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Background: There is an urgent demand of drug or therapy to control the COVID-19. Until July 22, 2021 the
worldwide total number of cases reported is more than 192 million and the total number of deaths reported is more
than 4.12 million. Several countries have given emergency permission for use of repurposed drugs for the treatment
of COVID-19 patients. This report presents a computational analysis on repurposing drugs—tenofovir, bepotastine,
epirubicin, epoprostenol, tirazavirin, aprepitant and valrubicin, which can be potential inhibitors of the COVID-19.
Method: Density functional theory (DFT) technique is applied for computation of these repurposed drug. For
geometry optimization, functional B3LYP/6-311G (d, p) is selected within DFT framework.

Results: DFT based descriptors—highest occupied molecular orbital (HOMO)-lowest unoccupied molecular orbital
(LUMO) gap, molecular hardness, softness, electronegativity, electrophilicity index, nucleophilicity index and dipole
moment of these species are computed. IR and Raman activities are also analysed and studied. The result shows that
the HOMO-LUMO gap of these species varies from 1.061 eV to 5.327 eV. Compound aprepitant with a HOMO-
LUMO gap of 1.419 eV shows the maximum intensity of IR (786.176 km mol ") and Raman spectra (15036.702 a.u.).
Conclusion: Some potential inhibitors of COVID-19 are studied by using DFT technique. This study shows that
epirubicin is the most reactive compound whereas tenofovir is found to be the most stable. Further analysis and
clinical trials of these compounds will provide more insight.
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Author summary: Infection due to COVID-19 is increasing rapidly and worldwide a huge population is affected.
Considering the pandemic situation and urgent demand of suitable inhibitors, researchers are looking for new compounds
which could be potential drug to treat COVID-19 patients. In this report, we have investigated seven prospective
inhibitors using the density functional theory (DFT) method. From this analysis, we found that tenofovir is the most stable

system with maximum HOMO-LUMO energy gap.

INTRODUCTION

Currently the entire world is facing problem with the
dangerous disease designated as COVID-19. As per the
data up to July 22, 2021 worldwide more than 192
million cases are reported and more than 4.12 million
people have lost their lives due to this disease. COVID-
19 not only affects individual human life but has also
paralysed the health and other sectors as well as
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economic conditions. It has drastically changed the life
style, working culture and mental peace of many people.
At present, countries like United States, India, Brazil,
France, Russia, United Kingdom etzc. are affected badly
by this disease [1-8]. The coronavirus is of seven types
and mainly it is classified into alpha and beta
coronavirus [1]. The beta coronavirus has similar
symptoms as previously identified virus such as Severe
Acute Respiratory Syndrome coronavirus (SARS-CoV)
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and Middle East Respiratory Syndrome coronavirus
(MERS-CoV) [9,10]. On the basis of its genomic imme-
diacy, it has been stated that SARS-CoV-2 originated
from bats and entered into humans from an unidentified
source [9,10].

As of now, there is no dedicated and effective drug
available to control this disease. In various countries,
permission has been given for emergency use of
antiviral drugs to treat patients of COVID-19 [1,11-18].
Repurposed antiviral drugs have been stated to have
potential value in providing an instant and economical
approach to control the COVID-19 [19-21]. Some of the
drugs which are being used by medical practitioners for
the treatment of COVID-19 are quinine, chloroquine,
lopinavir and ritonavir [1,11-18]. Researchers are also
exploring for new compounds which could be potential
inhibitors for against COVID-19 [19,22].

