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Article Info ABSTRACT
Avrticle type: Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is a new member of the
Research Article Betacoronavirus family that has led to a pandemic in g recent years. It is well documented that

the Receptor Binding Domain (RBD) of the S protein (spike glycoprotein) of SARS-CoV-2
binds to the human Angiotensin-Converting Enzyme 2 (ACE2) receptor to enter lower
respiratory tract epithelial cells. Thus, inhibition of SARS-CoV-2-RBD/ACE2 interactions
presents an interesting research challenge. In this study, molecular docking approaches were
applied to identify compounds from Rose water secondary metabolites against SARA-CoV2.
Subsequently, several Rose water secondary metabolites from Rose water were identified, that
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A 15t:u91125;2(123 b had the highest percentages of Rosewater, including Eugenol, Alpha-terpineol, Geraniol,
Cczgzeg eptember Citronellol, Phenylethyl alcohol, Nerol, and Linalool. Autodock vina software was used to
Published onfine 9 perform docking between selected secondary metabolites and the ACE2 binding site of SARS-
ublished ontine CoV-2 -RBD. The docking results were analyzed based on the binding affinity, binding modes,
October 2023 . . . - .
and physicochemical properties. The results indicated that all selected secondary metabolites
could bind to RBD; however, Eugenol had the highest binding affinity (-6.0 kcal/mol)
compared to Alpha-terpineol (--5.7 kcal/mol), Geraniol (-5.3 kcal/mol), Phenylethyl alcohol (-
’S?Q’g‘_’égi-/_z 5.3 kcal/mol), Citronellol (-4.6 kcal/mol), Nerol (-4.4 kcal/mol), and Linalool (-4.3 kcal/mol).
ACE2, ' Our Computer Aid Drug Design approach may contribute to the development of new drugs
S protein, against SARS-CoV-2. However, the effect of these secondary metabolites needs to be
molecular docking, evaluated.
Rosewater.
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The emergence and rapid spread of the novel SARS-
CoV-2 virus in early 2020 has caused significant
damage to both public health and the economy global
[1-3] It is well documented that this virus belongs to
the Coronaviridae family and the Betacoronavirus
genera [4]. However, SARS-CoV-2 is an enveloped
virus with a ribonucleic acid (RNA) genome that spans
approximately 29.8 kilobases in length. At the end of
the genome of this virus are four structural proteins: the
spike surface protein (S), the envelope protein (E), the
membrane protein (M), and the nucleoside protein (N)
[5]. Studies have shown that the virus SARS-COV-2
can enter human respiratory epithelial cells via the
human angiotensin-converting enzyme 2 (ACE2)
receptor, which makes this virus highly transmissible
from person to person. It is aproned that the spike
protein (S protein) and the main protease
(MPro/3Clpro) play crucial roles in the lifecycle of the
SARS-COV-2 virus. The S protein facilitates the fusion
of the virus with the cell membrane by binding to the
ACE2 cell receptor, while the MPro/3Clpro is a crucial
enzyme for the replication of the virus; therefore, the S
protein and MPro protease may be potential targets for
drug design to prevent this virus [6]. Although various
approaches; vaccine development, herbal therapies,
therapeutic antibody production, etc., have been
proposed as possible methods to inhibit and control the
spread of this virus, the diseases caused by this virus
still pose a great challenge to researchers and clinicians
so, they are motivated to introduce and develop
potential therapies [7-11]. Since the identification of
new drugs by experimental techniques is very time-
consuming and costly, it seems logical to search for
potential therapeutics by using theoretical methods [11-
17]. Thus, in this study, the molecular docking method
was used to identify compounds that inhibit the
interaction between the S protein of the SARS-Cov-2
virus and human ACE2 protein, using secondary
metabolites from Rosewater. Rose water with the
scientific name Rosa damascena Mill, which belongs to
the Rosaceae family and the genus Roza [12]. The
extract obtained from rosehip contains various
compounds such as Eugenol, Quercetin, Kaempferol,
and various natural antioxidants. It is believed that this
plant may be effective in preventing and even
ameliorating certain diseases, including the nervous
system, respiratory system, and antiviral diseases [12-
15].

