© February 2023| IJIRT | Volume 9 Issue 9 | ISSN: 2349-6002

A medicinal plant known as Holoptelea integrifolia

Includes phytoconstituents like betulin and betulinic

acid, which have been proven to have potent antiviral

properties against the pandemic SARS-CoV-2 virus
using in-silico screening study

Sudhanshu Kumar Jha', Ravindra Kumar?, Lalit Rana, Alvina Alam?#, Vikas Sonkar®, Md. Imran
Khan®, Jitesh Raghav Sharma’, Kadir Khan®, Harikesh Kumar Gautam®, Anchal Sharma®®
L3Assistant Professor, Department of Pharmaceutical sciences, Vishveshwaraya Group of Institutions,
Dadri, G.B.Nagar, U.P. India
*Professor, Department of Pharmaceutical sciences, Vishveshwaraya College of Pharmacy, Dadri,
G.B.Nagar, U.P. India
*Lecturer, Department of Pharmaceutical sciences, Vishveshwaraya Group of Institutions, Dadri,
G.B.Nagar, U.P. India
*Assistant Professor, Department of Agricultural sciences, Vishveshwaraya Group of Institutions,
Dadri, G.B.Nagar, U.P. India
&Department of Pharmaceutical sciences, Vishveshwaraya Group of Institutions, Dadri, G.B.Nagar,

U.P. India

Abstract- In the current study, potential inhibitors for
many physiologically active compounds discovered in
medicinal plants were assessed using molecular
docking techniques. The Maestro 12.8 conducted a
docking study comparing the antiviral drug Zanamivir
with phytoconstituents present in the stem bark of
Holoptelea integrifolia, including betulin and betulinic
acid. The results demonstrate the effectiveness of this
screening methodology, which can speed the creation
of new medications for the treatment of developing
infectious diseases and other conditions. When
compared to the antiviral drug Zanamivir, whose
docking score was 3.796, PDB ID (6LU7) is taken as a
major binding receptor. Phytoconstituents screening
chemicals extracted from the medicinal plant
Holoptelea integrifolia, such as betulin (-1.589) and
betulinic acid (-1.552), were more effective than the
typical antiviral medication zanamivir, whose docking
score was 3.796. The docking results show that
phytoconstituents in Holoptelea integrifolia plants are
highly potent against viral diseases, are effective
against SARS CoV-2, and can be used to prevent the
spread of covid. As a result, they will be a crucial
source for new antiviral medications in the future that
target various viral diseases.
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I. INTRODUCTION

In Wuhan, China, the COVID-19 was initially
discovered in December 2019. The properties of the
virus' genomic structure resulted in a kind of viral
pneumonia that propagated quickly from person to
person. It was categorised as the Middle East
Respiratory Syndrome and the acute respiratory
syndrome  (SARS-2002) (MERS-2012). The
coronavirus disease of 2019 (COVID-19) has been
classified as a pandemic by the World Health
Organization (WHO) [1]. The bacteria known as the
coronavirus mainly affects the lungs of people. The
Middle East respiratory syndrome (MERS)-COV in
2012 and the severe acute respiratory syndrome
(SARS)-COV in 2002 to 2003 are examples of prior
coronavirus outbreaks that have been recognised as
being substantial threats to public health [2].
According to additional research, this coronavirus and
the severe acute respiratory syndrome virus (SARS
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COV), middle east respiratory syndrome virus
(MERS-COV), and bat coronavirus TG13,
respectively, shared 79.5 percent, 50 percent, and 96
percent of their genomes. [3] The audio sounds that the
human body produces, such as breath, respiratory
sound, heart sound, swallow breathing, pulse sound,
pulmonary noises, etc., have been used by medical
researchers and doctors to diagnose and monitor
human disease. Usually, physical auscultation was
used to acquire this information prior to recent patient
visits. Digital stethoscopes are being used by
researchers and scientists to record noises from the
human body, and then the data is automatically
analysed to identify diseases, such as wheeze
identification in asthma.the use of human speech and
voice to assist in the early diagnosis of a variety of
disorders  (including  Parkinson's,  depression,
Alzheimer's, migraines, dry and wet cough, and voice
pathology detection) [4]. The increased infectivity of
SARS-CoV-2 was established by the receptor-binding
domain (RBD) of the spike protein of SARS-CoV-2,
which exhibits 10-20 times higher affinity to the
ACE2 receptor than that of SARS-COV [5]. What
began as a limited COVID-19 epidemic in December
swiftly turned into a worldwide pandemic, as the
WHO announced on March 11, 2020. Despite a
variety of prevention and containment efforts being
used by governments around the world, COVID-19 is
still spreading. Worldwide, there have been more than
13.5 million conformed COVID-19 instances as of
July 15, 2020, and more than. To stop the spread of the
virus to new contacts, isolation must be used first.
Mild diseases should be managed at home while
keeping the patient's body hydrated, managing their
cough and fever, eating nutritious foods, and taking
antibiotics on a regular basis. Antivirals should be
avoided in short-term treatment, according to China
Oseltamivir Guidelines, and corticosteroids can be
used to treat acute respiratory distress syndrome
(ARDS) Early on in the pandemic, there was little
knowledge of COVID-19 and its therapeutic care,
making it urgent to use experimental therapeutics and
drug repurposing to treat this new viral infection.
Since then, because to the tireless efforts of clinical
researchers around the world, advancements have
been made that have improved our understanding of
COVID-19 and its management as well as allowed for
the rapid development of novel therapies and vaccines
[8]. A significant SARS-CoV-2 variant of concern
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(VOC) [9] that has spread to at least 200 nations and
territories is the Delta variant (PANGO lineage:
B.1.617.2), according to the Global Initiative on
Sharing All Influenza Data (GISAID) [10].
Additionally, studies have discovered that the Delta
variation has a larger secondary attack rate, growth
rate, or reproduction number than previous versions,
including the Alpha variant (range of the mean
estimates: 60-120 [11]In late March 2021, a severe
pandemic wave struck India, the country where Delta
was initially discovered. However, the Delta wave in
India barely lasted three months and decreased quickly
after peaking in mid-May, unlike many other locations
that saw a protracted Delta pandemic wave. Case
numbers stayed low from June through October 2021.
(the time of this study). This abrupt epidemic drop has
been attributed to a high infection rate following the
Delta wave due to low immunisation rates at the time
(4.2 percent fully vaccinated at the end of June 2021).
Given a predicted basic reproduction number (RO) of
6-7, nevertheless[12].

