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Abstract

Respiratory illnesses ranging from mild to severe are commonly associated with
human coronaviruses (HCoV). Notably, over the past 15 years, two highly infec-
tious strains, the severe acute respiratory syndrome coronavirus (SARS-CoV) and
the Middle East respiratory syndrome coronavirus (MERS-CoV), have emerged
within the HCoV family. The replication process of these coronaviruses is tightly
regulated due to variations in host factors and their adaptability to alter cellular
and physiological structures. In the context of HCoV infections, the activation
of specific signaling pathways triggers immune responses, affecting antiviral ac-
tivities and ultimately amplifying the virus’s pathogenesis. To mitigate disease
spread, various strategies, such as repurposing drugs and implementing measures
like sanitization, social distancing, and mask-wearing, have been deployed. The
global scientific community has been dedicatedly exploring solutions to combat
these viruses, including researching natural compounds from plants. A detailed
investigation into HCoV-HKU1 revealed a potential target in the non-structural
protein Mpro/PL2 pro, responsible for cleaving replicating enzymes. One active
compound found in Artemisia absinthium underwent studies to ascertain its effi-
cacy against Mpro and PL2pro. Fifteen ligands from diverse classes were chosen
and screened based on Lipinski Rule and ADMET properties. Following the dock-
ing process using CB dock, chrysoplenetin emerged as a lead compound compared
to the standard drug Remdesivir. The docking results, visualized through Py-
Mol and analyzed via LigPlot, suggested that chrysoplenetin might exhibit higher
effectiveness against Mpro/PL2pro compared to Remdesivir. However, further
comprehensive research is imperative to explore the potential medicinal utility of

chrysoplenetin in combating HCoV infections.
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Chapter 1

Introduction

Human coronavirus HKU1 (HCoV-HKU1) is a particular type of coronavirus that
primarily infects animals and humans. Symptoms caused by this coronavirus in-
clude upper respiratory diseases similar to common cold symptoms, often leading
to pneumonia and bronchiolitis [1]. It was first identified in January 2004 when a
man in Hong Kong contracted the virus [2]. This disease affecting the lower respi-
ratory tract leads to approximately 4 million deaths worldwide annually. Various
viruses, like influenza virus, respiratory syncytial virus (RSV), and parainfluenza
virus, are known to cause respiratory tract infections. However, in a considerable

number of respiratory tract illnesses, no specific pathogen is identified [3].

Under an electron microscope, coronavirus virions typically exhibit pleomorphic
or spherical shapes, with particles measuring about 80-120 nm in diameter. The
surface of these coronavirus particles is decorated with club-like projections of the
spike (S) protein. In certain beta coronaviruses, like HCoV-OC43 and HCoV-
HKU1, short hemagglutinin-esterase (HE) protein projections have also been ob-
served. The outer viral envelope contains a small amount of the envelope (E)
protein, which is primarily maintained by the membrane (M) protein. The nucle-
ocapsid (N) protein, when adhering to the DNA inside the viral envelope, forms a
helical, symmetric nucleocapsid [4]. Typically, the receptor targeted by this virus
is 9-O-acetylated sialic acid. HCoV-HKUI1, like other coronaviruses, likely pos-
sesses its main protease (MP"?), also known as a 3C-like protease, and papain-like

1



Introduction 2

protease (PLpro or CLpro). These proteases play crucial roles in processing and
producing viral polyproteins during the viral replication cycle. However, the spe-
cific proteases in HCoV-HKUT1 and their functions may not have been extensively

characterized compared to more pathogenic coronaviruses [4, 5].

Respiratory disorders worldwide are predominantly caused by coronaviruses like
HCoV-229E and OC43, while SARS-CoV, HCoV-HKU1, and MERS-CoV pose
significant threats to public health. Despite the approval of various vaccines to
protect against animal coronaviruses and the development of promising vaccine
platforms for SARS-CoV in preclinical studies and trials, there are currently no
FDA-verified vaccines specifically designed to treat human coronavirus infections
[6]. Several vaccines are under development, each with distinct treatment regi-
mens. Initially, the elderly were prioritized for vaccination, yet transmission per-
sisted. Subsequently, vaccinating the younger population led to a decrease in
positive cases. However, diverse vaccination strategies tailored to demographic re-
gions, virus transmission, and mutations remain essential to prevent and mitigate

the virus’s impact [7].

In pursuit of new strategies for medicinal development against human coron-
aviruses, research has focused on natural compounds with documented potent
antiviral and anti-inflammatory properties. MP" identified as a potential drug tar-
get, exhibits effective binding affinity with specific antiviral and anti-inflammatory
compounds. Over the last thirty years, computer-assisted drug discovery and de-
sign methods have played a crucial role in therapeutic medicine development [8].
Computational methodologies like molecular docking have proven bencficial, re-
ducing costs and time required to identify potential drug candidates, surpassing

manual methods in speed [9].

Historically, medicinal plants have been utilized to combat various viral diseases.
Efforts have been made to isolate small molecules from plants demonstrating in-
hibitory activity against viruses. Genomic sequencing has indicated similarities
between medicinal plants effective against HCoV-HKU1 and SARS-CoV-2, es-

pecially in targeting PL2pro as a potential site. Therefore, for this virus, the
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main protease serves as a screening target against active compounds derived from

medicinal plants [10].

1.1 Problem Statement

Human coronaviruses (HCoVs), are commonly responsible for causing the common
cold with minimal clinical effects [11]. To combat this, it’s crucial to discover and
identify new compounds with potent antiviral properties, minimal side effects, and
global accessibility, aiming to reduce the impact of the virus. This study focuses
on targeting the main protease (MP")/PL2pro enzyme of the virus using active
compounds with antiviral properties found in Artemisia absinthium. Extensive
computational studies through molecular docking have been conducted as part of

this investigation.

1.2 Aim and Objectives of Study

The main aims of this study is to predict potential inhibitors against HCoV-HKU1
by the use of molecular docking of active compounds of Artemisia absinthium
showing antiviral properties against M?"°/PL2pro of HCoV-HKU1 to control dis-

ease caused by the virus.

The objectives of the study include:

1. To identify the probable inhibitory compounds with antiviral properties

present in Artemisia absinthium against the main protease of HCoV-HKUI.

2. To examine the interactions between ligands and proteins complex by per-

forming molecular docking.

3. To find the best of the interacting molecules that show inhibitory effects

against the virus main protease, MP™ /PL2pro.



Chapter 2

Literature Review

The newly evolved human coronavirus HKU1 (HCoV-HKU1) was first reported
in Hong Kong in 2005. The main infection caused by HCoV-HKU1, which oc-
curs around the world results in symptoms such as bronchitis, the common cold
and pneumonia. The CoV main protease (Mpro), which is an important enzyme
help in replication of virus via the proteolysis the replicase polyproteins, has been
identified as an appealing target for logical drug development [12]. The coron-
avirus virions seem polymorphic or physiologically spherical when noticed under
an electron microscope. Typically, the 80-120 nm-diameter enveloped coronavirus
particles have club-like extensions of the spike (S) protein adorning their surface.
It has also been shown that certain beta coronaviruses, such as HCoV-OC43 and
HCoV-HKUI1, have brief extensions of the hemagglutinin-esterase (HE) protein.
A relatively small amount of the envelope (E) protein exists in the viral envelope,
which is sustained by the membrane (M) protein. The nucleocapsid (N) protein
binds the DNA inside the viral envelope to create a helical symmetric nucleocapsid.
Coronaviruses have an envelope that surrounds the viral particle. This envelope
is derived from the host cell membrane as the virus exits the host cell. It con-
tains various viral proteins, including the spike (S) protein, which is responsible
for binding to host cell receptors and is a significant target for the host’s immune
response. The spike protein is a large glycoprotein that protrudes from the viral
envelope. It plays a critical role in binding to host cell receptors and facilitating
virus entry into host cells. The S protein is also the primary target of antibodies

4



Literature Review 5

and is used in the development of vaccines. Inside the envelope, the coronavirus
genome is tightly packed with nucleocapsid proteins. The N protein binds to the
viral RNA and helps shape the viral particle. It is involved in viral replication
and assembly. The M protein is a structural protein that helps give the virus its
shape. It interacts with the nucleocapsid and the envelope, providing structural

integrity to the viral particle [13].

The E protein which is usually small but integral membrane protein that plays vi-
tal role in assembly of virus and its release. It is also involved in viral pathogenesis.
The coronavirus genome is a usually single-stranded positive RNA molecule which
usually carries the important genetic information for replication of virus and ex-
pression of proteins of viruses. So far, about 22 HCoV-HKU1 genomes have been
sequenced [13]. The genomes of HCoV-HKU1 vary in size, including 29,295 to
30,097 nucleotides. When it comes to G + C content, the HCoV-HKU1 genomes
have the lowest of all known coronaviruses whose whole genome sequences are
available, at about 32%. The HCoV-HKU]1 genome shares the same gene order
5-replicase ORF1la,b, spike (S), envelope (E), membrane (M), and nucleocapsid
(N)-3’ with other coronaviruses. This arrangement makes the genome mostly com-

parable to other coronaviruses (Figure 2.1) [14].

5'UTR HE E 3'UTR
ORF1a ORF1b S

ORF4 ORFS8

HE

.
e °
ORF4/E

m_M

N/ORF8
-t

FIGURE 2.1: Structure of HCoV-HKU1 [14]
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2.1 Origin

With the emergence of the human coronavirus, many questions related to its evo-
lution, introduction of the virus in the human race, reservoirs of the virus, spread
of the virus,the linkage of the animal virus with its effects on humans and certain
other matters were raised. After obtaining the genomic sequence of the virus, it
was aligned with the available data in databases with the use of BLASTn to find
the homology of this virus. The human coronavirus strain HKU1 that has been
found here has been deposited in GenBank with accession codes MH940245 and

PRJNA509533 [14].

Upon transcription, the beta coronaviruses produce almost 800KD polypeptide.
The polypeptide is cleaved by papain like protease and 3-chymotrypsin like pro-

tease to generate various non-structural protein involved in viral replication [14].

2.2 Entry and Life Cycle

The replication cycle, which makes up the HCoV life cycle, contains five phases:
The first stage of the virus’s life cycle involves attachment to the host cell, in-
tracellular envelopment, uncoiling, replicase expression, replication-transcription
complex formation, RNA synthesis, and virion discharge. The binding of coro-
navirus virions to host cell receptors usually begins the infection phase. The S
protein, which has two functional domains, is composed of the S1 (bulb), which
attaches to receptors, and the S2 (stalk), which connects cell membranes with
virion. Modifications occur in the receptor-binding domain (RBD) of S1 between
coronaviruses. The RBDs of HCoV-229E, HCoV-NL63, and HCoV-HKU1 are
found in the C-terminal domains of their respective S1 subunits, but not in the
N-terminal domains. Receptor binding usually starts the virus infection. HCoV
usually utilizes receptors present on the cell membrane, which are cellular pro-
teins or carbohydrates. It’s interesting to take into account that each protein
receptor for HCoV that is known at present occurs on the cell surface. Some of

these receptors include angiotensin converting enzyme 2 (ACE2) for HCoV-NL63,
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SARS-CoV, and SARS-CoV-2, aminopeptidase N (APN) for HCoV-229E, and
dipeptidyl peptidase 4 (DPP4) for MERS-CoV. On the other hand, glycan-based
receptors expressing 9-O-acetylated sialic acid are employed by HCoV-OC43 and
HCoV-HKUI1. The Figure 2.2 shows the Entry and life cycle of the HCoV-HKU1

in human cell [15].