In this study, secondary metabolites of Rose water
against the RBD domain of SARS-CoV-2 were
identified and selected also the binding site of SARS-
CoV-2-RBD was selected then molecular docking

between selected secondary metabolites was performed.

The results showed that among the selected secondary
metabolites, Eugenol might be an effective therapeutic

agent for the treatment of SARS-CoV-2 infection
owing to its better binding affinities and conformations.
The results of this study showed that in silico methods
can be effectively applied to identify new potential
drugs against SARS-CoV-2.

Computer Aid Drug Design (CADD) approaches are
increasingly used in drug discovery. Among these, one
of the most common CADD techniques are molecular
docking and virtual screening. The SBVS method
requests the three-dimensional structure of the target
protein and identifying binding sites to select ligands
that bind strongly to those binding sites [11, 16-18] In
this study, the molecular docking method was used to
identify novel SARS-Cov2 inhibitors Rose water
secondary metabolites of native Iranian.

The X-ray crystal structure of the SARS-CoV-2-
RBD/ACE2 complex with PDB entry: 6VW1 was
fetched from PDB ((http://www.rcsb.org/pdb) for
molecular docking studies [19]. To prepare the protein,
AutoDock Tools 4.2 software was used [20]. The water
molecules were removed and atoms were adjusted to
the AutoDock atom Types after that bond orders were
assigned, as well as hydrogen atoms and Gasteiger-
Marsili charges were added to the crystal structure of
the protein. Lastly, the structure was ready in the
PDBQT format.

Based on the data obtained from this crystallography
structure (PDB ID: 6VW1), Tyr449, Tyr453, Leu455,

Phe456, Ala475, Gly476, Phe486, Asn487, Tyr489,
GLn493, Gly496, GIn498, Thr500, Asn501, Gly502
and Tyr505 residues were selected as the binding site
for flexible docking. Afterward, AutoDock Tools4.2
software was applied to predict Grid box was into X=26
A, Y=42 A, z=28 A grid points, and the grid spacing
was 1 A for docking studies.

In the first step, the Rose extract was extracted with
traditional techniques; after that, the obtained extract
(Rosewater) was analyzed by using GC/Mass (Gas
Chromatography Mass spectrometry) method to
identify secondary metabolites (Table 1).

Table 1. Evaluation of rose water secondary metabolites by
GC/Mass method.

1-Hexanol 873 Other
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Gas chromatography-mass spectrometry (GC/MS) Analysis
Kl

N Components
2 17.20 0.52 Benzyl Alcohol 1049 = Other
3 17.66 0.14 Benzene acetaldehyde 1058  Other
4 20.17 5.30 Linalool 1107 MO
5 20.62 0.15 Cis-Rose oxide 1116 MO
6 2139  41.20 Phenethyl alcohol 1132 Other
7 24.01 0.06 p — Mentha-1,5-dien-8-ol 1185 MO
8 24.33 0.38 Terpinen-4-ol 1191 MO
9 25.13 2.29 a — Terpineol 1208 MO
10 26.42 8.55 Nerol 1235 MO
11 2656  13.61 Citronellol 1238 MO
12 2714 0.16 Z-Citral 1250 MO
13 27.73 1781 Geraniol 1263 MO
14 27.98 0.35 B — Phenethyl acetate 1268 = Other
15 28.55 0.11 E-Citral 1280 MO
16 | 3249 8.02 Eugenol 1367 = Other
17  33.26 0.12 Geranyl acctate 1385 MO
18 | 3454 0.91 Methyl eugenol 1414  Other
19  46.72 0.07 Farnesol 1725 SO
99.81 Total Identified
Monoterpene
Hydrocarbons bils

