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ABSTRACT
The novel strain of human coronavirus, emerged in December 2019, which has been designated as
SARS-CoV-2, causes a severe acute respiratory syndrome. Since then, it has arisen as a serious threat
to the world public health. Since no approved vaccines or drugs has been found to efficiently stop
the virulent spread of the virus, progressive inquiries targeting these viruses are urgently needed,
especially those from plant sources. Metabolic profiling using LC-HR-ESI-MS of the butanol extract of
Ocimum menthiifolium (Lamiaceae) aerial parts yielded 10 compounds including flavonoids, iridoids
and phenolics. As it has been previously reported that some flavonoids can be used as anti-SARS
drugs by targeting SARS-CoV-1 3CLpro, we chose to examine 14 flavonoids (detected by metabolomics
and other compounds isolated via several chromatographic techniques). We investigated their poten-
tial binding interactions with the 4 main SARS-CoV-2 targets: Mpro, nsp16/nsp10 complex, ACE2-PD
and RBD-S-protein via molecular docking. Docking results indicated that the nsp16/nsp10 complex has
the best binding affinities where the strongest binding was detected with apigenin-7-O-rutinoside,
prunin and acaciin with �9.4, �9.3 and �9.3 kcal/mol binding energy, respectively, compared to the
control (SAM) with �8.2 kcal/mol. Furthermore, the stability of these complexes was studied using
molecular dynamics of 150ns, which were then compared to their complexes in the other three tar-
gets. MM-PBSA calculations suggested the high stability of acaciin-nsp16 complex with binding energy
of �110 kJ/mol. This study sheds light on the structure-based design of natural flavonoids as anti-
SARS-CoV-2 drugs targeting the nsp16/10 complex.

Abbreviations: ACE2-PD: Angiotensin converting enzyme 2 protease domain; ARDS: Acute respiratory
distress syndrome; COVID-19: Corona virus disease; Mpro: Main protease; MD: Molecular dynamics; PDB:
Protein data bank; RBD-S: Receptor binding domain; RMSD: Root mean square deviation; SAM: S-
adenosylmethionine; SARS: Severe acute respiratory syndrome
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1. Introduction

Coronaviruses (CoVs), family Coronaviridae, are positive-
sense-single-stranded, enveloped large RNA viruses ranging
in size between 26 kb and 32 kb that infect humans and a
wide range of animals and birds (Gurung et al., 2020). The
first coronavirus was reported in 1966, and was isolated from
patients suffering from common cold. (Bradburne et al.,
1967) about 4 deacades later, severe outbreak of SARS
reported in China in 2002 and spread quickly worldwide,
resulting in an 11% mortality rate (Song et al., 2019). In

2012, Middle East respiratory syndrome (MERS) first emerged
in Saudia Arabia and subsequently spread to other countries,
with a fatality rate of 37% (Hui et al., 2018). Recently, in
December 2019, a novel Coronavirus (SARS-CoV-2) causing
COVID-19 disease was originated during an outbreak from
Wuhan, China (Sang et al., 2020; Xu et al., 2020) and finally,
a recent outbreak has emerged in China in January 30, 2020,
which became a serious public health emergency of inter-
national apprehension (Rodr�ıguez-Morales et al., 2020).

The initial source of SARS-CoV-2 is still unknown, although
several studies have suggested that bats may be the
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potential natural host of SARS-CoV-2 (Lu et al., 2020; Zhou
et al., 2020). The novel CoV can be transmitted between
humans via respiratory droplets with direct or indirect con-
tact with mucous membranes of the eye, mouth or nose,
with an incubation period of about 5 days (average
2–14 days) (Lu et al., 2020; Xia et al., 2020). The symptoms
start with fatigue, fever, dry cough, myalgia and dyspnea,
and advance to have hypoxemia one week after onset, with
septic shock, ARDS, metabolic acidosis and coagulation dys-
function, with the danger of high recombination rates arising
from high mutation rates of the virus. (Huang et al., 2020;
Kumar et al., 2020; Wang et al., 2020). Currently, there are no
clinically approved vaccines or specific therapeutic drugs
available for COVID-19, together with the serious lacking of
clinical investigations (Rodr�ıguez-Morales et al., 2020).

