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ABSTRACT. Across the worldCOVID-19, apositive singlestranded RNA virusenber

of coronavirus family, is spreading its tentacleiie to lack of drugs at present causing
15% mortality worldwidedue tocough, fever and respiratory problepsmise more than

Due to its vital role in polyprotein processing necessary for coronavirus reproduction, the
main viral proteinase (Mpro/3CLpro) has recently been regarded as a suitable target for
drug design against SARS infectidfhe present in silicdockingstudy was designed to
evaluate the effect gfotent 12 bioactive molecules present in essentiabbisicalyptis

plant leavesin the present study, molecular docking studies were conductedaiing
click dock.Docked complex analysis was carried out ush@Biovia Discovery studio,
Chimera and VMD tools. Active sites were obtained from CAST P analysécatulated
parameters such as RMSiincking scoréndicated effective binding dfioactive essential

oil molecules, especially Jensenorie, COVID-19 proteinase. Active site prediction
further validated the role of active site residues in ligand binditajecular interactions
results indicated that Mpro/eucalyptol complexes form hydrophobic interactions, hydrogen
bond interactions and strong ionic interactidrserefore eucalyptus essential oil bioactive
compoundsnay represent potential treatment potemtiact as COVIBL9 Mpro inhibitor.
However, further research is necessary to investigate their potential medicinal use.
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INTRODUCTION

COVID-19 continues to spread rapidly and affect people across the globe, it is important
to look at how bioactive compounds and functional foods may prove beneficial in the fight
against viral diseaseSo,there isaneed to submit researpertaining to the role of bioactive
compounds and functional foods in the management of C&Iand related viruses. This
global pandemic has provided us with a unique and urgent opportunity to advance research and
explore how bioactive compounds and fiimgal foods can be used to boost the immune system
and fight off viral diseaseSymptoms are fhlike and can include fever, muscle and body
aches, coughing, and sore throat. Symptoms may apgedags after infection. As d&pril
14,2020,0ver2,00@M00 cases of COVIBLI have been confirmed worldwide, ov&A00 of
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which have resulted in deatht presentno specific therapies for COVHDO are available and
researclregarding thdéreatment of COVIB19 is infancy. However, the measures that have
been implemented remalimited to preventive and supportive therapies, designed to prevent
further complications and orgadamage (Lu, 2020) Some preliminary studies have
investigated potential combinations that incluadermalarial drug hydroxychloroquineand
nelfinavir. Anti-HIV vaccines can besed to treaCOVID-19 infectionsalsa From COVID
19, protein namelWMpro/chymotrypsidike protease (3CLprowas cited as a ketargetto
combat COVID 19replication (Liu and WANG, 2020). Mpro/3CLpro enzyme has been
implicatedin spike, membrane, envelop, nucleoproteaplicase, and polymerasetivity of
viruses Therefore based onts vital role invarious replication related biological processes in
COVID 19, Mpro/3CLpro enzyme has heeonsideredasa suitable target foviral inhibitor
development as an approach toward SARS

Essential o#, among the category of secondary metabolites, from aromatic,@amts
highly volatile complex mixtures ofvarious chemical molecules belonging terpenes,
oxygenated derivativealiphatic hydrocarbons, esteaf;oholsand other aromatic compounds
(GooDGERet al, 2016,YANG etal., 2018) Thet er ms fAessent i, @olr dieltdh,erfivo
o i dreused to designate liquid substances emerged from specialized glands from plant cells.
The essential oil contains a number @mplexbio-structures formed by different molecules,
each having spedfic bioactivity (antimicrobial, antiviral, fungicidal, insecticidal and
herbicidal) The broad spectrum andrsatility of essentiabils have been ascribed tdifferent
bio-structuresand unique chemical compositidhat act synergisticallyTheir chemical
composition is greatly influenced by environmerfadtorsthat can affect the secretionof
secondary metabolites froaromaticplants.Essential oils by virtue of having antimicrobial
and antioxidant activities have great potentialhne cosmeticand pharmaceutical industries.
Thereforeduringtime, great attention has been paicessential oilthat may be developed as
medicinegRODRIGUEZ et al,, 2020) Essential oilhave been used empirically as antimicrobial
or antiviral agents to combat microbial infections, howgewelittle is known about its
mechanism of action