Oxygenated Monoterpenes MO
Sesquiterpene SH
Hydrocarbons
Oxygenated Sesquiterpenes SO
Diterpene Hydrocarbons DH
Oxygenated Diterpenes DO
Monoterpene Hydrocarbons MH Oxygenated Monoterpenes
MO
Sesquiterpene Hydrocarbons SH
SO

Oxygenated Sesquiterpenes

Subsequently, secondary metabolites with the
highest percentage were selected as ligands for
molecular docking which included; Eugenol, Alpha-
terpineol, Geraniol, Phenylethyl alcohol, Citronellol,
Nerol, and Linalool (Figure 1). In the next step, the two-
dimensional structure of selected ligands was
downloaded  from  the  PubChem  database
(/nttps://pubchem.ncbi.nlm.nih.gov ) and saved in SDF
format. Subsequently, the 2D structure of ligands was
energetically minimized using chem3D (version 17.1)
software with Minimize Energy and Molecular
Dynamics using MM2 force field [21]. Finally, by
using Open Babel software [22], the Optimized ligands
were converted to SDF format for molecular docking.
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Figure 1. Selected secondary metabolites from Rosewater.

2.4. Molecular Docking Study

In this step, flexible docking was performed using the
AutoDock Vina program [23]. Then, the docking
results and the molecular interaction between SARS-
Cov2-RBD and ligands were evaluated and visualized
by using Pymol and LigPlot software [24, 25].

3. Results

3.1.Evaluation of the structure of SARS-CoV-
2-S protein and selection of binding site

The evaluation of the primary structure of the S protein
of SARS-CoV-2 showed that this protein is encoded by
the s gene and built of 1273 amino acids with 141.178
Da molecular weight. The S protein sequence from
UniProtKB (PODTC2) disclosed that this protein
contains a signal peptide from 1 to 13 residues and
several domains; N-terminal domain (NTD), receptor
binding domain (RBD), subdomain1/2 (SD1/SD2), and
S2 domain also this protein includes several disulfide
bond and glycosylation sites. It is well documented that
the RBD is a key domain of the SARS-CoV-2 S protein
which plays an important role in the interaction with
human ACE2 enzyme.

Also, the physicochemical properties of the S
protein were evaluated using Expasy's ProtParam
(http://expasy.org/tools/protparam.html). The computed
pl (6.24) of S protein has revealed that this protein has
acidic characteristics, and the total number of positively
(Arg, Lys) and negatively (Asp, Glu) charged residues
are 103 and 110, respectively. Also, the instability
index of the S protein is 33.01 proposes that this protein
is possibly stable under physiological conditions. The
Aliphatic and GRAVY indexes of S protein were 84.67
and -0.07 which showed that this protein is
thermostable and hydrophilic, respectively (Table 2).

Table 2. Evaluation of physicochemical properties of S protein of
SARS-CoV2 using ProtParam server.

Aliphatic Instability
ROAR GRAVY T ex Index
1273 141178.47

RBD 6.24 /110103 -0.07 84.67 33.01

Protein Length MW (D) pl

MW (D): Molecular weight (Daltons), -R: Negative-charged residues (Asp
and Glu), +R: Positive-charged residues (Arg and Lys), GRAVY: Grand
average of hydropathicity

The secondary structure results of S protein by
using Vadar software showed that the structure of coil
(50%) was the main structure and after B-strands (49%),
turn (29%), and a-helix (8%) (Table 3).

Table 3. Evaluation of second structure of S protein from SARS-
CoV-2 using Vadar server.

0,
Mean H- Mean Res?:jue
Protein Helix % Beta % Coil % Turn % bond  H-bond with H-
distance energy P
2.2 -1.7
RBD 8 40 50 29 0204 | sd=1.0 65

So far, the tertiary structure of the S protein as well
as the SARS-CoV2-RBD/ACE2 complex has been
extensively studied by using experimental methods. In
this study, the crystallographic structure of the SARS-
CoV-2-RBD/ACE2 complex with PDB ID: 6VW1 was
used to study molecular docking (Figure 2).
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SARS-CoV-2-RBD

Human ACE2 SARS-CoV-2-RBD/ACE2 complex

Figure 2. Representation of the structures of Human ACE2 and
SARS-CoV2-RBD. Surface representation of (A) Human ACE2, (B)
SARS-CoV2-RBD, and (C) SARS-CoV2-RBD/ACE2 complex
structures (PDB ID: 6VW1).

