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Abstract

SARS CoV 2 (severe acute respiratory syndrome coronavirus 2), was first reported

in a city of Wuhan, China. The infection rate of the corona virus (SARS-CoV-2)

was so high that it infected more than one thousand people in fifteen days. World

Health Organization (WHO) has categorized SARS-CoV-2 as a major global threat

to humanity due to its high fatality rate, high transmission rate, and increased re-

production. COVID-19 is currently being treated with a variety of small molecule

drugs and vaccines. Since the early days of the COVID-19 outbreak, herbal tra-

ditional medicines were used in China. Essential oils have long been used for

bactericidal, virucidal, fungicidal, anti-parasitic, insecticidal, cosmetic, medicinal,

and cosmetic purposes, particularly in the pharmaceutical, sanitary, agricultural,

and food industries. Spices have many phytochemicals i.e., alkaloids, glycoside,

carbohydrates, saponins, phenols, steroid, tannins, proteins, proteins and diter-

penes. The 3-chymotrypsin-like protease (3CLpro) is the main protease of the

SARS-CoV-2 that cleaves the large replicase polyproteins during viral replication

and therefore considered as an attractive drug target. So, we reported molecu-

lar docking-based virtual screening of 5 active compounds each from 10 spices i.e

Origanum vulgare, Piper nigrum, Cinnamomum verum, Cuminum cyminum and

Trachyspermum ammi. Active compounds were taken from Pubchem database.

After physiochemical analysis and identification of active domains of 3Clpro, these

compounds were docked via CB-Dock to determine the best potential inhibitor

against 3CL protease of COVID 19. These 5 compounds from each plant were fur-

ther subjected to Lipinski rule of five and ADMET properties for drug-likeness pre-

diction. Furthermore, the lead compound was identified with best binding affinity

and pharmacological properties. Remdesivir was used as criteria for comparison.

These findings suggest that the identified compounds may serve as potential in-

hibitor against 3CLpro. Hence, gamma-terpineol from Origanum vulgare, piperine

from Piper nigrum, cinnamaldehyde from Cinnamomum verum, cuminaldehyde

from Cuminum cyminum, Terpinene-4-ol from Trachyspermum ammiare consid-

ered as lead compounds. Comparison of these ligands with Remdesivir shows that

they are all recommended as potential inhibitors of 3CLprotease of COVID 19.
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Chapter 1

Introduction

1.1 Background

SARS CoV 2 (severe acute respiratory syndrome coronavirus 2), was first reported

in a city of Wuhan, China [1]. The infection rate of the corona virus (SARS-

CoV-2) was so high that it infected more than one thousand people in fifteen

days. Afterwards, the number of infected patients keeps on increasing day by

day with a 2-4% mortality rate [2]. The infection was highly contagious because

it spreads through the liquid droplets that are produced during coughing and

sneezing. The virus could survive for few days in these droplets and spreads

quickly via hand to mouth or hand to high contact and contaminated hard metallic

surfaces. Therefore, close human contact was prohibited as a first safety precaution

from this virus [3].

COVID-19 is a systemic disease that starts from the airway and reaches blood

through the lungs. Blood disseminate the virus to the multiple organs among

which the nervous system, kidneys, spleen, liver and muscles are more prone to

infection [3], [4]. Of note, coronavirus produces mild infection except the few

variants (beta SARS-CoV and MERS-CoV) which have caused more deaths [8],

[9], [10], [11]. On January 30, 2020, the WHO (World Health Organization)

declared the COVID 19 pandemic as the sixth public health emergency (SPHEC)

1



Introduction 2

[5]. However, this was not the coronavirus’ first outbreak, previously the“SARS-

CoV 1” outbreak in 2002 and the “MERS-CoV” (middle east respiratory syndrome

coronavirus) outbreak in 2012 had been reported [6].

“COVID-19” is supposed to be the third coronavirus pandemic that has affected

more than 209 countries, including Pakistan. According to WHO, there were a

total of 416,614,051 cases reported, with 5,844,097 mortalities to the date, whereas

the United States has the highest number of positive coronavirus cases, followed

by Italy and Spain (WHO). Coronaviruses are enveloped, non-segmented positive-

sense RNA viruses that are widely distributed in humans and other mammals.

They belong to the family Coronaviridae and the order Nidovirales [7]. This

virus is responsible of encoding twenty different proteins which include four main

structural proteins i.e. “S: spike”; “N: nucleocapsid”, “E: envelope”; “M: mem-

brane” and some nonstructural proteins such as RNA-dependent RNA polymerase

“RdRp”, coronavirus main protease “3CLpro”, and also papain-like protease “PL-

pro” [12]. The enveloped viruses enter the cells via two routes: (1) a “pH-

independent receptor-mediated pathway” in which the envelope of the virus at-

taches with the cell membrane of the host cell to recruit viral de-coating, and (2)

a “pH-dependent endocytic pathway” in which clathrin caveolin help the trans-

portation of the virus the endosome “low pH environment” [13] [14]. The first

identified passageway for entry of SARS-CoV 2 is the direct fusion through plasma

membrane [15]. While some subsequent research has revealed that virus entry

may be pH dependent [16].

COVID-19 is currently being treated with a variety of small molecule drugs and

vaccines. The World Health Organization (WHO) reported that till September 17,

2020, 36 candidates were in clinical trials to treat COVID-19, and 146 vaccines were

in preclinical trials. Granted the ability of vaccines to prevent and treat SARS-

CoV-2 infection [17]. The following vaccines have received EUL as of November

26, 2021:

� The “Pfizer/BioNTech Comirnaty”, 31 December 2020.

� The “AstraZeneca/AZD1222 vaccines”, 16 February 2021.
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� The “Janssen” developed by Johnson and Johnson, 12 March 2021.

� The “Moderna COVID-19 vaccine” (mRNA 1273), 30 April 2021.

� The “Sinopharm COVID-19 vaccine”, 7 May 2021.

� The “Sinovac Corona Vac”, 1 June 2021.

� The Bharat Biotech BBV152 COVAXIN vaccine, 3 November 2021. (World

Health Organization (WHO) https://www.who.int/news-room/questions\

-and-answers,coronavirus-disease-(covid-19)-vaccines.

Herbal remedies and natural compounds derived from medicinal plants are good

source of inspiration for the development of new antiviral medicines. Some nat-

ural drugs have been presented to have antiviral properties against several types

of viruses, such as “herpes simplex virus” [18], [19], “influenza virus” [20], “hu-

man immunodeficiency virus” [21], “hepatitis B and C viruses” [22], “SARS and

MERS” [23]. To combat the global corona crisis, it is necessary to identify and

discover new effective antivirals. Many anti-inflammatory and anti-viral natural

compounds and their derivatives have a high affinity for 3-chymotrypsin-like pro-

tease (3CLpro). For more than three decades, computer-assisted drug discovery

“CADD” have been critical in the formation of small molecules that have been

therapeutically important. Using computational methods such as molecular dock-

ing to screen chemical virtual libraries can save money and time, resulting in faster

speeds and the identification of potential drugs. To combat COVID-19, a num-

ber of research groups have devised novel policies, such as republishing existing

medicines, natural products [24]. Furthermore, enormous efforts had been made

in recent years to reveal the antiviral potential of these naturally occurring agents

by disturbing the life cycle of the virus at different stages, such as at virus entry,

replication, assembly, and release. Also these agents affect the virus-host interac-

tions [25]. The 3CLpro had been proved to be a potential target site in corona

virus, the genome sequence has identified that SARS-CoV-2 is very related to

SARS-CoV-1, so for COVID-19, the target site for scanning against the natural

compounds of herbal medicines is the main protease [26].

https://www.who.int/ news- room / questions \- and - answers,coronavirus-disease-(covid-19)-vaccines
https://www.who.int/ news- room / questions \- and - answers,coronavirus-disease-(covid-19)-vaccines
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1.2 Problem Statement

WHO had categorized SARS-CoV-2 as a major global threat to humanity due to

its high fatality rate, high transmission rate, and increased reproduction. The goal

of the study was to uprise the information on natural agents which have potential

antiviral activity against coronaviruses, as well as to deliberate their molecular

goals and mechanisms with least side effects and easy availability. This study will

suggest a remedy against COVID 19.

In this study, we targeted the 3CL protease enzyme of the virus with the active

compounds having antiviral properties present in essential oils of spices for the

conduction of extensive computational studies through molecular docking.

1.3 Aims and Objectives

This study aims to predict the most effective inhibitors present in essential oils of

spices against 3CL protease of SARS- CoV 2 to overcome COVID-19 pandemic.

Objectives of this study are as follow:

1. Identifying potential inhibitory compounds with therapeutic potential in es-

sential oils of spices against 3CL protease of SARS-CoV.

2. To explore the association between a ligand and protein complex by molec-

ular docking.

3. To determine the best interacting molecules that have inhibitory effects on

the virus.
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Review of Literature

2.1 SARS-CoV-2

Coronaviruses (CoVs) are members of the Coronaviridae family (subfamily Coro-

navirinae), and the order Nidovirales. Coronavirinae is divided into four genera:

alpha coronaviruses, beta coronaviruses, gamma coronaviruses, and delta coron-

aviruses [27]. Humans have been infected with the Alpha coronavirus and Beta

coronavirus [28]. Coronaviruses (CoVs) are enveloped viruses with the largest

known genome for an RNA virus, a single-strand, positive-sense RNA genome

measuring approximately 26–32 kilo bases [29].

Figure 2.1: Structure of SARS-CoV-2 [31] .

5
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The genomic organisation of SARS-Cov-2 is similar to that of other beta coron-

aviruses, with an untranslated region at the 5’ end, a complex of nonstructural

proteins, a spike protein gene (S), an envelope protein (E), a membrane protein

(M), and a nucleocapsid protein gene (N) with untranslated regions at the 3’ end.

The three proteins M, E, and S are involved in the viral coat, whereas the N

protein is responsible for viral genome packaging (Figure 2.1) [30] [31].

2.2 Origin

Several studies have indicated that these viruses reached the human population

via intermediate hosts such as civets and camels in the case of ”SARS-CoV” and

”MERSCoV,” respectively, from their native reservoir bats. The bat Severe Acute

Respiratory Syndrome-related-Coronavirus shares 96.2% of its DNA with SARS-

CoV-2 (SARSr- CoV RaTG13). The S1 subunit of pangolin CoV’s spike protein

was related to ”SARS Cov-2” more closely than previous pandemic viruses. The

genomes of the pandemic strains presently circulating were found to be 99.98-100

% identical, implying a recent transfer to humans [32].

2.3 Entry and Life Cycle

The first step in the viral life cycle is virus entry into a host cell. Coronaviruses

have three surface proteins: a “spike” (S), a “membrane,” and a “envelope.” The

“M and E proteins” aid in particle assembly and discharge, while the “Spike(S)

protein” binds host cell receptors and connects the viral and cellular membranes,

both of which are required for infectious entry. [33], [34]. The first step in the entry

of SARS-CoV-2 is the binding of S protein to the angiotensin-converting enzyme

2 (ACE2) of the host cell surface receptor [35]. Endosomal cathepsin L aids in

the cleavage and activation of the virus’s spike protein, allowing it to quickly fuse

with the ACE2 receptor found in different human organs. The presence of the

serine proteinase TMPRSS2 on the cell membrane facilitates virus entry into the
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cell via direct fusion [36], [37]. Following that, the protein TMEM41B alters

the shape of the ER membrane to create pockets that can serve as factories for

viral replication [37], [38]. When the SARS-CoV-2 enters the cell, its genomic

material is released into the cytoplasm and translated into proteins in the nucleus.