In the present studywe investigategssential oil moleculesom the eucalyptus plant
as potential intbitor candidates for COVIEL9 Mpro. Eucalyptugfamily: Myrtaceae) is one
of themost widelyspreadgenera, commonlyeferredto asthe Tasmaniargum plant It is fast
growing, evergreen, native to Tasmanian and S&att Australia. It is used to extract Oleum
Eucalypti (eucalyptus oil) that is extracted in many countries like China, India, South Africa,
Brazil and Tasmania, as a raw materialha pulp, @smetic, pharmaceutical, food beverage,
aromatherapy and phototherapyhis study will pave a way tamther researchers with
opportunities tdind outthe right drug to combat COVHDO.

MATERIAL AND METHODS

Proteins/Macromolecules

COVID-19 XLproMpro structures were obtained frothe Protein Data Bank
(https://www.rcsb.org/ The native ligansifor 3CLpro/Mpro structuresare shown in Fig .1
The 3dimensional (3D) structure &ucalyptis essential oil molecules (Fid) wereobtained
from PubChemfttps://pubchem.ncbi.nlm.nih.ggv/

Determination of Active Sites

The amino acids in the active site of a protein were determined usi@giheguted
Atlas for Surface Topography of Proteins (CASTp)
(http://sts.bioe.uic.edu/castp/index.htmI?301l
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Molecular Docking

Dockingstudiesof essential oibioactive moleculesver COVID-19 Mprowerestudied
using kclick docking fttps://mcule.com/apps/dlick-docking) software.

Binding Mode of Docked Complexes

The docked complex structure output formats were submitted into Biovia Discovery
Studio Visualize2020 and Chirara tools in order to study 3D conformations, surface analysis
and to map the interaction of the resulting docked comletps://projects.biotec.tu
dresden.de/pliveb/plip/indey.

Admet SAR

AdmetSARIis a comprehensive wdiased tool for predicting ADMET properties of
candidate molecules (http://Immd.ecust.edu.cn/admetsar2/). It predicts the pharmacokinetic
properties such as Absorption, Distribution, Metabolism, Excretion and Toxicity.
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Fig 1:Moleculesfrom Eucalyptusessential oilised in this study

RESULTSAND DISCUSSION

Coronaviruses (CoVs)are agroup of viruses that infe@nimals anchumans CoV
infections affectanimals in various waydike respiratory,fever, cold,digestive,and liver
systems of humarendanimalgRoODRIGUEZ et al., 2020) It is the main proteag®dpro) found
in the CoV associated with the severe acute respiraygmgrome (SARS), which can be
accessed in PDE&nd was suggested to bpatential drug target f@019nCov(Lu, 2020) In
CoV, the Mproprotein is involvedn virus proteolytic maturatiomnd has been examined as a
potential target proteihy inhibiting the cleavage of the virpblyprotein to prevent the spread
of infectiors replication. Sinc€ARSCoV Mpro and the 2028CoV Mpro are 96% identical
S0 these proteases may be used as potémiapeutic targetd.iu andWANG, 2020) In this
study, we focused orstructural biology aspectd Mpro/3CL pro proteirwhichis basean the
availability and retrieval of a receptsiructure from PDRlatabase
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The ligand, as shown in Figl, weredocked tomain protease (Mprodpr 3Clike
protease (3CLproysing the 1-click software The various dockin@D representations and
interactions are shown in Fig@sing1-click docking too) Mpro/3CLpro protein revealeidur
different poses

Protomer A Protomer B

Figure2: Threedimensional docked structure (A) and surface view (B) of S&RS-2 Mpro
with Jensenone. One protomer of the dimer is shown in light blue, the other one in red.
Domains are labeled by Roman numbers.
Chain termini are labeled N and C for liganteracting ProtomeA (blue).