In accordance to the previous studies, the ACE2
binding site of SARS-CoV-2 -RBD included residues
Tyrd49, Tyrd53, Lus455, Phed56, Ala475, Gly476,
Phe486, Asn487, Tyrd89, GIn493, Gly496, GIn498,
Thr500, Asn501, Gly502, and Tyr505 were found to be
the key residues involved in the SARS-CoV-2-
RBD/ACE?2 interactions [19].. Taken together, these
residues in the C-terminal region of SARS-CoV-2 -
RBD were elected as binding sites for further study.
Hence, the total charge of proteins was calculated, and
the result showed that the total charge SARS-CoV-2 -
RBD is 0.000 for 2969 atoms; while the total charge
ACE?2 is -27.000 for 9505 atoms the result of the total
charge SARS-CoV2-RBD/ACE2 complex is -27.000
for 12474 atoms. Also, the evaluation of the
electrostatic ~ surface of SARS-CoV-2 -RBD
represented that the ACE2 binding site of SARS-CoV-
2 -RBD is hydrophobic and about negatively charged
(Figure 3). Accordingly, the selected residues as the
binding site were hydrophobic and about negatively
charged; therefore, they can make a strong electrostatic
interaction with the hydrophobic and positively
charged secondary metabolites of Rosewater.

SARS-CoV-2-RBD

Human ACE2

SARS-CoV-2-RBD/ACE2 complex

Figure 3. Surface electrostatic potential of Human ACE2 and
SARS-CoV2-RBD. Representation of the surface electrostatic
potential of (A) Human ACE2 (B) SARS-CoV2-RBD, and (C)
SARS-CoV2-RBD/ACE2 complex. Blue: positive regions, red:
negative regions, white: hydrophobic. The binding sites of ACE2
and SARS-CoV-2 -RBD are shown in circles.

3.2. Evaluation of binding modes of selected
secondary metabolites interactions with
SARS-CoV-2 -RBD

The SARS-CoV-2 -RBD complex with selected
secondary metabolites was studied in terms of the
binding affinity, hydrogen bonds, and interacting
residues. The docking results showed that Eugenol had
the highest binding affinity (-6.0 kcal/mol) with SARS-

CoV-2-RBD while binding affinity Alpha-terpineol,
Phenylethyl alcohol, Geraniol, Citronellol, Nerol, and
Linalool compounds were in the range of -4.3 to -5.7
kcal/mol. More details about the binding affinity and
interacting residues in the complexes are tabulated in
Table 4.

Table 4. Evaluation of the binding affinity (kcal/mol) and interacting
residues in the complexes SARS-CoV-2- RBD with selected
secondary metabolites.
binding

Name secondary

. affinity
metabolites (kcal/mol)
Phe490,
Eugenol -6.0 GIN493, Pheds6 Leud55
. Leu455, GIn493,
Alpha-terpineol -5.7 Phe490, Phe456 Leud92, Tyraso
. Leud92,
Geraniol -5.3 GIn493, Phe4go Leu455
Phenylethyl 53 Leu492, Leu455, GIn493,
alcohol ’ Phe456, GIn493 Phe490
Citronellol -4.6 Leu455, Phe456 GIn493, Phe4s0,
Pro491
Leud92,
Nerol -4.4 GIn493, Leu455, Tyr489
Phe490, Phe456
Glu471, Lys458,
Linalool -4.3 Arg454, Phed56  Serd69, Tyr473,

Asp467, Argd57

2 Hydrogen bonds forming Amino Acids, ®Non-bonded contacts forming
Amino Acids

Moreover, hydrogen bonds and hydrophobic
interactions between SARS-CoV-2-RBD and selected
secondary metabolites were analyzed using the pymol
and Ligplot program.