Within its genome range, the virus is attained by nearly 14 Open Reading Frame

(ORF), each encoding a number of proteins, both structural and non-structural,

which play a role in the maintenance of the wireless power. Throughout this stage

of transformation, the same gene classes that express non-structural polyproteins

initially translate this process into ORF1a and ORF1b, allowing the two significant

overlapping polyproteins, pp1a and pp1ab, to take part in the ribosomal frame

shifting event Figure 2.2 [37].

Figure 2.2: Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
Lifecycle [37] .

Polyproteins are enhanced by papain-like proteases (PLpro) and serine-type Mpro

(chymotrypsin-like proteases 3CLpro) encoded by nsp3 and nsp5. Numerous peo-

ple with nsps form reflex transcriptase complexes (RTCs) in double membrane

vesicles (DMVs), which are primarily RNA-dependent RNA polymerase (RdRp)

and helicase-containing subunits [39]. The subgenomic proteins’ framework and

accessories are translated into peptides such as ”M, S, and E,” which are protected
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in the ”endoplasmic reticulum” before being moved to the ”endoplasmic reticulum-

Golgi intermediate compartment” (ERGIC). Meanwhile, the genome programme

that has already been designed can encode the N protein directly in nucleocap-

sid form and deliver it to the ERGIC. In this chamber, nucleocapsids will join

with numerous other protein molecules to form small mucous vesicles that will be

exocytosed from the cell [40].

2.4 Symptoms

“COVID-19” symptoms are broad-spectrum, and disease expression can range

from no signs “asymptomatic” to respiratory failure and decease. According to

one study, the symptoms were temperature - 98 %, dry cough - 76 %, muscle

stiffness tiredness – 44%, and mucus - 28 %, migraine - 8 %, hemoptysis - 5 %,

and diarrhea - 3%.

Approximately 50 % of the patients had shortness of breath. Lymphocytopenia

was found in 63% of the patients. All of the patients were suffering from pneumo-

nia. The most serious indication was acute respiratory distress syndrome (29%)

followed by acute heart injury (12%) and secondary infections (10%); 32 % needed

ICU treatment [41].

2.5 Statistics

As reported by WHO at 6:03pm CET, 14 January 2022, there had been 318,648,834

confirmed cases of COVID-19, including 5,518,343 deaths worldwide. In Pakistan,

from 3 January 2020 to 6:03pm CET, 14 January 2022, there had been 1,312,267

confirmed cases of COVID-19 with 28,992 deaths.

In Pakistan, 43% was the peak and rising in COVID-19 cases and there were 8

infections per 100,000 people reported. Table 2.1 shows the statistical analysis of

covid-19 cases in Pakistan and globally. The total cases, recovered and death.
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Table 2.1: Statistical analysis of Covid-19 cases in Pakistan ad globally.

Statistics Pakistan Globally

Total Cases 1,312,267 318,648,834

Recover Cases 1,263,584 261,799,130

Deaths 28,992 5,518,343

2.6 Treatment

To the date many types of vaccines under clinical trials while 4 of them are ap-

proved, which are as follow:

1. “Viral vector vaccines”: This vaccine contains SARS-CoV-2 genetic material

that is delivered by a nontoxic virus (the viral vector). When we are injected

with genetic material, our cells use it to produce a specific viral protein that

our immune system identifies and responds to (Figure 2.3).

Figure 2.3: Viral vector vaccines [42] .

This is used in the AstraZeneca to protect against COVID-19.

2. “Genetic vaccines”: The vaccines contain a genetic portion of the SARS-

CoV-2 virus that causes COVID-19 to be generated. The genetic material
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RNA, in the case of the ”Moderna and Pfizer/BioNTech vaccines,” codes for

a viral protein. When we receive vaccines, our cells use the genetic material

in the vaccines to produce the protein, which our immune system identifies

and responds to (Figure 2.4).

Figure 2.4: Genetic vaccines [42] .

3. “Inactivated vaccines”: The vaccine contains a killed SARS-CoV-2 virus,

which the immune system identifies and responds to without causing COVID-

19 disease (Figure 2.5).

Figure 2.5: Inactivated vaccines [42] .

This mechanism is used by Sino vac, Sino pharm and Bharat biotech.
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4. “Protein vaccines”: It is a recombinant protein subunit vaccine that specifi-

cally targets the spike protein. By attacking the spike protein, the vaccine is

designed to elicit a strong immune response against the virus (Figure 2.6).

Novavax is the company that developed it using the nanoparticles technique.

Figure 2.6: Protein vaccines [42] .

People who had received the vaccine have also reported side effects such as pain and

swelling at the injection site, tiredness, moderate to severe fever, and migraine.

Dosing strategies differ depending on the type of vaccine, and symptoms may

worsen with each dose phase. In the European Union, the mRNA-1273 vaccine

was prescribed using a one-dose-fits-all approach, with the elderly getting a full

dose and the young getting a half dose. The death rate was reduced as a result of

the vaccine injection, but the complications differed from person to person [42].

2.7 Medicinal Plants

Medicinal plants are plants that have therapeutic potential or have important

medicinal impacts on human or animal body. Herbal medicines have always been

a significant source of bioactive substances in medical products. To treat their

diseases, early humans relied on their instincts, flavours, and experience. As a
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result, the history of medicinal plants is as ancient as mankind. Some plants were

directly applied to injuries, while others were steamed to obtain the compounds

found in the plant for treatment. Many plants’ therapeutic properties have been

considered for this, and these plants have played a vital role for making drugs

[12].

Several hundred plant and herb species with antiviral potential had been studied.

Flavonoids, terpenoids, lignans, sulphides, coumarins, saponins, furyl compounds,

alkaloids, proteins, and peptides are all examples of natural substances. All of

these compounds had previously been identified as active phytochemicals. Some

volatile essential oils extracted from commonly used culinary herbs, spices, and

herbal teas had also displayed great antiviral activity [43].

Herbal traditional medicines were used in China since the early stages of the

COVID-19 outbreak. Indeed, traditional medicines helped % of the 214 patients

treated rehabilitation [12], [42]. Moreover, some traditional medicinal herbs

protected healthy people from SARS-CoV-2 infection and improved the patients’

health with moderate or severe symptoms [12].

2.8 Essential Oils

Essential oils are volatile, natural, complex compounds with a characteristic odour

that are produced by aromatic plants as secondary metabolites [45]. Plant-derived

essential oils are an important component of the agricultural industry. They are

frequently used as flavor enhancers in food, beverages, perfumes, pharmaceuti-

cals, and cosmetics. Novel therapeutic molecules can be obtained from natural

products and their extracts. Plant essential oils are used in a variety of indus-

tries, including medicine, agriculture, cosmetics, and food. The use of essential

oils in traditional medical systems has been practiced for thousands of years in

human history [46]. Essential oils have long been used for bactericidal, virucidal,

fungicidal, anti-parasitic, insecticidal, cosmetic, medicinal, and cosmetic purposes,

particularly in the pharmaceutical, sanitary, agricultural, and food industries [47].
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2.8.1 Essential Oil of Origanum vulgare

The aromatic herb oregano (Origanum vulgare) belongs to the Lamiaceae family.

O. vulgare is used in folk medicine to treat lung diseases, digestive disorders, men-

strual cramps, osteoarthritis, scrofulosis, and urogenital disorders. It’s also used

in fine dining as a culinary herb [48]. In addition to its antimicrobial proper-

ties, Origanum has shown significant antioxidant, phytotoxic, anti-inflammatory,

antifungal, and insecticidal properties in in vivo and in vitro studies [49].

Carvacrol, thymol, gamma-terpinene, and linalool are known to have high anti -

oxidant activity and carvacrol and thymol also have antimicrobial activity against

a variety of bacteria [48], [50], [53].

2.8.2 Essential Oil of Piper nigrum

The king of spices, black pepper (Piper nigrum), is one of the world’s oldest and

most popular spices. It is a member of the Piperaceae family and is used in many

Asian countries to treat rheumatoid arthritis, digestive problems, and breathing

problems54. Beta-caryophyllene (24.24 %), limonene (16.88 %), sabinene (13.01

%), bisabolene (7.69 %), and copaene (6.3 %) are some components of essential

oil [55].

2.8.3 Essential Oil of Cinnamomum verum

Cinnamon (Cinnamomum verum) is a spice derived from the bark of various trees

in the genus Cinnamomum and the Lauracea family and is used in both sweet

and savoury dishes [56]. For centuries, cinnamon has been used as a spice and

in traditional herbal medicine. Cinnamon appears to have anti-inflammatory,

anti bacterial, antioxidant, antitumor, cardio - vascular, cholesterol-lowering, and

immunostimulatory properties [57]. The main constituents of cinnamon essential

oil are (E)-cinnamaldehyde (71.50 %), linalool (7.00%), beta-caryophyllene (6.40

%), eucalyptol (5.40 %), and eugenol (4.60 %) [58]
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2.8.4 Essential Oil of Cuminum cyminum

Cuminum cyminum is the member of Apiaceae family. Cumin oil, extracted from

ripe fruit, is the plant’s medicinal component. Cumin is used as a carminative in

folk medicine to treat stomach disorders, diarrhoea, and colic [66], [67]. Cumi-

naldehyde (30.42–33.24 %), gamma-terpinen-7-al (20.54–28.36 %) [69], alpha-

terpinene (6,15–12.60 %) [70], beta-cymene (4.19–5.38 %), beta-pinene (3,10–5.36

%), and p-mentha-1,4-dien-7-ol (0.71–0.99 %) were the main components in the

essential oil [71], [72], [73].

2.8.5 Essential Oil of Trachyspermum ammi

Trachyspermum ammi is a medicinal plant in the Apiaceae family. Ajwain seeds

have antimicrobial, antilithiasis, hypolipidemic, antihypertensive, antispasmodic,

and diuretic properties. They are also antitussive, nematicidal, antihelminthic, and

antifilarial [74], [75], [76]. Major constituents of ajwain essential oil included

thymol (87.75 %), carvacrol (11.17 %), p-cymene (60.78 %), and y-terpinene (22.26

%) [77].

2.9 Molecular Docking

Molecular docking is type of computational modelling that predicts the optimal

binding orientation of one chemical molecule (a ligand) to some other chemical

compound (a receptor) when the two combine to form a stable complex [78].

Molecular docking was frequently used to predict the binding arrangement of small

molecules (drug candidates) to their biologically relevant target (such as protein,

carbohydrate, or nucleic acid) in order to identify their binding parameters.

This provides raw data for drug discovery and development (structure-based drug

development) of new agents with higher efficacy and specificity [79]. The mecha-

nism is used by Sino vac, Sino pharm and Bharat biotech will be find.
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2.10 3CL Pro or Mpro

SARS-CoV 2’s viral genome encodes about 20 proteins, having two proteases (PL-

pro and 3CL-pro) that are necessary for virus replication; they transform the two

translated polyproteins ”PP1A and PP1AB” into independent active constituents.

The main protease ”M pro,” also known as the 3-chymotrypsin-like protease ”3CL

pro,” has been discovered as a potential drug target [80]. 3CLpro cleaves polypro-

teins at eleven different locations, including a conserved Gln at the ”P1” and a

minor amino acid (Ser, Ala, or Gly) just before the ”P1” in a process known

as ”auto processing,” which is activated by the enzyme’s own autolytic cleavage.

A common characteristic was observed in many crystal structures of coronavirus

3CLpro from ”TGEV, HCoV 229E, and SARS-CoV.” ”Residues 1-184” are two

chymotrypsin-like -domains, while ”Residues 201-303” is one B-helical dimeriza-

tion domain. 3CLpro’s active site is found in the pit between domains ”I” and

”II,” and it comprises a catalytic pair made up of His41 and Cys145. Domain III

was believed to facilitate dimer formation since the C-terminal helical domain III

”residues 201-306” created a stiff dimer on their own (Figure 2.7) [81], [82].