Ramkumaar et al. [23] have investigated tenofovir by
using density functional theory (DFT) technique and
found the maximum value of absorption as 286.67 nm.
Patil et al. [24] have reported molecular docking and
quantum chemical study of natural bioflavonoid resvera-
trol and its analogy as a potential inhibitor for COVID-
19. Jarange et al. [25] have performed experimental as
well as DFT investigation of tenofovir disoproxil fuma-
rate with p-sulfonato-calix [4] arene and p-sulfanato-
thiacalix [4] arene macrocycles. They have found that
tenofovir disoproxil fumarate enters acutely into the
atrium of p-sulfonato-calix [4] arene enabling hydrogen
bond interlinkage between adenine protons and hydroxyl
and also between methylene protons of the macrocycle.
Elfiky et al. [26] reported the efficacy of potential
drugs—ribavirin, remdesivir, sofosbuvir, galidesivir and
tenofovir against SARS-CoV-2. They also pointed out
the importance of guanosine derivative (IDX-184),
setrobuvir and YAK for antiviral therapeutic use to fight
the SARS-CoV-2. Toroz et al. [27] have investigated the
interface among the anthracyclines and two diverse lipid
bilayers (unsaturated POPC and saturated DMPC) with
the help of molecular dynamics simulations, considering
four anthracyclines—doxorubicin, epirubicin, idarubicin
and daunorubicin. Sobczak ef al. [28] have examined the
reactivity of epidoxorubicin in solid as well as in
solutions with different pH values. Samide et al. [29]
have reported that drugs like epirubicin, gemcitabine,
and paclitaxel can be used for cancer treatment. Liu et
al. have reported some drugs like—colistin, valrubicin,
icatibant, bepotastine, epirubicin, epoprostenol, vapreo-
tide, aprepitant, caspofungin and perphenazine—which
could be used for treatment of SARS-CoV-2 main
protease [30]. Wang et al. [31] have reported some
potential inhibitors—carfilzomib, eravacycline, valrubi-
cin, loplnavir, elbasvir, streptomycin, flavin adenine
dinucleotide and oftasceine, for SARS-CoV-2.
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In this report, computational analysis of potential
inhibitors including tenofovir, bepotastine, epirubicin,
epoprostenol, tirazavirin, aprepitant and valrubicin for
the COVID-19 is performed by using DFT methodo-
logy. The optimized structures of these species have real
vibrational frequencies. DFT based descriptors—highest
occupied molecular orbital (HOMO)-lowest unoccu-
pied molecular orbital (LUMO) gap, molecular hard-
ness, softness, electronegativity, electronegativity and
dipole moment of these species are studied. IR and
Raman activity of all the compounds are also analysed.

RESULTS
Optimized structure

In this section, the optimized structure of species—
tenofovir, bepotastine, epirubicin, epoprostenol, tiraza-
virin, aprepitant and valrubicin—are studied by using
the density functional theory technique. The optimized
structures of these species are presented in the Fig.l.
Compound tenofovir with symmetry group C, and spin
multiplicity triplet has optimization energy of
—34469.875 eV. Bepotastine with symmetry group C, is
optimized at high spin multiplicity state octet. It has
optimization energy of —43781.062 eV. Compound epi-
rubicin is optimized at singlet spin multiplicity with
symmetry group C,. The optimization energy for epiru-
bicin is found as —52069.847 eV. Compound epoproste-
nol with symmetry point group C, is optimized at high
spin multiplicity state i.e. octet. It has optimization
energy of —31448.496 eV. Tirazavirin with symmetry
group C, and singlet spin multiplicity has optimization
energy of —20588.008 eV. Compound aprepitant with
symmetry group C, is optimized at high spin multipli-
city state i.e. octetha and has optimization energy of
—54956.637 eV. Compound valrubicin with symmetry
group C, and spin multiplicity state singlet has optimiza-
tion energy of —72057.470 eV.

Density functional theory based descriptors

Computational study of some potential inhibitors for
COVID-19 is performed by using DFT technique. The
DFT based global descriptors: HOMO-LUMO gap,
electronegativity, hardness, softness, electrophilicity
index, nucleophilicity index and dipole moment are
calculated and presented in Table 1. This study’s
computed result shows that HOMO-LUMO of these
potential inhibitors are in the range of 1.061 to 5.327 eV.
Tenofovir has the maximum HOMO-LUMO gap of
5.327 eV whereas epirubicin has the smallest gap,
1.061 eV. The result shows that molecular hardness and
softness of these potential inhibitors vary from 0.531 to
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Figure 1. Optimized structure of (A-G): tenofovir, bepotastine, epirubicin, epoprostenol, tirazavirin, aprepitant and valrubicin.