APN, ACE2, DPP4, BST2
Attachment 9-0-Ac-Sialic Acid
. ",,[ IFITM1,2,3, ATP1A1 J Release

.@ Entry
. 4 > ¥e s - .

o - +gRNA 5'.——'1\' 3y
& /" .
« [/ gANAS &—— N\, ¥
s / Repli ;4
. / plication » ¢
R PP | 4gRNA &' £
pplab 4 \\‘
* " e :
\\ * -sgRNAs @———\, T —
o / — 1\ I,

Transcription / -\ A
1
\_ Il
\. +5gRNAS — N, Assembly ERGIC

o—1\, ~~_Translation
l GBF1, ARF1, HnRNP Al } o—1\, ~a

ER

MADP1, DDX1, PCBP1/2, PABP

Nucleus

FIGURE 2.2: Entry and life cycle of the HCoV-HKU1 in human cell [15]

2.3 Symptoms

Examining the symptoms that those afflicted with HCoV, RSV, and influenza
had been reported. It is statistically significant that there are no variations in
the frequency of vomiting, diarrhea, red throat, and rhinitis instances amongst
all viruses. In addition, HCoV infections have been reported to have a similar or
lower incidence of all symptoms when compared to influenza infections. Relative to
both influenza and RSV, fewer patients with HCoV reported fever. Compared to
HCoV patients, a greater percentage of influenza-positive individuals may have suf-
fered shaking, migraines, fatigue, and joint and muscular pain. Fever, cough, and

dyspnea were less common in HCoV-infected patients compared to RSV-infected
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patients; however, HCoV-infected patients were more likely to suffer symptoms

such as headache, fatigue, muscle discomfort, shaking, and sore throat.

However, the additional illnesses leading to infection of upper respiratory tract
were not found (e.g., hPIV, hMPV, rhinovirus, adenoviruses, and bocaviruses)

[16].

2.4 Treatment for Human Corona Virus HCoV

However, there haven’t been many studies on antiviral therapy for coronaviruses
besides SARS-CoV. Research studies for the treatment of infections caused by
HCoV-HKU1 have not been performed. The limited in vitro data suggests that
HCoV-NL63 may be suppressed by intravenous immunoglobulins, heptad repeat
2 peptide, siRNA, and other compounds. Furthermore, HCoV-229E may be sup-
pressed by saikosaponins, a class of oleanane derivatives obtained from particular

botanical species [17].
Ribavirin

During the 2003 epidemic, ribavirin a synthetic nucleoside, was used exclusively
to treat HCoV patients. Several clinical studies have been carried out, including
a retrospective case series and one that determined the effectiveness of ribavirin
in treating HIV patients after different clinical arms of randomized clinical trials.
However, a conclusive resolution was not possible later on 40% of the 144 patients
in the Greater Toronto study had transaminases that were elevated by 1.5 times,
over half of the patients had hemoglobin reductions (>2 g/dl), and 126 of the
patients got high dosages of ribavirin [18].

2.5 Medicinal Plants

Medicinal plants are those that have shown therapeutic properties and have shown

beneficial results on humans and animals. They have been used since early times
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for the treatment of different diseases. In early times with their instincts, taste
and smell abilities humans used different plants. Some plants were directly applied
to injuries, some were boiled to extract the components present in that plant for
treatment. For this the therapeutic properties of many plants have been under
consideration and these plants have been used as an important source for lead

drugs [19].

Since the first spread of the virus, individuals have been treated with herbal
medicines. Early 90% of the individuals were recovered by the use of herbal
medicines. Some of the remedies prevented the spread of HCoV in individuals and
other remedies have treated the symptoms of the disease from an acute to severe

level [20].

Therefore, the innovation of new antiviral drugs is an important issue because of
life-threatening viral diseases such as Ebola, SARS, and MERS. Alot of plants have
produced numerous phytochemicals with great potential in order to overcome these
diseases. For example, Toona sinensis Reom, also referred to as Cedrela sinensis,
family Meliaceae, is a tree that is frequently discovered in Taiwan, China, and
Malaysia. Because of its potency against HCoV-229E, herbalists and specialists
in Traditional Chinese Medicine (TCM) have described this tree’s potential to
produce multiple phenolic compounds and sterols. This plant’s leaf extract sup-
pressed SARS-CoV replication in vitro with a suppression index of 12-17 [17].
The potential of extracts from a few medicinal plants, such as Paeonia suffruti-
cosa Andrews (Paconiaceac), Phellodendron amurense Rupr. (Rutaccac), Melia
azedarach L. (Meliaceae), Cimicifuga racemosa (L.) Nutt. (Ranunculaceae), and
Coptis chinensis Franch. (Ranunculaceae) as anti-SARS-CoV candidates have
been demonstrated through in vitro antiviral assays of some medicinal plant ex-

tracts [21].

For the inhibition of binding of spike protein of the virus to the ACE2 receptor
,141 medicinal plants and almost 49 natural compounds in their purified form was
reported. These 16 already present drugs were reported to inhibit angiotensin type
TA receptors in-vitro [22]. Many flavonoids were tested against the main protease

for inhibitory effects.
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2.6 Artemsista absinthium

Artemisia is the largest genera included in the family Asteraceae. The name
Artemisia has been derived from the name of the Greek goddess Artemis, who
was considered as protector of the wild. Another proposition about the name of

the genus is from the name of the queen (Artemisia) of Cairo.

The 500 species of this genus is spread all over the world except for the extreme
colds of Antarctica [23]. Absinthium, native to Europe, was introduced to North
America in 1841. It is now naturalized across the northern United States and in
Canada. It is an herbaceous plant as shown in Figure 2.3 [24]. This medicinal

plant has been used as a part of dietary spice and as herbal tea.

The pharmacological characteristics and effects of a number of Artemisia species
of the plants that have been collected from different parts of the world have
been reported. Some common applications of this plant include memory improve-
ment, respiratory and digestive problems, headaches, dyspepsia, liver and kidney
tonic, anti-malarial, anti-spasmodic, anti-inflammatory, febrifuge, heart stimulant,
anthelmintic, and hypertensive and anticoagulant illnesses [25].  Artemisia ab-
sinthium is rich in approximately 600 active metabolites of which Artemisinin

and its derivatives are most commonly used.

Other metabolites such as terpenoids, sesquiterpenoids, monoterpenoids, couramins,
flavonoids, alkaloids, triterprenoids, steroids, benzenoids and alkaloids are also of

major interest [26].

Due to the presence of large metabolites, Artemisia absinthium has also shown
antifungal, antitumor, hepatoprotective, anti-asthmatic and antioxidants proper-
ties. The plant is also rich in minerals, vitamins and essential amino acids making
it an essential candidate for the food, pharmaceutical, nutraceutical, medical and
cosmetic industries. The taxonomic hierarchy of Artemisia absinthium is given in

the table 2.1 [27].
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FIGURE 2.3: Artemisia absinthium [24]

TABLE 2.1: Taxonomic hierarchy of Artemisia absinthium

S.No. Domain Eukarya

1 Kingdom Plantae

2 Clade Trachecophytes
3 Clade Angiosperms
4 Clade Eudicots

5 Clade Asterids

6 Order Asterales

7 Family Asteraceae

8 Genus Artemisia

9

Specie A. Absinthium

2.7 Molecular Docking

Molecular docking has been in use for the past three decades for designing drugs
with computer assistance and to find different structures in molecular biology.
Docking is preferred while performing virtual screening on the compounds present
in the databases or libraries for analysis of their functions. Results can be classified
easily through docking and one of the main roles played by docking is to give an
analysis of how the ligand interacted with the protein, locking it for optimizing

the lead compounds for drug development [28].

Different docking programs use either one or more search algorithms for the pre-

diction of possible results of the receptor-ligand complex. This is the main reason
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behind the rise in popularity of molecular docking as a vital tool in drug discovery
and molecular modeling applications. The docking result gives a score for the
interaction and the accuracy of the scoring function makes docking more reliable
for predicting the ligand pose and through that the binding site of the ligand can
also be determined. With this, it predicts the binding affiliation which in turn
leads to the identification of a potential lead drug in association with the target

protein [29].

2.8 Mpro/ PL2pro

The primary agents responsible for SARS-CoV infections, belonging to the family
of human coronaviruses (HCoV), encompass HCoV-OC43 (8-CoV), HCoV-229E
(a-CoV), HCoV-NL63, and HCoV-HKU1. Scientists exploring innovative anti-
SARS-CoV-2 drugs have been guided by the strong phylogenetic resemblance be-
tween SARS-CoV-2 and HCoV-0OC43, and HCoV-229E, both of which are major

contributors to the common cold [30].

Notably, studies have shown similarities between the host receptor of SARS-CoV-
2, angiotensin-converting enzyme 2 (ACE2), and that of SARS-CoV, suggesting
that targeting ACE2 could be an effective approach in containing the pneumonia
outbreak [31]. Prior research has emphasized the significance of utilizing medica-
tions that inhibit enzymes crucial in the replication of SARS-CoV, particularly the
papain-like protease (SARS-CoV PLPro) and SARS-CoV 3C-like protease (SARS-
CoV 3CLPro). These enzyme inhibitors play a pivotal role in hindering the ex-
pression of essential replicative enzymes like RNA-dependent RNA polymerase

(RdRp) and helicase, thereby impeding viral replication [32].

Regarding the structural aspects, three distinct crystal structures of 3CLpro have
been identified: the wild-type active dimer, monomeric forms incapable of dimer-
ization (including G11A, S139A, and R298A mutants), and the highly active
dimer. The catalytic domain spans residues 8 to 184, the N-terminal finger com-
prises residues 1 to 18, and the C-terminal domain encompasses residues 201 to

306 [33].
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2.9 Natural Compounds as Inhibitors of PL2pro

The main protease (Mpro) of the virus which controls the replication process is
considered an active site for targeting the drugs against the virus. The 3D struc-
ture of the enzyme is screened against the medicinal plant library with almost
32,297 phytochemicals that have shown antiviral properties. Three drugs Col-
istin, Nelfinavir and Prulifloxacin were shown to inhibit the enzyme by drug re-
purposing strategies. With that certain phytochemical like 5,7,3,4’-tetrahydroxy-
2-(3,3-dimethylallyl) which is a flavone has shown highest docking score against
Mpro. This flavone is extracted from Psorothamnus arborescens Myricithin from
the plant Myrica cerifera, Methyl rosemarinate from the plant Hyptis atrorubens,
3,5,7,3",4’ 5’-hexahydroxy flavanone-3-O-beta-D-glucopyranoside from the plant
Phaselous vulgaris, Licoleafol from plant Glycyrrhiza uralensis and Amaranthin

from plant Amaranthus tricolor were identified as inhibitors to Mpro [34].

From tetrapeptide inhibitor 3 serine derivatives were also screened for inhibitory
effects. Herbacetin, pectolinarin and rhoifolin were also found to show inhibitory
effects. Certain chalcones in alkylated form derived from Angelica Keiskei showed
inhibition effects. The docking results showed that hydroxyl and carbonyl groups
formed hydrogen bonds with Ser-144 and His-163 [35].

From the Zinc drug database 27 drugs were identified as potential inhibitors
of 3CLP™. These drugs include lymecycline, chlorhexidine, alfuzosin, cilastatin,
famotidine, almitrine, progabide, nepafenac, carvedilol, amprenavir, tigecycline,
demeclocycline, montelukast, carminic acid, mimosine, Flavin mononucleotide,
lutein, cefpiramide, phenethiacillin, candoxatrill, nicardipine, estradiol valerate,

pioglitazone, conivaptan, telmisartan, doxycycline and oxytetracycline [36].

In natural product database certain compounds were also found to work against
3CLpro and these include compounds like 1-formamido, 6-methyldihydrofuran
which were Andrographodile derivatives, beutonal which is derived from the plant
Cassine xylocarpa, Isodecortinol, Cerevistirol both are derived from the plant Vi-

ola diffusa. Many other natural compounds from the plants like Citrus aurantine,
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Scutellin baiclensis, Phyllantus emblica, Ficus benjamina, Camellia sinensis, Swer-
tia kouitchensis, Gnidia lamprantha, Swertia macrosperma and many more plant
derivatives have shown promising antiviral, anti-inflammatory activity against the

main protease of HCoV [37, 38].

2.10 Inhibitors Against PL2pro of HCoV-HKU1

in Artemaiasia absinthium

There are large number of naturally occurring compounds that can serve as an-
tivirals to inhibit the activity of main protease of HCoV. The natural compounds
have shown minimal side effects with low toxicity and the important thing is they
are easily available to a large mass. The plant Artemisia absinthium have been
used from the earlier times either in the form of tea or in the form of juice for
curing of malaria and other fevers. This was such a remarkable cure that this herb
approximately 4.5-5g in dried weight was converted into an infusion for clinical

trials [31].
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Materials And Methods

3.1 Selection of Disease

Human coronaviruses (HCoVs) are a group of viruses that primarily infect hu-
mans and can cause respiratory illnesses of varying severity. Common human
coronaviruses include HCoV-229E, HCoV-NL63, HCoV-OC43, and HCoV-HKU1.
These viruses typically cause mild respiratory infections, with symptoms like the
common cold, cough, and sometimes fever. To control the transmission of this
virus availability of the drugs has to be ensured. The main protease of HCoV-
HKU1 is identified as to play vital role in the replication of the virus. For this
purpose, it provides a potential site for drug targeting [17]. Though much work is

done but the gaps still remain which needs to be filled.