Some preliminary studies have investigated the effective-
ness of anti-HIV combination, lopinavir/ritonavir, as a poten-
tial inhibitor of SARS-CoV-2 protein synthesis, which is
reported to bind to the endopeptidase C30 of SARS-CoV-2
protease as evaluated by molecular models (Lin et al., 2020;
Walmsley et al., 2002). Another study suggested the nucleo-
side analogues, such as Ribavirin, which was broadly used
for treatment of SARS patients during the outbreak of SARS
in Hong Kong, and Remdesivir which was conveyed to
inhibit SARS-CoV and MERS-CoV in vivo (Sang et al., 2020).
Immunosuppressive drugs as tocilizumab and meplazumab
were also surveyed in an open-labeled clinical trial and
resulted in a median virus clearance time, discharge time,
and a better repair time (Bian et al., 2020; Xu et al., 2020).

Moreover, The antimalarial FDA-approved drug, Chloroquine,
has been reported as a potential broad-spectrum antiviral drug
via effectively suppressing the recently emerged novel CoV
(SARS-CoV-2) in vitro (Savarino et al., 2006). Undeniably, inten-
sive research on the newly emerged SARS-CoV-2 is urgently
needed to elucidate the pathogenic mechanisms and epidemio-
logical characteristics and to face future outbreaks.

Since some bioactive compounds from natural products
have been reported to attain antiviral activity, they can be
used as a starting point against SARS-CoV-2 (Ul Qamar et al.,
2020). Some flavonoids displayed antiviral activity as apige-
nin, luteolin, quercetin, amentoflavone and kaempferol,
which were reported to inhibit the proteolytic activity of
SARS-CoV 3CLpro (Jo et al., 2020). Therefore, the antiviral
effect is presumed to be directly linked to suppress the activ-
ity of SARS-CoV 3CLpro in some cases (Jo et al., 2020). So,
we chose 14 bioactive flavonoids, most of them were iso-
lated for the first time via metabolic profiling of the
Lamiaceous plant, Ocimum menthiifolium, and proved to have
anti-ulcer, local anaeasthetic and anti-inflammatory potencies
(Zahran et al., 2019; Zahran et al., 2019), and docked them
against the 4 main targets: Mpro, nsp16/nsp10 complex,
ACE2-PD and RBD-S-protein involved in the Corona infection.

The nsp16 protein is an S-adenosylmethionine (SAM)-
dependent methyltransferase which is only activated in the
presence of its activating partner nsp10. The activity of
nsp16 requires the presence of SAM as a methyl donor
which is seen in the active site of the methyl transferase. The
methyltransferase catalyzes methylation of the first

transcribed nucleotide at the ribose 20-O position (20-O-Me)
(Aouadi et al., 2017). The 20-O-Me of virus cap RNAs shields
itself from degradation by 50-30 exoribonucleases, modify the
genetic material of the virus to make it look more like the
host (human) cell RNA, and helps to prevent recognition by
the host innate immunity (Menachery, Debbink et al., 2014;
Menachery, Yount et al., 2014). The inhibition of nsp16/10 20-
O-MTase activities should restrain viral replication and enable
recognition by the host innate immune system, making the
nsp16/10-MTase a promising target for the identification of
new anti-SARS-CoV-2 drugs (Menachery, Yount et al., 2014).

Main protease (Mpro), on the other hand, is a key enzyme
which plays a pivotal role in mediating viral replication and
transcription, via processing the polyproteins that are trans-
lated from the viral RNA and disrupting the viral life cycle
(Jin et al., 2020). So, inhibition of this enzyme can be a
potential target to control SARS-CoV-2 infection as will be
discussed. In addition, the integrity of the SARS-CoV particle
is maintained via four proteins: The S (spike), E (envelop), M
(membrane) and N (nucleocapsid) proteins (Han & Kr�al,
2020), where the S protein mediates the entry of the virus
into host cells and is recognized by the host angiotensin
converting enzyme 2 (ACE2). Based on that, S-protein and
ACE2 are considered to play a crucial role in the biology and
pathogenesis of SARS-CoV-2 (Li et al., 2003; Wu et al., 2012).