2.663 eV and 0.188 to 0.942 eV respectively. Compo-
und tenofovir with the maximum HOMO-LUMO gap
shows the maximum hardness (2.663 e¢V) and the
minimum softness value (0.188 eV), whereas epirubicin
with the least HOMO-LUMO gap displays the minimum
hardness (0.531 eV) and the maximum softness value
(0.942 eV). Electronegativities of these species are

© The Authors (2022). Published by Higher Education Press

calculated in the range of 2.427 to 5.795 eV. The
maximum value of electronegativity is observed for
epirubicin, 5.795 eV, whereas the minimum value is
found for compound bepotastine, 2.427 eV.

The electrophilicity index and nucleophilicity index
are computed in the range of 1.923 to 31.651 eV and
0.031 to 0.519 eV respectively. Epirubicin has the
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Table 1 DFT based descriptors of potential inhibitors of COVID-19

Species HOMO-LUMO Hardness Softness Electronegativity Elc.ectrophilicity Ngcleophilicity Dipole moment
gap (eV) (eV) (eV) (eV) index (eV) index (eV) (Debye)
Tenofovir 5.327 2.663 0.188 3.668 2.525 0.395 1.381
Bepotastine 2.048 1.024 0.488 2.427 2.875 0.347 1.493
Epirubicin 1.061 0.531 0.942 5.795 31.651 0.031 8.788
Epoprostenol 3.286 1.643 0.304 2.514 1.923 0.519 8.468
Tirazavirin 3.418 1.709 0.293 5.543 8.988 0.111 5.385
Aprepitant 1.419 0.710 0.705 4.972 17.423 0.057 3.135
Valrubicin 2.802 1.401 0.357 5.156 9.487 0.105 16.182

maximum electrophilicity index value, 31.651 eV, and
the minimum value of nucleophilisity index, 0.031 eV.
Similarly, epoprostenol has the minimum electrophilcity
index value, 1.923 eV, and the maximum nucleophilicity
index value, 0.519 eV. Dipole moments for these
species are found in the range of 1.381 to 16.182 Debye.
Valrubicin shows the maximum dipole moment of
16.182 Debye whereas tenofovir displays the least value
as 1.381 Debye. The dipole moment of epirubicin (8.788
Debye) is in agreement with the data (7.5 Debye)
reported by Toroz et al. [27].