3.2 Selection of Protein

The main purpose of selection of the respective protein is that it plays an impor-

tant part in the life cycle of the virus. The PL2pro/Mpro plays a vital role in the

cleavage of essential 11 sites in replicase polyproteins which releases certain en-

zymes that are needed for the replication of the respective virus [38]. The structure

of HCoV-HKU1 PL2pro/ Mpro has been downloaded from the available resource
15
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of protein data bank (PDB). With the DOI https://doi.org/10.1128 /JVI.00298-08
and the POC6U3and DOT https://doi.org/10.1128 /JVI.00298-08 3D23 the crystal-
like structure of the main protease of HCoV-HKU1 had been downloaded.

3.3 Determination of Physiochemical Properties

of Proteins

The study and determination of the physiochemical properties of a protein have a
key role in the finding of its function. ProtParam a tool of ExPAsy had been used
for this purpose physiochemical properties like the molecular weight, isoelectric
point, number of amino acids present, grand average of hydropathicity, instability
index, number of negatively charged residues (Asp+ Glu) and positively charged
residues (Arg+Lys) all can be studied.

3.4 Cleaning of the Downloaded Protein

After downloading the protein structure, the extra constituents attached to the
protein needs to be removed which is done by the use of an open-source system
Pymol. The linear chain of consisting of range 1-306 amino acids had been kept
referring as the A chain and remaining all the constituents of the protein had been

eliminated so that further process is done effectively [39].

3.5 Determination of Functional Domains of Tar-
get Proteins
For determining the domains of the target protein InterPro a database that can

analyze a protein is used with that it also provides information regarding the

families, functional sites and the domains of the protein under study [40]. By
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inserting the FASTA sequence of the main protease we got the polypeptide binding

sites and homodimer interfaces www.ebi.ac.uk/interpro/result/InterProScan/

3.6 Selection of Active Metabolic Ligands

Those ligands had been selected that have previously shown some antiviral and an-
timalarial properties. These includes the terpenes, monoterpenes, sesquiterpenes,

phenolic compounds, flavonoids, coumarins and sterols [31].

3.7 Ligand Preparation

By using the database PubChem we had downloaded the 3-dimensional structure
of the above selected ligands. PubChem is under the National Center of Biotech-
nology Information (NCBI) and is a database that contains the essential data
regarding the chemical molecules. The information stored is related to the chemi-
cal names, molecular formulas. 3 dimensional or simple structures, their isomers,
canonical similies and information regarding the activities of the molecules against

the biological assays [41].

The structure of the ligands which are obtained from PubChem had been down-
loaded and then the ligands MM2 energy had been minimized by using Chem3D
ultra. If in case the selected ligand structure is not available then our next attempt
had to download the canonical similies from PubChem and then insert them in
the software Chem Draw and after obtaining the 3D structure repeat the energy
minimization step using Chem3D ultra. At the end pdb format had been selected

to save the energy minimized structure of the ligand.

3.8 Molecular Docking

To carry out the protein and ligand molecular docking process, CB-dock (Cavity
detection guided blind docking) had been used. CB dock finds the sites of docking
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automatically. CB-Dock is a method of protein and ligand docking which indicates
about the sites of bonding, the size and the center is calculated. The box size is
adjusted according to the ligand and then docking is performed. The docking is
performed through AutoDock Vina. As it is docking focused on cavity binding so

ratio of accuracy is higher [42].

For performing the docking we will upload the 3D structure of protein in pdb
format and the 3D structure of ligand in the sdf format. After this docking is
performed. The end result would be 5 different poses of interaction. To select the
best pose we would look upon the minimum vina score which is given in KJ/m-1
CB-Dock will provide an interactive 3D visualization of results in 5 different poses.
Best pose had been selected on basis of minimum vina score given in (kJ/m-1)

[33).

3.9 Visualization of Docking Result via PyMol

Over the past few years the PyMol had been emerged as an efficient molecular
tool of visualization. The graphics and its ability to view 3D structures have been
extraordinary [34]. PyMol provides a plugin which can access the results and make
their visualization clearer so that the docking results can be easily studied. The
pictures of the docking result can be captured also. For all the process the docking
result had been be saved in the pdb format and after visualization in the PyMol

it has been saved in the pdb file format.

3.10 Analysis of Docked Complex via LigPlot

Once we get the docked complex with the lowest vina score, the next step was the
analysis of the complex. The complex had been in the pdb format. This analy-
sis was done by using the software LigPlot. The protein and ligand interaction
schematic designs have been automatically created for the specified pdb file for-

mat. Hydrophobic contacts and hydrogen bonding alter these interactions. The
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study of hydrogen bonding and hydrophobic interactions is provided by LigPlot.
With this LigPlot generates the 2D representation of the protein-ligand complex
[43].

3.11 Ligand ADME Properties

After the analysis the next step was the study of pharmacokinetic and toxicity
properties. The weak candidates of the drug had been eliminated during preclinical
ADME. The remaining applicants may be chosen to test potential treatments for
the disease. By using the PkCSM optimization of the ADME which is Absorption,

Distribution, Metabolism and excretion related to human body had been done [44].

3.12 Lead Compound Identification

After all the work is performed the next step had been to find the lead compound.
The lead compound is identified after applying the rule of 5 which includes:

1. The log value of the drug-like compound must be limited to 5.
2. The molecular weight should also be lesser than 500.
3. Hydrogen bond acceptors maximum number should be 10.

4. Hydrogen bond donors’ maximum number should be 5.

Once the compound fulfills these rules it had been be selected as our lead com-

pound. The selected compound is our lead compound [45].

3.13 Comparison with the Standard Drug

Remdesivir a drug which has shown antiviral properties against MERS, HCoV
HKU1 and other viruses has been selected as a standard drug for comparison

against the lead compound. Remdesivir had been used against proteins of viral
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replication and has shown effective results when used in places like Rome and USA

[46, 47].

3.14 Overview of Methodology

Overview of methodology opted for this study is shown in Figure 3.1

Fi1cURrE 3.1: Overview of Methodology
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Results and Discussion

4.1 Structure Modelling

MPre is selected as the target protein to act against the essential components
present in Artemisia absinthium. The MP™ of the HCoV-HKU1 plays a major role
in the cleavage of essential 11 sites in replicase polyproteins which releases certain

enzymes that are needed for the replication of the respective virus [48].

4.1.1 3D Structure of the Protein

The chosen protein, MP™  is an enzyme of the coronavirus that is essential for
mediating the virus’s transcription and replication. For this reason, it is considered
as an attractive enzyme of the virus to be targeted. M?™ is a 33.8 kDa protein
which digests the polyprotein at almost 11 conserved sites making it an efficient
drug target [49]. The PDB (Protein Data bank) contains massive amount of
information regarding the protein-ligand complexes. The 3D structure of the main
protease of coronavirus was obtained from a protein data bank (PDB) named 3D23
with the DOI/10.2210/pdb3D23/pdb. The protein MP™ of HCoV-HKU1 as shown
in Figure 4.1 was energy minimized for further processing.

21
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FIGURE 4.1: MP™ of HCoV-HKU1 [3D23]

4.1.2 Physical Properties of Protein

For studying the properties of protein MP" a tool of ExXPASy named as ProtParam
is used. It is an online tool that is used for computing the physiochemical proper-
ties of proteins that are entered in the Swiss-prot or TrEMBL or for the proteins
entered by the users. The parameters which are studied include the molecular
weight, protein’s amino acid composition, atomic composition, theoretical pl, es-
timated half-life, extinction co-efficient, instability index, aliphatic index, and the

last is the grand average of hydropathicity (GRAVY) [50].

With this, the protein showing pl greater than 7 means the basic nature of the
protein whereas a pl value lesser than 7 indicates the acidic nature of the protein.
Extinction coefficient indicates the light absorption whereas instability index rep-
resents stability level of protein if it is lesser than 40 then that means the protein

is stable any value greater than 40 shows that protein is unstable [50].

The aliphatic index shows the thermo-stability of a protein. The molecular weight

(MW) of the protein shows both the positive and the negative amino acid residues.
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NR indicates the negative residues (Asp+Glu) and PR represents the positive
charge residues (Arg+Lys). The low GRAVY value shows the interaction with

water molecules. All the above-mentioned parameters were taken into considera-

tion [50].
TABLE 4.1: Physical Properties of MP"™
MW pl NR PR
451387.72  6.29 374 347
Ext. Co1 Ext. Co 2 Instability Index Aliphatic Index GRAVY
543705 534830 30.14 97.21 0.255

The above Table shows the molecular weight of MP™ as 451387.72 which is a
collective weight of negative and positive amino acids residues. The pl is 6.29

which shows that the selected protein is acidic in nature.

The values of light absorption in terms of extinction coefficient is 543705 and
534830. The instability index value of 30.14 shows that selected protein MP" is
quite a stable protein. Aliphatic index also shows that selected protein is ther-
mostable. Low value of GRAVY shows that M?"* has good interactions with water

molecules.

4.1.3 Identification of Functional Domains of the Protein

For identifying the functional domains InterPro consortium is used. InterPro helps
in finding the functional analysis of proteins and classifies them into families which
is done by finding functional domains and other important sites. Functional do-
mains are the active part of the protein that is used by the protein for interacting
with other proteins or other substances. The job ID for finding the functional

domain of 3D23 is www.ebi.ac.uk/interpro/result/InterProScan

Figure 4.2 shows the functional domains of the protein to be targeted. One
polypeptide is formed by the combination of two protomers, A and B. There

are 1-3006 residues in it. There are three domains in each protomer; Domain II



Results and Discussion 24
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FIGURE 4.2: Functional domains of targeted protein.

has 102-184 residues whereas Domain I has 8101 residues. The residue count of
the third domain is 201-303. A cleft in Domains I and II serves as a location for

substrate binding [49].

4.2 Structure of Protein Refined for Docking

The protein structure is refined by the use of PyMol. The extra side-chain C is also
removed as shown in Figure 4.3, now the protein is ready for docking. Domains 1
and Il have an antiparallel g-barrel structure whereas Domain III has a globular
cluster which consists of five antiparallel a-helices. Domain III is connected by

Domain IT by a loop region consisting of 185-200 residues [49].

FIGURE 4.3: 3D23 cleaned Protein of MP"™ of HCoV-HKU1



Results and Discussion 25

4.3 Ligand Selection

The selection of ligands is primarily based on several criteria: the best resolution
structure, the chemical class of the crystal bound to the protein, and their binding
affinities. Conformational selection of the ligand holds significance in this process,
wherein a ligand selectively binds to one of the conformers, reinforcing it, and
consequently increasing its presence relative to the total protein population [27—

30, 51].

To identify potential ligands, a search was conducted within PubChem, recognized
as the largest chemical databank globally, to isolate active ingredients from the
selected plant. The 3D structures of these ligands were obtained in the SDF format
from PubChem and are outlined in Table 4.2, providing structural information

[27-30, 51].

Upon acquiring the structures of the selected ligands, the subsequent step involved
minimizing the energy of these ligands. This step is critical because using the
downloaded structures directly isn’t viable due to ligands’ instability, which could

significantly impact the accuracy of the docking vina scores.