Based on the dock scoaad the poswith the highest negative valuésdicated maxi
mum binding affinity is shown in Table Among all moleculesJensenon@xhibitedthe
highest affinity with Mpro/3CLpro protein witthaximum docking score followed I83is-p-2-
Menthenl-ol. The high affinity of drug compounds depsrah the amount andhe typeof
bondng that occus with the active site of the proteiAs indicated in Figl Jensenon&rms
many chemical bonds withpocketarepresent irdomairs| and Il ofMpro, including hydrogen
bonds and hydrophobic bond3omains | and LI representing residues-8@ and 106182,
respectively, are sist r anded abartels phatrhartbot & substfatdinding site
between them. A globular cluster of five helices, Domain Il (residues308g is involved in
regulating dimerization of the Mpro, mainly by a daiidge interaction between both
protomers. The tight dimer formed by SARR®V-2 Mpro has a contact interface, predemi
nantly between domain Il of protomer A and the Nid@ninal residues (Ml i n gofpraomer
B, with the two molecules oriented perpendicular to one another)-ifj.was cited that for
Mpro enzyme catalytic activity, dimerization is essential because iregbr of each of the
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two protomers interacts and thereby helps shape the Sltpdtke substratbinding site To
reach this interaction site, thefiviger is squeezed in between domains Il and Ill of the parent
monomer and domain Il of the other monomer.

Therefore, the affinity ofhese moleculewashigher compared with other c@ounds
(Liu andWANG, 2020) Further, as indicated in Table 1, almost all the essential oil molecules
formed hydrogen bonds and hydrophobic interactionth active site amino acids of
Mpro/3CLpro protein®f COVID-19 (Figs 3 and % CAST-P server alseevealed the psence
of four major cavities having active sites residues in Mpro/3CLpro praie@®VID-19 (Fig.

5). Several compounds, such as flavonotdgyenoids and phenoliésm essential oilshave
been reported to shoantiviral bioactivities(GOODGERet al, 2016;ZAKARYAN et al, 2017.
We investigatedhat Eucalyptusessentl oil components like Jensenone Eucalyptol (1,8
cineole) as potential inhibitorof the COVID-19 Mpro.Hydroxy groups{OH), ketone groups
(=0) and ether groups@-) in Jensenone and otheompounds are predicted to play roles
amino acid residue interactions at the actsiee of COVID19 Mpra Plip identified
interactions such as hydrophobesidues interactionsydrogen bond interaction and van der
Waals interactionsvithin the peptideprotein complexes. According to thidip server and
Biovia studioresults as shown in Tableand Fig. 3Mpro protein formeccomplexeswith
ligands molecule from eucalyptus essential oil Byrming various interactions. For instance,
eucalyptol formechydrophobicinteractions withGLU14. Result of the present study shown
that LEU25 wasa critical residue for binding of Jensenone to Mpro protéhlE138
participated in hydrophobic interaction with Citronell&imilarly, hydrogen bond interactions
were also detecte®LY141, SER142 and GLUl&mino acids were responsible fis-p-2-
Menthenl-ol binding with COVID-19 protein.It was postulated thahéseprotean-protein
interactiongmight inhibit the formation of thbetabarrel motif of Mpro/3CLproAs shown in
Table 1 and Fig. 3A\LA44 reside was involved in binding witheranyl acetatéNotably, only

in Phenethyl phenylacetateisulfur bond interaction was observed (Fig. 3Hteractions
were also detected in Eucalyptus and Citronellal Mpro complexes. It was observétethat
majority the Hbondsand hydrophobic interactions were observdgth amino acidsn the
COVID-19 Mpro active site. Further studies may help to understand the role of tlesstues

in drug binding mechanism.

In silico pharmacokinetic analysis of eucalyptuas conductedising ADMET. The
pharmacokinetics of a drug depends oralisorptiondistribution, metabolism, excretion and
toxicity. Previously severaldands and drug candidate compounds have been selastpel
criteriaofL 1 pi ns ki 6 ¢Lipinsull2@04)&d, hefligamds that did not incur more than
two violations of L i p i n s k(iulé ef five; URIO®)could be used in molecular docking
experiments with the target protein.