Figure 2.7: Structure of 3CL protease of SAES-CoV-2 [82] .
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2.11 Natural Compounds as Inhibitors of 3CL

Protease

Natural agents from the terpnoid and alkaloid groups suppress 3CLpro with a simi-

lar inhibitory pattern to SARS-CoV-2. The place of inhibitory activity, interaction

with conserved catalytic dyad residues ”Cys-145 and His-41”, binding affinity and

beneficial expected ADMET properties all suggest that ’6-Oxoisoiguesterin,’ ’10-

Hydroxyusambarensine,’ ’Cryptoquindoline,’ and ’22-Hydroxyhopan-3-one’ are ef-

fective against 3CL protease. To treat the viral illness, a variety of phenolic

plants were often used. Indigo, indirubin, B-sitosterol, and Y-sitosterol are among

the phytochemicals contained in I. tinctoria L. root. Seven different compounds

were studied for their potential to inhibit 3CLpro, including aloe-emodin, hes-

peretin, quercetin, emodin, and chrysophanol. In a cell-based experiment, aloe-

emodin, sinigrin, and hesperetin were found to decrease 3CLpro cleavage ability in

a dose-dependent manner [82]. “Chalcones”, “flavanones”, and “oumarins” from

Angelicae Sinensis Radix had dose-dependent inhibitory effects against SARS-

CoV by blocking the action of 3CLpro. Furthermore, phytochemicals such as

hesperetin and sinigrin isolates obtained from Isatidis Radix, tingenone, celas-

trol, pristimererin, and iguesterin isolated from Triterygium regelii, and quercetin

derivatives quercetin-3-B-galactoside have antiviral activity against SARS-CoV by

targeting SARS-CoV 3CLpro [25]. Natural agents from the alkaloids and terpnoids

classes, are effective in suppressing the 3CLpro with a conserved inhibitory pattern

to SARS-CoV-2. The site of inhibitory activity, binding affinity, interaction with

conserved catalytic dyad residues ”Cys-145 and His-41,” and favourable expected

ADMET parameters all point to ’6-Oxoisoiguesterin’, ’10-Hydroxyusambarensine’,

’Cryptoquindoline’, and ’22-Hydroxyhopan-3-one’ being effective against SARS-

CoV-2 3CL protease [82]. Numerous phenolic herbs were commonly used to treat

the viral infection. Phytochemicals found in I. tinctoria L. root include indigo, in-

dirubin, indican, B-sitosterol, sinigrin, and Y-sitosterol. Seven other compounds,

including aloe-emodin, daidzein, hesperetin, quercetin, naringenin, emodin, and

chrysophanol, were tested for their ability to inhibit SARS-CoV 3CLpro [82].



Chapter 3

Research Methodology

3.1 Methodology Flowchart

Figure 3.1: The flowchart of research methodology.

17
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3.2 Selection of Disease

The unpredicted pandemic caused by the novel coronavirus 2019 (COVID-19) had

caused widespread panic. COVID-19 had caused havoc, and scientists and doctors

were urged to test the safety and effectiveness of drugs used to treat this illness. In

such a pandemic situation, the government had taken a number of steps to prevent

and control the SARS-CoV-2. Because of the pandemic situation, scientists had

to rethink strategies for combating viral infections through drugs, therapies, and

precautions. COVID-19 treatment involves limiting viral multiplication as well as

neutralizing tissue damage caused by an inappropriate immune response. Nowa-

days, several COVID-19 diagnostic kits are available, and re-purposing COVID-19

medications has been shown to be effective for patients [82].

3.3 Selection of Protein

3CL-pro is required for virus replication because it converts the two polyproteins

“PP1A and PP1AB” into distinct active constituents. The 3-chymotrypsin-like

protease “3CL pro,” which is also called as the main protease “M pro,” has been

identified as a potential therapeutic target [80].Mpro cleavage of pp1a and pp1ab

polyproteins leads to the production of functional proteins such as “RNA poly-

merase”, “endoribonuclease”, and “exoribonuclease”. Inhibition of the Mpro en-

zyme results in not only inhibition of viral development but also it boost the host’s

innate immunity against CoV. Recently, the 3D crystal structure of 3CL protease

obtained from one specific coronavirus (PDB ID: 6LU7) was published [76].

3.4 Determination of Physiochemical Properties

of Proteins

The study and determination of a protein’s physical and chemical properties is

critical in determining its function. ProtParam, an ExPAsy tool, was used for
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it. The molecular weight, isoelectric point, number of amino acids present, grand

average of hydropathicity, instability index, and number of negatively charged

(Asp+Glu) and positively charged (Arg+Lys) residues were investigated [77].

3.5 Cleaning of the Downloaded Protein

After downloading the protein structure, the extra constituents attached to the

protein was removed using the open source system Pymol. The linear chain con-

taining 1-301 amino acids was referred as the A chain, and the remaining protein

constituents was eliminated [78].

3.6 Determination of Functional Domains of Tar-

get Proteins

InterPro, a database that can analyse a protein, was used to determine the domains

of the target protein. It also provides information about the families, functional

sites, and domains of the protein under study [79]. By inserting the main protease’s

FASTA sequence.

3.7 Selection of Active Metabolic Ligands

The active cpmpounds which were present in the essential oils of spices were se-

lected upon their antiviral, antibacterial and antioxidant properties.

3.8 Ligand Preparation

We had downloaded the 3-dimensional structure of the above-mentioned ligands

from the PubChem database. PubChem is a database maintained by the National
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Center for Biotechnology Information (ncbi) that contains information about chem-

ical molecules. The information saved was associated with chemical names and

molecular formulas. 3D or simple structures, their isomers, canonical similies, and

information about the molecules’ activities in biological assays [80]. The structure

of the ligands obtained from PubChem were downloaded, and the MM2 energy of

the ligands was minimized using Chem3D ultra. If the selected ligand structure

was not available, our next attempt would be to download the canonical similies

from PubChem, insert them in the software ChemDraw, and then repeat the en-

ergy minimization step using Chem3D ultra after obtaining the 3D structure [81].

Finally, the sdf format was chosen to save the ligand’s energy-minimized structure.

3.9 Molecular Docking

CB-dock (Cavity detection guided blind docking) was used to perform molecular

docking between the protein and the ligand. CB dock automatically locates dock-

ing locations. CB-Dock is a protein and ligand docking method that calculates

the size and location of the bonding sites. The box size was adjusted based on the

ligand, and docking was then performed. AutoDock Vina was used to dock the

device. Because we were focused on cavity binding, the accuracy ratio was higher.

We uploaded the 3D structure of the protein in pdb format and the 3D structure

of the ligand in sdf format for docking. The end result of this docking would

be five different poses of interaction. To choose the best pose, we considered the

minimum vina score, which is expressed in KJ/m-1. CB -Dock displayed results

in 5 different poses in an interactive 3D visualisation. The best pose was chosen

based on the lowest vina score (kJ/m-1) [82].

3.10 Visualization of Docking Result Via PyMol

PyMol displayed the docked complex of ligand and protein. It is a free open source

molecular visualisation tool that can generate high-quality 3D images of proteins,
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small molecules, nucleic acids, and electron densities, among other things. This

was capable of editing molecules, ray tracing, and creating movies. Docking poses

generated by CB-Dock were visualised and saved as a molecule in.pdb format in

a single file for further analysis [82].

3.11 Analysis of Docked Complex Via LigPlot

Once we had the docked complex with the lowest vina score, the complex was

analysed. The complex was stored in pdb format. This analysis wqa carried out

with the help of the software LigPlot. For the given pdb file format, schematic

diagrams of protein and ligand interactions was created automatically. Hydrogen

bonds and hydrophobic contacts influence these interactions. LigPlot analyses the

hydrophobic and hydrogen bonding interactions. LigPlot generated a 2D repre-

sentation of the protein-ligand complex using this method.

3.12 Ligand ADMET Properties

Following the analysis, the next step was to investigate the pharmacokinetic

and toxicity properties. During preclinical ADMET, the drug’s weak candidates

were eliminated. The remaining candidates were chosen as potential anti-disease

drugs. The PkCSM was used to optimise the ADMET (Absorption, Distribution,

Metabolism, Excretion and Toxicity) of the human body [82].

3.13 Lead Compound Identification

After all the work was performed the next step was to find the lead compound. The

lead compound was identified after applying the Lipinski rule of 5 which includes.

1. The log value of the drug-like compound must be limited to 5.
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2. The molecular weight should also be lesser than 500.

3. Hydrogen bond acceptors maximum number should be 10.

4. Hydrogen bond donor’s maximum number should be 5.

Once the compound fulfills these rule it was selected as our lead compound. The

selected compound was our lead compound [81].

3.14 Comparison of Antiviral Drug Against

COVID- 19 and Lead Compound

Remedisvir, a drug with antiviral properties against MERS, SARS-Cov, and other

viruses, was chosen as a standard drug to compare to the lead compound. Remedis-

vir had been used against viral replication proteins and had shown effective results

in places such as Rome and the United States [80].

Despite the fact that much work had been done in developing vaccines and drugs

to combat Covid-19, there was still a gap in the treatment and cure of this disease.

The active compounds derived from essential oils of spices that were chosen as the

lead compound and show more positive results when compared to the existing

drug can be the future of medicinal drug against COVID-19.



Chapter 4

Results and Discussions

4.1 Sequence Retrieval of Protein

3CL pro, the protein chosen, is a CoV enzyme that plays an important role in the

virus’s replication and transcription. As a result, it is regarded as an attractive

enzyme of the virus to be focused. 3CL pro is a 33.8 kDa protein that digests

polypeptides at nearly 11 conserved sites, making it an effective drug target [74].

The Protein Data Bank (PDB) contains a lot of information on protein-ligand

complexes. The 3D structure of coronavirus’s 3CL protease was obtained from

the protein data bank (PDB) as 6LU7. The structure of 3CL protease which was

available in PDB was shown in Figure 4.1.

> 6LU7-1—Chain A—3C-like proteinase—Severe acute respiratory syndrome coro-

navirus 2 (2697049)

SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDML

KVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNFTIKGSF

LNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTDLEGNFYGPFVDRQTA

QAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYEPLT

QDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDV

VRQCSGVTFQNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMQNCVLKL

NPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMQNCVLKL [80].

23
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Figure 4.1: Structure of 3CL protease from PDB

The structure of 3CL protease which wass available in PDB was shown in Figure

4.1.

4.2 Analysis of Physiochemical Properties of 3CL

Protease

ProtParam, an ExPASy tool, is used to investigate the properties of protein 3CL

pro. It is an online tool for determining the physical and chemical properties of

proteins entered into Swiss-prot or TrEMBL databases, as well as proteins entered

by users. The parameters studied include molecular weight, protein amino acid

composition, atomic composition, theoretical pI, instability index, and aliphatic

index [63].

A protein with a pI greater than 7 indicates that it is basic, whereas a protein with

a pI less than 7 indicates that it is acidic. The aliphatic index measures a protein’s
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thermostability. The protein’s molecular weight (MW) reveals both positive and

negative amino acid residues. The negative charge residues (Asp+Glu) are denoted

by NR, while the positive charge residues (Arg+Lys) are denoted by PR.

Analysis of physicochemical parameters revealed that the 3CLpro polypeptide is

306 amino-acid long with a molecular weight of 33,796.64 da, which gives the

protein a stable, hydrophilic molecule capable of forming hydrogen bonds Table

4.1.

Table 4.1: Physiochemical properties of 3CL protease.