We noticed that the best-scored secondary
metabolite, Eugenol, formed three hydrogen bonds and
one hydrophobic interaction. The O atoms of GIn493
and Phe490 formed hydrogen bonds with the O atom of
the Eugenol with the bond length of 2.67 and 2.91 A°,
respectively, as well as the C atom of Phe456 with the
C atom of the Eugenol formed a hydrogen bond (Figure
4).
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Figure 4. The two-dimensional structure of Eugenol and three-
dimensional illustration of its interaction with the ACE2 binding
pocket of SARS-CoV-2-RBD. (A) Representation of the 2D
structure of Eugenol in the complex. (B) Hydrogen bonds in the
protein-ligand complex are shown as yellow dotted lines. (C) 3D
illustration of Eugenol (stick representation) in the binding pocket
of SARS-CoV-2-RBD (surface representation) (PDB ID: 6vw1).

Alpha-terpineol formed two hydrogen bonds as
well as four hydrophobic interactions with the main
residues of SARS-CoV-2 -RBD. The O atom of Phe490
with a bond length of 2.81 A° and the C atom of Phe456
formed a hydrogen bond (Figure 5).
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Figure 5. The two-dimensional structure of Alpha-terpineol and
three-dimensional illustration of its interaction with the ACE2
binding pocket of SARS-CoV-2-RBD. (A) Representation of 2D
structure of Alpha-terpineol in the complex. (B) Hydrogen bonds
in the protein-ligand complex are shown as yellow dotted lines.
(C) 3D illustration of Alpha-terpineol (stick representation) in the
binding pocket of SARS-CoV-2-RBD (surface representation)
(PDB ID: 6vw1).

Geraniol formed four hydrogen bonds and one
hydrophobic interaction with residues of SARS-CoV-2
-RBD. The O atoms of Phe490, Leu492, and GIn493
with the O atom of Geraniol formed hydrogen bonds
with lengths of 2.89, 2.96, and 2.72 A°, respectively, as
well as a hydrogen bond between the C atom of Phe456
and C atom Geraniol (Figure 6).

Figure 6. The two-dimensional structure of Geraniol and three-
dimensional illustration of its interaction with the ACE2 binding
pocket of SARS-CoV-2-RBD. (A) Representation of 2D structure of
Geraniol in complex. (B) Hydrogen bonds in the protein-ligand
complex are shown as yellow dotted lines. (C) 3D illustration of
Geraniol (stick representation) in the binding pocket of SARS-CoV-
2-RBD (surface representation) (PDB ID: 6vw1).

In the same manner, Phenylethyl alcohol formed
three hydrogen bonds as well as two hydrophobic
interactions with important residues of SARS-CoV-2 -
RBD. The O atoms of GIn493 and Leu492 formed
hydrogen bonds with the O atom of Phenylethyl alcohol
with a bond length of 2.87 A°, respectively, and the C
atom of Phe456 formed a hydrogen bond with the C
atom of Phenylethyl alcohol (Figure 7).

L 3
< L 2
0

Clod93(E)

Figure 7. The two-dimensional structure of Phenylethyl alcohol
and three-dimensional illustration of its interaction with the ACE2
binding pocket of SARS-CoV-2-RBD. (A) Representation of 2D
structure of Phenylethyl alcohol in the complex. (B) Hydrogen
bonds in the protein-ligand complex are shown as yellow dotted
lines. (C) 3D illustration of Phenylethyl alcohol (stick
representation) in the binding pocket of SARS-CoV-2-RBD
(surface representation) (PDB ID: 6vw1).

Citronellol formed two hydrogen bonds and three
hydrophobic interactions with residues of SARS-CoV-
2 -RBD. The O atom of Leu455 with the O atom of

Citronellol formed a hydrogen bond with a length of
2.92 A° and a hydrogen bond between the C atom of
Phe456 and the C atom of Citronellol (Figure 8).

