ShERG I harmfulness

h Acute toxicity through oral dosages in rats (LDs)
ichronic toxicity through oral dosages in rats (LOAEL)

Jsensitivity to skin

2004). In this regard, we analyzed the molecules for their
physicochemical properties (Ro5, Table 2) like formula
weight, hydrogen bond donors/acceptors, rotational bonds
and permeability using virtual tools such as SwissADME
(Daina et al. 2017) and pkCSM (Pkcsm 2021; Pires et al.
2015) along with the assessment of the number of violated
parameters. As per our analysis, all the compounds (except
compounds 9 and 10) have been found to follow Ro5 with
zero violations. Compounds 9 and 10 were found to violate
three properties as per Ro5 being larger in molecular size.
Howeyver, three of the known inhibitors also found to violate
two parameters. Thus, most of the natural ligands may pos-
sess enough candidature to be a better drug.

The absorption, distribution, metabolism, excretion, and
toxicity (ADMET) properties have been reported to yield a
better understanding and vision of the pharmacokinetics of
identified drug candidates to assess the risk factors for the
human body (Cheng et al. 2013) (Table 3). All the molecules
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(except compounds 9 and 10) were satisfied with the crite-
ria for the ADMET parameters. In majority, the compounds
possess better absorption in guts due to their good oral bio-
availability. Compounds 9, 5, 2, and 3 inhibited the P-gp
I substrate in the body, requiring the dose adjustment for
better therapeutic effectivity.

Further, additional parameters for predicting the metabo-
lism, excretion, and toxicity were also evaluated for these
ligands (Table 4). Most of the molecules not inhibited
CYP2D6 and CYP3A4 (except compounds 1 and 6 inhibited
the CYP3A4). Compounds 9 and 10 were found with very
low renal clearance limiting their effects to cause renal tox-
icity. None of the molecules was observed as the substrates
for renal uptake transporter and all the compounds except
11 (producing AMES toxicity) were found non-cytotoxic,
non-mutagenic, non-toxic to the dermis with safer window
for chronic toxicity. In fine, the ligands have the potential to
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be selected as the promising candidates if explored against
COVID-19.

MD simulation

Molecular dynamics (MD) simulation gives a better under-
standing of ligand stability in the active site of the recep-
tor (Durrant and McCammon 2011; Hospital et al. 2015)
being widely used in drug discovery for COVID-19 (Padhi
et al. 2021). To assess the stability of selected ligands using
GROMACS 2020.1 (Abraham et al. 2015, 2020), the com-
plexes of most promising compound 9 with selected three
different targets were subjected for MD simulations.

The root mean square deviation (RMSD) with an average
of 0.847 nm (Fig. 4a) for the ligand 9 and 0.263 nm (Fig. 4b)
for the RdRp, indicated that enough stability of the ligand.
However, some alterations have been observed as evident
from the RMSD of ligand after 18 ns, which may be due
to better accommodation of compound 9 into the binding
site of RdRp. Herein, the RMSD values for protein-ligand
complex are almost similar to RMSD values of ligand fitted
in backbone. The range of 5.56 to 5.71 nm with an average
value of 5.636 nm (Fig. 4c) for radius of gyration (RoG)
suggested the tight compactness of ligand into the complex.
The solvent assessable surface area (SASA) was observed
ranging from of 31-48 nm? with the mid-point of 98.81 nm?
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(Fig. 4d). A maximum of seven HBs were observed between
the ligand 9 and RdRp protein in plotting the number of HB
vs. time (Fig. 4e).

Next, we analyzed the time-dependent stability of the
complex of 9 with Spike-ACE2 protein (Fig. 5) using the
above statistical parameters. The satisfactory stability of
the ligand was observed from the RMSD ranging from
0.3 to 0.7 nm (Fig. 5a) and 0.07-0.25 nm (Fig. 5b) for
the ligand and receptor, respectively. The radius of gyra-
tion (2.49-2.57 nm) was found with an average value of
2.524 nm (Fig. 5c). SASA has been noted in the range of
11-27 nm? with an average of 20.94 nm? (Fig. 5d). A maxi-
mum of seven hydrogen bonding interactions were observed
between 9 and Spike-ACE2 during the MD run (Fig. 5e).

Jielase cllall & .
EA}—EJSTJ;L&JI‘; oalall @ Springer

These results supported our hypothesis of sufficient stability
of compound 9 with Spike-ACE2 protein.

Next, the RMSD value for the compound 9 complexed
with Mpro was found to have the mid-points of 1.501 nm
for ligand (Fig. 6a) and 0.259 nm for protein (Fig. 6b). The
Deviations were observed in the RMSD of ligand after
12 ns, which can be associated with the bit of instability of
compound 9 in the protein’s active site. The RoG was found
with the mid-point value of 2.238 nm (Fig. 6¢). However,
the minute fluctuation was observed between 5-6 ns. The
solvent access surface area has been found within the range
from 12-25 nm? (average: 18.377 nm?, Fig. 6d). A maxi-
mum of nine HB were observed between the ligand and pro-
tein complex during simulation (Fig. 6e). The analysis of the
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Table 5 Energies (kJ/mol) of the 9 against selected targets

Targets Energy (kJ/mol)
Electrostatic interaction Hydrophobic
(Coul-SR) interactions
(LJ-SR)
7BV2 -67.32+13 —78.68+10
6MOJ —161.80+9.7 —100.91+0.7
6LU7 —93.76+33 —72.13+24

energies of all three complexes in terms of electrostatic
and hydrophobic interactions reflected the significance of

electrostatic interactions rather than hydrophobic interac-
tions (Table 5) to stabilize compound 9 with Mpro.

Conclusions

The in silico screening of eleven compounds of Onosma
bracteata Wall. against spike, RARp and MP™ led to identi-
fying hits such as Compound 9 and other ligands with sig-
nificantly higher binding potential as compared to antiviral
SARS CoV-2 inhibitors. Various interactions between ligand
and protein provided insightful knowledge regarding their
binding modes in the active sites of proteins. Though com-
pounds 9 and 10 violated Lipinski’s Ro5 with three criteria,
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the drug-likeliness studies and analysis of ADMET of these
eleven ligands identified their suitability for drug candidates.
MD simulation studies of compound 9 against each protein
indicated the stability and compactness of the complex’s
active site through hydrogen bond and electrostatic interac-
tions. In the future, the structural modifications of hits and
their studies through in vitro assays may open up the further
probability as future SARS CoV-2 inhibitors.
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