MW pI NR PR

33796.64 5.95 26 22

Instability

Index

Aliphatic

Index

Amino

Acids

Total

Atoms

27.65 82.12 306 4686

The above table shows the molecular weight of Mpro as 33796.64 which is a col-

lective weight of negative (NR) and positive amino acids residues (PR). The pI

of the selected protein is 5.95, indicating that it is acidic in nature. The selected

protein 3CLpro has a high stability index of 27.65, indicating that it is a very

stable protein. The aliphatic index also indicates that the protein is thermostable.

4.3 Identification of Functional Domains

The InterPro consortium is used to identify functional domains. InterPro aids in

the functional analysis of proteins and categorises them into families by locating

functional domains and other important sites. Functional domains are the active

parts of proteins that allow them to interact with other proteins or substances. In

the case of 3CL protease of SARS-CoV-2 domains I, II and III consist of residues

1-8 and 8–184 and 201–306, respectively [63].
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Figure 4.2: Functional Domains of 3CL Protease [63]

4.4 Structure of Protein Cleaned for Docking

PyMol was used to refine the selected protein before it was used in molecular

docking. The extra side-chain C is also removed as shown in Figure 4.3, now the

protein is ready for docking. Domains I and II are made up of antiparallel -barrels,

whereas Domain III is made up of a globular cluster composed of five antiparallel

alpha-helices. Domain III is linked to Domain II by a 185-200 residue long loop

region. Refined 3D structure of 3CL protease was shown in Figure 4.3.

Figure 4.3: Refined Structure of 3CLpro for Docking.
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4.5 Ligand Selection

The discovery of the 3CLpro structure in SARS-CoV-2 gives the possibility to

identify possible drug targets for COVID-19 treatment. Because the viral 3CLpro

controls coronavirus replication and is required for its life cycle, it had been iden-

tified as a drug discovery target for SARS-CoV-2 [76]. The ligands were chosen

based on their binding affinities and the best resolution structure based on the

chemical class of the crystal bound to the protein. The active compounds of the

selected plants’ ligands were found using PubChem, the world’s largest chemical

databank. These ligands’ 3D structures were downloaded in SDF format from

PubChem and we used ChemD for energy minimization of these compounds. This

is an important step because we can’t just use the downloaded structure because

the ligands are unstable and can affect the docking vina scores. Tables 4.2 to 4.6

showed the selected ligands from different spices.

The table 4.2 below showed molecular formula, molecular weight and structure of

ligands selected from Origanum vulgare.

Table 4.2: Ligands from Origanum vulgare

Compounds
Molecular

Formula

Molecular

Weight

(g/mol)

Structure

Carvacrol C10H14O 150.22

Thymol C10H14O 150.22

Alpha-

terpineol
C10H18O 154.25
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Gamma-

terpineol
C10H18O 154.25

Linalool C10H18O 154.25

The table 4.3 below showed molecular formula, molecular weight and structure of

ligands selected from Piper nigrum.

Table 4.3: Ligands from Piper nigrum

Compounds
Molecular

Formula

Molecular

Weight

(g/mol)

Structure

Beta

caryophyllene
C15H24 204.35

Piperine C17H19NO3 285.34

Sabinene C10H16 136.23

Beta-

pinene
C10H16 204.35

Alpha-

copaene
C15H24 220.35

The table 4.4 below showed molecular formula, molecular weight and structure of

ligands selected from Cinnamomum verum.
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Table 4.4: Ligands from Cinnamomum verum

Compounds
Molecular

Formula

Molecular

Weight

(g/mol)

Structure

Cinnamaldehyde C9H8O 132.16

Linalool C10H18O 154.25

Eucalyptol C10H18O 154.25

Beta-

caryophyllene
C15H24 204.35

Eugenol C10H12O2 164.20

The table 4.5 below showed molecular formula, molecular weight and structure of

ligands selected from Cuminum cyminum.

Table 4.5: Ligands from Cuminum cyminum

Compounds
Molecular

Formula

Molecular

Weight

(g/mol)

Structure

Cinnamaldehyde C10H12O 148.20
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P-Cymene CH3C6H4CH (CH)2 134.22

Thymol C10H14O 150.22

Beta-

pinene
C10H16 136.23

Gamma-

Terpinene
C10H16 136.23

The table 4.6 below showed molecular formula, molecular weight and structure of

ligands selected from Trachyspermum ammi .

Table 4.6: Ligands from Trachyspermum ammi

Compounds
Molecular

Formula

Molecular

Weight

(g/mol)

Structure

Thymol C10H14O 150.22

P-cymene CH3C6H4CH 134.22

Carvacrol C10H14O 150.22

Beta-pinene C10H16 136.23
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Terpinene-4-ol C10H18O 154.25

Table showed the physiochemical properties of different ligands selected from 5

different spices. Physiochemical properties includes molecular weight, molecular

formula and structure. All the selected ligands showed good physiochemical prop-

erties.

4.6 Virtual Screening

The most important issue during drug development is safety, which includes a

variety of toxicities and unfavorable drug effects that should be evaluated in the

preclinical and clinical phases [76]. Selected ligands from the PubChem database

follow the Lipinski rule, as shown in Table 4.7. The log p value of the molecule

should be limited to 5, the molecular weight should be less than 500, the maximum

number of H bond acceptors should be 10, and the maximum number of H bond

donors should be 5.

Table 4.7: Selected ligands showing Lipinski rule of five.

Ligands
Log P

Value

Molecular

Weight
HBD HBA

Rotatable

Bonds

Carvacrol 2.82402 150.22 1 1 1

Thymol 2.82402 150.22 1 1 1

Alpha-

terpineol
2.5037 154.25 1 1 1

Gamma-

terpineol
2.6478 154.25 1 1 0

Linalool 2.6698 154.25 1 1 4
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Table 4.7: Selected ligands showing Lipinski rule of five.

Ligands
Log P

Value

Molecular

Weight
HBD HBA

Rotatable

Bonds

Beta-

caryo-

phyllene

4.7252 204.35 0 0 0

Piperine 2.9972 285.34 3 0 3

Sabinene 2.9987 136.23 0 0 1

Beta-

pinene
2.9987 136.23 0 0 0

Alpha-

copaene
4.2709 204.35 0 0 1

Cinnam-

aldehyde
1.8987 132.16 1 0 2

Linalool 2.6698 154.25 1 1 4

Beta-

caryo-

phyllene

4.7252 204.35 0 0 0

Eucaly

ptol
2.7441 154.25 1 0 0

Eugenol 2.1293 164.20 2 1 3

Cumin-

aldehyde
2.6225 148.20 1 0 2

P-

Cymene
3.11842 134.22 0 0 1

Beta-

pinene
2.9987 136.23 0 0 0

Gamma-

terpinene
3.3089 136.23 0 0 1

Thymol 2.82402 150.22 1 1 1

Thymol 2.82402 150.22 1 1 1
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Table 4.7: Selected ligands showing Lipinski rule of five.

Ligands
Log P

Value

Molecular

Weight
HBD HBA

Rotatable

Bonds

Carvacrol 2.82402 150.22 1 1 1

P-cymene 3.11842 134.22 0 0 1

Beta-

pinene
2.9987 136.23 0 0 0

Terpin-

ene-4-ol
2.5037 154.25 1 1 1

Table showed 4.7 that all the ligands had followed Lipinski rule of five. It includes

molecular weight, log P value, hydrogen bond acceptor (HBA), hydrogen bond

donor (HBD) and rotatable bonds. Gamma-terpineol had log p value 2.6478 with

molecular weight of 154.25 g/mol. Piperine had log P value of 2.9972 and molecular

weight was 285.34 g/mol. Cinnamaldehyde had log P value of 1.8987 while the

molecular weight was 132.16 g/mol. Cuminaldehyde had log P value of 2.6225

with molecular weight of 148.20 g/mol and Terpinene-4-ol had shown log P value

of 2.5037 while molecular weight was 154.25 g/mol.

4.7 Molecular Docking

Molecular docking is a technique that uses the vina score function to estimate the

strength of a ligand bonded to a receptor protein and to determine the correct

structure of the ligand that binds to the binding site. Docking was performed

using the 3D structures of the ligands and the protein. CB dock, an online blind

auto docking tool was used for this purpose. The receptor protein 3CL pro and

the 25 ligands selected above were used in molecular docking.

The protein was in PDB format, and the ligands were in SDF. CB dock then

validates the input files before converting them to pdb format. Then CB dock

predicts the receptor’s cavities and calculates the centres and sizes of the top
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five cavities. The best of the five best conformations is chosen based on a high

affinity score of the interaction between both the protein and the ligand. CB-Dock

presented results in 5 different poses in an interactive 3D visualisation. The best

pose was chosen based on the lowest vina score (kJ/m-1) [77].

Protein-ligand docking is an effective technique for computer-aided drug discovery

(CADD) [78]. Tables 4.8 displays the ligands with the highest binding scores.

Table 4.8: Docking results of selected ligands.

Ligands

Binding

Score

(kJ/m-1)

Cavity

Size

Log

P

Value

Molecular

Weight
HBD HBA

Rotat-

able

Bonds

Carva-

crol
-5.3 212

2.82

402
150.22 1 1 1

Thymol -5 548
2.82

402
150.22 1 1 1

Alpha-

terpineol
-5.3 548

2.50

37
154.25 1 1 1

Gamma-

terpineol
-5.2 212

2.64

78
154.25 1 1 0

Linalool -4.9 258
2.66

98
154.25 1 1 4

Beta-

caryo-

phyllene

-5.9 212
4.72

52
204.35 0 0 0

Piperine -7 688
2.99

72
285.34 3 0 3

Sabinene -5 212
2.99

87
136.23 0 0 1

Beta-

pinene
-4.7 212

2.99

87
136.23 0 0 0
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Table 4.8: Docking results of selected ligands.

Ligands

Binding

Score

(kJ/m-1)

Cavity

Size

Log

P

Value

Molecular

Weight
HBD HBA

Rotat-

able

Bonds

Alpha-

copaene
-6 212

4.27

09
204.35 0 0 1

Cinnam

aldehyde
-5.2 212

1.89

87
132.16 1 0 2

Linalool -4.9 258
2.66

98
154.25 1 1 4

Beta-

caryo-

phyllene

-5.9 212
4.72

52
204.35 0 0 0

Eucal-

yptol
-5.1 212

2.74

41
154.25 1 0 0

Eugenol -5.5 212
2.12

93
164.20 2 1 3

Cumin-

aldehyde
-5.2 212

2.62

25
148.20 1 0 2

P-

Cymene
-5.1 212

3.11

842
134.22 0 0 1

Beta-

pinene
-4.7 212

2.99

87
136.23 0 0 0

Gamma-

terpinene
-5.1 212

3.30

89
136.23 0 0 1

Thymol -5 548
2.82

402
150.22 1 1 1

Thymol -5 548
2.82

402
150.22 1 1 1

Carvacrol -5.3 212
2.82

402
150.22 1 1 1
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Table 4.8: Docking results of selected ligands.

Ligands

Binding

Score

(kJ/m-1)

Cavity

Size

Log

P

Value

Molecular

Weight
HBD HBA

Rotat-

able

Bonds

P-cymene -5.1 212
3.11

842
134.22 0 0 1

Beta-

pinene
-4.7 212

2.99

87
136.23 0 0 0

Terpi-

nene-4

-ol

-4.7 212
2.50

37
154.25 1 1 1

Table showed 4.8 the docking results of selected ligands. Gamma-terpineol showed

binding score of -5.2 kJ/m-1 and cavity size was 212. Piperine showed binding

score of -7 kJ/m-1 and cavity size was 688. Cinnamaldehyde had shown binding

score -5.2 kJ/m-1 with cavity size of 212. Cuminaldehyde showed binding score

-5.2 kJ/m-1 and cavity size was 212 and Terpinene-4-ol had shown binding score

of -4.7 with cavity size of 212.