TABLE 4.2: 3D Structure of Selected ligands with molecular formula and molec-
ular structure

S. Ligands Molecular Molecular Structure
No Name Formula Weight
1. Afzelechin Ci5H1405 274.27 g/mol -

2. Lupeol Cs0H3500 426.7 g/mol M

2]

a
3. Kaempferol Ci5H1¢O¢ 286.24 g/mol 4 e pune

‘oo
d v
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S. Ligands Molecular Molecular Structure
No Name Formula Weight
4. Catechin 022H18010 442 .37 g/mol

f‘ g“
5. Scoparone Ci11H190y4 206.19 g/mol - -

qP <
6.  Quercetin Cy5H1007 302.23 g/mol 4 d“'“’ o
Q
»
7. Quinic acid C7H 506 192.17 g/mol
8. Rutin CQ7H30016 610.5 g/HlOl
9. Furosin CQ7H22019 650.5 g/mol
10.  Chrysoplenetin - CygH3Og 374.3 g/mol
-
11.  Rhoifolin Co7H30014 578.5 g/mol e ,‘%‘
%’5.&1 e
4
-

12.  Arteannunin b Cy5Hz005 248.32 g/mol J%
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S. Ligands Molecular Molecular Structure
No Name Formula Weight
13.  Oleanolic acid  CzoH4303 456.17 g/mol :tﬂ}ﬁ% e
:M He ¥
u |
14. artemisinin Ci5H9205 282.33 g/mol !b _B.ﬂiﬂ.
L
a
b s
15.  Artemisnic Ci5H220, 234.33 g/mol ‘8-'8' %?
acid
T -
16.  Deoxyartemisnin Ci5Hg504 266.33 g/mol i 3
- w
, ©
17.  Artemetin CooHg0O4 388.4 g/mol ,.’ o ot
pd : »
“« N
iH
] -
18.  Casticin C1oH150s 374.3 g/mol 10° 0 aat
“} )
«x (4 1.
19.  Sitogluside Cs5Hgo0g 576.8 g/mol TR
™
20.  Spinacetin C17H4054 346.3 g/mol
-4 d":p co
d ‘0 »
<« 3¢
21. Apigenin C15H1005 270.25 g/mol 9‘ qb“n {:b'
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S. Ligands Molecular Molecular Structure
No Name Formula Weight
4 7
22, Kanizol F CasHag Oy 392.5¢ /mol \% LS
Y
&P °°crq Oo%
23.  Stigmasterol Ci16HyO 412.7 g/mol o Pag, A OQM‘
D
24.  Taraxerol C30H500 426.7g/mol 'EE%
]
& Y wo 00
25.  Beta sitosterol = CogHzqO 414.7 g/mol oqu oouo b- %..
6 o9
)

TABLE 4.3: Fifteen selected ligands with structural information

Molecular H-Bond H-Bond

S. No Ligand P-value Weight Acceptor Donor
1. Afzelechin 1.8405 274.27 g/mol 5 4

2. Kaempferol 2.2824 286.2 g/mol 6 4

3. Catechin 2.5276 150.22 g/mol 10 0

4. Chrysoplenetin 2.9056 374.34 g/mol 8 2

5. Arteanniun B 2.4518 248.32 g/mol 3 0

6. Artemisinic acid ~ 3.645 234.33 g/mol 1 1

7. Quercetin 1.988 302.23 g/mol 7 5

8. Rutin -1.6871 610.5 g/mol 16 10

9. Deoxyartemisnin ~ 2.4633 266.33 g/mol 4 0

10. Casiticin 2.9056 374.3 g/mol 8 2

11. Spinacetin 2.2996 346.29 g/mol 8 4

12. Artemisinin 2.3949 282.33 g/mol 5 0

13. Apigenin 2.5768 270.24 g/mol 5 3

14. Scoparone 1.8102 206.19 g/mol 4 0

15. Kanizol F 5.707 396.5 g/mol 4 4

In Table 4.3 we have selected fifteen Ligands, rutin does not follow the Lipinski

rule at all while all other ligands obeys the Lipinski rule.
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4.3.1 Toxicity Prediction

The values of ADMET (Absorption, Distribution, Metabolism, Excretion, and
Toxicity) for bioactive substances and medications may be predicted using the
web program PkCSM. By using this tool, we had determined the toxicity of the
ligands selected, for these different methods are used to test whether a given ligand
is toxic or not. The AMES toxicity test uses microbes to assess a compound’s
potential for mutagenicity. If it shows a positive response, then the ligand is
mutagenic which can also act as a carcinogen T. Pyriformis toxicity method uses
T. Pyriformis (protozoa bacteria) toxicity as a toxic endpoint. Any value >-0.5
log ug/L is considered toxic. The values predicted in the Minnow toxicity test are
used to represent the concentration at which the compound could cause the death
of 50% of the minnows. The value below 0.5 mM is regarded as acute toxic. The
values for MRTD (maximum recommended tolerated dose) give a picture of the
starting dose of a certain pharmaceutical at clinical phase I. Value > 0.477 log
mg/kg/day is low and a value greater than this value is considered as high. For
the oral rat chronic test of toxicity, the predicted log value of the lowest observed
adverse effect in log mg/kg/day is given which relates to the concentration of the
compound given that requires the treatment time. A hepatotoxicity test predicts
that if a compound could affect the liver functioning or not. A skin test predicts

whether the compound could give any skin reactions or not [52-54].

The hERG I and II inhibitor test determine the potential of any compound to cause
the inhibition of the potassium channels associated with hERG. An inhibitor of
these channels could lead to QT syndrome and on a long-term basis the person
could develop ventricular arrhythmia [52-54]. The toxicity predicted values of the

selected ligands are shown in the Tables from 4.4 to 4.10.

4.3.1.1 Determination of Toxicity Values of Afzelechin, Kaempferol,

Catechin and Chrysoplenetin

The toxicity values of afzelechin, kaempferol catechin and chrysoplenetin are given

below. Table 4.4 shows that kaempferol and chrysoplenetin has a high MRTD
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value. All other test values are in the safe range, that shows that both afzelechin
and kaempferol are not the cause for AMES toxicity, afzelechin have a safe tol-
erated dose. It also shows that all are not hERG I and II inhibitors except only
catechin is inhibitors to hERG II. All have a safe toxic rate with respect to test
on rat and on T. pyriformis with that they are not toxic to liver and does not

provide any sensitivity to skin [52-54].

TABLE 4.4: Toxicity values of afzelechin and kaempferol, catechin and chryso-

plenetin
S. Model Name Predicted Predicted Predicted Predicted
No values of wvalues of values of wvalues of
Afzelechin Kaempferol = Catechin Chryso-
plenetin
1. AMES Toxicity No No No No
2. Max.  tolerated 0.136 0.531 0.449 0.491
dose (human)
3. hERG I inhibitor  No No No No
4.  hERG Il inhibitor No No Yes No
5. Oral rate acute 2.365 2.449 2.558 2.324
toxicity
6. Oral rate Chronic 2.215 2.505 2.777 1.773
toxicity
7. Hepatoxicity No No No No
8. Skin sensitization No No No No
9. t.pyrisformis toxi- 0.519 0.312 0.285 0.313
city
10. Minnow toxicity 2.75 2.885 6.146 2.2248

4.3.1.2 Toxicity Values Determination of ArteanniunB, Artemisinic

Acid, Rutin and Quercetin

The toxicity values of arteanniun B, artemisinic acid, rutin and quercetin are given
below. Table 4.5 shows that arteanniun B, artemisinic acid has a low and rutin
and quercetin have high MRTD value. All other test values are in the safe range.
It also shows that all are not hERG I and II inhibitors except only rutin can
inhibit to hERG II. All have a safe toxic rate with respect to test on rat and
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on T. pyriformis with that they are not toxic to liver and does not provide any

sensitivity to skin [54, 55].

TABLE 4.5: Toxicity Values of Arteanniun B , Artemisinic Acid, Rutin and

Quercetin
S. Model Name Predicted Predicted Predicted Predicted
No values of wvalues of wvalues of wvalues of
Arteanniun artemisinic rutin quercetin
B acid
1. AMES Toxicity No No No No
2. Max. tolerated 0.195 0.403 0.452 0.47
dose (human)
3. hERG I inhibitor  No No No No
4. hERG II inhibitor No No Yes No
5. Oral rate acute 2.052 1.747 2.491 2.302
toxicity
6. Oral rate Chronic 1.589 2.251 3.673 1.768
toxicity
7. Hepatoxicity No No No No
8. Skin sensitization No Yes No No
9. T. pyrisformis  0.45 0.514 0.285 0.317
toxicity
10. Minnow toxicity 1.53 0.541 7.677 2.233

4.3.1.3 Toxicity Values Determination of Deoxyartemisnin, Artemisin

-in, Casiticin & Spinacetin

The toxicity values of deoxyartemisnin, artemisinin ,casiticin and spinacetin are
given below. Table 4.6 shows that artemisinin is AMES toxic while other have safe
range. Deoxyartemisnin and artemisinin has a low MRTD value. All other test
values are in the safe range. It also shows that all are not hERG I and II inhibitors
. All have a safe toxic rate with respect to test on rat and on 7. pyriformis with

that they are not toxic to liver and does not provide any sensitivity to skin [55].
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TABLE 4.6: Toxicity values of Deoxyartemisnin, Casiticin, Artemisinin and
Spinacetin
S. Model Name Predicted Predicted Predicted Predicted
No values of De- values of values of wvalues of
oxyartemis- Casiticin Artemisinin  Spinacetin
nin
1. AMES Toxicity No No Yes No
2. Max.  tolerated 0.174 0.47 0.065 0.652
dose (human)
3. hERG I inhibitor  No No No No
4. hERG II inhibitor No No No No
5. Oral rate acute 2.161 2.302 2.459 2.412
toxicity
6. Oral rate Chronic 1.506 1.768 1 2.761
toxicity
7. Hepatoxicity No No No No
8. Skin sensitization No Yes No No
9. t.pyrisformis toxi- 0.363 0.317 0.322 0.293
city
10. Minnow toxicity 1.538 2.233 1.406 2.151

4.3.1.4 Determination of Toxicity Values of Apigenin, Scoparone and

Kanizol f.

The toxicity values of apigenin, scoparone, kanizol F are given below in Table 4.7.

All the three ligands have shown values in the range that is determined by pkesm.

All of these are not toxic neither are they the inhibitors nor does any harm to skin

and to the liver [54].

TABLE 4.7: Toxicity values of Apigenin, Scoparone and Kanizol f

S. Model Name Predicted val- Predicted Predicted val-

No ues of Apigenin values of Sco- ues of Kanizol f
parone

1. AMES Toxicity No No No

2. Max. tolerated dose 0.328 0.494 0.501

(human)
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TABLE 4.7: Toxicity values of Apigenin, Scoparone and Kanizol f

S. Model Name Predicted val- Predicted Predicted val-
No ues of Apigenin values of Sco- ues of Kanizol f
parone
3. hERG I inhibitor No No No
4. hERG 1I inhibitor No No No
5. Oral rate acute toxi- 2.45 2.345 2.215
city
6. Oral rate Chronic 2.298 2.048 1.298
toxicity
7. Hepatoxicity No No No
8. Skin sensitization No No No
9. t.pyrisformis toxicity — 0.38 0.603 0.296
10.  Minnow toxicity 2.232 1.223 0.728

The toxicity values mentioned in the above Tables from 4.4 to 4.7 shows that
based on toxicity tests like skin sensation, hERG II inhibitors, AMES toxicity,
and minnow toxicity we would screen out artemisinin, casiticin, rutin, artemisinic
acid, catechin, dihydroartemisinic, all other ligands pass the toxicity test, but the

final screening would be based on the overall ADME properties.

4.4 Molecular Docking

Molecular docking is an approach that determines the proper structure of the
ligand that binds to the binding site and estimates the strength between a ligand
attached to a receptor protein using the vina score function. The 3D structure of
the ligands and the protein are taken to perform docking. For this purpose, CB
dock an online blind auto docking tool is used [52, 54].

CB Dock computes the cavity sizes and predicts the protein binding locations.
CB Dock provides us with the top five possess and receptor models upon docking.
Based on the cavity size and the vina score, the optimal position was chosen among

these five [53, 54].
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Molecular docking was performed by using MP™ as the receptor protein and the
fifteen ligands selected above. The protein was in the PDB format and the ligands
were in the SDF format. CB dock then checked the input files and then converted
them into pdbqt format files by using OpenBabel and MGL Tools [54]. Then CB
dock predicted the cavities of the receptor and also calculated the centers and
sizes of the top five cavities. Among the five best conformations the best one
was selected based on a high-affinity score of the interaction between the protein
and the ligand [54]. Ligands showing the best binding score between the selected
ligands and the protein M?P™ are shown in Tables 4.11-4.18.