C

)

Figure 8. The two-dimensional structure of Citronellol and three-
dimensional illustration of its interaction with the ACE2 binding
pocket of SARS-CoV-2-RBD. (A) Representation of 2D structure of
Citronellol in the complex. (B) Hydrogen bonds in the protein-ligand
complex are shown as yellow dotted lines. (C) 3D illustration of
Citronellol (stick representation) in the binding pocket of SARS-
CoV-2-RBD (surface representation) (PDB ID: 6vw1).

Nerol formed four hydrogen bonds and two
hydrophobic interactions with SARS-CoV-2 -RBD.
The O atoms of Phe490, Leu492, and GIn493 with the
O atom of Nerol formed hydrogen bonds with a length
of 2.89, 2.95, and 2.37 A°, in addition to hydrogen
bonds between the C atom of Phe456 and C atom Nerol
(Figure 9).
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Figure 9. The two-dimensional structure of Nerol and three-
dimensional illustration of its interaction with the ACE2 binding
pocket of SARS-CoV-2-RBD. (A) Representation of 2 D structure
of Nerol in the complex. (B) Hydrogen bonds in the protein-ligand
complex are shown as yellow dotted lines. (C) 3D illustration of
Nerol (stick representation) in the binding pocket of SARS-CoV-2-
RBD (surface representation) (PDB ID: 6vw1).

Linalool formed two hydrogen bonds and five
hydrophobic bonds with residues of SARS-CoV-2 -
RBD. The O atoms of Arg454 and Phe456 with the O
atom of Linalool formed hydrogen bonds with lengths
of 3.02 and 2.71 A°, respectively (Figure 10).
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Figure 10. The two-dimensional structure of Linalool and three-
dimensional illustration of its interaction with the ACE2 binding
pocket of SARS-CoV-2-RBD. (A) Representation of 2 D structure
of Linalool in the complex. (B) Hydrogen bonds in the protein-ligand
complex are shown as yellow dotted lines. (C) 3D illustration of
Linalool (stick representation) in the binding pocket of SARS-CoV-
2-RBD (surface representation) (PDB ID: 6vw1).

4. Discussion

It is well documented that the RBD domain of the
SARS-CoV-2 S protein binds to human ACE2.
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Interestingly, this binding mechanism is similar to that
of SARS-CoV [26]. Also, the previous study of the
superimposition of SARS-CoV-2-RBD and SARS-
CoV-RBD complexes with ACE2 reported that the
residues of SARS-CoV-2-RBD involved in the
interaction with ACE2, Tyr449, Tyr453, Asn487,
Tyr4d89, Gly496, Thr500, Gly502 and Tyr505 residues,
were identical to the ACE2- binding site of SARS-CoV
[11]. Hence, the binding site of SARS-CoV-2-RBD to
ACE?2 could be an important target for drug discovery.
In this regard, using AutoDock Vina software,
molecular docking was done between flexible residues
of the selected binding site of SARS-CoV-2-RBD,
Tyrd49, Tyrd53, Lus4b5, Phed56, Alad75, Gly476,
Phe486, Asn487, Tyr489, GIn493, Gly496, GIn498,
Thr500, Asn501, Gly502, and Tyr505 residues, and
selected secondary metabolites from Rosewater,
Eugenol (PubChem CID: 3314), Alpha-terpineol
(PubChem CID: 17100), Geraniol (PubChem CID:
637566), Phenylethyl alcohol (PubChem CID: 6054),
Citronellol (PubChem CID: 8842), Nerol (PubChem
CID: 643820), and Linalool (PubChem CID: 6549).
Afterward, the molecular docking results were
analyzed based on the binding affinity. The molecular
docking results showed that the binding affinity of
Eugenol (-6.0 kcal/mol) was better than that of other
selected secondary metabolites (Table 4).

Also, the analysis of the interaction of the
secondary metabolites with RBD, displayed that
Eugenol had better conformation compared to other
metabolites (Figures 5-10).