4.8 Interaction of Ligands and Targeted Protein

In computational biology, LigPlot generates a schematic 2D representation of a

protein-ligand complex, allowing for the rapid inspection of many enzyme com-

plexes and demonstrating a simple and informative representation of the inter-

molecular interactions and their strengths, including hydrogen bonds, hydrophobic

interactions, and atom accessibility [79].

LigPlot was used to analyse the docked complex (pdb), which automatically gen-

erates schematic diagrams of protein-ligand interactions for a given PDB file [80].

2D representation of docked complexes were shown in Figures 4.4 – 4.28.
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Figure 4.4 showed the interaction of carvacrol with 3CL protease. It showed that

carvacrol had formed three hydrogen bonds but no hydrophobic interaction.

Figure 4.4: 2D structure showing interaction of Carvacrol with 3CL pro.

Figure 4.5 showed the interaction of thymol with 3CL protease. It showed that

thymol had formed two hydrophobic interactions and two hydrogen bonds.

Figure 4.5: 2D structure showing interaction of Thymol with 3CL pro.
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Figure 4.6 showed the interaction of alpha-terpineol with 3 CL protease. It showed

that alpha-terpineol had formed two hydrophobic interactions and two hydrogen

bonds.

Figure 4.6: 2D structure showing interaction of Alpha-terpineol with 3CL pro.

Figure 4.7 showed the interaction of gamma-terpineol with 3 CL protease. It

showed that gamma-terpineol had formed two hydrophobic interactions and two

hydrogen bonds.

Figure 4.7: 2D structure showing interaction of Gamma-terpineol with 3CL
pro.
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Figure 4.8 showed the interaction of linalool with 3 CL protease. It showed that

linalool had formed one hydrophobic interaction and one hydrogen bond.

Figure 4.8: 2D structure showing interaction of Linalool with 3CL pro.

Figure 4.9 showed the interaction of beta-caryophyllene with 3 CL protease. It

showed that beta-caryophyllene had formed nine hydrophobic interaction but no

hydrogen bond.

Figure 4.9: 2D structure showing interaction of Beta-caryophyllene with 3CL
pro.
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Figure 4.10 showed the interaction of piperine with 3 CL protease. It showed that

piperine had formed seven hydrophobic interaction and two hydrogen bond.

Figure 4.10: 2D structure showing interaction of Piperine with 3CL pro.

Figure 4.11 showed the interaction of sabinene with 3 CL protease. It showed that

sabinene had neither formed hydrophobic interaction nor hydrogen bond.

Figure 4.11: 2D structure showing interaction of Sabinene with 3CL pro.

Figure 4.12 showed the interaction of beta-pinene with 3 CL protease. It showed

that beta-pinene had formed five hydrophobic interaction but no hydrogen bond.
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Figure 4.12: 2D structure showing interaction of Beta-pinene with 3CL pro.

Figure 4.13 showed the interaction of alpha-copaene with 3 CL protease. It showed

that alpha-copaene had formed one hydrophobic interaction but no hydrogen bond.

Figure 4.13: 2D structure showing interaction of Alpha-copaene with 3CL
pro.
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Figure 4.14 showed the interaction of cinnamaldehyde with 3 CL protease. It

showed that cinnamaldehyde had formed four hydrophobic interaction and three

hydrogen bond.

Figure 4.14: 2D structure showing interaction of Cinnamaldehyde with 3CL
pro.

Figure 4.15 showed the interaction of linalool with 3 CL protease. It showed that

linalool had formed one hydrophobic interaction and one hydrogen bond.

Figure 4.15: 2D structure showing interaction of Linalool with 3CL pro.
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Figure 4.16 showed the interaction of beta-caryophyllene with 3 CL protease. It

showed that beta-caryophyllene had formed nine hydrophobic interaction but no

hydrogen bond.

Figure 4.16: 2D structure showing interaction of Beta-caryophyllene with 3CL
pro.

Figure 4.17 showed the interaction of eucalyptol with 3 CL protease. It showed

that eucalyptol had formed six hydrophobic interaction but no hydrogen bond.

Figure 4.17: 2D structure showing interaction of Eucalyptol with 3CL pro.
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Figure 4.18 showed the interaction of eugenol with 3 CL protease. It showed that

eugenol had formed one hydrophobic interaction and one hydrogen bond.

Figure 4.18: 2D structure showing interaction of Eugenol with 3CL pro.

Figure 4.19 showed the interaction of cuminaldehyde with 3 CL protease. It showed

that cuminaldehyde had formed six hydrophobic interaction and two hydrogen

bond.

Figure 4.19: 2D structure showing interaction of Cuminaldehyde with 3CL
pro.
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Figure 4.20 showed the interaction of p-cymene with 3 CL protease. It showed

that p-cymene had formed one hydrophobic interaction but no hydrogen bond.

Figure 4.20: 2D structure showing interaction of P-cymene with 3CL pro.

Figure 4.21 showed the interaction of gamma-terpinene with 3 CL protease. It

showed that gamma-terpinene had formed one hydrophobic interaction but no

hydrogen bond.

Figure 4.21: 2D structure showing interaction of Gamma-terpinene with 3CL
pro.
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Figure 4.22 showed the interaction of beta-pinene with 3 CL protease. It showed

that beta-pinene had formed five hydrophobic interaction but no hydrogen bond.

Figure 4.22: 2D structure showing interaction of Beta-pinene with 3CL pro.

Figure 4.23 showed the interaction of thymol with 3 CL protease. It showed that

thymol had formed two hydrophobic interaction and two hydrogen bond.

Figure 4.23: 2D structure showing interaction of Thymol with 3CL pro.
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Figure 4.24 showed the interaction of thymol with 3 CL protease. It showed that

thymol had formed two hydrophobic interaction and two hydrogen bond.

Figure 4.24: 2D structure showing interaction of Thymol with 3CL pro.

Figure 4.25 showed the interaction of carvacrol with 3 CL protease. It showed

that carvacrol had formed no hydrophobic interaction and three hydrogen bond.

Figure 4.25: 2D structure showing interaction of Carvacrol with 3CL pro.
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Figure 4.26 showed the interaction of p-cymene with 3 CL protease. It showed

that p-cymene had formed one hydrophobic interaction but no hydrogen bond.

Figure 4.26: 2D structure showing interaction of P-cymene with 3CL pro.

Figure 4.27 showed the interaction of beta-pinene with 3 CL protease. It showed

that beta-pinene had formed five hydrophobic interaction but no hydrogen bond.

Figure 4.27: 2D structure showing interaction of Beta-pinene with 3CL pro.
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Figure 4.28 showed the interaction of terpinene-4-ol with 3 CL protease. It showed

that terpinene-4-ol had formed one hydrophobic interaction and one hydrogen

bond.

Figure 4.28: 2D structure showing interaction of Terpinene-4-ol with 3CL pro.

The details of the selected ligands’ hydrogen and hydrophobic interactions with

the receptor protein were shown in the table 4.9 below. It showed the binding

scores, number of hydrogen bonds, amino acids and distance of the bond they

formed and number of hydrophobic interactions they made.

Table 4.9: Selected ligands showing hydrogen bonding and hydrophobic inter-
actions.

Ligands
Binding

Score
H-bonds

Hydrogen

Bonding
Hydrophobic

Bonding

Amino

Acids
Distance

Carv-

acrol
-5.3 3

NH2-

Gln110-

O

O-

Thr111-

N

O-

Thr111-

O

3.12

3.33

2.91

-
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Table 4.9: Selected ligands showing hydrogen bonding and hydrophobic inter-
actions.

Ligands
Binding

Score
H-bonds

Hydrogen

Bonding
Hydrophobic

Bonding

Amino

Acids
Distance

Thymol -5 2

O-

Asn95-

O

O-

Gly15-

O

2.74

2.82

Trp31

Lys97

Alpha-

terpineol
-5.3 2

O-

Met17-

O

O-

Gly15-

O

3.03

2.99

Trp31

Ala70

Gamma-

terpineol
-5.2 1

OG1-

Thr111-

O1

3.08

Gln110

Asn151

Ser158

Asp153

Phe294

Thr122
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Table 4.9: Selected ligands showing hydrogen bonding and hydrophobic inter-
actions.

Ligands
Binding

Score
H-bonds

Hydrogen

Bonding
Hydrophobic

Bonding

Amino

Acids
Distance

Linalool -4.9 1

O-

His164-

O

3.20 His41

Beta-

caryo-

phyllene

-5.9 0 - -

Val104

Ser158

Ile152

Asp153

Phe294

Asn151

Ile106

Piperine -7 2

OZ-

Lys137-

O1

CO-

Leu287-

N

3.10

3.17

Arg131

Asp389

Gln390

Gln388

Tbr199

Len386

Tyr339

Thr342
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Table 4.9: Selected ligands showing hydrogen bonding and hydrophobic inter-
actions.

Ligands
Binding

Score
H-bonds

Hydrogen

Bonding
Hydrophobic

Bonding

Amino

Acids
Distance

Sabin-

ene
-5 0 - - -

Beta-

pinene
-4.7 0 - -

Ser158

Asp153

Asn151

Ile152

Phe294

Alpha-

copaene
-6 0 - - Gln110

Cinnam-

aldehyde
-5.2 3

O1-

Gln110-

OD

O1-

Thr111-

O

O1-

Thr111-

OG1

2.97

3.05

2.91

Asp153

Aso151

Tbt393

Pbe294
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Table 4.9: Selected ligands showing hydrogen bonding and hydrophobic inter-
actions.

Ligands
Binding

Score
H-bonds

Hydrogen

Bonding
Hydrophobic

Bonding

Amino

Acids
Distance

Linalool -4.9 1

O-

His164-

O

3.20 His41

Beta-

caryo-

phyllene

-5.9 0 - -

Val104

Ser158

Ile152

Asp153

Phe294

Asn151

Euca-

lyptol
-5.1 - - -

Phe8

Ile152

Ser158

Asp153

Asn151
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Table 4.9: Selected ligands showing hydrogen bonding and hydrophobic inter-
actions.

Ligands
Binding

Score
H-bonds

Hydrogen

Bonding
Hydrophobic

Bonding

Amino

Acids
Distance

Eugenol -5.5 1

NE2-

Gln110-

O

3.12 Asn151

Cumin-

aldehyde
-5.2 2

O1-

Thr111-

N

O1-

Thr111-

OG1

3.06

2.81

Asp153

Ile152

Asn151

Gln110

Thr292

Phe294

P-

Cymene
-5.1 - - - Phe294

Beta-

pinene
-4.7 0 - -

Asp153

Asn151

Ile152

Phe294
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Table 4.9: Selected ligands showing hydrogen bonding and hydrophobic inter-
actions.

Ligands
Binding

Score
H-bonds

Hydrogen

Bonding
Hydrophobic

Bonding

Amino

Acids
Distance

Gamma-

terpinene
-5.1 - - - Phe294

Thymol -5 2

O-

Asn95-

O

O-

Gly15-

O

2.74

2.82

Trp31

Lys97

Thymol -5 2

O-

Asn95-

O

O-

Gly15-

O

2.74

2.82

Trp31

Lys97

Carvacrol -5.3 3

NH2-

Gln110-

O

O-

Thr111-

N

O-

Thr111-

O

3.12

3.33

2.91

Ser158

Asp153

Asn151

Ile152

Phe294

Thr234
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Table 4.9: Selected ligands showing hydrogen bonding and hydrophobic inter-
actions.