2. Materials and methods

2.1. Plant material

Ocimum menthiifolium aerial parts were collected in
September 2016 from the National Garden of Jazan, Jazan
KSA. It was identified by Professor Mohamed Abdelhady,
Professor of Horticulture, Faculty of Agriculture, Minia
University. A voucher specimen (Mn-ph-Cog-038) was
reserved in the herbarium of Pharmacognosy Department,
Faculty of Pharmacy, Minia University, Egypt.

2.2. Sample preparation and LC-HR-MS coupled metabolic
analysis

The butanol extract (3.7 g) of O. menthiifolium was subjected
to LC-HR-ESI-MS Acquity Ultra Performance Liquid
Chromatography system coupled to a Synapt G2 HDMS
quadrupole time-of-flight hybrid mass spectrometer (Waters,
Milford, USA). A BEH C18 column (2.1� 100mm, 1.7lm par-
ticle size; Waters, Milford, USA) is employed for
Chromatographic separation, as well as a guard column
(2.1� 5mm, 1.7lm particle size) and a linear binary solvent
gradient of 0%–100% eluent B over 6min at a flow rate of
0.3mL min�1. 0.1% formic acid in water (v/v) was used as
solvent A and acetonitrile as solvent B, with injection volume
2 lL and a column temperature of 40 �C. To convert the raw
data into separate positive and negative ionization files, Ms
converter software was used Using MZmine 2.12 as frame-
work for MS data differential analysis were, the raw data
were imported by selecting the ProteoWizard-converted files
in mzML format (Ibrahim et al., 2018; Tawfike et al., 2019).
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Databases as DNP and METLIN were used for dereplicating
each m/z ion peak (using RT and m/z threshold of ± 5 ppm),
which provided the putative identities of all metabolomes of
the butanol fraction in details (Elsayed et al., 2018).

2.3. Docking studies

The structures of the four target proteins were downloaded
from the protein data bank under the following codes: 6LU7,
6W4H, 6VW1 and 6M0J. The structures of the studied ligands
were downloaded from PubChem and then subjected to
energy minimization using 1000 steps of steepest descent
followed by 1000 steps of conjugate gradient algorithms on
Avogadro software (Schrodinger, 2010). Water molecules and
non-protein residues in each enzyme were removed and
hydrogens were added using PyMOL, then the proteins were
prepared using Make Macromolecule command on PyRx (Lan
et al., 2020; Shang et al., 2020).

For PDB files with multiple conformations, docking was
done with both conformations and the best binding energy
was reported (Dallakyan & Olson, 2015). The docking calcula-
tions were done using AutoDock Vina (Trott & Olson, 2010)
using a grid box of 25�25�25 Å3 and exhaustiveness of 16.
The grid box was centered on the internal ligand for 6LU7
and 6W4H. For 6VW1, the grid box was centered on residue
E35 in the PD region of ACE2. For 6M0J, the grid box was
centered on Q493 in the receptor binding domain (RBD)
(Forli et al., 2016). When possible, internal ligand was
redocked to validate docking method and RMSD value was
reported using DockRMSD server (Bell & Zhang, 2019). 3D
images were generated using PyMOL (Schrodinger, 2010),
while 2D interaction maps were generated using LigPlot Plus
(Laskowski & Swindells, 2011).

2.4. MD simulation

Molecular dynamics simulations were performed using
GROMACS 2020.2 molecular dynamics package (Abraham
et al., 2015). AMBER99SB-ILDN (Lindorff-Larsen et al., 2010)
force field was used for simulations. As the forcefield does
not contain parameters for the ligand, all ligands were para-
meterized using ANTECHAMBER to generate parameters that
are consistent with the General Amber Force Field (GAFF)
(Wang et al., 2004). AM1-BCC method was used to assign
charges. ACPYPE was used (Da Silva & Vranken, 2012) for
conversion of ligands topologies to format compatible with