Itis well documented that most orally active follow
Lipinski’s Rule of fFve (RO5) which includes the
following; molecular weight < 500 Da, Xlogp (octanol-
water partition coefficient) < 5, H-bond acceptor < 10
and H-bond donors < 5 [27]. To investigate RO5, key
pharmacokinetic  properties of the secondary
metabolites of Rosewater were investigated using the
PubChem database. The results showed that all
compounds possessed the following physicochemical
properties: MW < 165, cLogP < 3.2, HBD <2, HBA <
2, PSA< 30 A_, and RB < 5, which are summarized in
Table 3.

However, Eugenol had the highest molecular
weight, the highest number of H-bond acceptors, and
the largest Polar surface area than other compounds.
Interestingly that the physicochemical properties of
Alpha-terpineol, Geraniol, Citronellol, Nerol, and
Linalool compounds were similar. As can be deduced
from Table 5, Phenylethyl alcohol had the lowest
molecular weight but the other physicochemical
properties were similar to other compounds. Therefore,
selected secondary metabolites of Rose water
possessed RO5.

Eugenol (4-allyl-2-methoxyphenol) is an aromatic
compound belonging to the group of phenylpropanoids.
Commonly, there is Eugenol in the natural essential oils
of plants [28, 29] interestingly, the US Food and Drug

Administration (FDA) is proven that it is a compound
non-mutagenic and non-carcinogenic [30]. Also,
Eugenol has various pharmacological activities;
however, the most important activities include;
anticancer [31-33], antioxidant [34-36], antimicrobial
[37-39], and anti-Inflammatory [40, 41].

It is necessary to mention that, not only Eugenol
has low chemical stability but also it is sensitive to
oxidation. therefore, if orally administered, it rapidly
will be absorbed by different organs and metabolized in
the liver. As a result, Eugenol should be encapsulation
to prevent early absorption also improve its water
solubility and increase its activity [29, 37]. It appears
that selected secondary metabolites of Rosewater,
spatially Eugenol, had favorable interactions with
SARS-CoV-2-RBD; therefore, these compounds could
be candida compounds for experimental surveys in
limiting SARS-CoV-2-RBD /ACE2 interactions.

Table 5. Evaluation of physicochemical properties of Secondary
metabolites using PubChem database.

Physicochemical properties

piEeElllES PublD CLP HBA HBD PSA RB
d e f g

a

MPF? Mwe

Eugenol | 3314  CLOH1202 165"2 2 2 1 295 3
Alpha- 12100 cioniso 1942 18 1 1 202 1
terpineol 5

Geraniol 63256 C10H180 15;"2 20 1 1 202 4
Phenyleth C6H5CH2CH20 122.1

Tl aloohor | 6054 o Zlaa 1 1 202 2
) 156.2

Citronellol 8842 C10H200 2232 1 1 202 5
Nerol 64382 C10H180 15;"2 20| 1 | 1 |202] 4
Linalool | 6549 C1OH180 15;"2 27 1 1 202 4

2PubChemCID °MolecularFormula “Molecular weight (g/mol),
dcLogP(lipophilicity), ®H-bond acceptors,’H-bond donors , 9Polar Surface
Area(A?), "Rotatable bonds.

5. Conclusion:

The RBD domain of the SARS-CoV-2-S protein is a
crucial domain in binding to the ACE2 receptor;
therefore, inhibiting SARS-CoV-2 -S protein and
human ACE2 interaction need to be studied. The results
of docking and molecular interactions between SARS-
CoV-2-RBD and selected secondary metabolites of
Rose water demonstrated that Eugenol has better
binding affinity and conformation compared to Alpha-
terpineol, Geraniol, Citronellol, Phenylethyl alcohol,
Nerol, and Linalool. In addition, the evaluation of
physicochemical properties showed that all compounds
possessed RO5. However, the efficiency of the selected
secondary metabolites requests to survey in vitro and in
vivo as well as the obtained results can provide data for
the next studies.
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