Ligands
Binding

Score
H-bonds

Hydrogen

Bonding
Hydrophobic

Bonding

Amino

Acids
Distance

P-

cymene
-5.1 - - - Phe294

Beta-

pinene
-4.7 0 - -

Ser158

Asp153

Asn151

Ile152

Phe294

Terpin-

ene-4-ol
-4.7 1

O-

Thr111-

O

3.23 Asn151

4.9 ADMET Properties of Ligands

ADMET properties of ligands were identified via pkCSM online tool by putting

input (ligands) as SMILES. ADMET properties describes the influence of drug

level, kinetics and pharmacological activity of a compound that would be used as

drug [81]. ADMET (Absorption, Distribution, Metabolism, Excretion, Toxicity)

properties of selected compounds were shown in Table 4.10 to Table 4.16.
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4.9.1 Absorption

The CaCO2 solubility aids in the prediction of drug absorption when administered

orally. High CaCO2 permeability is defined as a value greater than 0.90 (log Papp

in 10-6 cm/s).

The ligands’ water solubility is given in log mol/L. This represents the compound’s

water solubility at 25° C. As a result, drugs that are lipid-soluble will be less soluble

than drugs that are water-soluble.

Intestinal absorption is the amount of a compound that is absorbed in the in-

testines. A value of less than 30P-glycoprotein is an ABC transporter that func-

tions as a biological barrier to expel toxins or other xenobiotics from cells.

P-glycoprotein inhibition can either be a therapeutic target or act in opposition.

Skin permeability is essential for the creation of transdermal drugs. Skin perme-

ability is low for any compound with a value greater than -2.5. Table 4.10 and

table 4.11 showed all the absorptive properties of selected ligands [77].

Table 4.10: a) Absorptive properties of selected ligands.

Ligands
Water

Solubility

CaCO2

Permeability

Intestinal

Absorption

Skin

Permeability

Carvacrol -2.789 1.606 90.84 -1.62

Thymol -2.789 1.606 90.84 -1.62

Alpha-

terpineol
-2.039 1.489 94.18 -2.418

Gamma-

terpineol
-2.123 1.49 93.426 -2.41

Linalool -2.612 1.49 93.16 -1.737

Beta-

caryo-

phyllene

-5.555 1.423 94.84 -1.58

Piperine -3.464 1.596 94.44 -3.131

Sabinene -4.629 1.404 95.35 -1.342
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Table 4.10: a) Absorptive properties of selected ligands.

Ligands
Water

Solubility

CaCO2

Permeability

Intestinal

Absorption

Skin

Permeability

Beta-

pinene
-4.191 1.385 95.52 -1.653

Alpha-

copaene
-5.705 1.374 96.22 -2.225

Cinnam-

aldehyde
-2.175 1.634 95.01 -2.355

Linalool -2.612 1.49 93.16 -1.737

Beta-

caryo-

phyllene

-5.555 1.432 94.84 -1.58

Eucaly-

ptol
-2.63 1.485 96.50 -2.437

Eugenol -2.25 1.559 92.04 -2.207

Cumin-

aldehyde
-2.96 1.609 95.84 -1.196

P-

Cymene
-4.081 1.527 93.54 -1.192

Beta-

pinene
-4.191 1.385 95.52 -1.653

Table 4.11: b) Absorptive properties of selected ligands.

Ligands

P

Glycoprotein

Substrate

P

Glycoprotein

I

Inhibitor

P

Glycoprotein

II

Inhibitor

Carvacrol Nil Nil Nil

Thymol Nil Nil Nil



Results and Discussions 59

Table 4.11: b) Absorptive properties of selected ligands.

Ligands

P

Glycoprotein

Substrate

P

Glycoprotein

I

Inhibitor

P

Glycoprotein

II

Inhibitor

Alpha-

terpineol
Yes Nil Nil

Gamma-

terpineol
Yes Nil Nil

Linalool Nil Nil Nil

Beta-

caryo-

phyllene

Nil Nil Nil

Piperine Yes Yes Nil

Sabinene Nil Nil Nil

Beta-

pinene
Nil Nil Nil

Alpha-

copaene
Nil Nil Nil

Cinnam-

aldehyde
Nil Nil Nil

Linalool Nil Nil Nil

Beta-

caryo-

phyllene

Nil Nil Nil

Eucaly-

ptol
Yes Nil Nil

Eugenol Nil Nil Nil

Cumin-

aldehyde
Nil Nil Nil
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Table 4.11: b) Absorptive properties of selected ligands.

Ligands

P

Glycoprotein

Substrate

P

Glycoprotein

I

Inhibitor

P

Glycoprotein

II

Inhibitor

P-

Cymene
Nil Nil Nil

Beta-

pinene
Nil Nil Nil

Table 4.10 and 4.11 showed that almost all the ligands showed good absorptive

properties. Intestinal absorption of all the ligands was appropriate. All the lig-

ands were skin permeable. Results predicted that ligands doesnot inhibit the p-

glycoprotein. Alpha-terpineol, gamma-terpineol, piperine and eucalyptol act as

p-glycoprotein substrate.

4.9.2 Distribution

The VDss is the theoretical volume that describes the total dose of the drug

that must be distributed uniformly to achieve the same concentration as in blood

plasma. If the VDss value is greater than 2.81 L/kg, the drug is more concentrated

in the tissues than in the plasma. If the value is less than 0.71 L/kg, the VDss

is low. Many drugs in plasma exist in an equilibrium with the serum proteins,

alternating between bound and unbound states. As a drug binds more to serum

proteins, its diffusion efficiency to cellular membranes decreases. The blood-brain

barrier protects the brain and reduces the ability of external compounds to enter

the brain directly. If a compound has a logBB value greater than 0.3, it will easily

cross the BBB barrier and thus be effective and if it is logBB <-1 then it is poorly

distributed. Compounds with logPS >-2 penetrate the CNS, whereas logPS-3 does

not [77]. Table 4.12 below showed the distributive properties of selected ligands.
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Table 4.12: Distributive properties of selected ligands.

Ligands VDss
Fraction

Unbound

BBB

Permeability

CNS

Permeability

Carv-

acrol
0.512 0.203 0.407 -1.664

Thymol 0.512 0.203 0.407 -1.664

Alpha-

terpineol
0.207 0.565 0.305 -2.807

Gamma-

terpineol
0.189 0.558 0.3 -2.744

Linalool 0.152 0.484 0.598 -2.339

Beta-

caryoph-

yllene

0.652 0.263 0.733 -2.172

Piperine 0.158 0.134 -0.102 -1.879

Sabinene 0.566 0.295 0.836 -1.463

Beta-

pinene
0.685 0.35 0.818 -1.857

Alpha-

copaene
0.806 0.115 0.887 -1.659

Cinnam-

aldehyde
0.266 0.3 0.436 -1.582

Linalool 0.152 0.484 0.598 -2.339

Beta-

caryo-

phyllene

0.652 0.263 0.733 -2.172

Eucal-

yptol
0.491 0.553 0.368 -2.972

Eugenol 0.24 0.251 0.374 -2.007

Cumin-

aldehyde
0.324 0.263 0.438 -1.485
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Table 4.12: Distributive properties of selected ligands.

Ligands VDss
Fraction

Unbound

BBB

Permeability

CNS

Permeability

P-

Cymene
0.697 0.159 0.478 -1.39

Beta-

pinene
0.685 0.35 0.818 -1.857

Gamma-

terpinene
0.412 0.42 0.754 -2.049

Thymol 0.512 0.203 0.407 -1.664

Thymol 0.512 0.203 0.407 -1.664

Carvacrol 0.512 0.203 0.407 -1.664

P-

cymene
0.697 0.159 0.478 -1.397

Beta-

pinene
0.685 0.35 0.818 -1.857

Terpin-

ene-4-ol
0.21 0.514 0.563 -2.473

Table 4.12 showed that all the ligands had VDss amount in appropriate manner.

BBB permeability of some of the ligands was more than -1 and less than 0.3 while

other deviated. All the ligands have CNS permeability less than -3.

4.9.3 Metabolism

Cytochrome P450 is a liver detoxification enzyme. This enzyme deactivates many

drugs, but it can also activate others. Inhibitors of this enzyme can directly affect

drug metabolism and should not be used. Likewise, CYP2D6 and CYP3A4 are

in charge of drug metabolism. Inhibition of these has an effect on the pharma-

cokinetics of the drug under consideration [77].The table 4.13 below showed the

metabolic properties of the selected ligands.
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Table 4.13: Metabolic properties of selected ligands.

Ligands
CYP2D6-

Substrate

CYP3A4-

Substrate

CYP1A2-

Inhibitor

CYP2C19-

Inhibitor

CYP2C9-

Inhibitor

CYP2D6-

Inhibitor

CYP3A4-

Inhibitor

Carv-

acrol
Nil Nil Yes Nil Nil Nil Nil

Thymol Nil Nil Yes Nil Nil Nil Nil

Alpha-

terpineol

Nil Nil Nil Nil Nil Nil Nil

Gamma-

terpineol
Nil Nil Nil Nil Nil Nil Nil

Linalool Nil Nil Nil Nil Nil Nil Nil

Beta-

caryo-

phyllene

Nil Nil Nil Nil Nil Nil Nil

Piperine Nil Yes Nil Yes Nil Nil Nil

Sabinene Nil Nil Nil Nil Nil Nil Nil

Beta-

pinene
Nil Nil Nil Nil Nil Nil Nil



R
esu

lts
an

d
D

iscu
ssion

s
64

Table 4.13: Metabolic properties of selected ligands.

Ligands
CYP2D6-

Substrate

CYP3A4-

Substrate

CYP1A2-

Inhibitor

CYP2C19-

Inhibitor

CYP2C9-

Inhibitor

CYP2D6-

Inhibitor

CYP3A4-

Inhibitor

Alpha-

copaene
Nil Yes Yes Nil Nil Nil Nil

Cinnam-

aldehyde
Nil Nil Yes Nil Nil Nil Nil

Linalool Nil Nil Nil Nil Nil Nil Nil

Beta-

caryo-

phyllene

Nil Nil Nil Nil Nil Nil Nil

Eucal-

yptol
Nil Nil Nil Nil Nil Nil Nil

Eugenol Nil Nil Yes Nil Nil Nil Nil

Cumin-

aldehyde
Nil Nil Yes Nil Nil Nil Nil

P-

Cymene
Nil Nil Yes Nil Nil Nil Nil
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Table 4.13: Metabolic properties of selected ligands.

Ligands
CYP2D6-

Substrate

CYP3A4-

Substrate

CYP1A2-

Inhibitor

CYP2C19-

Inhibitor

CYP2C9-

Inhibitor

CYP2D6-

Inhibitor

CYP3A4-

Inhibitor

Beta-

pinene
Nil Nil Nil Nil Nil Nil Nil

Gamma-

terpinene

Nil Nil Nil Nil Nil Nil Nil

Thymol Nil Nil Yes Nil Nil Nil Nil

Thymol Nil Nil Yes Nil Nil Nil Nil

Carv-

acrol
Nil Nil Yes Nil Nil Nil Nil

P-

cymene
Nil Nil Yes Nil Nil Nil Nil

Beta-

pinene
Nil Nil Nil Nil Nil Nil Nil

Terpin-

ene-4-ol
Nil Nil Nil Nil Nil Nil Nil
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Table 4.13 showed that CYP2D6-substrate was not present in any ligand while

CYP3A4 –substrate was present only in piperine and alpha-coapane. CYP1A2-

inhibitors were carvacrol, thymol, alpha-coapane, eugenol, cinnamaldehyde, cumi-

naldehyde and p-cymene. CYP2C19- inhibitors was only piperine. CYP2C9-

inhibitor, CYP2D6- inhibitor, CYP3A4- inhibitor were not present in any ligand.