GROMACS. All simulations were performed in explicit water
environment, using TIP3P model Complexes were solvated in
a dodecahedron box system and were neutralized with the
addition of Naþ and Cl- ions (Mark & Nilsson, 2001). Steepest
descent was used for minimization and Fmax was set of no
greater than 1000 kJ mol�1nm�1. Systems were equilibrated
using NVT and NPT ensembles for 200 ps duration each,
which was followed by a production run for 150 ns. The tem-
perature in general was sustained at 300 ˚K using the V-
rescale algorithm (Bussi et al., 2007). For the regulation of
systems pressure, the Parrinello-Rahman barostat was used
(Parrinello & Rahman, 1981). The LINCS (LINear Constraint
Solver) algorithm was used for bond’s length constraints
(Hess et al., 1997). The Particle mesh Ewald (PME) method
was used (Darden et al., 1993) for long-range electrostatics
calculations. For all simulations timestep was set to 2 fs. Van
der Waals cut-off distance was set to 1 nm. Binding free ener-
gies were calculated using g_mmpbsa program (Kumari
et al., 2014) with MM-PBSA method adapted for GROMACS.
In all cases, the predicted binding poses of complexes which
are obtained by molecular docking were used as starting
points for the corresponding simulations. MD runs were
done for compounds 9, 11 and 14 with the 4 protein targets.
Co-crystalized ligand if present was used as a control and
was run under the same conditions.

2.5. Predicted ADME properties, toxicity profile and
target prediction

Investigated compounds were studied for their physicochemi-
cal properties and drug likeness using SwissADME server
(Daina et al., 2017). Toxicity profiles were predicted by pkCSM
Server (Pires et al., 2015) and potential targets were investi-
gated using Swiss Target Prediction (Daina et al., 2017).

3. Results and discussion

3.1. Metabolic profiling

Metabolic profiling of the secondary metabolites of the buta-
nol fraction from O. menthiifolium using LC–HR-ESI-MS,
resulted in the dereplication of 10 compounds (Table 1)
using DNP and METLIN databases. The results revealed the
identification of various flavonoids, iridoids and phenolic
acids, named as: aucubigenin, caftaric acid, Gardoside, salvia-
nolic acid F, tuberonic acid glucoside, sagerinic acid, prunin,
acacetin-7-O-glucoside, apigenin-7-O-rutinoside and acaciin.

Table 1. Dereplicated compounds from the butanol fr. of O. menthiifolium.

No. Metabolite name Molecular formula m/z Source Ref.

1 Aucubigenin C9H12O4 184.07 Stachys parviflora (Farooq et al., 2015)
2 Caftaric acid C13H12O9 312.05 Ocimum basilicum (Marwat et al., 2011)
3 Gardoside C16H22O10 374.12 Campylanthus glaber (Rønsted & Jensen, 2002)
4 Salvianolic acid F C17H14O6 314.08 Melissa officinalis (Barros et al., 2013)
5 Tuberonic acid glucoside C18H28O9 388.17 Elsholtzia rugulosa (Li et al., 2008)
6 Sagerinic acid C36H32O16 720.17 Salvia officinalis (Lu & Foo, 1999)
7 Prunin C21H22O10 434.12 Ocimum menthiifolium (Zahran et al., 2020)
8 Acacetin-7-O-glucoside C22H22O10 446.12 Ocimum menthiifolium (Zahran et al., 2020)
9 Apigenin-7-O-rutinoside C27H30O14 578.16 Ocimum menthiifolium (Gulluce et al., 2013)
10 Acaciin C28H32O14 576.18 Ocimum menthiifolium (Gulluce et al., 2013)
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The last 4 flavonoids were chosen for docking analysis
with 10 other flavonoids previously isolated by us from both
the DCM and the ethyl acetate fractions of O. menthiifolium
via different chromatographic techniques (Zahran et al.,
2019, 2020).

3.2. Molecular docking of flavonoids

Isolated bioactive flavonoids (1–14) (Figure 1) were docked
against four SARS-CoV-2 potential targets. These targets were
previously crystalized and are available through the protein
data bank through www.rcsb.org. These targets include the
viral main protease (Mpro, PDB ID 6LU7), non-structural pro-
tein 16/10 complex (nsp16/10) which act as a methyl trans-
ferase (PDB ID 6W4H), human angiotensin converting
enzyme 2- protease domain (ACE2-PD) which act as a recep-
tor for the virus (PDB ID 6VW1) and the viral recognition
binding domain (RBD) of the S protein which recognize its
human receptor (PDB ID 6M0J). For the first 2 targets, Mpro

and nsp16/10 complex, the active site was easily recognized
by the presence of a co-crystalized ligand and the docking
grid box was centered on the internal ligand. For the other 2
targets, important amino acids that are involved in the inter-
actions between human ACE2-PD and the viral RBD of the S-
protein, which include E35 in case of the ACE2 and Q493 in
case of the S-protein, were used to center the grid box as
reported in previous studies (Shang et al., 2020).

