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ABSTRACT

Study Background: Hybanthus enneaspermus medieinal plant
are the natural reservoir of medicinal compounds to cure many
diseases since the compounds have no adverse side effects. The
current study focused on characterization of chemical
compounds present and their in-silico anti-viral activity by
adopting molecular drug designing method. Objective: SARS-
CoV-2 outbreaks resulted approximately around one lakh deaths
in all over the world. Still there is no particular drug for the viral
infection treatment. To overcome and control this fatal infection,
medicinal plants are the versatile solution with less side effects
when compared to synthetic drugs. The Covid-19 spike protein,
the key protein in viral transmission of host cells by membrane
fusion mechanism. The main research of this werk is to
investigate the Hybanthus enneaspermus phyto-eompounds by
In-silico molecular drug designing approach against Covid-19
spike protein. Methodology: Molecular docking analysis of
Hybanthus enneaspermus phytocompounds resulted from FT-IR
and GC-MS analytical studies. The molecular drug designing
softwares such as ACD Chemsketch, AutoDock 4.2 version and
3D molecular visualization UCSF Chimera software were used.
Results: Our study reports the phytochemical analysis of crude
extract of Hybanthus enneaspermus. FT-IR, GC-MS revealed
compounds were docked against SARS-CoV-2 proteins and lead
compounds were summarized using MGL tool AutoDoekvina
4.2 version. Docking results suggested that 3-
Trifluoroacetoxypentadecane (-8.9), 9,12-Octadecadien-1-ol
(-8.6), 9,12,15-Octadecatrienvic acid (-8.8), 9,12-
Octadecadienoic acid (- 9.2 ) had high binding affinity with
minimum binding energies scoring function and hence
considered as potential anti-viral inhibitory activity. Conclusion:
Our molecular drug designing approach using Hybanthus
enneaspermus data demonstrated that ability of designing of
anti-viral drug against SARS-CoV-2. Moreover, this study
suggested to perform in-vitro and in-vivo experiments to
understand therapeutic effect much more better.

INTRODUCTION

cientific recvicw of Hybanthus enneaspermus
In developing countries like India rely on herbal
medicines to cure many health related problems duc to

their no side effects and beneficial effects. Biologically, several
plants were used to screen their phytocompounds to explore their
medicinal properties [1-4]. The World Health Organization
(WHO) suggested to usc cffective medicincs plants to combat
various health issues like anti-microbial, anti-oxidant, anti-
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inflammatory and sedative «ffects due to their bioactive
phytocompounds [5]. Hybanthusennea-spermus (Lirm) F. Muell
{Syncnyms: Tonidiumsuifraticosum) belongs o Folaceae family
is a perenmial herb. Usually prow upto 60 cm height. This
medicinal plant is used as diuretic, dermulcent and tonic for
mainly considered to men. Biologically, this plant waa reported
the presence of dipeptide alkaloids, sursntiamide acetuie, beta
sitosterol, sugars, flavonoids, tannins, catachins, phenols,
anﬂ:raqumonm, triterpenes, lsoa.rbormnl Also, studies reported

this plant have many bicactivity such ag anticonvulzant,
antidisbetic, antiplasmodisal, antimicrobial [6] and anti-infertility
[71. Ourmahlfocusonﬂ:isplantistoidmﬁfypotmtanﬁ-vﬁ'al
activity phytocompound to target SARS-CoV-2 spike protein in
order to combai their infection by following our traditional herbal
medicine.
METHODOLOGY

Sample Preparation

Gram scale production was carried out from fine powder of
whole plant from collected Hybanthus enreaspermus. 2000
grams of defatted crude sample was prepared by solvent
extraction using petrolemm ether at 60 ® to 80 ® temperature. The
defatted crude sample wes further subjected to methanol
extraction at 38° for 72 hours in Soxhlet apparatus. After
extraction, the solvents traces were removed by distillation under
low pressure condition. The dried crude extract was done by
vacuum drying process, Finally, the dried crude extract was
weighed, labeled and stored at - 20 * in deep freezer until further
pUTpOSEs.

FT-IR Analvsi

Fourier Trensform - Infrered spectroscopy analysis was
performed for the identification of functional groups present in
the erude extract of Hybanthusermeaspermus. The sample were
scanned from 400 to 4000 cm™ as the absorption radiation. The
FT-IR analysis (Shimadzn - QP2010 PLUS, Japan)was
performed by KBr pellet method and intensities of transmittance
peaks were recorded and identification of fimctional groups
present in dried powder of crude extract.