4.9.4 Excretion

The Renal OCT2 substrate functions as a transporter, assisting in the elimination

of drugs and other compounds. Total clearance denotes hepatic clearance, which

means the drug is metabolized, whereas renal clearance denotes excretion [77].

Excretory properties were shown in Table 4.14 below.

Table 4.14: Excretory properties of selected ligands.

Ligands
Total

Clearance

Renal OCT2-

Substrate

Carvacrol 0.207 Nil

Thymol 0.211 Nil

Alpha-terpineol 1.219 Nil

Gamma-terpineol 1.222 Nil

Linalool 0.446 Nil

Beta-caryophyllene 1.088 Nil

Piperine 0.232 Yes

Sabinene 0.071 Nil

Beta-pinene 0.03 Nil

Alpha-copaene 0.95 Nil

Cinnamaldehyde 0.203 Nil

Linalool 0.446 Nil

Beta-caryophyllene 1.088 Nil

Eucalyptol 1.009 Nil

Eugenol 0.282 Nil

Cuminaldehyde 0.227 Nil
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Table 4.14: Excretory properties of selected ligands.

Ligands
Total

Clearance

Renal OCT2-

Substrate

P-Cymene 0.239 Nil

Beta-pinene 0.03 Nil

Gamma-terpinene 0.217 Nil

Thymol 0.211 Nil

Thymol 0.211 Nil

Carvacrol 0.207 Nil

P-cymene 0.239 Nil

Beta-pinene 0.03 Nil

Terpinene-4-ol 1.269 Nil

The table 4.14 showed that all the ligands accept piperine does not have OCT2

Renal substratre which indicates that they would not be cleared out of the body.

Total clearance values of all the ligands were also given accordingly.

4.9.5 Toxicity

The AMES toxicity test employs bacteria to assess the compound’s mutagenic

potential. If it responds positively, the ligand is mutagenic and may also act as a

carcinogen.

T. Pyriformis (protozoa bacteria) toxicity is used as a toxic endpoint in the T.

Pyriformis toxicity method. Any value greater than -0.5 log ug/L is known to be

toxic.The Minnow toxicity test predictions are used to depict the concentration at

which the compound could kill 50% of the minnows. A value less than 0.5 mM is

considered acutely toxic.

The MRTD (maximum recommended tolerated dose) values depict the starting

dose of a specific pharmaceutical during clinical phase I. A value of 0.477 log

mg/kg/day is considered low, while a value greater than this is considered high.
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For the oral rat chronic toxicity test, the predicted log value of the lowest observed

adverse effect in log-mg/kg bw/day is given, which relates to the compound con-

centration required for the treatment time.

A hepatotoxicity test predicts whether or not a compound will have an effect on

the liver’s function.

A skin test estimates whether or not the compound will cause skin reactions. The

hERG I and II inhibitor test determines whether a compound has the potential to

inhibit the potassium channels linked with hERG. An inhibitor of these channels

may cause QT syndrome, and in the long term, the person may develop ventricular

arrhythmia [77]. The toxicity prediction was shown in Table 4.15 and 4.16 below.

Table 4.15: a) Toxicity prediction of selected ligands.

Ligands
T.Pyriformis

Toxicity

Minnows

Toxicity

Carvacrol 0.387 1.213

Thymol 0.387 1.213

Alpha-

terpineol
0.008 1.8

Gamma-

terpineol
-0.019 1.87

Linalool 0.515 1.277

Beta-

caryo-

phyllene

1.401 0.504

Piperine 1.879 1.732
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Table 4.15: a) Toxicity prediction of selected ligands.

Ligands
T.Pyriformis

Toxicity

Minnows

Toxicity

Sabinene 0.788 0.726

Beta-

pinene
0.628 1.012

Alpha-

copaene
1.122 0.128

Cinnam-

aldehyde
0.665 1.605

Linalool 0.515 1.277

Beta-

caryo-

phyllene

1.401 0.504

Eucaly-

ptol
0.171 1.735

Euge-

nol
0.3 1.702

The table 4.15 and 4.16 showed the toxicity values of the selected ligands. AMES

toxicity had only shown by eugenol which means it will be carcinogenic. hERG

inhibitors are not present in any ligand. Some ligands had shown hepato-toxicity

which means they may be harmfull to liver. Some ligands are sensitive to skin

while other are not. T.Pyriformis toxicity was not present in any ligand. Minnows

toxicity was shown only in alpha-coapane.
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Table 4.16: b) Toxicity prediction of selected ligands.

Ligands
AMES

Toxicity

Max.

Tolerated

Dose

hERG

I

Inhibitor

hERG

II

Inhibitor

Oral

Rat

Acute

Toxicity

Oral

Rat

Chronic

Toxicity

Hepato

Toxicity

Skin

Sensitisation

Carvacrol Nil 1.007 Nil Nil 2.074 2.212 Yes Yes

Thymol Nil 1.007 Nil Nil 2.074 2.212 Yes Yes

Alpha-

terpineol
Nil 0.886 Nil Nil 1.923 1.945 Nil Yes

Gamma-

terpineol
Nil 0.861 Nil Nil 1.909 2.032 Nil Yes

Linalool Nil 0.774 Nil Nil 1.704 2.024 Nil Yes

Beta-

caryo-

phyllene

Nil 0.351 Nil Nil 1.617 1.416 Nil Yes

Piperine Nil -0.38 Nil Nil 2.811 1.51 Yes Nil

Sabinene Nil 0.369 Nil Nil 1.549 2.309 Nil Nil

Beta-

pinene
Nil 0.371 Nil Nil 1.673 2.28 Nil Nil
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Table 4.16: b) Toxicity prediction of selected ligands.

Ligands
AMES

Toxicity

Max.

Tolerated

Dose

hERG

I

Inhibitor

hERG

II

Inhibitor

Oral

Rat

Acute

Toxicity

Oral

Rat

Chronic

Toxicity

Hepato

Toxicity

Skin

Sensitisation

Alpha-

copaene
Nil -0.302 Nil Nil 1.644 1.356 Nil Nil

Cinnam-

aldehyde
Nil 0.876 Nil Nil 1.88 1.944 Nil Yes

Linalool Nil 0.774 Nil Nil 1.704 2.024 Nil Yes

Beta-

caryo-

phyllene

Nil 0.351 Nil Nil 1.617 1.416 Nil Yes

Eucaly-

ptol
Nil 0.553 Nil Nil 2.01 2.029 Nil Yes

Euge-

nol
Yes 1.024 Nil Nil 2.118 2.049 Nil Yes
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4.10 Lead Compound Identification

The physiochemical and pharmacokinetic properties of ligands determine whether

or not they are drug or non-drug compounds. The first filter for this identification

is Lipinski’s rule, and the second filter is pharmacokinetics. After detailed anal-

ysis of protein ligand interaction, binding score and pharmacokinetic properties

of selected ligands, ligands with best results were selected from different spices

Gamma-terpineol from oregano, pipperine from black pepper, cinnamaldehyde

from cinnamon, cuminaldehyde from cumin and terpinen-4-ol from ajwain.

4.11 Selection of Antiviral Drug

The most effective antiviral drug had been chosen based on its physiochemical, AD-

MET, and mechanism of action with side effects. For physiochemical properties,

the online database PubChem was used, and for ADMET properties, the online

tool pkCSM was used. When the disease first appeared, many FDA-approved

drugs were used for drug repurposing in order to find the best treatment against

the virus. Remdesivir is a prodrug of an ATP analogue that may have antivi-

ral activity against COVID-19 caused by SARS-CoV-2. Remdesivir has an FDA

Emergency Use Authorization for use in adults and children in the hospital with

suspected or confirmed COVID-19 and a SpO2 of 94 Mechanism of action was

identified by KEGG. Physiochemical properties of antiviral drug Remdesivir were

shown in Table 4.17.

Table 4.17: Physiochemical properties of Remdesevir.

Chemical

Formula

Molecular

Weight
Log P Value

C27H35N6O8P 602.58 2.31218

HBD HBA Rotatable Bonds

4 13 13
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The table 4.17 showed the molecular weight, log P value, hydrogen bond acceptor,

hydrogen bond donor, and rotatable bonds present in Remdesevir.

4.12 Mechanism of Action of Remedesivir

The chosen medicine Remdesivir’s mechanism of action was determined utilis-

ing the internet database KEGG. Remdesivir enters cells and is cleaved to its

monophosphate form by carboxylesterase 1 or cathepsin A before being phospho-

rylated by unidentified kinases to produce its active triphosphate form, remdesivir

triphosphate (RDV-TP). RDV-TP is efficiently integrated into the SARS-CoV-2

RdRp complex. Remdesivir has a free 3’-hydroxyl group, which allows for chain

lengthening.

However, modelling and in vitro experiments show that the 1-cyano group collision

of remdesivir with RdR’s Ser-861 at I + 4 (corresponding to the position of the

fourth nucleotide incorporation after RDV-TP) prevents translocation and termi-

nates replication at I + 3 position [82]. Remdesivir as an adenosine analogue that

can target the RNA-dependent RNA polymerase (RdRp) and inhibit viral RNA

synthesis. 3CLpro is an important CoV protease that cleaves the large replicase

polyproteins during viral replication and can targeted by the protease inhibitors.

4.13 Remedisivir Effects on Body

There is limited information regarding safety and effectiveness of using Remdesivir

to treat patients of COVID-19. Remdesivir was firstly developed by manufacturers

for hepatitis C, and later tried on the virus that causes Ebola. Some study results

showed that remdesivir may help some patients get better soon [82].

Beside these positive effects Remdesivir may cause some negative effects in body

as nausea, vomiting, sweating and low blood pressure. In case of serious allergic

reactions rash, itching, dizziness, temperature fluctuation & difficulty in breathing.
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4.14 ADMET Properties of Selected Drug

ADMET properties of ligands were identified via pkCSM online tool by putting

input (ligands) as SMILES. ADMET properties describes the influence of drug

level, kinetics and pharmacological activity of a compound that would be used as

drug [81]. ADMET properties of selected compounds are shown in Table 4.18

below.

In absorptive properties, the CaCO2 solubility aids in the prediction of drug ab-

sorption when administered orally. High CaCO2 permeability is defined as a value

greater than 0.90 (log Papp in 10-6 cm/s). The ligands’ water solubility is given

in log mol/L. This represents the compound’s water solubility at 25°C. As a re-

sult, drugs that are lipid-soluble will be less soluble than drugs that are water-

soluble. Intestinal absorption is the amount of a compound that is absorbed in

the intestines. A value of less than 30% is considered inadequately absorbed. P-

glycoprotein is an ABC transporter that functions as a biological barrier to expel

toxins or other xenobiotics from cells. P-glycoprotein inhibition can either be a

therapeutic target or act in opposition. Skin permeability is essential for the cre-

ation of transdermal drugs. Skin permeability is low for any compound with a

value greater than -2.5 [77].

In distributive properties, the VDss is the theoretical volume that describes the

total dose of the drug that must be distributed uniformly to achieve the same

concentration as in blood plasma. If the VDss value is greater than 2.81 L/kg, the

drug is more concentrated in the tissues than in the plasma. If the value is less

than 0.71 L/kg, the VDss is low. Many drugs in plasma exist in an equilibrium

with the serum proteins, alternating between bound and unbound states. As a

drug binds more to serum proteins, its diffusion efficiency to cellular membranes

decreases. The blood-brain barrier protects the brain and reduces the ability of

external compounds to enter the brain directly. If a compound has a logBB value

greater than 0.3, it will easily cross the BBB barrier and thus be effective and if it is

logBB <-1 then it is poorly distributed. Compounds with logPS >-2 penetrate the

CNS, whereas logPS-3 does not [77]. In metabolic properties, Cytochrome P450
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is a liver detoxification enzyme. This enzyme deactivates many drugs, but it can

also activate others. Inhibitors of this enzyme can directly affect drug metabolism

and should not be used. Likewise, CYP2D6 and CYP3A4 are in charge of drug

metabolism. Inhibition of these has an effect on the pharmacokinetics of the drug

under consideration [77].