All the isolated compound showed the best binding ener-
gies with nsp16/10 complex, moderate affinities with the
main protease and much weaker binding with the other two
targets (Table 2).

To validate the docking procedure, the co-crystalized lig-
and (SAM) was redocked in the active site. The docking algo-
rithm was able to reproduce very similar binding mode to
the crystal structure with RMSD of 0.233 between the docked
and the co-crystalized ligand (Figure 2a). The binding site of
the nsp16 is a negatively charged pocket that is formed by
specific loops in the protein and shows KDKE methyl trans-
ferase motif consisting of Lysine-6844, Aspartic acid-6928,
Lysine-6968 and Glutamic acid-7001. The crystal structure
shows important interactions of SAM with nsp16 residues
(Figure 2b). The purine ring of SAM forms hydrogen bonds
with L6898 and C6913 while the methionine part formed
four hydrogen bonds with N6841, Y6845, G6879 and D6928.
Several other residues involved in the hydrophobic interac-
tions are shown in Figure 2b.

The binding mode of the best docked compounds (9, 14
and 11), takes place in the same position of SAM in a close
proximity to the KDKE methyl transferase motif. The carbohy-
drate part of these 3 compounds extend into a pocket that
is formed between two alpha helices, aD and a6 (Figure 3).
Apigenin-7-O-rutinoside (9) was the highest docked com-
pound with nsp16/10 complex with binding energy of
�9.4 Kcal/mol, along with prunin (11) and acaciin (14), with
�9.3 Kcal/mol, for both, compared to the co-crystalized lig-
and (SAM) which attained �8.2 Kcal/mol, indicating higher
binding affinities of the docked compounds. The flavonoid
aglycon binds in the same binding site as SAM, where rings

A and B of flavonoid 9 takes the same place of the adenosyl
ring of SAM. Ring C of 9 extends into the KDKE methyltrans-
ferase motif and forms hydrophobic interactions with K6968
and D6828 of the KDKE motif. The 40-OH of ring C forms a
hydrogen bond with N6841 which is interacting with the
methionine carboxylate of SAM in the crystal structure. Rings
A and B substituents at 4 and 5 are involved in the hydrogen
bond formation with N6899 which is a new interaction that
was not seen in the crystal structure, in addition to other
hydrogen bonds that are formed with D6912, C6913 and
D6931. It worth to mention here that the sugar part espe-
cially the terminal moiety extends into a side pocket that is
formed between the two alpha helices, aD and a6 and forms
a new hydrogen bond interaction with D6931 (Figure 4).

Binding mode of 14 was found to be very similar to that
of 9 with most of the hydrogen bonds and hydrophobic
interactions conserved (Figure 5a). Binding of 11 is slightly
shifted compared to 9 and 14. The single sugar moiety of
11 takes the same position of the terminal sugar of 9 which
causes a shift of the whole flavonoid. Rings A and B are over-
lapped with the adenine of the SAM while ring C takes the
same position of the ribose moiety of SAM (Figure 5b). The
compound still shows very similar binding energy (-9.3 kcal/
mol) comparable to 9 and 14.

The results also suggest the importance of the rutinoside
moiety in the binding, where two of the best compounds
recognized by nsp16, apigenin-7-O-rutinoside (9) and Acaciin
(14), attained the rutinoside moiety. In addition, loss of the
terminal rhamnose in 14 decreased the affinity as seen with
acacetin-7-O-glucoside (13) with a binding energy change of
about 0.3 kcal/mol. Further removal of the remaining glucose
moiety as seen with the aglycon acacetin (8) caused another
1.1 kcal/mol change in the binding energy. This clearly sug-
gest the importance of the sugar moiety of the glycoside in
the binding and recognition of nsp16.