Holoptelea integrifolia

Drugs made from plants have been used for many
years to treat a variety of illnesses. We still rely on
"Ayurveda” for around 75% of our medications
nowadays. The recent emergence of Ebola, Swine
Flu, Bird Flu, HIV 11, and new strains of bacteria
with low tolerance to antibiotics raise the prospect of
untreatable bacterial diseases and increase the
urgency of the quest for new infection-fighting
techniques. Recently, herbal remedies have received
a lot of attention as an alternative source of effective
medications for curing or preventing a variety of
disorders. A roadside tree called Holoptelea
integrifolia performs a variety of biological
functions. Plant-based medications have been used
for many years to treat a wide range of diseases.
Ayurveda continues to be used today for about 75%
of our medical needs. The recent advent of diseases
like Ebola, Swine Flu, Bird Flu, HIV Il, and new
bacterial strains with low antibiotic tolerance raise
the possibility of incurable bacterial diseases and
highlight how urgent it is to find new infection-
fighting methods. Herbal medicines are gaining
popularity as an alternate source of powerful drugs
for treating or preventing a wide range of illnesses.
Holoptelea integrifolia, a roadside tree, carries out a
number of biological processes. This healing plant
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contains a wide range of phytochemicals that can be
used to treat a wide range of human and animal
ilnesses. The plant species is found in temperate and
tropical regions of the northern hemisphere and is
native to Pacific Islands [13]. It can be found up to
2000 feet in elevation in the outer Himalayas of
India. It is a sizable deciduous tree, reaching heights
of 30 to 35 metres. The bark is grey and has slightly
corky scales. Alternate, sub-coreacious, elliptic-
ovate, 5-13 cm long, whole, and pinnately veined
leaves. Flowers are greenish-yellow, typically
hermaphrodite or male, monochlamydeous or
infrequently polygamous, and they bloom from
January to February. Typically visible from April to
May, the fruits are suborbicular samaras with
membrane wings and one tiny kidney-shaped seed
[14]. The Indian elm, Holoptelea integrifolia
(Planch), is a decorative roadside tree whose name is
shortened to ho-loh-tee-uh from the Greek words for
whole (holos) and ptelea (elm), which indicate
totally (undivided). It is a member of the 200 species
and 15 genus strong Ulmaceae family. It is also
known as Indian EIm Tree in English and Chilbil,
Kanju, and Poothigam in Sanskrit [15]. It is a
significant Indian pollen allergen, sensitising about
10% of Delhi's atopic residents [16]. The goal of this
review is to give current knowledge about this
specific plant, covering topics like physicochemical
characteristics, phytochemistry, and
pharmacology.As a result, the review will be a useful