In excretory properties, the Renal OCT2 substrate functions as a transporter,

assisting in the elimination of drugs and other compounds. Total clearance denotes

hepatic clearance, which means the drug is metabolized, whereas renal clearance

denotes excretion [77].

In toxicity prediction, the AMES toxicity test employs bacteria to assess the com-

pound’s mutagenic potential. If it responds positively, the ligand is mutagenic and

may also act as a carcinogen. T. Pyriformis (protozoa bacteria) toxicity is used

as a toxic endpoint in the T. Pyriformis toxicity method. Any value greater than

-0.5 log ug/L is known to be toxic.

The Minnow toxicity test predictions are used to depict the concentration at which

the compound could kill 50% of the minnows. A value less than 0.5 mM is con-

sidered acutely toxic.

The MRTD (Maximum Recommended Tolerated Dose) values depict the start-

ing dose of a specific pharmaceutical during clinical phase I. A value of 0.477 log

mg/kg/day is considered low, while a value greater than this is considered high.

For the oral rat chronic toxicity test, the predicted log value of the lowest observed

adverse effect in log-mg/kg bw/day is given, which relates to the compound con-

centration required for the treatment time. A hepatotoxicity test predicts whether

or not a compound will have an effect on the liver’s function. A skin test estimates

whether or not the compound will cause skin reactions.

The hERG I and II inhibitor test determines whether a compound has the potential

to inhibit the potassium channels linked with hERG. An inhibitor of these channels

may cause QT syndrome, and in the long term, the person may develop ventricular

arrhythmia [77]. ADMET properties of Remdesevir were shown in Table 4.18.
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Table 4.18: Showed the ADMET properties of remdesevir

ADMET

Properties
Properties Remdesivir

Absorption

Water

Solubility
-3.07

Caco2

Permeability
0.635

Intestinal

Absorption
71.10

Skin

Permeability
-2.735

P

Glycoprotein

Substrate

Yes

P

Glycoprotein

I

Inhibitor

Yes

P

Glycoprotein

II

Inhibitor

Nil

Distribution

VDss 0.307

Fraction

Unbound
0.005

BBB

Permeability
-2.056

CNS

Permeability

-4.675
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Table 4.18: Showed the ADMET properties of remdesevir

ADMET

Properties
Properties Remdesivir

Metabolism

CYP2D6-

Substrate
Nil

CYP3A4-

Substrate
Yes

CYP1A2-

Inhibitor
Nil

CYP2C19-

Inhibitor
Nil

CYP2C9-

Inhibitor
Nil

CYP2D6-

Inhibitor
Nil

CYP3A4-

Inhibitor
Nil

Excretion

Total

Clearance
0.198

Renal

OCT2-

Substrate

Nil

Toxicity

AMES-

Toxicity
Nil

Max.

tolerated-

Dose

0.15

hERG

I-

Inhibitor

Nil
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Table 4.18: Showed the ADMET properties of remdesevir

ADMET

Properties
Properties Remdesivir

hERG

II-

Inhibitor

Yes

Oral

Rat

Acute-

Toxicity

(LD50)

2.043

Oral

Rat

Chronic-

Toxicity

(LOAEL)

1.639

Hepato-

Toxicity
Yes

Skin

Sensitisation
Nil

T.

Pyriformis–

Toxicity

0.285

4.15 Remedesivir Docking

CB Dock is online tool that was used for docking of Remdevisir (as ligand) and

3CLpro (as receptor). The result of docking was comprising of 5 best conforma-

tional poses and finest was selected. Docking results of selected protein-ligand
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complex were shown in Table 4.19.

Table 4.19: Docking result of Remdesevir with 3CL protease.

Binding Score Cavity Size

-8 258

The table 4.19 showed the binding score and cavity size of docked molecule of

remdesevir and 3CL protease.

4.16 Comparison of Remedesivir and

Best Ligand

This comparison helped us to identify the better treatment for COVID-19. It was

based on following parameters like; ADMET that were absorption, distribution,

metabolism, excretion and toxicity properties and physiochemical properties of

Remdesivir and selected ligand.

Comparison of remdesevir with the lead compounds selected from five different

spices.

4.16.1 Comparison of Physiochemical Properties and

ADMET Properties

The comparison between the physiochemical and ADMET that were absorption,

distribution, metabolism, excretion and toxicity properties of remdesevir and se-

lected ligands was shown in table below.

It helped us in identifying whether the compounds we were predicting as a drug

in alternate of standard drug were better in all properties or not. Either they are

safe for use or not.

Comparison was shown in Table 4.20.
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Table 4.20: Comparison of physiochemical and ADMET properties of lead compounds and remdesevir.

Properties
Gamma-

terpineol
Piperine

Cinnam-

aldehyde

Cumin-

aldehyde

Terpinene-

4-ol
Remedesivir

Physiochemical

Properties

Molecular

formula
C10H18O C17H19NO3 C9H8O C10H12O C10H18O C27H35N6O8P

Molecular

weight
154.25 285.34 132.16 148.20 154.25 602.58

Structure

Lipiski

Rule

Of

Five

Log

P Value
2.6478 2.9972 1.8987 2.6225 2.5037 2.31218

Molecular

weight
154.25 285.34 132.16 148.20 154.25 602.58

H Bond

Acceptor
1 3 1 1 1 13

H Bond

Donor
1 0 0 0 1 4
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Table 4.20: Comparison of physiochemical and ADMET properties of lead compounds and remdesevir.

Properties
Gamma-

terpineol
Piperine

Cinnam-

aldehyde

Cumin-

aldehyde

Terpinene-

4-ol
Remedesivir

Rotatable-

Bonds
0 3 2 2 1 13

Absorption

Water

Solubility
-2.123 -3.464 -2.175 -2.966 -2.296 -3.07

Caco2

Permeability
1.49 1.596 1.634 1.609 1.502 0.635

Intestinal

Absorption
93.426 94.44 95.01 95.84 94.01 71.10

Skin

Permeability
-2.41 -3.131 -2.355 -1.196 -2.182 -2.735

P

glycoprotein

substrate

Yes Yes Nil Nil Nil Yes

P

glycoprotein

I inhibitor

Nil Yes Nil Nil Nil Yes
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Table 4.20: Comparison of physiochemical and ADMET properties of lead compounds and remdesevir.

Properties
Gamma-

terpineol
Piperine

Cinnam-

aldehyde

Cumin-

aldehyde

Terpinene-

4-ol
Remedesivir

P

glycoprotein

II inhibitor

Nil Nil Nil Nil Nil Nil

Distribution

VDss 0.189 0.158 0.266 0.324 0.21 0.307

Fraction

Unbound
0.558 0.134 0.3 0.263 0.514 0.005

BBB

permeability
0.3 -0.102 0.436 0.438 0.563 -2.056

CNS

permeability
-2.744 -1.879 -1.582 -1.485 -2.473 -4.675

Metabolism

CYP2D6-

substrate
Nil Nil Nil Nil Nil Nil

CYP3A4-

substrate
Nil Yes Nil Nil Nil Yes

CYP1A2-

inhibitor
Nil Nil Yes Yes Nil Nil
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Table 4.20: Comparison of physiochemical and ADMET properties of lead compounds and remdesevir.

Properties
Gamma-

terpineol
Piperine

Cinnam-

aldehyde

Cumin-

aldehyde

Terpinene-

4-ol
Remedesivir

CYP2C19-

inhibitor
Nil Yes Nil Nil Nil Nil

CYP2C9-

inhibitor
Nil Nil Nil Nil Nil Nil

CYP2D6-

inhibitor
Nil Nil Nil Nil Nil Nil

CYP3A4-

inhibitor
Nil Nil Nil Nil Nil Nil

Excretion

Total

clearance
1.222 0.232 0.203 0.227 1.269 0.198

Renal

OCT2-

substrate

Nil Yes Nil Nil No Nil
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Table 4.20: Comparison of physiochemical and ADMET properties of lead compounds and remdesevir.

Properties
Gamma-

terpineol
Piperine

Cinnam-

aldehyde

Cumin-

aldehyde

Terpinene-

4-ol
Remedesivir

Toxicity

AMES-

Toxicity

Nil Nil Nil Nil Nil Nil

Max.

tolerated-

dose

0.861 -0.38 0.876 0.839 0.857 0.15

hERG I-

inhibitor
Nil Nil Nil Nil Nil Nil

hERG II-

inhibitor
Nil Nil Nil Nil Nil Yes

Oral

Rat

Acute-

Toxicity

(LD50)

1.909 2.811 1.88 1.7 1.811 2.043
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Table 4.20: Comparison of physiochemical and ADMET properties of lead compounds and remdesevir.

Properties
Gamma-

terpineol
Piperine

Cinnam-

aldehyde

Cumin-

aldehyde

Terpinene-

4-ol
Remedesivir

Oral

Rat

Chronic-

Toxicity

(LOAEL)

2.032 1.51 1.944 2.194 2.02 1.639

Hepato-

toxicity
Nil Yes Nil Nil Nil Yes

Skin

Sensitisation
Yes Nil Yes Yes Yes Nil

T.

Pyriformis-

toxicity

-0.019 1.879 0.665 0.766 0.189 0.285

Minnow-

toxicity
1.87 1.732 1.605 0.819 1.545 0.291
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4.16.2 Comparison of Docking Results

Comparison of docking results of remdesivir and selected ligands showed that

whether the compounds we were predicting for drug base alternative against

remdesevir are making good interactions with protein and binding score was good

or not. Table 4.21 and 4.22 showed the docking results of selected ligands and

remdesevir including binding score and cavity size.

Table 4.21: a) Comparison of docking result of remdesevir and lead com-
pounds.

Properties
Gamma-

terpineol
Piperine

Cinnam-

aldehyde

Docking

Results

Binding

score

(kJ/m-1)

-5.2 -7 -5.2

Cavity

size
212 688 212

Table 4.22: b) Comparison of docking result of remdesevir and lead com-
pounds.

Cumin-

aldehyde

Terpinene

-4-ol
Remedesivir

Docking

Results

-5.2 -4.7 -8

212 212 258



Chapter 5

Conclusions and

Recommendations

The purpose of this study was to identify several bioactive compounds derived

from essential oils of various spices that could be used to inhibit the activity of

3CLpro of SARS-CoV-2. The majority of these compounds had good binding

scores, ADMET properties, and low toxicity values. These compounds docked

well with 3CLpro and abide to the Lipinski rule of five. After detailed analysis

of physiochemical properties, ADMET prediction, docking results and Lipinski

rule of five, gamma-terpineol from Origanum vulgare, piperine from Piper ni-

grum, cinnamaldehyde from Cinnamomum verum, cuminaldehyde from Cuminum

cyminum and Terpinene-4-ol from Trachyspermum ammi were considered as lead

compounds. Comparison of these ligands with Remdesivir shows that they were

all recommended as potential inhibitors of 3CLprotease of COVID 19.

As there had some side effects seen after vaccination for COVID-19, so these

active compounds from spices showed less toxicity and had good physiochemical

and pharmacological properties. The findings indicate that these ligands were

a promising sign for the development of COVID-19 antiviral medication. The

findings of this study could be used to develop an antiviral drug against COVID-

19 in the future with low toxicity and better binding score.

87
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