Table 4.8 shows the docking result of all selected ligands. It shows that afzelechin
has binding score of -7.5. The logP value of this docked result is 1.8405. kaemferol
shows the docking score of -7.9, and gives a logP value of 2.282. Afzelechin and
kaempferol have shown a low binding score than that of catechin. Catechin shows
a binding score of -8 and log p value is 1.5461.Rutin is also showing the highest
binding score of -8.9 while , chrysoplenetin also shows a binding score of -7.9 and
arteanniun B shows a score of -6.8. Artemisinic acid shows the same binding score
of -7.2. Quercetin shows a score of -8.5, and deoxyartemisnin shows score of -7.3.
Casiticin shows the binding score of -7.5 and both apigenin and spinacetin shows
the score of -7.8. Scoparone and kanizol f and artemisinin shows a binding score

of -6.1 and -7.7 and -7.7 respectively.

TABLE 4.8: Docking result of all selected Ligands

S Ligands Binding Cavity HBD HBA Log M. Rotatble Grid
No Score size P Weight Bond Map
1. Afzelechin -7.5 1309 4 5 1.8405 2742 1 53.075
2. Kaempferol -7.9 1309 4 6 2.282 286.23 1 53.075
3. Catechin -8 1309 5 6 1.5461 290.2 1 53.057
4. Chryso -7.9 1309 2 8 2.9056 374.35 5 -53
plenetin
5. Arteanniun -6.8 3488 0 3 2451 24832 O -49
B
6. Rutin -9.7 3488 10 16 -1.678 6105 6 -49

7. Quercetin -8.5 1309 5 7 1.988 30223 1 -53
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TABLE 4.8: Docking result of all selected Ligands

S Ligands Binding Cavity HBD HBA Log M. Rotatble Grid
No Score size P Weight Bond Map
8. Artemisinic -7.2 753 1 1 -3.645 2433 2 -56
acid
9. Deoxy -7.3 3448 0 4 2.4633 266.33 0 -49
artemisnin
10. Casiticin -7.5 3448 2 8 2.9056 37434 5 -49
11. Spinacetin  -7.8 3448 4 8 2.2996 346.3 3 -49
12. Artemisinin -7.7 753 0 5 2.3949 282.336 0 -56
13. Apigenin -7.8 1309 3 5 2.5678 270.2 1 -53
14. Scoparone  -6.1 3448 0 4 1.8102 206.197 2 -47
15. Kanizol I -7.7 3448 4 4 5.7017 396.5 8 -49

Ligands like afzelechin, kaempferol and Catechin had already been reported to be
docked against the MP™ by using Auto dock. Afzelechin shows the same bind-
ing score of -7.5 as already been reported by P Bhattacharya, TN Patel — 2021

kaempferol show a score of -7.9 and catechin show s binding score of -8 [52].

Ligands like quercetin, rutin and apigenin had already been reported to be docked
against the MP"® by using Auto dock wizard. Quercetin shows the binding score
of -7.2 which is lesser than the docking score showed by CB-Dock as already
been reported by Oluwaseun Taofeek in 2020 [55]. Ligands like chrysoplenetin,
arteanniun B and rutin had already been reported to be docked against the M
by using Auto dock wizard. chrysoplenctin shows the binding score of -7.9 which
is lesser than the docking score showed by CB-Dock as already been reported by
Oluwaseun Taofeek in 2020 [55].

4.5 Ligands’ Interaction with the Targeted Pro-

tein

PyMol and LigPlot are employed for analyzing the docking result. LigPlot is em-

ployed to predict an association between the ligands and the protein that serves as
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the receptor. LigPlot’s graphical system utilizes the 3D coordinates to generate on
its own two-dimensional representations of interactions. The two-dimensional im-
ages illustrate the hydrophobic and hydrogen bond interactions that occur between
the ligand and side chain or main chain elements of the receptor protein [54]. The
2D diagrams of the interaction of the ligands and the protein are shown in figures

4.4 - 4.18 whereas table 4.9 shows the hydrogen and hydrophobic interactions.

Figure 4.4 shows the bonding interaction of afzelechin with receptor protein M.
It shows that afzelechin has formed nine hydrophobic interactions and four hydro-

gen Bonds.
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FIGURE 4.4: Interaction of afzelechin with the receptor protein

Figure 4.5 shows the interaction of kaempferol with receptor protein MP™. It shows

that kaempferol has formed nine hydrophobic interactions and four hydrogen bond.
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FIGURE 4.5: Interaction of kaempferol with receptor protein

Figure 4.6 shows the interaction of catechin with receptor protein MP™. It shows

that catechin has formed seven hydrophobic interactions and six hydrogen bond.
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FIGURE 4.6: Interaction of catechin with receptor protein

Figure 4.7 shows the interaction of chrysoplenetin with receptor protein MP™.
It shows that chrysoplenetin has formed nine hydrophobic interactions and five

hydrogen bonds
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Figure 4.8 shows the interaction of arteanniun B with receptor protein M?™°. It
shows that Arteanniun B has formed nine hydrophobic interactions and five hy-

drogen bonds.
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FIGURE 4.8: Interaction of arteanniun B with receptor protein
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Figure 4.9 shows the interaction of rutin with receptor protein M?°. It shows that

rutin has formed fourteen hydrophobic interactions and seven hydrogen bonds.
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FIGURE 4.9: Interaction of rutin with receptor protein

Figure 4.10 shows the interaction of quercetin with receptor protein MP™. It shows

that quercetin has formed seven hydrophobic interactions and six hydrogen bonds.
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FIGURE 4.10: Interaction of quercetin with receptor protein
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Figure 4.11 shows the interaction of artemisinic acid with receptor protein MP™°. Tt
shows that artemisinic acid has formed seven hydrophobic interactions and three

hydrogen bonds.
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FIGURE 4.11: Interaction of artemisinic acid with receptor protein

Figure 4.12 shows the interaction of deoxyartemisnin with receptor protein M.
It shows that deoxyartemisnin has formed ten hydrophobic interactions and two

hydrogen bonds.
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FIGURE 4.12: Interaction of deoxyartemisnin with receptor protein
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Figure 4.13 shows the interaction of casiticin with receptor protein MP™. It shows

that casiticin has formed twelve hydrophobic interactions and two hydrogen bonds.
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FIGURE 4.13: Interaction of casiticin with receptor protein

Figure 4.14 shows the interaction of spinacetin with receptor protein MP™. It shows
that spinacetin has formed thirteen hydrophobic interactions and two hydrogen

bonds.
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FIGURE 4.14: Interaction of spinacetin with receptor protein

Figure 4.15 shows the interaction of apigenin with receptor protein M?P™. It shows

that apigenin has formed ten hydrophobic interactions and four hydro gen bonds.
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FIGURE 4.15: Interaction of apigenin with receptor protein

Figure 4.16 shows the interaction of scoparone with receptor protein MP™. It
shows that scoparone has formed six hydrophobic interactions and five hydrogen

bonds.

FIGURE 4.16: Interaction of scoparone with receptor protein

Figure 4.17 shows the interaction of artemisinin at cavity with receptor protein

MPT. It shows that artemisinin has formed twelve hydrophobic interactions.
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FIGURE 4.17: Interaction of artemisinin with receptor protein

Figure 4.18 shows the interaction of kanizol F with receptor protein MP™°. It shows
bonds.

that kanizol F has formed twelve hydrophobic interactions and four hydrogen
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FIGURE 4.18: Interaction of kanizol F with receptor protein
The Table 4.9 below shows the details of hydrogen and hydrophobic interactions
of the selected ligands with the receptor protein.

The values show that rutin
forms the highest hydrophobic interactions in number which is fourteen next
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spinacetin is thirteen hydrophobic interactions whereas casiticin, kanizol f, and
artemisinin with 12 hydrophobic bonds, ten hydrophobic bonds are made by api-
genin and deoxyartemisnin, while afzelechin, kaempferol, artemisinic acid, artean-
niun, and chrysoplenetin with those 9 hydrophobic interactions while catechin,
quercetin artemisinic acid form seven hydrophobic interactions.
bonds formed by rutin is 7 which is the highest in number out of all the selected

ligands whereas quercetin, catechin forms six hydrogen bonds.

scoparone and chrysoplenetin forms five hydrogen bonds.

Arteanniun B,

TABLE 4.9: Active ligand showing hydrogen and Hydrophobic Interactions

S. Ligand Binding No Bonding Amino Distance Hydrophobic
No Name Energy of Acids Bonding
HB

1.  Afzelechin -7.5 4 N-Ser8-O 2.92 Gly154 Thr153
N-GIn123-O 3.00 Vall51 Phell2
0-His127-C 2.88 Asp292 Met6
OG1-His127-0 2.98 Pro9 Leul52

Gln295

2. Kaempferol -7.9 4 N-Gly154-O 2.95 His127 Thr153
N-Ser8-O 2.91 Vall51 Phell2
0O-GIn123-N 3.09 Asp292 Met6
N-Thr111-O 291 Pro9 Leulb2

Gln295

3. Catechin -8 5 0-GIn123-06 2.37 Pro9A Glyl54
N-Asp292-O 3.16 Leul52 Thr153
N-Met6-O 3.20 Vall51 GIn295
N-His127-O 2.93 Phel12
O-Thr111-0G1 2.94

4. Chrysoplenetin -7.9 5 OG1-Thr111-O6 2.53 Leul52 Met6
O-Thr111-O6 3.09 Vall51 Val7
N-GIn123-O 2.93 Asp292 Ala289
0O-GInl123-N 3.04 Ser291 GIn295
OG-Ser8-N 2.79 Val300

5. Arteanniun B -6.8 0 - - Asp65 Gly23

Ser226 Tyr22
Leub7 Arg60
Glu228

The hydrogen
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TABLE 4.9: Active ligand showing hydrogen and Hydrophobic Interactions

S. Ligand Binding No Bonding Amino Distance Hydrophobic
No Name Energy of Acids Bonding
HB
6. Rutin -9.7 7 O-Ser46-N 3.30 Ala264 Val224
N-Ser46-O 3.17 Cys225 Asp223
N-Lys267-O 3.31 Thr90 Val78
N-Asp229-OP1 3.05 Met25 Asp34
0-OP1-016 2.54 Ser92 Tle43
N-Ser226-O 2.79 Tyr22 Ser4b
0O-Gly123-N 2.94 Gly23 Cys44
7. Artemisinic -7.2 3 OG1-Thr113-02 3.06 Leub7 Arg60
Acid
N-Thr113-O3 3.22 Cys44 Ile43
N-Ser8-O 3.15 Tyr22 Asp65
Gly23 Ser226
Glu228
8. Quercetin -8.5 6 N-Gly154-O 3.03 Thr153 Leul52
0-GIn123-0OT 2.92 Vall51 Met6
OG1-Ser8-01 2.94 Phell2 GIn295
N-Thr111-O 3.14 Pro9
N-His127-02 3.20
OG1-Asp292-03  2.93
9. Deoxyartemisnin-7.3 2 N-Ser24-04 3.13 Serdb Asp229
0-Ser24-0G 2.80 Tyr22 Ser226
Gly23 Leub7
Asn48 Tle43
Arg60 Asp65
10. Casiticin -7.5 1 0-Asn222-C3 3.32 Leu 4 Met25
Ser92 Cysl42
Leu27 Gly143
Cys145 Vall78
Asp223 Ser24
Val224 Thr26
11. Spinacetin -7.8 2 0-Asn222-06 3.76 Asp223 Val78
O-Thr26-05 3.05 Ser24 Met25

Cysl142 Leu27
Ser92 Gly143
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TABLE 4.9: Active ligand showing hydrogen and Hydrophobic Interactions

S.

Ligand

No Name

Binding
Energy

No
of
HB

Bonding Amino Distance Hydrophobic

Acids

Bonding

12.

13

14.

15.

Apigenin

. Artemisinin

Scoparone

Kanizol F

-7.8

-7.7

=77

0-GIn123-ON
OG-Ser8-01
OG1-Thr111-O5

OG-Ser70-O4

02-Serd5-0G
02-Ser45-N
02-Asn48-N

0O-Ser92-02
N-Val224-01

2.95
3.01
2.96

2.99

3.14
3.01
3.12

3.03
3.11

Leu4 Leu93
Met49 Cyst145
Val224

Gly154 Leulb2
Thr153 Pro9
Met6 Asp292
His127 Phell2
Vall51 GIn295
Thr11l Thr113
Phell2 His127
Ser8 Gly124
Leul52 GInl23
GIn295 Ser291
Vall51 Asp292
Asp65 Glu228
Arg60 Leub7
Cys44 Tle43
Gly23 Tyr22
Asp65
Thr90Val91l
Ser24Gly143
Thr76Cys142
Tyr118Asnl19
Thr26Asn222
Val78Asp223

4.6 ADMET Properties

In order to determine if something is vocally or artificially available, Lipinski’s

Five Drug Laws are first applied [46]. pkCSM is the second tool that is used for

the assessment of ADMET properties [45].
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4.6.1 Pharmacodynamics

One of the broader terms used in pharmacology is pharmacodynamics which is

concerned with researching how drugs affect the body [54].

