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Abstract

An outburst of pneumonia in December, 2019 in Wuhan, China, has now been gritty to be caused by a novel corona
virus. Severe Acute Respiratory Syndrome Corona-virus (SARS-CoV) named is allotted for this novel threads. The
disease has spread more than 185 countries and regions, with more than 2.05 million confirmed cases and more than
1,34,354 deaths as of April 16, 2020. The pandemic is enduring to spread inspite of worldwide efforts. The SS-RNA
virus from the enveloped corona virus family caused SARS (Severe acute respiratory syndrome) which is life threatening
viral infection.The spreading of infection is quick in many countries of the world. The World Health Organization
(WHO) called COVID-19 a pandemic on March 11, 2020. There are numerous drug trials going on with some positive
results. Though, since no vaccine is available, the best way to fight the virus is by preventive measures. In the present
research an attempt had been made to find new COVID-19 main protease inhibitor by molecular docking approach.
Fexofenadine is an antihistamine that is used to treat the symptoms of seasonal allergies (hay fever) in adults and
children. Fexofenadine is also used to treat skin itching and hives caused by a condition called chronic idiopathic
urticaria in adults and children at least 6 years old. Fexofenadine was taken as drug which follows Lippinski’s rule of
five, thus having very good drug score as well as drug likeness score. The present study reveals that Doxycycline has
good binding affinity with COVID-19 protease and thus can be used as prophylaxis and therapeutic treatment for corona
patient.
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harmful  substances, germs, and cell changes
INTRODUCTION (neoplasm). The key player in the immune system is

The earth is peaceful but humans are
vanishing. The world experienced coronavirus for the
first time in 2002-2003 through severe acute respiratory
syndrome (SARS), and in 2011, Middle East respiratory
syndrome (MERS) for the first time. The causative
agents for both cases (SARS-CoV and MERS-CoV,)
were newly identified coronaviruses of zoonotic origin
in the genus Beta coronavirus [1]. The COVID-19
pandemic due to SARS-CoV-2 infection can produce
Acute Respiratory Distress Syndrome as a consequence
of a pulmonary cytokine storm. Antihistamines are
secure and useful treatments for reducing inflammation
and cytokine release. Combinations of Histamine-1 and
Histamine-2 receptor antagonists have been effective in
urticaria, and might reduce the histamine-mediated
pulmonary cytokine storm in COVID-19[2].The body
contains the organs of the immune system, which
protects against diseases. It plays a key role to maintain
health and pathogenesis. It also protects the body from

the white blood cells, which can travel throughout the
body through the blood vessels. To monitor for
invading microbes, the body exchanges cells and fluids
between blood and lymphatic vessels and enables
the lymphatic system [3]. Histamine and mast cells play
a primary role in modulate inflammation through
increased capillary blood flow and vascular
permeability, as well as cytokine release. Histamine-1
(H1) receptor antagonists (e.g., cetirizine, fexofenadine)
are administered for allergies. Histamine-2 (H2)
receptor antagonists (e.g., famotidine) are used to
control acid in the stomach and heart burn. Prescription
branded, generic, and over-the-counter (OTC) drugs of
both classes are safe and commercially available
worldwide. The disease can manifest as a hyper-
immune response with pulmonary cytokine release
resembling that of other respiratory infections, such as
Severe Acute Respiratory Syndrome (SARS), Middle
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East Respiratory Syndrome (MERS), and influenza.
Studies from China have defined the COVID-19
cytokine profile and identified risk factors that increase
mortality. These retrospective studies suggest mortality
may be linked to inflammatory processes caused by a
“cytokine storm”, which was very common in patients
with severe to critical symptoms. Pulmonary pathology
in early-phase COVID-19 pneumonia has shown acute
lung injury. In the later stage of disease, patients can
develop Acute Respiratory Distress Syndrome (ARDS)
or ARDS-like conditions and multi-organ failure.
Because of the sudden emergence of COVID-19, rapid
research efforts are being conducted to repurpose
existing approved drugs or biologic immunotherapies in
this new indication, as these options are more likely to
have near-term benefit during the pandemic. A major
goal of many of these initiatives is to prevent or reduce
the cytokine storm in pulmonary tissue. Animal model
studies are informative at this juncture. SARS-CoV-
infected mice have shown that T-cell responses are
required for protection from disease and for virus
clearance. The immunomodulation by histamine
depends mostly on its influence of T-cells. Histamine
stimulates inflammation, cytokine release, and can lead
to tissue damage, including lung. The immune system
has innumerable ways to keep away viral invaders and
keep them from returning. It selects for the B cells that
produce antibodies capable of binding to the virus. It
also squirrels away a store of long-lived memory B

cells that produce those antibodies and that jump into
action if the virus comes back. Another defense enlists
T cells, which patrol the body seeking out and
destroying infected cells, to disrupt the virus’s ability to
replicate. These immune cells can also tolerate for years
[4, 5].

Coronavirus: Key symptoms

Fever and tiredness

g

Continuous cough

Loss of taste or smell

Breathing difficulties

» |

Fexofenadine is a selective, non-sedating H1
receptor antagonist, marketed in the United States since
2000. The FDA approved an oral suspension in 2006,
for the treatment of seasonal allergic rhinitis and
chronic idiopathic urticaria in children [6].

S. No. Description of Fexofenadine [7]

1. IUPAC

2-(4-(1-Hydroxy-4-(4 (hydroxydiphenylmethyl)piperidin-1-yl)butyl)phenyl)-2-
methylpropanoic acid.