GC-MS Analyris

For GC-MS analytical study, solvent exiracted and dried
concentrated plant sample dilmed in Carbinol waas used.
Futhermore, GC analysis was performed by setting parameters
includes cohimn oven temperature (50 * with hold time 1 min),
injection temperature (230 °), imjection mode (split), pressure
(49.5 kPa), total flow (8.7 mL/min), column flow {095 mL/min}),
ion source temperature (250 *), interface temperature (300 ). MS
program includes start stime {3 min), end time (39 min), ACQ
mode (scan), scan speed (3333).

Moleculsr Drug Designing

Molecular drug designing strategy reduce the time, cost
investment in development of new dmgs from medicinal plants.
In India, several medicinal plants have their own unique
medicinal ief against various diseases. Folk medicines are
still uzed by tribal culture of our India. To explore these medicinal
compounds from plants includes both wet lab and dry lab
methodologies. In our work, we extract crude from Ayvbanthus
enneaspermus and analyzed their chemical composition by
employing FT-IR and GC-MS analytical methods. The identified
chemical compoungs from the crude extract was used as a ligand
to study SARS-CoV-2 proteins inhibition for combating

pandemic transmissions among human heatth. To achieve thig, we
perform molecular docking and molecular visualization
softwares.

Compound Retrieval

The compounds for molecular drug designing was retrieved
from the information of GC-MS analyzis. From GC-MS analysis,
we identified that crude exiract have 23 compounds. Each
compound structurez were drawn using Chemsketch Software
and converted it into PDB fummbyOpe:nBabel Software, After
then, the compounds were comected for structure configuration
and coordinates conformation by Steepest method energy
minimization. Lastly, the prepared compounds were docking with
different Covid-19 protein targets. The standard drugs
Remdesivir and Hydroxychloroquinine was considered as the
positive reference index for inhibition activity.

Protein structure Preparation

Covid-19 tarpeted proteing amino acids sequence were
retrieved from NCBI Database and modelled using Swiss Model
web tool for docking [8-11]. The hetero atoms [HETATM] bound
were not a part of the netive protein was removed and emergy
minimized by steepest method, Afier that, the optimized protein
targets were checked for moleculer docking to identify a best anti-

Fig. 1 : 3D modelled SAR-CoV-2 spike protein

viral activity.
Binding sites prediction

CASTp server was used io predict active residues of SARS-
CoV-2 spike glycoprotein macromolecule [12]. The active site
residues were used to identify X, Y and Z grid coordinates during
molecular docking.

Muolecular Docking

The Molecular drug docking was performed by
AutoDockvina 4.2 version softwarg. The prepared
macromelecule were opened in a AutoDockvina 4.2 virtual
goreening tool by load molecule and edited by adding polar
hydrogen bonds, weter molecules were deleted and converted
macromolecule into pdbgt format. The pdbqt format is a simplest
version that add necessary hydrogen atoms in a macromolecule.
Next, the prepared ligends were imported, checked for root

ing and then converted into AutoDwockvina ligand pdbqt
format for comfort docking. AutoDeckvina dock ligands with
macromolecnle in a 8 different scoring configuration functions
for the best ligands fitting and accuracy of binding affinity. The
lowest minimum binding energy with a macromolecule showed
high binding affinity end aided in drug development processes to
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Fig. 2 : From the FTI-IR analysis of Hybanthus enneaspermusshowed peaks at both group frequency region ( 1500 -
4000 cm™) and fingerprinting region (400 - 1500 cm™) of IR spectra, The FT-IR spectra of silver nanoparticles showed
various prominent peaks at 3420.92, 2360.11, 2342.17, 1653.27, 1559.02, 1540.50, 1457.23, 1507.08, 1076.86,
668.58. [Table No.1] conformed the presence of functional groups such as secondary amine, primary amine, nitro
compounds, aromatics, organophosphorus, fluoroalkanes, chloroalkanes.

Table 1 : Peaks values at two important regions of IR spectra.

Functional Group Region or Group Fingerprinting Region
Frequency Region

3420.92 em’” 1457.23 cm”

2360.11 ¢m” 1076.86 cm™

234217 cm’” 668.58 cm™

1653.27 cm™

1559.02 cm”

1540.50 cm”

1507.08 cm’

Table 2 : Functional Group Region Frequencies ( 1500 - 4000 cm™)

IR Spectrum- Molecular Motion Functional Groups
Wavenumber ( em™ ) {(Chemical Bond type)

3420.92 cm’ secondary amine, amide N-H
2360.11 em™ Overtones -

2342.17 cm™ Overtones .