4.6.2 Pharmacokinetics

The other term used in pharmacology is pharmacokinetics which deals with the
study of the reaction of the body to the drug, that how the body reacts after the
drug enters the body. The absorption, distribution, metabolism, and excretion of

drugs are also studied [54].

4.6.3 Absorption

The CaCOs solubility helps in predicting the absorption of the drugs which are
administered orally. Value > 0.90 (log Papp in 10-6 cm/s) is considered as high
CaCOy permeability [52, 53].The water solubility of the ligands is given as log
mol/L. this indicates the compound solubility in water at 25°C. hence the lipid-
soluble drugs will be less soluble than the water-soluble drugs. Intestinal absorp-
tion indicates the value or proportion of the compound that will absorb into the

intestines. A value less than 30% is considered poorly absorbed [53-56].

P-glycoprotein is an ABC transporter that functions to extrude toxins or other
xenobiotics from the cells by acting as a biological barrier. p-glycoprotein inhibi-
tion can be a therapeutic target or it can act in contradiction. Skin permeability
is important for developing transdermal drugs.Any compound with a value > -2.5

has a low skin permeability [53-56].

The absorption properties of all selected ligands are given in the Table 4.10. It
shows that afzelechin, kaempferol, catechin, chrysoplenetin all have low skin per-
meability and also has low CaCO, solubility. Apart from all these the values

of other parameters are in the range, chrysoplenetin is not the inhibitors of P
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-glycoprotein II. It also reports that quercetin, and rutin have low CaCO; solu-
bility. With that rutin also have low intestinal absorption. Whereas rutin and
quercetin are p glycoprotein substrate. While deoxyartemisnin and artemisinin
are not P-glycoprotein substrates, with that casiticin also has low skin perme-
ability. Other than that Water solubility, CaCOs solubility, intestinal absorption
values are all in the pkesm range. Deoxyartemisnin,rutin and artemisinin are not
the P-glycoprotein I and Il Except casiticin which is inhibitors of P-glycoprotein
I1. kanizol F has low CaCO; solubility with that it also is a P-glycoprotein II in-
hibitor only. Whereas scoparone is not a P-glycoprotein substrate and also is not
inhibitor of P-glycoprotein I and II. Apigenin gives the values of absorption pa-
rameters which are water solubility, CaCOy solubility, intestinal absorption, skin
permeability, P-glycoprotein substrate and its inhibitors, all have indicated the

values in pkesm range.

TABLE 4.10: Absorption properties of all selected ligands

S Ligands Water CaCO2 Intestinal ~ Skin Per- P glyco- P glyco- P glyco-

No Solubility  Solubility ~ Absorp- meability  protein protein I  protein II
tion Substrate  Inhibitor Inhibitor
(human)

1. Afzelechin -3.254 1.077 91.482 -2.735 yes No No

2. Kaempferol 3.04 0.032 74.29 -2.735 Yes No No

3. Catechin -3.117 -0.283 68.829 -2.735 Yes No No

4.  Chrysoplenetin  -3.605 1.393 99.856 -2.743 Yes No Yes

5.  Arteanniun B -3.221 1.537 98.347 -3.322 No No No

6.  Artemisinic -3.632 1.6 95.706 -2.699 No No No

acid

7. Quercetin -2.925 -0.229 77.207 -2.735 Yes No No

8.  Rutin -2.892 -0.949 23.446 -2.735 Yes No No

9. Deoxy artemis- -3.396 1.318 97.828 -3.279 No No No

nin

10. Casiticin -3.599 1.39 96.91 -2.744 Yes No Yes

11. Spinacetin -3.126 -0.158 67.925 -2.735 Yes No No

12.  Artemisinin -3.448 1.279 97.785 -3.314 No No No

13. Apigenin -3.329 1.007 93.25 -2.735 Yes No No

14. Scoparone -1.976 1.298 97.879 -2.346 No No No

15. Kanizol F -3.443 0.844 89.18 -2.735 Yes Yes Yes

Some of the parameters of absorption properties of afzelechin has already been
studied by P Bhattacharya, TN Patel — 2021 [52]. Some parameters of absorp-

tion properties of kaempferol and catechin have been studied by Erman Salih in
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2020 [53]. Pkesm absorption properties of chrysoplenetin, casiticin, artemisinin,
spinacetin and deoxyartemisnin has already been reported by Zarina Khurshid in
2021 [54]. Pkesm absorption properties of apigenin have already been reported
by Zarina Khurshid in 2021 [54]. Some parameters of absorption of quercetin,
rutin and apigenin have been studied by Oluwaseun Taofeek in 2020 [55]. Absorp-
tion properties of Scoparone and Kanizol f has already been reported by Muthu

Manickam Sankar and his colleagues in 2021 [57].

4.6.4 Distribution

The VDss is the estimated volume which tells about the entire dose of the drug
which will be needed to be distributed uniformly to give the same concentration
as it is in the blood plasma. If the VDss value exceeds 2.81 L/kg, then the drug
is more dispersed throughout the tissues compared to the plasma. The VDss will

be low if the value is below 0.71 L/kg [54].

Many drugs in the plasma exist in an equilibrium between a bounded and an
unbounded state to the serum proteins. As a drug binds more to the serum
proteins it will have less efficiency of diffusion to cellular membranes. The blood-
brain barrier protects the brain and reduces the exogenous compounds to enter
directly into the brain. If a compound has a value of logBB >0.3 then it will
easily cross the BBB barrier hence been effective and if it is logBB < -1 then it is
poorly distributed [54]. Compounds with a value of logPS>-2 penetrate the CNS
whereas value logPS <-3 does not penetrate the CNS [54].

The values of the distribution of all selected ligands are given below in Table 4.11.
The parameters through which the distribution properties are determined includes
VDss which is in the given in table that afzelechin, kaempferol, catechin is high
while in chrysoplenetin value is low, the all ligands have low BBB values so they
are poorly distributed to brain. The values of the fraction unbound of these ligands
shows that out of the total dose this fraction will not be bounded to the protein.
All these ligands mentioned in table 4.18 cannot cross the blood brain barriers

whereas catechin and chrysoplenetin out of all these will not pass the CNS. It also
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indicates that quercetin and rutin cannot cross the blood brain barrier and with
that both are also not permeable to central nervous system. Other parameters give
the distribution of ligands and gives the amount of the unbounded ligand. The
table also show the value which indicates that deoxyartemisnin, artemisinin is
permeable to the central nervous system except spinacetin, casiticin it also shows
that these ligands cannot easily cross the blood brain barrier. While apigenin,
scoparone and kanizol f all three ligands as drugs can pass through the central

nervous system and cannot penetrate through blood brain barrier.

TABLE 4.11: Distribution of properties of all selected ligands

S Ligands VDss Fraction BBB Per- CNS Per-
No (Human) Unbound meability meability
(Human)

1. Afzelechin 0.562 0.194 -0.818 -2.473

2. Kaempferol 1.274 0.178 -0.939 -2.228

3. Catechin 1.027 0.235 -1.054 -3.298

4. Chrysoplenetin -0.161 0.103 -1.043 -3.226

5. Arteanniun B 0.401 0.426 0.434 -2.951

6. Artemisinic acid -0.449 0.302 0.323 -2.314

7. Quercetin 1.559 0.206 -1.098 -3.065

8. Rutin 1.663 0.187 -1.899 -5.178

9. Deoxyartemisnin  0.356 0.411 0.28 -2.999

10. Casiticin -0.176 0.103 -1.503 -3.209

11. Spinacetin 0.675 0.057 1.465 0.235

12. Artemisinin 0.459 0.445 0.235 -2.933

13. Apigenin 0.822 0.147 -0.734 -2.061

14. Scoparone -0.344 0.298 0.177 -2.328

15. Kanizol F -0.028 0.063 -1.001 -2.081

Some of the parameters of distribution properties of afzelechin has already been
studied by P Bhattacharya, TN Patel — 2021 [52]. Some parameters of dis-
tribution properties of catechin and kaempferol have been studied by Erman
Salih I'STI'FLI" in 2020 [53]. Pkesm distribution properties of chrysoplenetin,
Spinacetin, artemisinin and casiticin has already been reported by Zarina Khur-
shid in 2021 [54]. Pkesm Distribution properties of some parameters of distribution

of quercetin, rutin and apigenin have been studied by Oluwaseun Taofeek in 2020
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[55]. Distribution properties of kanizol f has already been reported by Muthu
Manickam Sankar and his colleagues in 2021 [57].

4.6.5 Metabolism

Cytochrome P450 is an enzyme held responsible for detoxification in the liver.
Many drugs get deactivated by this enzyme but certain drugs can be activated.
Inhibitors of this enzyme can directly affect the metabolism of drug hence should
not be used [54-57]. Similarly, CYP2D6 and CYP3A4 are responsible for the
metabolism of the drugs. Inhibition to these affects the pharmacokinetics of the

drug in use [54-57].

Table 4.12 shows the metabolic properties of all selected ligands. First five ligands
that afzelechin, kaempferol, catechin, chrysoplenetin, arteanniun B are neither the
CYP2D6 substrate and CYP3A4 substrate, are also not inhibitors to CYP2C9
and CYP2D6 and CYP3A4 and CYP2C19 inhibitors except chrysoplenetin. It
indicates that arteanniun B, quercetin, are not CYP2D6, CYP3A4 substrates.
While rutin and artemisinic acid are not CYP1A2 inhibitors except Arteanniun
B and Quercetin. Also, artemisinic acid, arteanniun B, quercetin, rutin are not
CYP2C19, CYP2D6, CYP3A4 and CYP2D6 inhibitors. While deoxyartemisnin,
casiticin, are not CYP2D6 substrates. casiticin, artemisinin and deoxyartemis-
nin are CYP3A4 substrates. Also, deoxyartemisnin, spinacetin are inhibitors
of CYP1A2.Except for casiticin the ligands artemisinin and deoxyartemisnin are
CYP2C19 inhibitors. Also, spinacetin, deoxyartemisnin and artemisinin are not
the inhibitors to CYP2C9, CYP2D6 and CYP3A4 except casiticin. Apigenin,
scoparone and kanizol F are not CYP2D6 substrates. Kanizol F are CYP3A4 sub-
strates. Except for apigenin and Kanizol F the scoparone ligands are CYP2C19
inhibitors. Except kanizol F, apigenin, scoparone ligands are not CYP2C9 in-
hibitors. All the ligands are not the inhibitors to CYP2D6 and CYP3A4.

TABLE 4.12: Metabolic properties of all selected ligands

S Ligands CYP2D6 CYP3A4 CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4
No substrate  substrate  inhibitors  Inhibitor inhibitor  inhibitor  inhibitor

1 Afzelechin No No No No No No No
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TABLE 4.12: Metabolic properties of all selected ligands

S Ligands CYP2D6 CYP3A4 CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4
No substrate  substrate  inhibitors  Inhibitor inhibitor  inhibitor  inhibitor
2 kaempferol No No Yes No No No No

3 Catechin No No No No No No No

4 Chrysoplenetin No Yes Yes Yes No No Yes

5 Arteanniun B No Yes Yes No No No No

6 Artemisinic acid ~ No No No No No No No

7 Quercetin No No Yes No No No No

8 Rutin No No No No No No No

9 Deoxyartemisnin  No Yes Yes No No No No

10  Casiticin No Yes Yes Yes No No Yes

11  Spinacetin No No Yes No No No No

12 Artemisinin No Yes Yes No No No No

13 Apigenin No No Yes Yes No No No

14  Scoparone No No Yes No No No No

15 Kanizol F No Yes No Yes Yes No No

Some of the parameters of metabolic properties of afzelechin has already been
studied by P Bhattachanrya, TN Patel — 2021 [52]. Some parameters of metabolic

properties of kaempferol, catechin have been studied by Erman Salih in 2020 [53].

Pkesm metabolic properties of chrysoplenetin, kanizol F, apigenin and scoparone

has already been reported by Zarina Khurshid in 2021 [54].