Average weight

501.7 g/mol

Chemical Formula

CsH3gNO,

Category

Histamine (H1) receptor antagonist

g Wi

Mechanism of action

Fexofenadine is a highly selective and reversible competitor at peripheral H1
histamine receptors in the gastrointestinal (Gl) tract, blood vessels, and
bronchial smooth muscle. This agent interferes with mediators release from
mast cells either by inhibiting calcium ion influx across mast cell/basophil
plasma membrane or by inhibiting intracellular calcium ion release within the
cells. In addition fexofenadine may also inhibit the late-phase allergic reaction
by acting on leukotrienes or prostaglandins, or by producing an anti-platelet

MATERIALS AND METHODS

Molecular docking studies

activating factor effect.
HO
(0]

Ligand Preparation

2D Structure of ligand (FEXOFENADINE)
was drawn using Chem Sketch [8], the two-dimensional
structure of was converted into 3-D structure and
optimized with 3D geometry. The optimized structure
was saved in PDB format for Auto-Dock compatibility.
The basic structure of ligand (Fexofenadine) is given
below:

HO N OH

2D structure of Fexofenadine
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Fig-1: 2D and 3D conformer of Fexofenadine

Preparation of the grid file

The regions of interest used by Autodock were
defined by considering grid area by making a grid box
around the active sites. Grid box plays a central role in
process of docking as it is made to cover all the amino
acids present in active sites necessary for binding other
than those present in receptor. Grid box has 3
thumbwheel widgets which let us change the number of
points in the x, y and z dimensions. The spacing
between grids points can be adjusted with another
thumbwheel, the value in the study taken is 0.419 A and
No. of points considered are 40, 54 and 40 points in the
X, ¥, and z dimensions and -9.732, 11.403 and68.925 as
X, Y, Z centers [9, 10].

Fig-2: Grid box covering all active sites in receptor

Preparation of the docking file

All the calculations were carried out by using
Autodock4.2 as docking tool. The visualization and
other programs necessary for docking studies were
performed out by means of Pymol, Chimera, DS
visualizer, MMP Plus [11, 12].

Docking of Main Protease with Fexofenadine
Crystal structure

The crystal structure of the protein consisting
of receptor associated with bound ligand is downloaded
from the Protein Data Bank portal. All the primary
information  regarding  receptor and  structure
(6LU7.pdb) registered in the Protein data bank was

used. The bound ligand peptide like inhibitor is found
within the receptor [13].

Fig-3: Crystal structure of Main Protease enzyme with bound
peptide like inhibitor ligand (PDB ID-6LU7)

Processing of Protein

The downloaded receptor protein is having
two chains A and C, and both the chains have been used
for experimental purpose. The bound ligand peptide
like inhibitor was separated from the macromolecular
complex by using software Chimera [14].

Molecular Docking Simulation Studies

Docking of Fexofenadine ligand on Main
Protease enzyme was performed by Autodock. All the
bonds of ligand were kept flexible, while no residues in
receptor were made flexible [15].

Fig-4: Binding mode of Fexofenadine within the active site of
main protease Receptor

Toxicity & ADME-T Studies

The modified lead molecules are studied by
online program OSIRIS, for prediction of presence of
any toxic group as well as presence of any toxic group
and ADME- T properties [16].

RESULTS AND DISCUSSION
Docking

Following result were observed in docking
studies of Main Protease enzyme with Fexofenadine.

© 2020 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 714



Bhagwan Nautiyal et al., Saudi J Med Pharm Sci, Nov, 2020; 6(11): 712-716

Table-1: Result of docking of Fexofenadine against Main Protease enzyme

HO

S. Compound Name Structure Binding Energy]  Ki (UM)
No (Kcal/mole)
1 FEXOFENADINE O HO -5.57 82.44
O
OH

The Fexofenadine was docked and the binding energy was found to be -5.57 kcal/mol.

Interactions
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Fig-5: Binding interaction of FEXOFENADINE with main protease.

The Fexofenadine interacts with the Asnl142,
Cys145, Glul66, and Pro168 residues of main protease

to form a complex structure.
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Toxicity & ADME-T Studies

The pharmacokinetic profile of
FEXOFENADINE reveals that it is having good
pharmacokinetic profile without presence of any major
toxic effects. The pharmacokinetic and toxicity
profiling results of FEXOFENADINE were shown in
figure 2.
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Fig-5: Pharmacokinetic and toxicity profiling of Fexofenadine.
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The molecular docking of FEXOFENADINE
with Main Protease enzyme revealed that (Table 1), it
has exhibited the chemical interaction with the amino
acids in the active pockets which is showed in Figure.3.
Theoretically, the ligand molecule has shown
encouraging docking score. The docking result of
FEXOFENADINE revealed that their docking scores
was-5.57 kcal mol™, and it can predicted as a very good
inhibitor of Main Protease enzyme.

CONCLUSION

In modern era, weak immune response has
urbanized due to random use of existing antimicrobial
drugs in the treatment of infectious diseases. The
consequential showed the outbreak of worldwide
COVID-19(novel corona) having an exponential growth
rate of a 16% increase in cases per day is shown.
Approximately at present in India 3,546,705 active
cases was identified and an above 63,690 deaths
occurred. However preventive measures need to be
done for spreading the SARs. From the present
molecular docking investigation, it is concluded that
Fexofenadine acts as a potent inhibitor of Covid-19
main protease and may act as a preventive drug for the
treatment of SARS as it shows good binding affinity
with the macromolecule with extremely good dock
score and various binding interactions.
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