1633.27 em™ Amides C=0
1559.02 cm” Primary amines N-H
1540,50 e Nitro compounds N-O
1507,08 em™ Aromatic Cc=C
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avoid failures in later, The best poses of docked macromolecule
were analyzed for amino acids interactions between ligands,
hydrogen bond formation and interaction chains using UCSF
Chimera 3D molecular visualization tool.

ADMET Data Prediction

Absorption, Distribution, Metabolism, Excretion and
Toxicity (ADMET) properties plays an versatile part in drug
designing steps. These properties accounted for the major reason
in drug failure in clinical trial phases. In traditional drug
development process, the ADMET properties were employed at
the lateral phase of drug development process. Due to drug failure
reasons, nowadays ADMET calculations were made initially
before synthegizing the drug molecules in order to avoid poor
bioactive drug molecules and other R&D development costs. All
ADMET predictions were made by using Swiss ADME and

ProTox-II, a web-based application for predicting ADME data
and building drug-like library using in-silico method [13,14].

RESULTS
GCMS data analysis

After GC-MS analysis, the obtained spectrum was observed
and tabulate it to investigate their in-silico medicinal property.
The observed spectrum revealed that there is a present of 24
compounds and evaluated their in-gilico anti-viral activity.

Minimum Binding energy summary

Molecular docking results revealed most lowest minimum
binding energy docked with SARS-CoV-2 spike protein. Further,
the lead compounds were analyzed for intramolecular
interactions such as hydrogen bonds formation, hydrophobic
interaction and n-interaction which are pivotal to protein-ligand

Table 3 : Fingerprinting Region Frequencies ( 1500 - 4000 cm™)

Fingerprinting Regions

Molecular Motion

{(Chemical Bond type)

Functional Groups

1457 23cm’”’ Organophosphorus p-C
compound

1076.86 cm™® Fluoroalkanes e

668.58 cm”’ Chloroalkancs C-X

-

2o 1do

BOA, 298

Jo

9o

nwn

Table 3 : FGC-MS peaks of Hybanthus enneaspermuswere interpreted by comparing the
reference of National Institute Standard and Technology (NIST) library and Wiley library,
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Table 4 : Phyto-Compounds summary

SF No. Phytocompounds Molecular structure
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Y
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14. 9.12,15-Octadecatnenoic acid HO Lo ey CH
Li
15. 9.12-Octadecadienoic acid HO Lo oo i A
l
16. Hexadecanoic acid HiC oo e /\’/\""OH
Q
17. Glycidylpalmitate 2
HaC B P \_./"‘\,_,/D o
|C\)
18. 13-Qctadecenal clml
T e e T T T T gy,
19. Octadecanoic acid i:)
HQ/J\/\-\U/\\/\/\\,/\\//\“/\/\C
20. Retmol
21. 2-(3,3-Dimethyl- |-Butynyl)- o
3.3-Dimethyl-1-Cyclopropene-1 HO 4
N CH
I
J:>«CH3
HCo /.
ne CH
22. 2,4-Pentadecadiynoic acid HO
-
/—O
7
/_/
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HyC—
23, 5A-Methyl-3,8-Dimethylene- HC o
SN2
2- oxod 7 CHy
0]
CHy
P
o
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Thble 5 : Mininnmm binding energy result smmmary

S.No. Phytocompounds Minimum Binding Energy
1) Octanoic acid -4.0
2) 2.3-dihydro-benzofuran -5.0
3) Nonanoic acid -4.5
4) 2-Methoxy-4-vinylphenol -4.9
3) Tetradecanal -55
6) J3-Trifluoroacetoxypentadecane - 8.9
T Ethyl-alpha.-d- -5.8
glucopyranoside
3) Hexadecanal -53
9) Pentadecanoic acid -4.93
10) 9-Octadecenoic acid -4.1
11) 9,12-Octadecadien-1-0l -8.6
12) 9-Octadecenoic acid (Oleic -5.33
acid)
13) Phytol (2-Hexadecen-1-ol) -5.6
14) 9.12.15-Octadecatrienoic acid - 8.8
15) 9,12-Octadecadienoic acid -9.2
16) Hexadecanoic acid -4.8
17) Glycidyl palmitate - 8.0
18) 13-Octadecenal - 8.4
19) Octadecanoic acid -5.0
200 Retinol - 6.03
21) 2-(3.3-Dimethyl-1-Butynyl)- -3.6
3,3-Dimethyl-1-Cyclopropene-1
22) 2.4-Pentadecadiynoic acid -4.26
23) SA-Methyl-3.8-Dimethylene- -5.9
2- oxod

Fig. 4 : 3-Trifluoroacetoxypentadecane bound with SARS-CoV-2 spike protein with a
binding affinity of - 8.9 keal/mol
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affinity of - 8.5 kealimol

Flg. 6 : 9,12, 15-Octadecatrienoic scid bound with SARS-CoV-2 apiloe protein with a

binding affinity of - 8,8 kealimal

Fig, 71 9,12-0Octadecadiencic acid boamd with SARS-CoV-2 spike protein with a
binding edfindty of - 9.2 keal/mol

recopnition biological events. The smmmery of all docked
compounde mininmgm binding ensrgy were tabulated in [Tahle
No.5].