Some parameters of metabolism of quercetin, rutin, casiticin, spinacetin and artemisinin

have been studied by Oluwaseun Taofeek in 2020 [55].

4.6.6 Excretion

The Renal OCT?2 substrate acts as a transporter that helps in clearing the drugs
and other compounds. Total clearance indicates hepatic clearance which means

that drug is metabolized and renal clearance indicates the drug is excreted [54-57].

The excretion values of all selected ligands are given below. Table 4.13 shows the

Excretory Properties of all selected ligands.
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The table indicates that all these ligands are not renal OCT2 substrates which
means the ligands would not be cleared out of the body and hence the total

clearance values are given accordingly.

TABLE 4.13: Excretory properties of all selected ligands

S No Ligands Total Clearance Renal OCT 2 Substrate
1 Afzelechin -0.255 No
2 Kaempferol 0.477 No
3 Catechin 0.183 No
4 Chrysoplenetin 0.627 No
5 Arteanniun B 0.965 No
6 Artemisinic acid ~ 0.639 No
7 Quercetin 0.407 No
8 Rutin -0.369 No
9 Deoxyartemisnin  0.803 No
10 Casiticin 0.628 No
11 Spinacetin 0.478 No
12 Artemisinin 1.001 No
13 Apigenin 0.566 No
14 Scoparone 0.793 No
15 Kanizol F 0.478 No

Some of the parameters of excretory properties of afzelechin has already been
studied by P Bhattacharya, TN Patel in 2021 [52]. Some parameters of excretory
properties of kaempferol, catechin have been studied by Erman Salih in 2020 [53].
Pkesm Excretory properties of apigenin, scoparone, chrysoplenetin has already
been reported by Zarina Khurshid in 2021 [54]. Some parameters of excretion
properties of casiticin, spinacetin have been studied by Oluwaseun Taofeek in

2020 [55].

4.7 Lead Compound Identification

The physiochemical and the pharmacokinetics properties of the ligands determine

their fate as for being drug or non-drug compounds. Lipinski’s rule is the first
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filter and pharmacokinetics is the second filter for this identification. Rutin does
not follow the Lipinski Rule as the Molecular weight, H bond acceptors, and
hydrogen bond donor values of Rutin exceed the Lipinski rule, with that Log
P-value and Molecular weight. The Log P value of kanizol F is also more than
5 but it is still passed to the next stage. So, in the first stage, only rutin has
been knocked out. The next knockout stage is pharmacokinetic screening. In this
screening artemisinin and dihydroartemisinic because of being carcinogenic have

been knocked out.

Catechin being an hERG II inhibitor has also been knocked out. At the end of
this, the compounds left are arteanniun b, deoxyartemisnin, quercetin, scoparone,
apigenin, artemetin, artemisinic acid, casiticin, chrysoplenetin. Among all these
apigenin and chrysoplenetin are selected as the top two compounds but out of
them chrysoplenetin is selected as the lead compound, as much work is already

done on apigenin.

4.8 Drug Identification Against HCov-HKU1

At the onset of the disease, numerous FDA-approved medications were repurposed
in an endeavor to identify the most efficacious treatment for the virus. Among
these medications, remdesivir has been utilized in multiple countries worldwide,

including the UK, Brazil, India, Pakistan, and several others.

Despite its increased utilization during the epidemic, Remdesivir is still undergoing

clinical trials to ascertain its effectiveness against human coronaviruses [58, 59].

4.8.1 Remdesivir

Remdesivir, an antiviral drug, functions by impeding the replication and spread of
viruses akin to coronaviruses within the body. Its primary role is to mitigate the
progression of severe symptoms and is employed in the early treatment of HCoV

infections [60].
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In the treatment of novel coronaviruses like COVID-19 and HCoV, Remdesivir,
an FDA-approved antiviral medication overseen by the United States’ regula-
tory body, has been utilized. Remdesivir was initially investigated for its effi-
cacy against Ebola, although those attempts were unsuccessful. This medication,
classified as an adenosine analog monophosphoramidate prodrug, exhibits a broad
antiviral spectrum, encompassing viruses such as coronaviruses, pneumoviruses,

paramyxoviruses, and filoviruses [61].
4.9 Drug ADMET Properties

The drug ADMET properties are studied by using the same software as above
which is pkCSM.

4.9.1 Toxicity prediction of Reference Drug

Remdesivir’s toxicity properties are given in Table 4.14. Remdesivir’s toxicity pa-
rameters value indicates that the drug may be detrimental to the liver, while other
parameters fall within the range of positive values. This suggests that Remdesivir
is not a blocker of hERG I and does not cause skin sensitivity, but inhibitors of
hERG II. Additionally, a dosage value of 0.15 is permissible. Consequently, the

fact that AMES is not hazardous suggests that it is not carcinogenic.

TABLE 4.14: Toxicity properties of remdesivir

S.No Model Name Predicted Value
1 AMES Toxicity No

2 Max. tolerated dose (human) 0.15

3. hERG I inhibitor No

4 hERG II inhibitor Yes

5 Oral rat acute toxicity 2.043

6 Oral rat chronic toxicity 1.639

7 Hepatoxicity Yes

8 Skin sensitization No

9 t.pyriformis toxicity 0.285

10. Minnow toxicity 0.291
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4.9.2 Absorption Properties

Remdesivir’s absorption properties are given in Table 4.15. Remdesivir has very
low water and CaCOs solubility, based on the results. Although relatively low,
intestinal absorption is still within a suitable range. Its skin permeability value
is similarly lower. Remdesivir inhibits P-glycoprotein I and is a substrate of P-

glycoprotein; nevertheless, it does not block P-glycoprotein II.

TABLE 4.15: Absorption properties of remdesivir

S. No. Reference Drug Remdesivir
1. Water Solubility -3.07

2. CaCO2 Solubility 0.635

3. Intestinal Absorption (human) 71.109

4. Skin Permeability -2.735

5. P-glycoprotein substrate Yes

6. P-glycoprotein I inhibitor Yes

7. P-glycoprotein II inhibitor No

4.9.3 Distribution Properties

The distribution characteristics of Remdesivir is given in Table 4.16. The value of
the distribution parameters suggests the drug would not be propagated properly
since the value of VDss is low. Remdesivir has the ability to cross the blood-brain

barrier and enter the brain’s neurological system.

TABLE 4.16: Distribution properties of remdesivir

S. No. Reference Drug Remdesivir
1. VDss (human) 0.307
2. Fraction unbound (human)  0.005
3. BBB Permeability -2.506
4. CNS Permeability -4.675
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4.9.4 Metabolic Properties

Table 4.17 shows the metabolic properties of remdesivir. It indicates that remde-
sivir is not a CYP2D6 substrate but it is CYP3A4 substrate. With that table
4.17 shows that remdesivir is not a CYP1A2, CYP2C19, CYP2C9. CYP2D6 and

CYP3A4 inhibitor.

TABLE 4.17: Metabolic properties of remdesivir

. No Reference Drug remdesivir

CYP2D6 substrate No
CYP3A4 substrate Yes
CYP1A2 inhibitor ~ No
CYP2C19inhibitor ~No
CYP2C9 inhibitor =~ No
CYP2D6 inhibitor ~ No
CYP3A4 inhibitor No

NS s W D =

The above table shows the metabolic efficiency of Remdesivir.

4.9.5 Excretion Properties

Table 4.18 shows the excretion properties of remdesivir. The table gives the values
of Excretory properties of Remdesivir. It shows that remdesivir is not a renal

OCT2 Substrate which means it will not help in clearing of the drug.

With that the value of total clearance as 0.198 is also given with respect to its

liver and renal clearance.

TABLE 4.18: Excretion properties of remdesivir

S. No. Reference Drug remdesivir

1. Total Clearance 0.198
2. Renal OCT?2 Substrate No
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4.10 Remdesivir Mechanism of Action

Remdesivir is known to exhibit antiviral activity against several kinds of coron-
aviruses in vitro, including SARS, MERS, modern human CoV, and bat-CoVs.
Remdesivir works by effectively associating with the viral RdRp to induce delay
chain termination. Even in circumstances when exonuclease proofreading activity
is intact, remdesivir has been shown to interfere with pan-CoV RdRp function by
inhibiting the replication of SARS, MERS, and the model -coronavirus, murine
hepatitis virus (MHV) [62].

Remdesivir is often a precursor of a monophosphoramidate nucleoside, which
means that it can efficiently move its active metabolite through the cell membrane.
Remdesivir monophosphate (RDV-MP), which can avoid an ineffective and rate-
limiting initial phosphorylation step, enters target cells and quickly transforms
into its active triphosphate form.Remdesivir triphosphate (RDV-TP), which is
metabolically active, serves as a substrate for the viral replicase (RdRp) in RNA
viruses. Here, it engages in a competitive process with endogenous adenosine
triphosphate (ATP) to be incorporated into elongating RNA strands. As shown
for the Ebola virus (EBOV), MERS-CoV, SARS-CoV, and SARS-CoV-2, RDV-
TP induces delayed chain termination subsequent to its incorporation, resulting in
a synthesis arrest. When RDV-TP gets incorporated into SARS-CoV-2, RNA syn-
thesis ceases at three nucleoside/nucleotide sites downstream. Although related
analogs of RDV have been under investigation and pharmacological modification

for many years [63].

4.11 Remdesivir Effects on the Body

In general, Remdesivir is well absorbed. While there aren’t many known adverse
consequences, cach person and situation will have a different set of dangers. Usu-
ally minor and asymptomatic, these liver effects resolve on their own. However,
the physician should make sure that everything is okay by maintaining an eye on

the liver’s health both before and after remdesivir infusions. However, it’s not
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always evident if remdesivir, COVID-19, or both are to blame for this impact on

liver enzymes.

Furthermore, likely are mild to moderate infusion reactions. They are not felt by
everyone. If you do, however, they typically occur an hour after your infusion.
Certain side effects occur around the injection site, while other side effects spread
throughout your body. Symptoms that could exist include: Inflammation or pain
where remdesivir was injected, Skin rashes, Changes in blood pressure, Changes

in heart rate, Sweating, Fever [64].

4.12 Remdesivir Docking

Table 4.19 shows the docking result of Remdesivir. The table indicates that remde-

sivir has a binding score of -8.1.

TABLE 4.19: Docking results of remdesivir

Compound Binding Cavity HBD HBA Log Molecular Rotatable Grid
Score  Size P ‘Weight Bonds Map

Remdesivir  -8.1 4056 4 13 2.31218602.585 13 -56

The docking results of Remdesivir with Mpro shows that it has quite a good
binding score and it has four hydrogen bond donors, and thirteen hydrogen bond
acceptors that breaks one of the Lipinski rule .It has thirteen numbers of Rotatable

bonds.

4.13 Remdesivir Comparison with Lead Com-
pound
For the reason of assessing bioavailability, safety, effectiveness, and drug-likeness,

the lead compound apigenin and the standard medication Remdesivir are com-

pared in terms of their physicochemical and pharmacokinetic properties. Table
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4.20 indicates that Remdesivir infringes two of Lipinski’s rules: first, regarding
molecular weight. as Remdesivir’s molecular weight of 602.585 is greater than 500,
and second, regarding H-bond acceptor, as Remdesivir accepts 13 hydrogens when
Lipinski states that this number should not exceed 10, while chrysoplenetin com-
plies with all of Lipinski’s rules regarding LogP, molecular weight, H-bond donor,

and H-bond acceptor.

TABLE 4.20: Lipinski Rule Comparison

S No. Name of Log P Molecular H bond H bond

Compound value Weight Acceptor  Donor
g/mol
1. Remdesivir 2.3121 602.585 13 04
2. Chrysoplenetin  2.9056 374.3 8 2

4.14 ADMET Properties Comparison

In order to identify a better drug candidate, the absorption, intestinal distribution,
metabolic excretion, and toxicity properties of the drug and the lead chemical are

assessed using the ADMET properties comparison [63].

4.14.1 Toxicity Comparison

Nine models are employed to evaluate the toxicity of the lead component and the
standard medication. According to Model 1 of AMES toxicity, lead and standard
chemicals do not cause mutation. According to Model 2 of the Maximum Toler-
ated Dosage, a number is considered low if it is equal to or less than 0.477 log
mg/kg/day, and taken as high if it is larger. The Table below illustrates the low
value of the tolerable dosage for apigenin. The third model involves hERG I and
IT inhibitors, none of which is an inhibitor. The relative toxicity is evaluated using

the fourth model of oral rat acute toxicity.