IR and Raman spectra

In this section, IR and Raman activities of species, teno-
fovir, bepotastine, epirubicin, epoprostenol, tirazavirin,
aprepitant and valrubicin, are studied by using B3LYP/
6-311G(d, p) within density functional theory frame-
work. IR and Raman spectra are analysed with the help
of GaussSum [32]. For computing the Raman spectra,
wavelength 785 nm and temperature 293 Kelvin are
considered. The computed IR and Raman activities of
these species are presented in Fig. 2. For compound
tenofovir 93 vibrational modes are observed in the
frequency range of 0 to 3773 cm . The peak value of IR
activity (570.39 km mol™) is observed at harmonic fre-
quency 1704.39 cm'; similarly, the maximum value of
Raman activity (267.28 a.u.) is found at 3090.8 cm .
The minimum value of IR intensity i.e. 0.4390 km mol ™
and Raman spectrai.e. 0.177 a.u. occur at harmonic frequ-
encies 61.180 and 81.300 cm ' respectively. Bepota-
stine has 147 vibrational modes in the frequency range
of 0-3320 cm'. The maximum values of IR activity
(316.05 km mol ') and Raman spectra (293.98 a.u.) are
observed at 2276.88 and 3161.86 cm ' respectively.
At utmost harmonic frequency, IR intensity of 17.22
km mol™' and Raman spectra of 96.359 a.u. is found.
The smallest intensities of IR (0.0061 km molfl) and
Raman (0.222 a.u.) are observed at 2.078 cm'. There
are 132 vibrational modes identified for epirubicin in the
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range of 0-3737.68 cm '. High intensity of IR and
Raman spectra is observed as 761.084 km mol™' and
5626.4 au. at harmonic frequencies 2388.25 and
1461.29 cm™ respectively. At the maximum frequency
IR intensity of 152.167 km mol ' and Raman spectra of
63.77 a.u. is observed. The lowest values of IR intensity
(0.396 km molfl) and Raman spectra (0.734 a.u.) are
found at 211.822 and 36.177 cm respectively. For
compound epoprostenol 162 vibrational modes are
found in the range of 0-4447.04 cm'. The peak
intensities of IR and Raman spectra are observed as
178.404 km mol ' and 3105.08 au. at 1241.52 and
1639.74 cm™' respectively. The least value of IR
(0.004 km mol™") and Raman (0.056 a.u.) is found at
14.262 cm™'. At the maximum frequency, low intensity
of IR (8.848 km molfl) and Raman spectra (99.940 a.u.)
are observed. For compound tirazavirin 51 vibrational
modes are found in the range of 0 to 3741.48 cm . Peak
intensity of IR, 318.812 km mol™', is observed at
1742.743 cm™'. Two strong Raman spectra i.e. 142.11
a.u. and 140.986 a.u. are found at harmonic frequencies
1318.940 and 3101.820 cm ' respectively. At the
highest frequency, IR intensity of 167.302 km mol ™' and
Raman activity of 105.398 a.u. are identified. The least
intensity of IR (0.139 km mol™') and Raman spectra
(0.107 a.u.) are found at 154.603 and 126.052 cm’!
respectively. In the case of aprepitant, 111 vibrational
modes are observed in the range of 0 to 3766.35 cm .
The peak values of IR, 786.176 km molfl, and Raman
spectra, 15036.702 a.u., are observed at 1759.49 and
1618.05 cm™ respectively. IR intensity of 184.534
km mol ' and Raman activity of 1824.440 a.u. are found
at the maximum harmonic frequency. At the smallest
value of harmonic frequency, the minimum values of IR
intensity 0.080 km mol™' and Raman spectra are also
identified. For compound valrubicin 93 vibrational
modes are found in the range of 0 to 3790.88 cm . The
maximum values of IR intensity i.e. 498.501 km mol*
and Raman spectra ie. 554.281 a.u. are found at
1690.581 and 3041.535 cm ' respectively. However, the

© The Authors (2022). Published by Higher Education Press



DFT study of inhibitors for COVID-19

lowest intensity of IR (0.639 km mol™) and Raman
spectra (0.441 a.u.) are identified at harmonic
frequencies 15.434 and 21. 552 cm ' respectively. At the
maximum frequency IR intensity of 33.868 km mol™
and Raman spectra of 60.342 a.u. are found.

DISCUSSION

In this work, we investigated seven potential inhibitors
for COVID-19. Results obtained from geometry
optimization (Fig. 1) reveal that tirazavirin and
valrubicin have the maximum and minimum optimiza-
tion energy respectively.