Pretein-ligand interactian snalyals

Protoin-ligand interactions are non-covalent bond interactions
such ag hydrogen bond formation, iydrophobic imberactions and
n-mieractions emd these have important fimctions m drug
ab g sistributi boli E e e

mechenisms. Protein-ligand mieractions also involved in
eonformational changes to engure high affinity statee. Molecular
patameders in molecular drog designing appeoach. To explain we
identified amine acide involved in protein-ligand interarstione and
hyadrogen bond formation by UCEF Chimesra software. The best
docked compounds wers analyzed and found most of the bound
ligende were interscted with (chein B) TRP 118.8, PHE 24.B,
SER 55.B, PHE 56.8, SER 53.B, LUE 508, VAL 49.8, AST 458,
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LEU 17.B, CYS 18.8, PHE 20.B and formed hydrogen bonds
between PHE 24.B HN-PHE 20.B 01.986 4, VAL 23.B HN-PHE
20.B 02.271 4, PHE 20.B HN-CYS 18.B 0 1.915 4, CYS 18.B
HN-VAL44.B01.7834.

Table 7 : ADMET properties prediction for 3-Trifluorocacetoxypentadecane

Pharmacokinetics Values
parameters
Gl absorption Low
BBB permeant No
P-gp substrate No
CYPIAZ2 inhibitor No
CYP2C19 inhibitor No
CYP2C9 inhibitor Yes
CYP2D6 inhibitor No
CYP3Ad4 inhibitor No
ADMET Properties of Log K (skin -2.37 em/s
permeation)
3- Bioavailability score 0.55
Triﬂuoroacetoxypentade TOXiCity paramctcrs Values
Toxicity class Class 5
TAIE LD50 mg/kg 3000 mg
Hepatotoxicity [nactive
probability
Carcinogenicity Inactive
Mutagenicity Inactive
Cytotoxicity Inactive
Immunotoxicity Inactive
Table 8 : ADMET properties prediction for 9,12-Octadecadien-1-o0l
Pharmacokinetics Values
parameters
GI absorption High
BBB permeant No
P-gp substrate No
CYP1A2 inhibitor Yes
CYP2C19 inhibitor No
CYP2C9 inhibitor No
CYP2D6 inhibitor No
CYP3A4 inhibitor No
ADMET Properties of Log K, (skin -3.10 cm/s
. permeation)
9,12-Octadecadien-1-ol Bioavailability scorc 0.55
Toxicity parameters Values
Toxicity class Class 6
LD50 mg/kg 10000 mg
Hepatotoxicity Inactive
probability
Carcinogenicity Inactive
Multagenicily Inactive
Cytotoxicity Inactive
Immunotoxicity Inactive
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Table 9 : ADMET properties prediction for 9,12,15-Octadecatrienoic acid

Pharmacokinetics Values
parameters
Gl absorption High
BBB permeant Yes
P-gp subsirate No
CYPIA2 inhibitor Yes
CYP2C19 inhibitor No
CYP2(C9 inhibitor Yes
CYP2D6 inhibitor No
CYP3A4 inhibitor No
ADMET Properties of Log K, (skin - 3.41 cm/s
. permeation)
9,12,15-Octadecatrienoic Bioavailability scorc 0.56
acid Toxicity parameters VYalues
Toxicity class 6
LD50 mg/kg 10000 mg
Hepatotoxicity Inactive
Carcinogenicity Inactive
Mutagenicity Inactive
Cytotoxicity Inactive
Immunotoxicity Inactive

Table 10 : ADMET properties prediction for 9,12-Octadecadienocic acid

Pharmacokinetics Values
parameters
(1 absorption High
BBB permeant Yes
P-gp substrate No
CYPIA? inhibitor Yes
CYP2C19 inhibitor No
CYP2C9 inhibitor Yes
CYP2D6 inhibitor No
CYP3A4 inhibitor No
ADMET Properties of Log K, (skin -3.05 cm/s
- permeation)
9,12-Octadecadienoic Bioavailability score 0.56
acid Toxicity parameters Values
Toxicity class Class 6
LD50 mg/kg 10000 mg
Hepatotoxicity Inactive
Carcinogenicity Inactive
Mutagenicity Inactive
Cytotoxicity Inactive
Immunotoxicity Inactive
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ADMET nualynis
Discassions