Binding of the tested compounds with Mpro was generally
weaker than that with nsp16/10 but stronger than the other
2 targets. Validation of the docking procedure with Mpro was
first done via redocking of the internal peptide-like ligand
and the correct pose was predicted with good accuracy
(RMSD of 1.839 between the docked the crystalized ligand).
Among the tested compounds, 9, 10 and 14 showed the
best binding energies with Mpro which were higher than that
of the internal co-crystalized ligand (Table 2). It worth to
mention that every one of these three compounds attains a
disaccharide glycone, which suggests the importance of the
sugar moiety in the binding of these compounds. The pro-
posed binding mode of all the 3 compounds was found to
be very similar. Interactions with the other two targets were
much weaker with random binding poses in the grid box
which suggest that the compounds do not bind well with
these targets.

3.3. Molecular dynamics (MD)

The three compounds with the best docking energies were
further investigated and simulated by molecular dynamics
with the four SARS-CoV-2 potential protein targets (13
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Figure 1. Isolated flavonoids docked against SARS-CoV-2.

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS 5



protein-ligand complexes, 150 ns each). The RMSDs of all
ligands and proteins’ alpha carbons were analyzed after fit-
ting the alpha carbons to those of the minimized structures
(Figure 6).

Based on the performed molecular dynamics simulations
in case of the nsp 16/10 protein, compound 9 showed high
stability during simulation, similar to the co-crystallized lig-
and, SAM, as a control, while the other compounds were
relatively less stable compared to both the control and com-
pound 9. For example, compound 11 is found to leave the
active site of nsp16/10 after 130 ns of MD run as seen from
the RMSD plot in Figure 6. For RBD-S- protein, compound 11
was relatively more stable during simulation, compared to
the other two compounds. In the whole set of simulations of
Mpro protein, compound 14 was stable during the whole

length of 150 ns simulation, while compound 11 exhibited
stability only at 90 ns. Finally, for ACE2-PD, all the three com-
pounds didn’t show that much stability in the active site dur-
ing the production run.

3.4. Binding free energy calculation

For the detailed analysis of interactions between studied
compounds and proteins binding energies were calculated
using MM-PBSA method (Table 3). Last 5 ns trajectory of
each simulation was used for calculations. Comparative ana-
lysis showed that in case of the nsp 16/10 protein, all three
studied compounds have better binding energy scores than
control compound, SAM (-53 kJ/mol), with compound 14

Table 2. Docking results of the 14 flavonoids with the 4 main targets of SARS-CoV-2.

Compounds Mpro (6LU7) NSP16/10 (6W4H) ACE2-PD (6VW1) RBD-S- protein (6M0J)

1 Isosakuranetin �7.3 �7.9 �7.7 �6.1
2 30-O-methyleupatorin �7.4 �8.0 �7.2 �6.3
3 5-OH-7,30 ,40-trimethoxyflavone �7.2 �8.2 �6.4 �6.1
4 Gardenin D �7.3 �7.8 �6.0 �6.2
5 Pectolinarigenin �7.5 �7.9 �7.1 �6.2
6 Sideritoflavone �7.2 �7.9 �7.1 �6.2
7 Salvitin �7.0 �8.0 �7.5 �6.3
8 Acacetin �7.5 �7.9 �7.6 �6.1
9 Apigenin-7-O-rutinoside �9.1 �9.4 �6.2 �6.9
10 Didymin �8.6 �9.2 �6.3 �6.8
11 Prunin �7.9 �9.3 �6.5 �6.8
12 Isosakuranin �7.9 �9.0 �6.5 �6.9
13 Acacetin-7-O-glucoside �8.0 �9.0 �6.6 �7.0
14 Acaciin �9.1 �9.3 �6.7 �7.1

Internal ligand �7.8 �8.2 - -

Figure 2. (a) Validation of docking in the active site of nsp16 (6w4H). The figure shows very good overlapping between the crystalized (blue) and docked (pink) S-
Adenosyl methionine (SAM). (b) 2D interactions of SAM in the active site of nsp16. (c) Overlapping of 9 with SAM in the active site of nsp16.
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having lowest binding energy (-110 kJ/mol) and highest affin-
ity. Compound 9 showed highest affinity to 6LU7 and 6M0J
proteins, with following binding energies of �85 and �
82 kJ/mol, respectively. For 6LU7 protein, compound 14

demonstrated highest binding energy (-115 kJ/mol). Detailed
information on interaction types between studied com-
pounds and proteins, and corresponding values are pre-
sented in Table 3.