Model 5 of oral rat chronic toxicity provides the lowest dose values that could have

an adverse effect. Hepatotoxicity Model 6 suggests that a medicine could damage
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the liver. It is clear from the table that remdesivir is toxic to the liver. The number
seven is used to verify the dermal goods model’s sensitivity to the skin. The lead
chemical and the standard are not skin-sensitive. To test for toxicity, Model 8 uses
T. Pyriformis, while Model 9 uses minnows. Both drugs pass this toxicity test. 7.
Pyriformis value > -0.5 is deemed toxic, meaning remdesivir is fairly hazardous.
For minnows, toxicity values below 0.5 mM are considered harmful. The relative

toxicity ratings of remdesivir and chrysoplenetin are displayed in Table 4.21.

TABLE 4.21: Toxicity properties comparison

S.No. Model Name Remdesivir Chrysoplenetin
1. AMES Toxicity No No
2. Max. tolerated dose (human) 0.15 0.491
3. hERG I inhibitor No No
4. hERG II inhibitor Yes No
5. Oral rat acute toxicity 2.043 2.324
6. Oral rat chronic toxicity 1.639 1.773
7. Hepatoxicity Yes No
8. Skin sensitization No No

9. T.pyriformis toxicity 0.285 0.313
10. Minnow toxicity 0.291 2.248

4.14.2 Absorption Properties Comparison

Six models serve as the basis for the absorption parameter. The compound’s
solubility in water at 25 is indicated by the water solubility model. When a
medicine is administered orally, its absorption can be anticipated using the CaCO,
solubility model. High intestine absorption is defined as values larger than 0.90,
indicating that chrysoplenetin is absorbed more than remdesivir. Less than 30% on
the intestinal absorption model is regarded as insufficient absorption. The findings
for the lead and standard compounds show chrysoplenetin has a high intestine rate
of absorption. The two compounds pass the skin penetration test for transdermal
medicines, as shown by the skin permeability model, which considers values less
than log Kp > -2.5 to be low. P-glycoprotein’s substrate model is extremely

poorly absorbed. Because P-glycoprotein serves as a biological barrier and an
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ABC transporter, the P-glycoprotein substrate model is important. Remdesivir

and chrysoplenetin act as the substrates.

TABLE 4.22: Absorption properties comparison

S. No. Reference drug Remdesivir Chrysoplenetin
1. Water Solubility -3.07 -3.605
2. CaCO2 Solubility 0.635 1.393
3. Intestinal Absorption (human) 71.109 99.856
4. Skin Permeability -2.735 -2.743
5. P-glycoprotein substrate Yes Yes

6. P-glycoprotein I inhibitor Yes No

7. P-glycoprotein II inhibitor No Yes

8. Skin sensitization No No

9. t.pyriformis toxicity 0.285 0.313
10. Minnow toxicity 0.291 2.248

4.14.3 Metabolic Properties Comparison

Mostly found in the liver, cytochrome P450 is an enzyme responsible for detoxi-
fication as it oxidizes foreign substances and renders them easier for the body to
be eliminated. It either deactivates or activates some medicines. Understanding
whether a chemical is a P450 substrate or not, as well as if it is an inhibitor of
P450, is crucial. Table 4.23 shows that whilst chrysoplenetin is a CYP3A4 sub-
strate, it is also an inhibitor of CYP1A2, CYP2C19, and CYP3A4. Remdesivir is
a CYP3A4 substrate.

TABLE 4.23: Metabolic properties comparison

S. No. Reference Drug Remdesivir Chrysoplenetin
1. CYP2D6 substrate  No No

2. CYP3A4 substrate  Yes Yes

3. CYP1A2 inhibitor No Yes

4. CYP2C19 inhibitor =~ No Yes

5. CYP2C9 inhibitor No No

6. CYP2D6 inhibitor No No

7. CYP3A4 inhibitor No Yes

8. Skin sensitization No No

9. t.pyriformis toxicity  0.285 0.313




Results and Discussion 63

TABLE 4.23: Metabolic properties comparison

S. No. Reference Drug Remdesivir Chrysoplenetin

10. Minnow toxicity 0.291 2.248

4.14.4 Distribution Properties Comparison

The dispersion features of Remdesivir and Chrysoplenetin are contrasted in Table
4.24. Four models serve as a basis for the distribution parameter. The medication’s
uniform distribution in blood plasma is determined by the volume of distribution
(VDss); if the value is more than 2.81 L/kg, the drug is more evenly distributed
in the tissues than in the blood plasma. Chrysoplenetin and Remdesivir both
have a respectable VDss value. The second model is predicated on the proportion
of medicines in plasma that are unbound, as medications that are bounded have
an impact on drug efficiency. The amount of medicine that is still unbounded is

indicated by the provided value.

When a drug’s BBB permeability value reaches 0.3 logBB, it can readily pass
across the blood-brain barriers; moreover, the medicine is not or is not delivered
to the brain well enough if the value is less than -1 logBB. These numbers make
it obvious that Remdesivir has a low value, which means the brain would not get
enough of it. In contrast, the central nervous system (CNS) model depends on the
idea that drugs with a logPS value more than -2 may readily enter the CNS, but
drugs with a logPS value less than -3 are unable to reach the CNS. Remdesivir is

unable to travel through the central nervous system due to its low value.

TABLE 4.24: Distribution properties comparison

S. No. Reference Drug Remdesivir Chrysoplenetin
1. VDss (human) 0.307 -0.161
2. Fraction unbound (human) 0.005 0.103
3. BBB Permeability -2.056 -1.043
4. CNS Permeability -4.675 -3.226
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4.14.5 Excretion Properties Comparison

In order to assess the medication dosage rates, the total clearance value—which
includes hepatic and renal clearance—is essential. Remdesivir has less overall
clearance than chystoplenitin. The renal OCT2 (organic cation transporter 2)
model is the second one, and it aids in the renal clearance of medications and
other substances. In respect to inhibitors, one could suffer adverse reactions from
being an OCT2 substrate. Therefore, neither Remdesivir nor Chrysoplenetin are
substrates of Renal OCT2. The excretory features of Remdesivir and Chryso-

plenetin are shown in Table 4.25.

TABLE 4.25: Excretion properties comparison

S. No. Reference Drug Remdesivir Chrysoplenetin
1. Total Clearance 0.198 0.627
2. Renal OCT2 Substrate No No

4.15 Physiochemical Properties Comparison

The physiochemical properties of the compounds are examined in order to ascer-
tain their fundamental properties. Remdesivir contains 27 carbon atoms, 35 hydro-
gen atoms, 6 nitrogen atoms, 8 oxygen atoms, and 1 phosphorus atom, according
to this screening, whereas chrysoplenetin has 19 carbon atoms, 18 hydrogen atoms,
and 8 oxygen atoms. In accordance with this, apigenin is a fundamental biological
molecule that is associated with Remdesivir. Chrysoplenetin is able to provide two
hydrogen atoms, showing the oxidation state, whereas remdesivir can donate four
hydrogen atoms, thirteen hydrogen atoms that do not violate the Lipinski rule can
be absorbed by remdesivir. Remdesivir does not meet the Lipinski rule and has a
molecular weight that is significantly greater than chrysoplenetin, although hav-
ing a lower Log P value. Considering the number of rotatable bonds, Remdesivir
has thirteen, whereas chrysoplenetin has just five. The physiological and chemical

features of remdesivir and chrysoplenetin are examined in Table 4.26.
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TABLE 4.26: Physiochemical properties comparison

S Drug Mol. Formula HBA HBD LogP Mol. Formula Rotatable
No. Bonds

1.  Remdesivir Ca7H35NgOsP 13 4 2.31218 602.585 13

2. Chrysoplenetin  C19H150g 2 8 2.9056 374.3 5

4.16 Docking Score Comparison

We docked the standard and the lead compound against the Mpro, and the best
binding score was determined from the docking result. As Table 4.27 indicates, the
vina score of the lead chemical, Chrysoplenetin, is lower than that of Remdesivir,

the standard medication.

Remdesivir and Chrysoplenetin had binding scores of -8.1 and -7.9, accordingly,
which are higher than those of the prescribed drugs. The result suggests that

chrysoplenetin is able to bind or prevent Mpro more effectively than Remdesivir.

TABLE 4.27: Docking score comparison

S.No. Compound Binding Score

1. Remdesivir -8.1
2. Chrysoplenetin  -7.9

4.17 Docking Analysis Comparison

The docking results are analyzed by LigPlot based on the number of hydrogen
bonds, number of hydrophobic interactions, number of interacting amino acids,
and that of steric interactions. Figure 4.19 and 4.20 shows the docking results of
remdesivir and chrysoplenetin. Figure 4.19 shows that remdesivir has formed only

five hydrogen bond and eleven hydrophobic interactions.
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FIGURE 4.19: Interaction of remdesivir with the receptor

Figure 4.20 shows that chrysoplenetin has formed five hydrogen bonds and nine

hydrophobic interactions.
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FIGURE 4.20: Interaction of chrysoplenetin with receptor

The details of hydrogen and hydrophobic interactions are mentioned in the Ta-
ble 4.28. chrysoplenetin forms five hydrogen bonds whereas remdesivir form five
hydrogen bond, this is mainly because chrysoplenetin O2, O4, O5, 06, O7, and

08 has made interactions with the receptor. Remdesivir makes 11 hydrophobic
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interactions whereas chrysoplenetin makes 9 of them. With all this information

chrysoplenetin succeeds to be much better than Remdesivir.

TABLE 4.28: Docking analysis comparison

S. Ligand Name Binding No. Hydrogen Bond Hydrogen Hydrophobic
No Energy of Amino acids Bond Bonding
HB Distance
1 Remdesivir -8.1 5 0O-Ser291-CO 3.94 Lys 243
N-Ser291-O 2.93 Gln 200
0OC-Ser240-O 3.13 Val 202
O-Thr111-N 3.76 Gln 241
0-Asp245-0C 2.33 Pro 108
Lys 107
Val 151
GInl110
Pro290
Vall06
Ala289
2 Chrysoplenetin -7.9 5 OG1-Thr111-O6 2.72 Leu 152
O-Thr111-O6 3.04 Met 6
N-GIn123-O 3.09 Val 151
0O-GIn123-N 2.52 Val 7
OG-Ser8-N 2.93 Asp 292
Ala 289
Ser 291
Gln 295
Val 300

The above table 4.28 shows that Ala 289, Val 106, Val 151, Gln 110, Pro 108, Lys

107 Lys 243, Gln 200, Pro 290 participates in forming hydrophobic interaction

between the protein and Remdesivir .

Whereas Val 300 , Gln 295 ,Ser 291 ,Ala

289, Asp 292 Val 7 ,Val 151 , Met 6 and Leu 152 forming hydrophobic interaction

between the protein and chrysoplenetin.



Chapter 5

Conclusion and Future Prospects

The study aimed to determine active constituents in the plant Artemisia ab-
sinthium which is also known as Common wormwood in common language. For
this purpose, 15 ligands were selected to be docked against the main protease of
coronavirus. The structure of all the 15 ligands was easily available in PubChem
and protein structure was also available in PDB. All the ligands were docked
against the receptor protein via CB Dock. The results were visualized using Py-
Mol and were analyzed through LigPlot. Out of those 15 ligands, Rutin was first
screened out based on Lipinski’s rule, and based on second screening Artemisinin,
Dihydroartemisinic, were knocked out. After these 13 ligands were left and out of
those Chrysoplenetin and Apigenin were the two best active ligands. Based on the
hydrophobic and hydrogen bonding Chrysoplenctin was selected as a lead against
the standard drug Remdesivir which is in use for the treatment of this virus. With
the final results, it was cleared that Chrysoplenctin can bind far better to MP™

than that of Remdesivir.

5.1 Recommendations

As per the findings of this research chrysoplenetin should be exploited more
against HCoV-HKul. With this other active constituent like apigenin, quercetin,
68
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artemisinic acid, deoxyartemisnin, casiticin and apigenin have also shown a posi-
tive result in response to MP™. Previously, Artemisia absinthium has been used
as anti-viral, anti-inflammatory, anti-oxidants, and anti-malarial for this reason
Artemisia absinthium should be explored more for its effectiveness against HCoV-

HKUL.
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