source of knowledge for researchers looking into the
product's medicinal and economic potential [17].
There are 200 species in the family Ulmaceae, which
has 15 genera. Hindi has the common names
Chirmil, Chilbil, Chilla, Dhamna, Kandru, Kanju,
Karanji, Kumba, Kunjanali, and Kunj, while
Guijarati, Marathi, Tamil, Malayalam, Punjabi, and
Telugu also have similar names. Sanskrit has the
common name Chirbilva.[18]. According to recent
estimates from the WHO (World Health
Organization), 80 percent of people globally rely on
herbal remedies for some conditions. The world's
developing nations have stepped up their efforts to
record ethnomedical information and conduct
scientific study on medicinal plants. On Earth, there
are thought to be between 250,000 and 500,000
different plant species [19] Origin and Distribution.
The Pacific Islands were the origin of the plant
species.[20]. It is found throughout the northern
hemisphere's tropical and temperate regions. The
plant has been relegated to Asia's tropical nations,
including China, India, Nepal, Sri Lanka, Indo-
China, Cambodia, Laos, Myanmar, Vietnam,
Burma, and China [21]. It can be found in India in
the outer Himalayan region from Jammu eastward
up to 2000 ft. extending to Assam and Burma, as
well as in the southerly direction from Bengal to
Central, Western, and South India to the arid region
of Ceylon.

TABLe 1: Vernacular names of Holoptelea integrifolia

S.No Language Vernacular name

1 Hindi Papri, Chilbil, Kanju, Banchilla, Bawal, Poothigam, Dhamna, Begana, Chirabil
2 English Indian elm, Jungle cork tree, Monkey biscuit tree, Indian beech tree

3 Sanskrit Chirivilva, Pootikaranja, Udakirya, Hasthivaruni, Markati, Vayasi, Karabhanji
4 Malayalam Aavil, Njettaval, Aval

5 Nepali Sano pangro

6 Siddha lya

A.Vernacular Names.

Depending on the languages used in a particular place,
Holoptelea integrifolia goes by a variety of common
names. Table 1 displays the names used in several
languages.

B. Cultivation:

The plant is often grown by transplanting seedlings
raised in nurseries. Seeds are sown in lines 12-20 cm
apart to produce seedlings in the nursery. When the

IJIRT 158439

seedlings are 10 cm long and the spacing is 22.5 22.5
cm, transplantation is carried out. After two years on
the transplant beds, the seedlings are planted during
the monsoon season. On lines that are three metres
apart, fresh seeds are also sown directly at a rate of
two seeds per stake. In both situations, continuous
watering is necessary.

C. Diseases and Pest:
The plant is often disease-free, however some pests do
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attack it. Tree borers of the families Bostrichidae,
Buprestidae, Cerambycidae, and Platypodidae, which
frequently infest the stem and young leaves, are
significant pests of the tree. Traditional uses of the

plant Holoptelea integrifolia include the treatment of
rheumatism, leprosy, gastroenteritis, dyspepsia, colic,
intestinal worms, vomiting, wound healing, and
inflammation.[22].

TABLe 2: Pharmacological activities of various extracts of Holoptelea integrifolia

S.No. Activity Plant Part Extract References
1. Antibacterial Stem Bark Pet. Ether, benzene, chloroform, ethanolic acid and 23
aqueous
2 Antifungal Leaf and stem Methanolic 24
3 Anti-inflammatory | Leaves Ethanolic and aqueous 25
4 Antioxidant Stem bark Methanolic and aqueous 26
5 Antidiabetic Leaves Ether, chloroform, ethanolic acid and aqueous 27
6 Analgesic Leaves Ethanolic, ethyl acetate 28
7 Hepatoprotective Leaves Methanolic 29

Antiviral activity

A virus is either eliminated by an antiviral drug or its
capacity to multiply is suppressed. The antiviral
effects against Herpes simplex type 1, influenza
FPV/Rostock, and ECHO 6 viruses are attributed to
betulinic acid and betulin, which were extracted from
the stem bark of Holoptelea integrifolia. Betulinic acid
may reduce HIV-1 protease or reverse transcriptase
activity or HIV-1 entrance [30].