The high value of HOMO indicates high tendency to
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contribute an electron and also high chemical reactivity.
The energy difference between frontier orbitals, HOMO
and LUMO, is a significant factor in inhibiting the
receptor function into ligand reactivity [1]. Species with
the low HOMO-LUMO gap show high chemical
reactivity towards any external perturbation whereas
species with high HOMO-LUMO gap will be more
stable. The data presented in Table 1 shows that
epirubicin is highly reactive whereas tenofovir is more
stable. Molecular hardness and softness play an impor-
tant role in understanding the chemical stability and
reactivity of species [33,34]. Chattaraj et al. [35] have
emphasised that molecular hardness is significant factor
in study of the geometry, stability, binding and
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Figure 2. IR and Raman spectra of potential inhibitors of COVID-19.
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dynamics of a molecular system. From Table 1, it is
clear that the HOMO-LUMO gaps of these inhibitors
have a direct and an inverse relation with computed
hardness and softness respectively. The concept of
electronegativity is important in understanding the
charge transfer among donor and acceptor [36—41].
Epirubicin and bepotastine display maximum and
minimum values of electronegativity respectively.

In a molecular system, electrophilicity and nucleophi-
licity concepts are related to electron-poor and electron-
efficient respectively. An electrophile radical prefers
electron-efficient locations whereas a nucleophile radi-
cal favours the electron-deficient positions to attack in
the species [42]. It is already reported that the system
with a high value of dipole moment will show intense
aqueous solvation because of superior interface with the
dipole moments of the adjoining water molecules [27].
Epirubicin and epoprostenol show the maximum and
minimum value of electrophilicity index respectively.
Similarly, the nucleophilicity index is found maximum
and minimum for epoprostenol and epirubicin respec-
tively. Data reveals that maximum dipole moment is
found for valrubicin. It signifies that valrubicin may
exhibit much greater solvation free energy in water as
compared to other considered systems and hence in
water phase this system may offer more stability.

Several researches have recently reported on possible
COVID-19 inhibitors. For example, tenofovir has been
suggested as a possible SARS-CoV-2 treatment [29].
Elfiky et al. [26] reported a molecular docking study of
tenofovir and found good docking score value and high
binding value, which reveal that it can be a promising
drug for use against the COVID-19. Furthermore, study
conducted on the binding affinity of numerous systems
to diverse dynamic states of RdRp protein, using a
molecular dynamics simulation approach, have revealed
that tenofovir shows good binding energy value and it
has equivalent value with respect to the four natural
nucleotide triphosphates (NTPs). This signifies that it
may be potential drug in the race with natural NTPs
aimed at binding place of SARS-CoV-2 proteins [43].
Hasan et al. [44] extensively investigated a number of
systems including various permitted RdRp inhibitor
medicines, containing tenofovir and their structural
correspondents, to search for a new probable inhibitor.
They found that interfaces between those ligands and
enzyme are mostly hydrophobic in nature which mixed-
up residues R523, A524, R525 and r594. Authors also
reveal that tenofovir shows uppermost binding affinity.

The study conducted by salpini et al. [45] on several
permitted drugs and their metamorphosis effect on the
binding affinity for the target enzyme has shown that
medicines such as remdesivir display reduction in
binding affinity against P323L metamorphosed RdRp;
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other medicines including tenofovir are found to be
responsive against modified enzyme. Yun et al. [46]
have stated that tenofovir and remdesivir display utmost
docking values. It has been established that remdesivir
has robust interfaces with angiotensin-converting
enzyme 2 (ACE2) as compared to spike, whereas
tenofovir disoproxil fumarate has shown very high
response with spike protein as compared to receptor
ACE2. Toor et al. [47] have also reported that tenofovir
exhibits considerable molecular interfaces with the
ACE?2 for the realization of spike protein.

IR and Raman spectra (Fig. 2) reveal that maximum
vibrational frequency range is obtained for compound
epoprostenol whereas, minimum range of vibrational
frequency is found for bepotastine. Maximum magni-
tude of IR spectra is observed in case of aprepitant.
However, minimum IR spectra magnitude is found for
compound bepotastine. Raman spectra with highest
magnitude is obtained for aprepitant whereas tirazavirin
display the lowest magnitude of Raman spectra.