Figure 3. Docking of 9 (pink) takes place in the same groove that is taken by SAM (blue) in the active site of nsp16, compounds 11 and 14 binded at the same
pocket. The nsp16/nsp10 complex in exposed where nsp16 is shown as green surface and nsp10 is shown as yellow cartoon.

Figure 4. Interactions of Compound 9 in the active site of SARS-CoV-2 nsp16 active site. (a) Compound 9 binding in the same SAM (natural ligand) groove. (b) 2D
representation of the amino acids involved in the binding and recognition of compound 9 in the active site. (c) 3D representation of compound 9 interactions.
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3.5. Adme properties, toxicity profiles and target
prediction

ADME properties of the investigated compounds were
studied to predict the potential route of administration,
check if these compounds would be absorbed orally and
predict if they would cause any side effects via passing the
Blood Brain Barrier (BBB). All the investigated compound
except compound 3 are not predicted to pass the BBB

which suggest less adverse effects. Non-glycosidic com-
pounds (1–8) are orally available while glycosides (9–14)
are not absorbed orally which might suggest either prepar-
ation of prodrugs or changing the route of administration
(Supplementary material Table S1). In addition, all com-
pounds are found to obey Lipinski’s rule of five except
compounds 9, 10 and 14 which attain a disacchar-
ide moiety.

Figure 5. (a) Binding of compound 14 (blue) takes very similar position compared to 9 (green). Both compounds have very similar docking energies. (b) Binding of
11 (pink) is slightly different but maintain key interactions. anti-SARS-CoV-2 drugs targeting the nsp16/10 complex.

Figure 6. Compounds RMSD values during performed simulations.
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Toxicity profiles are also predicted through pkCSM Server
(Supplementary material Table S2). None of the investigated
compounds is predicted to cause skin sensitization or hep-
atotoxicity. Only compounds 11 and 12 are expected to
cause AMES toxicity (test for mutagenic activity) which
reflects potential carcinogenicity. Other predicted toxicity
tests are shown in Table S2 (Supplementary material).

We also ran a target prediction of top ranked compounds
(9,11 and 14), clearly shown in Tables S3–S5 (Supplementary
material). Compounds 9 and 14 are predicted to inhibit TNF-
a which might suggest a role in cancer and/or rheumatoid
arthritis. None of the tested compounds is predicted to
inhibit SARS-CoV-2 targets which is expected since target
prediction is based on similarity search (as these targets are
newly discovered with no reported inhibitors, so target pre-
diction similarity search will not be able to find such targets).
Furthermore, all the three compounds were predicted to
interact with Adenosine A1 receptor which is interesting as
all of them shares a similar scaffold.

4. Conclusion

A novel severe acute respiratory syndrome coronavirus
(SARS-CoV-2) was identified from respiratory illness patients
in December 2019 and has recently developed into a serious
hazard to the world public health. However, no approved
vaccines have been found to efficiently stop the virulent
spread of the virus. Given the urgency of the current epi-
demic situation, it would be highly effective to find bioactive
compounds from natural sources and make serious trials and
investigations to incorporate them in future plans against
COVID. In this study, ten compounds were dereplicated by
LC-HR-ESI-MS coupled metabolic profiling of O. menthiifolium,
ranged between phenolic acids, iridoids and flavonoidal gly-
cosides. Flavonoidal glycosides were chosen along with other
flavonoids previously isolated from the same plant and
docked against the four main targets involved in SARS-CoV-
2. Our results showed that, among all flavonoids tested, api-
genin-7-O-rutinoside, prunin and acaciin attained the highest
binding affinities towards the nsp16/10 complex. The stabil-
ity of the docked complexes was further investigated by MD
simulations which highlighted Apigenin-7-O-rutinoside to
attain the lowest RMSD fluctuation which suggest the high
stability of the ligand-protein complex. Acaciin also showed
low RMSD fluctuation that took place after 60 ns of the

production run. The MM/PBSA binding energy calculations
demonstrated the strong binding of acaciin which showed
double the binding energy of the co-crystalized ligand SAM.
We also were interested to investigate the drug likeness of
the tested compounds as well as their ADMET properties
since they could be a potential medication against SARS-
CoV-2 (see Supporting Information). This study opens the
door for further investigations of these compounds or struc-
turally similar analogues for their use as anti-SARS-CoV-2
medications.
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