Il. RESEARCH AND METHODOLOGY

A. Molecular docking:

By simulating the interaction between a tiny
molecule and a protein at the atomic level, the
molecular docking approach enables us to
characterise how small molecules behave at the
binding site of target proteins and to better
understand fundamental biological processes [31].
The completion of the human genome project has
opened up a growing number of novel therapeutic
targets for drug development. The study of a number
of structural characteristics of proteins and protein-
ligand complexes has also been aided by the advent
of nuclear magnetic resonance spectroscopy,
crystallography, and high-throughput protein
purification techniques. Due to these advancements,
computational approaches can now be applied across
the entire drug discovery process [32—-36]. Prediction
of the ligand structure as well as its placement and
orientation within these sites (often referred to as
The two essential steps in the docking process are
evaluation of the binding affinity and the docking
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pose. The sample methods and scoring frameworks
that will be discussed in the theory section are
impacted by these two actions.

Knowing the location of the binding site before
doing any docking operations considerably increases
the efficiency of those processes. The binding site is
typically known before ligands are docked into it; by
knowing the binding site's position before docking
processes, efficiency is considerably increased. The
binding site is typically known prior to docking
ligands into it. One can also learn more about the
sites by contrasting the target protein with a family
of proteins that carry out a similar function or with
proteins that have been co-crystallized with various
ligands. One can also learn more about the sites by
contrasting the target protein with a family of
proteins that carry out a similar function or with
proteins that have been co-crystallized with various
ligands. Cavity detection software or online services
like GRID [37-38], POCKET [39], Surf Net [40-
41], PASS [42], and MMC [43] can be used without
knowing the binding sites.

B. Molecular docking applications in drug
development include the following:
Molecular docking has been the approach that has
been utilised most frequently. There have been some
remarkable accomplishments in this field, despite
the fact that its principal application is in structure-
based virtual screening to discover novel compounds
that are active against a particular target protein [44].

C. Investigations of docking using Maestro 12.8
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Molecular docking has been the approach that has
been utilised most frequently. There have been some
remarkable accomplishments in this field, despite
the fact that its principal application is in structure-
based virtual screening to discover novel compounds
that are active against a particular target protein [45].
It is actually part of a pipeline that includes
numerous in silico and experimental approaches and
is not a stand-alone procedure [46].

D. Preparing anticipated TPP and ligands for
docking

The Maestro 12.8 software includes tools for both
protein and ligand optimization, including the ability
to modify ligands by adding charge and rotatable
bonds, modify proteins by adding atomic charges to
make them more polar, calculate the energy
contribution of de-solvation during ligand-binding
on proteins, and assign grid maps to protein surfaces
prior to ligand interaction. The aforementioned
abilities enhance molecular docking's speed,
accuracy, and docking through the use of a new
scoring approach, effective optimization, and
multithreading [47].

E. Protein docking using phytochemical ligand
molecules in a simulated TPP
The binding-free energy, also known as docking,
was estimated in the current work to represent the
binding affinity of two ligands and one prescription
drug (Standard Drug Zanamivir) to model TPP. The
phytochemicals Betulin and Betulinic acid, which
are found in the stem bark of the Holoptelea
integrifolia plant, have the highest binding affinity
and docking scores, respectively. They also have

greater binding energies than the prescription drug
Zanamivir, whose docking score is -1.589. (3.796).
The binding-free energy, also known as docking,
was estimated in the current work to represent the
binding affinity of two ligands and one prescription
drug (Standard Drug Zanamivir) to model TPP. The
phytochemicals Betulin and Betulinic acid, which
are found in the stem bark of the Holoptelea
integrifolia plant, have the highest binding affinity
and docking scores, respectively. They also have
greater binding energies than the prescription drug
Zanamivir, whose docking score is -1.589.
(3.796).The binding-free energy, also known as
docking, was estimated in the current work to
represent the binding affinity of two ligands and one
prescription drug (Standard Drug Zanamivir) to
model TPP. The phytochemicals Betulin and
Betulinic acid, which are found in the stem bark of
the Holoptelea integrifolia plant, have the highest
binding affinity and docking scores, respectively.
They also have greater binding energies than the
prescription drug Zanamivir, whose docking score is
-1.589. (3.796). As a result, we chose 2
phytochemical ligand Betulin and Betulinic acid
phytoconstitutent that exhibits superior docking
energy. The ligands with the highest affinity for the
model TPP are listed in Table 2 for further study
[48]. The Schrodinger program's Glide energy
(Maestro 12.8) drug discovery tool was employed in
the study as an alternative to Auto Dock Vina.
Maestro 12.8 predicts binding affinity energies
between (-1.589 kcal/mole to 3.796 kcal/mole) when
docking calcineurin with inhibitors, which is nearly
identical to the results of the current study [49].