The drugscaming results (Table)2showedthatherbal ligands used in this study was
accept ed huyleolfivepTopolsgical @okmsurface area (TPSA) data indicated that
ligands are good at permeating cell membranes. For drug molecules to pehetoéded
brain barrier (BBB) (and thus act on receptors central nervous system), a PSA less than 90
angstroms squared is usually needed.
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Table 1: Docking analysis &ucalyptusessential oils molecules

Total no
active sites
residues
Docking Hydrogen Hydrophobic  involved in
Model name score §) RMSD bonds interactions  interactions
Amino Amino acid
acid residues
residues
Eucalyptol 4.0 0 - CYS143 3
HIS161
GLUl164
Citronellol 4.2 0 SER1 MET163 4
CYS143
HIS161
GLUl164
Citronellal 4.2 0 GLY142 PHE138 4
SER143 MET13
CYS144 GLU164
Phenethyl phenylacetate 4.7 0 GLY142 GLU14 3
SER143
CYS144
Geranylacetate 3.7 0 THR23 LEU25 3
ALA44 HIS39
Limonene 3.7 0 - HIS39 3
MET163
GLUl64
4-terpineol 5.0 0 HIS161 HIS39 5
CYS143 MET47
GLUl164
P-cymene 3.8 0 - MET163 2
GLUl164
Alpha-pinene 4.0 0 - ASN140 3
CYS143
GLUl64
Toruatone 4.3 0 GLUl64 MET47,163 4
THR23
GLUl164
Jensenone 54 0 SER142 THR23 6
CYS143 LEU25
HIS161 HIS39
GLUl164
Cis-p-2-Menthen1-ol 5.1 0 LEU139 LEU25 6
GLY141 CYS143
SER142
HIS12
GLU164

Highlighted residues indicate part of active sites of Mpro protein
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Figure 3: Docking analysis visualization of Mpro protein with differ&uotcalyptusoil molecules
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GLU1B4A

Figure 3 continuedE - Limonene, F 4-terpineol, G- P-cymene, H Alpha-pinene,



Figure 3 continued: - Toruatone, 3 Jensenone, KCis-p-2-Menthenl-ol, L i Eucalyptol
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Negative Volume

Pocket ID Area (SA) Volume (SA) Color Active residues
1 1689.804  2332.004 | red ~|  Supplementary Tablel
2 1470.951  1288.702 | velow ~|
3 266.905 290.309 | Blue ~|
4 283.081 148.253 | Green ~|

Fig 5: Active sites of Mpro protein

Due to poorpharmacokinetics parametersost of the drugs in development failed
during clinical trials For human therapeutic usdhese properties suchs absorption,
distribution, méabolism, excretion and toxicifADMET) are important in order to determine
the success of ttemmpoundSome important chemicdescriptors correlate well with ADMET
propetiessuch as low molecular weight (MW) for oral absorption.

The distribution of the compound in the human body depend&actors such sithe
blood brain barrier (Log BBpermeabilitywhich was good with ligand3heligands showed
positive results forthe BBB profile. Most of the compound were nonsubstrate toP-
glycoprotein (pgp), which is an efflux transporter located at BBBConsensus Log o®
(indicative of lipghilicity), also known as octanebater partition coefficient wam a good
range. It suggested that eucalyptol has optimal bbyadtbarrier penetrationlt has been
reported thatheexcretion process that eliminates the compound thehuman body depends
on the molecular weight. Similarly, rapid renal clearangedgsociated with small and
hydrophilic compounds. The r@olism of most drugs that takes place in the liver is associated
with large and hydnohobic compounds. Higher lipophilicity sbmpounds leads to increased
metabolism and poabsorptionalong with an increased probability of binding to undesired
hydrophobic macmmolecules, therebtheincreasing the potential foéoxicity. Gastrointestinal
tract absorption (Gl) of eucalyptol was high (Table 2), as substances must getdlisonbe
intestinal tract in order to exert a toxic effect throughout the whole body. Further, eucalyptol
was nonrinhibitor to cytochrome P series (CYB) of enzymes, which mainly found in the
liver and intheintestine involved in toxins detoxification frothe body.
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Table 2: ADMET properties of ligands