Matry number of fatty acids wers tested against emveloped
viroses and non-envelopsd virsses to study ite amtiviral activity,
Bagad on the resulis shortchain and long-chain esturated faity
acide had no cffects on sntiviral activity, Medivm-chain gatorated
ani long-chain unsaturated fatty acids had high activity against
enveloped virusee. Annvualfauymﬂsﬂmluhp
disintegration of eovelope protcing snd vims particles of
enveloped viruses [15].

Mary natorslly availahle futn snd dietary oils are the major
acurce of fatty scids and have efficient anti-microbial activitics
[16]. ﬁephnmamlommlmmpumhonnfmmyphnhmnnt]mt
explered. Our present work demonstrated the identification of
H enneaspermus phytocormpoutds and thelr in-allico ariiviral
sctivity againat SARS-CoV-d spike peotein. From molecalar
docking stody, we foamd 9,12, 15-Octadecatrienoic acid, 9,12-

inhibitory action against our 3D modelled SARS-CoV-2 spike
protein,

3 entadecame - A chemical stucthure
containg & total of 52 bondes which includes 21 non-hydrogen
bonde, 1 mwitiple bonds, 1 double bond, 1 ester and 14 motatable
bonde.

9,12-Octadecadien-1-0l - aleo called linpleyl aleohol or fatty
slcohol produced by reduction reaction of linoleic acid. Fatty
aleohols are long cheain alcohols neturally derived from plents
waxcs. Fatty alcohols have been reposted ag plasma cholestrol
lowering ahility in nrmeng.

9,12, 15-Ovtundecatrienois aefd - Linolenic ecid is one of an
eagential fatty acid belonge to the clasa of omega-3-fatty acids. It
in cormmonly fomnd in plamts in high concentration snd also
teported inhibition of prosteglandin synthesis there by reducing
inflammation and prevents some chronde dsesses. Since,
linolenic acid ia not synthesized by mummels atd megorily

Octadecadienoie aeid, 13-Ootadecenn]l compomnds have depends on plante rich in linclenic acid When it 18 inoorporated
e 3
| o
'
Il.l . |'ﬂ'| IlllhljllIlr!il:lllI'_\il:ll-II:E!ﬂ'llll-l',tirl'l I-I:I:’I_H'I-I-I:‘il'l] |ll-Lrll‘lI]-l-:;i[II-I:‘rrl-dlh‘I!I:'i“|Iiulfl-llj-l_lri'lawla_lrllﬂ'l:I I#'i‘"";\\N"IIE?i"IhII‘IH;_.I:II

Fig, 7 : GC-MS pesk of 3-Trifluorcacetoxypentadecene

L e

95 213 248

o

00 70 120 170 220 270 320 370 420 40 520 S0 620 670 720 TI0 820 RI0 920 970
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into the plasmamembrane (phospholipids bilayer), they changes
the cell membrane dynamic properties such as permeability,
fluidity, flexibility and disruption on membrane bound enzymes
or proteins [17].

9,12-Octadecadienoic acid -Linoelaidic acid is derivative of
linoleic acid fatty acid and majorly studied in men due to their
cancer modulating ability, obesity function, immunological
functions, atherosclerosis and diabetic conditions. This fatty
acids was prepared by hydrogenation reaction of plant oils by
industrial scale [18].

CONCLUSION

Hybanthus enneaspermusis a medicinal plant which have
various bioactive properties. In this present work, we attempt to
identify phytocompounds by FT-IR and GC-MS analysis
revealed 24 phytocompounds presence in the crude extract of
H.enneaspermus. GC-MS analysis demonstrated that the plant
crude extract was rich in fatty acids. We carried molecular
docking study to explore the identified phytocompounds
bioactivity characteristics and found it has in-silico inhibitory
activity against SARS-CoV-2 spike protein. Thus our study
contributed to find a bioactive compounds that having anti-viral
activity to combat SARS-CoV-2 pandemic infection.

These results explained naturally occurring plant derived fatty
acids have antiviral activity. Therefore, fatty acids have antiviral
response against SARS-CoV-2 spike protein and our
investigative study recommended to take dietary fatty acids for
Covid-19 infected patients to combat the disease aggressiveness.
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