Table 2: Holoptelea integrifolia phytoconstituents were screened in silico and compared to common antiviral

medications in the following ways:

S. No Name of Chemical Structure Docking score Glide
Phytoconstituents energy
1. Betulin -1.589 -17.899
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2. Betulinic acid -1.552 -26.908

3. Zanamivir 3.796 -25.04
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« Chemical composition of phytoconstituents from Holoptelea integrifolia.

Betulin

HO

(1R,3aS,5aR,5bR,7aR,9S5,11aR,11bR,13aR,13bR)-3a-(hydroxymethyl)-5a,5b,8,8,1 la-pentamethyl-1-(prop-1-en-
2-yl)icosahydro-1H-cyclopenta[a]chrysen-9-ol

Figure 1: Chemical structure of Betulin
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(1R,3aS.,5aR,5bR,7aR.,95,11aR,11bR,13aR,13bR)-9-hydroxy-5a,5b,8,8,1 la-pentamethyl-1-(prop-1-en-2-
yDicosahydro-1H-cyclopenta[a]chrysene-3a-carboxylic acid

Figure 2: Chemical structure of Betulinic acid
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Zanamivir

Zln
I

NH,

NH

(2R,3R,4S)-3-acetamido-4-guanidino-2-((1R,2R)-1,2,3-trihydroxypropyl)-3,4-dihydro-2 H -pyran-
6-carboxylic acid
Figure 3: Chemical structure of Zanamivir

I1.RESULT AND DISCUSSION

The data from the aforementioned in silico study and
experimental evaluation demonstrate that the
medicinal plant Holoptelea integrifolia contains
Betulin and Betulinic Acid, which have the highest
binding affinities and docking scores (-1.589
kcal/mol and (-1.552) kcal/mol, respectively), and
which bind to receptors with PDB ids (6LUT) and
when compared to the phytoconstituents found in the
Holoptelea integrifolia plant, the antiviral drug
Zanamivir International's docking score of (3.796
kcal/mole) is the lowest. This result demonstrates
that betulin and betulinic acid phytoconstituents are
highly and potent effective not only in the treatment
of SARS Cov-2 but also for a various other viral
diseases.

6LUT: Crystal structure of Serine Racemase from
Dictyostelium discoideum. [50].

Classification: ISOMERASE

Organism(s): Dictyostelium discoideum
Expression system: Escherichia coli

Mutation(s): No

Resolution: 1.35 A

Figure 3: 3D- Structure of protein (6LUT)

IJIRT 158439 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 477


https://www.rcsb.org/search?q=struct_keywords.pdbx_keywords:ISOMERASE
https://www.rcsb.org/search?q=rcsb_entity_host_organism.ncbi_scientific_name:Escherichia%20coli

© February 2023| IJIRT | Volume 9 Issue 9 | ISSN: 2349-6002

Figure 4: Betulin 2D diagrams of docked
conformation compound
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Figure 5: Betulinic acid 2D diagrams of docked
conformation compound
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Figure 6: Zanamivir 2D diagrams of docked
conformation compound
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IV.CONCLUSION

Phytoconstituents present in Holoptelea integrifolia
stem bark show effective property and potent record
against viral diseases especially targeting SARS
CoV-2, according to our research, which is based on
in-silico study a medicinal plant containing Betulin
and Betulinic acid. Though our work is based on
computational molecular docking, Maestro 12.8, a
scientific tool used for molecular docking analysis,
is of great importance. It may be said that the
unknown plants of this genus may usher in a new era
of viral disease treatment in the future because these
plant species and their phytoconstituents were
efficient against numerous types of viral infections
in our study by molecular docking analysis.

Compliance with ethical standards
Acknowledgments

The authors thank the reviewers for their insightful
suggestions.

Disclosure of conflict of interest

The authors declare there is no conflict of interest in
this study.

Statement of informed consent

Informed consent was obtained from all individual
participants included in the study.

REFERENCE

[1]Wu Z, McGoogan JM. Characteristics of and

important lessons from the coronavirus disease
2019 (COVID-19) outbreak in China: Summary of
a report of 72 314 cases from the Chinese Center
for Disease Control and Prevention. JAMA. 2020;
323(13):1239- 42. [DOI:10.1001/jama.2020.2648]
, Peri NC, Shrestha N, Rahman MS, Zaki R, Tan
Z, Bibi S, et al. The SARS, MERS and novel
Coronavirus (COVID-19) epidemics, the newest
and biggest global health threats: What lessons
have we learned? International Journal of
Epidemiology. 2020; 49(3):717-26. [DOI:10.1093
/ije/dyaa033]

[2]World Health Organization. Coronavirus Disease

2019 (COVID-19) Situation Report
28.Who.int.2020.Availablefrom:https://w
ww.who.int/docs/defaultsource/coronaviruse/situa

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 478



© February 2023| IJIRT | Volume 9 Issue 9 | ISSN: 2349-6002

tion-reports/20200217-sitrep28-
[Accessed 18 February 2020].