CONCLUSION

The recent pandemic condition of COVID-19 demands
search for repurposed and approved drug available
commercially. Previously, it is reported that repurposing
drug can be used for treatment of COVID-19 patients. In
this report, authors have done a computational analysis
on repurposing drugs which can be used for treatment
against COVID-19 —tenofovir, bepotastine, epirubicin,
epoprostenol, tirazavirin aprepitant and valrubicin by
using density functional theory technique. Exchange
correlation B3LYP and basis set 6-311G (d, p) is used
for optimization purpose. The optimized structure of all
compounds has real vibrational frequencies. DFT based
descriptors —HOMO-LUMO gap, molecular hardness,
softness, electronegativity, electrophilicity index,
nucleophiliicty index and dipole moment of these
species are studied. IR and Raman activities are also
studied. The HOMO-LUMO gap of these species are
found in the range of 1.061 to 5.327 eV. The result
reveals that epirubicin is the most reactive compound
with HOMO-LUMO gap of 1.061 eV whereas tenofovir
with HOMO-LUMO gap of 5.327 eV is the most stable
compound. Compound aprepitant with HOMO-LUMO
gap of 1.419 eV shows the maximum intensity of IR and
Raman spectra.

COMPUTATIONAL DETAILS

DFT is a very popular and efficient method to study the
structure and physico-chemical properties of organic
compounds. Geometric optimization and physico-
chemical properties play an important role in medicinal
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chemistry especially for drug modelling and designing
[48,49]. In this report, some potential inhibitors of
COVID-19—tenofovir, bepotastine, epirubicin, epopros-
tenol, tirazavirin, aprepitant and valrubicin are studied
by using DFT methodology. The geometry optimization
of these potential inhibitors is performed with the help
of computational software Gaussian 16 within density
functional theory framework [50]. For optimization,
hybrid functional Becke-three parameter Lee-Yang-Parr
(B3LYP) with basis set 6-311G (d,p) is selected.
However, it is established that conventional DFT
underestimates the HOMO/LUMO energy levels and
application of non-empirical range-separated functional
can recover the correct energy levels. Non-empirical
range-separated functional give better accuracy as
compared to the conventional functional for biomole-
cules [51,52].

Currently, for calculation of solvation energies and
binding free energies of small to medium molecules a
number of quantum chemical techniques are being used.
However, these methods are not appropriate for large
molecular system of protein or protein-protein interac-
tions or target-based drug findings [53]. It is reported
that polarizable continuum model (PCM) and isodensity-
polarizable-continuum model (I-PCM) provide much
better results by using DFT technique with hybrid
exchange correlation—B3LYP or the MP2 technique
using TDFT. However, I-PCM is a time consuming,
expensive and highly intensive computational technique
and may not be compatible with PPIs and protein-drug
molecular system. Alternatively, the Onsager compu-
tational model is cost effective and requires less
computational effort, provided that the vital position is
obtained with the help of molecular docking technique
or classical molecular dynamics. The Onsager model
does not provide result as accurately as IPCM or PCM
models, but it offers an economical substitute when
IPCM or PCM are not possible for PPIs or large protein
molecular system [24]. It works well with basis sets
such as 6-311G(d,p), aug-cc-pVTZ etc. In this case,
Onsager model may provide suitable results with
functional B3LYP and basis set 6-311G (d,p) for
potential inhibitors —tenofovir, bepotastine, epirubicin,
epoprostenol, tirazavirin, aprepitant and valrubicin.

Ionization Potential (/) and Electron Affinity (4) of
these compounds are calculated with the help of
Koopman’s theorem by using following equations [54]:

I = —&yomo» Q)
A = —&ymos (2)

The conceptual DFT based global descriptors viz.,
molecular hardness (7), softness (S), electronegativity
(), electrophilicity index (@) and nucleophilicity index
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are computed as below:

. I+A 3)
X="H=—>5
where, u represents the chemical potential of the system.
I-A
=— 4
n=— 4)
1
S=—, 5
T ®)
W
== 6
“= o (6)
1
N=—. @)
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