[3]1Zhou, X.-L. Yang, X.-G. Wang, B. Hu, L. Zhang,
W. Zhang, H.-R. Si, Y. Zhu, B. Li and C.-L.
Huang, Nature, 2020, 579, 270-273. Alafif T,
Tehame AM, Bajaba S, et al. (2020) Machine and
deep learning towards COVID-19 diagnosis and
treatment; survey, challenges, and future
directions. DOI: 10.13140/RG.2.2.20805.47848/1.

[4]1D. Wrap, N. Wang, K. S. Corbett, J. A. Goldsmith,
C.-L. Hsieh, O. Abiona, B. S. Graham and J. S.
McLellan, Science, 2020, 367, 1260-1263.

[5]D. R. Boulware, M. F. Pullen, A. S. Bangdiwala,
K. A. Pastick, S. M. Lofgren, E. C. Okafor, C. P.
Skipper, A. A. Nascene, M. R. Nicol and M.
Abassi, N. Engl. J. Med., 2020, 383, 517— 525.

[6]Y. Wang, D. Zhang, G. Du, R. Du, J. Zhao, Y. Jin,
S. Fu, L. Gao, Z. Cheng and Q. Lu, Lancet, 2020,
395, 1569-1578.

[7]Russell, C.D.; Millar, J.E.; Baillie, J.K. Clinical
evidence does not support corticosteroid treatment
for 2019 nCoV lung injury. The Lancet 2020, 395,
473475, https://doi.org/10.1016/S0140-
6736(20)30317- Zhao, J.P.; Hu, Y.; Du, R.H,;
Chen, Z.S.; Jin, Y.; Zhou, M.; Zhang, J.; Qu, J.M;
Cao, B. [Expert consensus on the use of
corticosteroid in patients with 2019-nCoV
pneumonia]. Zhonghua Jie He He Hu Xi Za Zhi
2020, 43, E007. Mukherjee, R; Global efforts on
vaccines for COVID19: Since, sooner or later, we
all will catch the coronavirus. J. Biosci. 2020, 45
(1), 68, doi: 10.1007/s12038-020-00040-7.

[8]0. Cascella M, Rajnik M, Aleem A, et al. Features,
evaluation, and treatment of coronavirus (COVID-
19). Stat Pearls 2021.

[9]World Health Organization. 2021 Tracking
SARSCoV-2 variants. See
https://www.who.int/en/ activities/tracking-
SARS-CoV-2-variants/. 2. Public Health England.
2021 SARS-CoV-2 variants of concern and
variants under investigation in England. Technical
briefing 14. See https://assets.
publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/991343/
Variants_of_Concern_VOC_Technical_Briefing_
14. pdf (accessed 16 June 2021). 3. National
Collaborating Centre for Infectious Diseases. 2021
Updates on COVID-19 Variants of Concern. 26
April 2021. See https://nccid.ca/covid-19-variants/

covid-19.pdf.

IJIRT 158439

(accessed 3 May 2021). 4. Centers for Disease
Control and Prevention. 2021 SARS-CoV-2
Variant Classifications and Definitions. See
https://www.cdc.gov/coronavirus/2019-ncov/
variants/variant-info.html  (accessed 17 June
2021).

[10]Global Initiative on Sharing All Influenza Data
(GISAID). 2021 Tracking of Variants.16 June
2021. See https://www.gisaid.org/hcov19-
variants/ (accessed 16 June 2021).

[11]Allen H et al. 2021 Household transmission of
COVID-19 cases associated with SARS-CoV-2
delta variant (B.1.617.2): national case-control
study. Lancet Reg. Health Europe 12, 100252.
(doi:10. 1016/j.lanepe.2021.100252). Campbell F
et al. 2021 Increased transmissibility and global
spread of SARS-CoV-2 variants of concern as at
June 2021. Eurosurveillance 26, 2100509.
(doi:10.2807/1560-7917.ES.2021.26.24.
2100509).

[12]Vohringer HS et al. 2021 Genomic reconstruction
of the SARS-CoV-2 epidemic in England. Nature
600, 506-511. (doi:10.1038/s41586-021-04069-
y).

[13]Singh A. Exotic floristic diversity of
Varanasi district of Uttar Pradesh,

India. Indian J Plant Sci2012;1:73-85.:

[14]Padmaja V, Srisailam K, Reddy VM.
Pharmacognostic and preliminary
phytochenical investigations on Holoptelea
integrifolia. Pharmacogn J 2009;1:71-4.

[15]Anonymous: The useful plants of India, Council
of Scientific and Industrial Research, New Delhi,
Publication and Information Directorate, CSIR,
1992, 271, 622.

[16]Sharma S, Panzani RC, Gaur SN, Ariano R,
Singh AB, Evaluation of cross-reactivity
between Holoptelea integrifolia and Parietaria
judaica, International Archives of Allergy and
Immunology, 136,2005, 103-112.

[17]Sharma PC, Yelne MB, Dennis TJ, Database On
Medicinal Plants Used In Ayurveda, New Delhi:
Central Council for Research in Ayurveda and
Siddha, 2005, 171-176.

[18]Mahmud, S, Shareef, H, Ahmad, M, Gouhar, S,
Rizwani, GH. Pharmacognostic studies on fresh
mature leaves of Holoptelia integrifolia Planch.
Pakistan Journal of Botany 2010; 42: 3705-3708.
4) Benjamin, JRKP, Christopher, PKS.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 479



© February 2023| IJIRT | Volume 9 Issue 9 | ISSN: 2349-6002

Preliminary Phytochemical and
Pharmacognostic ~ studies of  Holoptelea
integrifolia Roxb. Ethnobotanical Leaflets 2009;
13: 1222-1231. 5) Sharma, S, Khatri, P, Pandey,
A, Jakhetia, V, Chaturvedi, L, Dwivedi, N. Anti-
diabetic screening leaves extract of Holoptelea
integrifolia. International Journal of
Pharmaceutical Research and Development
2010; 2: 66-71. 6) Kirtikar, K.R., Basu, B.D.,
1999. Indian Medicinal Plants. Bishen Singh and
Mahendrapal Singh Publishers,Dehradun, India.

[19]R. P. Borris, ‘“Natural products research:
perspectives from a major pharmaceutical
company,”Journal of Ethnopharmacology, vol.
51, no. 1-3, pp. 29-38, 1996.

[20]JA. Singh, “Exotic floristic diversity of the
Varanasi district of Uttar Pradesh, India,” Indian
Journal of Plant Sciences, vol. 1, pp.73-84, 2012.

[21]V.D. Bambhole and G. G. Jiddewar, “Antiobesity
effect of Irisversicolor and Holoptelea integrifolia
in rats,” Sachitra Ayurveda, vol. 37, pp. 557-561,
1985.

[22]P. K. Warrier, V. P. K. Nambiar, and C. Ramakutty,
Indian Medic-inal Plants: A Compendium of 500
Species, Orient Longman, 1995.

[23]P. Padmaa and N. Durga, “Antibacterial activity
of different extracts of stem bark of Holoptelea
integrifolia,” International Research Journal of
Pharmacy, vol. 2, pp. 111-113, 2011.

[24]B. S. Reddy, R. K. K. Reddy, V. G. M. Naidu et al.,
“Evaluation of antimicrobial, antioxidant and
wound-healing  potentials  of  Holoptelea
integrifolia,” Journal of Ethnopharmacology, vol.
115,no0. 2, pp. 249-256, 2008.

[25]S. Sharma, K. Lakshmi, A. Patidar, A. Chaudhary,
and S. Dhaker, “Studies on anti-inflammatory
effect of aqueous extract of leaves of Holoptelea
integrifolia, Planch. in rats,” Indian Journal of
Pharmacology, vol. 41, no. 2, pp. 87-88, 2009.

[26]A. Saraswathy, D. S. Nandini, and D. Ramasamy,
“Antioxidant, heavy metals and elemental
analysis of Holoptelea integrifolia Planch,”
Indian Journal of Pharmaceutical Sciences, vol. 70,
no.5, pp. 683-686, 2008.

[27]M. K. Mamatha, Phytochemical investigation
and antidiabetic activity of Holoptelea
integrifolia  Planch [M.S. thesis], KLE
University, Karnataka, India, 2009.

[28]G. H. Rizwani, S. Mahmud, H. Shareef, R.

IJIRT 158439

Perveen, and M. Ahmed, “Analgesic activity of
various extracts of Holoptelea integrifolia
(Roxb) Planch leaves,” Pakistan Journal of
Pharma- ceutical Sciences, vol. 25, pp. 629-632,
2012.

[29]K. Hemamalini and S. B. Sathya,
“Hepatoprotective activity of Sophara interrupta
and Holoptelea integrifolia against car-
bontetrachloride induced hepatotoxicity in rats,”
International Journal of Biology Pharmacy and
Allied Sciences, vol. 2, pp. 80-89, 2013.

[30]Rajbhandari M, Wegner U, Julich M, Schopke T,
Mentel T. Screening of nepalese medicinal plants
for antiviral activity. J Ethnopharmacol
2001;74:251-5.

[31]McConkey BJ, Sobolev V, Edelman M. 2002.
The performance of current methods in ligand-
protein docking. Current Science. 83:845-855.

[32]Jorgensen  WL. 2004. The many roles of
computation in drug discovery. Science.;
303(5665):1813-1818. [PubMed]

[33]Bajorath J. 2002; Integration of virtual and high-
throughput screening. Nat Rev Drug Discov.
1(11):882-894. [PubMed]

[34]Walters WP, Stahl MT, Murcko MA. 1998;
Virtual screening - an overview. Drug Discov.
Today. 3:160-178.

[35]Langer T, Hoffmann RD. 2001; Virtual
screening: an effective tool for lead structure
discovery? Curr Pharm Des. 7(7):509-527.
[PubMed]

[36]Kitchen DB, Decornez H, Furr JR, Bajorath J.
2004; Docking and scoring in virtual screening
for drug discovery: methods and applications.
Nat Rev Drug Discov. 3(11):935-949. [PubMed]
[Google Scholar]

[37]Goodford PJ. 1985; A computational procedure
for determining energetically favorable binding
sites on biologically important macromolecules.
J Med Chem. 28(7):849-857. [PubMed] [Google
Scholar]

[38]Kastenholz MA, Pastor M, Cruciani G, Haaksma
EE, Fox T. GRID/CPCA: 2000; a new
computational tool to design selective ligands. J
Med Chem. 43(16):3033-3044. [PubMed]
[Google Scholar]

[39]Levitt DG, Banaszak LJ. POCKET: 1992; a
computer graphics method for identifying and
displaying protein cavities and their surrounding

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 480



© February 2023| IJIRT | Volume 9 Issue 9 | ISSN: 2349-6002

amino acids. J Mol Graph. 10(4):229-234.
[PubMed] [Google Scholar]

[40]Laskowski RA. SURFNET: 1995; a program for
visualizing molecular surfaces, cavities, and
intermolecular interactions. J Mol Graph.
13(5):323-330. 307-328. [PubMed] [Google
Scholar]

[41]Glaser F, Morris RJ, Najmanovich RJ, Laskowski
RA, Thornton JM. 2006; A method for localizing
ligand binding pockets in protein structures.
Proteins. 62(2):479-488. [PubMed] [Google
Scholar]

[42]Brady GP, Jr., Stouten PF. 2000; Fast prediction
and visualization of protein binding pockets with
PASS. J Comput Aided Mol Des. 14(4):383-401.
[PubMed] [Google Scholar]

[43]Mezei M. 2003; A new method for mapping
macromolecular topography. J Mol Graph
Model. 21(5):463-472. [PubMed] [Google
Scholar]

[44]Kubinyi H. 2006. Computer Applications in
Pharmaceutical Research and Development. John
Wiley; New York: [Google Scholar].

[45]Kubinyi H. 2006. Computer Applications in
Pharmaceutical Research and Development. John
Wiley; New York: [Google Scholar]

[46]Kroemer RT. 2007; Structure-Based Drug
Design: Docking and Scoring. Current Protein
and Peptide Science. 8:312-
328. [PubMed] [Google Scholar].

[47]0leg T, Arthur JO (2010) Auto Dock Vina:
improving the speed and accuracy of docking
with a new scoring function, efficient
optimization, and multithreading. Journal of
Computational Chemistry 2010 31(2):455-461.

[48]Tyagi R, Verma S, Mishra S, Srivastava M, Alam
S, Khan F, Srivastava SK (2019) In Vitro and in
silico Studies of Glycyrrhetinic Acid Derivatives
as Anti- Filarial Agents. Curr Top Med Chem.
19(14):1191-1200.

[49]Harish BM, Devaraju KS, Gopi A, Saraswathi R,
Babu RL, Chidananda Sharma S (2013) In silico
binding affinity study of calcineurin inhibitors to
calcineurin and its close associates. Indian
Journal of Biotechnology. 12:213-217.

[50]https://www.rcsb.org/structure/6lut

IJIRT 158439 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

481



