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In this paper we investigate 10 different HIV protease inhibitors (HPIs) as possible repurposed-drugs can-
didates against SARS-CoV-2. To this end, we execute molecular docking and molecular dynamics sim-
ulations. The in silico data demonstrated that, despite their molecular differences, all HPIs presented a
similar behavior for the parameters analyzed, with the exception of Nelfinavir that showed better results
for most of the molecular dynamics parameters in comparison with the N3 inhibitor.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Human coronavirus (HCoV) strains, SARS-CoV-1 (2003), MERS-
Cov (2012) as well as the newly emerged SARS-CoV-2 (2019), are
responsible for respiratory syndromes that can cause serious infec-
tions resulting from a combination of viral replication in the lower
respiratory tract with an anomalous host immune response [1].
Specially for SARS-CoV-2, the pandemic outbreak is having severe
consequences from both public health and socioeconomic point
of view, reaching nowadays over 23 million confirmed cases with
about 800 thousand deaths [2]. In addition, SARS-CoV-2 is present-
ing major challenges to clinical management, since there are still
no specific antiviral drugs available or even vaccines proven effec-
tive in randomized controlled trials [3]. Therefore, since the emer-
gence of SARS-CoV-1 in 2003, different protocols were adopted to
search for possible anti-HCoV treatment options [4]. Part of these
protocols involve identifying new uses for approved or investiga-
tional antiviral drugs that have been designed to treat other viral
infections, the so-called drug repurposing [5-8].

Drug repurposing emerged primarily as a response of the phar-
maceutical industries to the increased time and money spent to
bring new drugs to the market in normal conditions [5,6,8]. Some
successful repurposed drugs appear by the discovering of benefi-
cial side effects associated with their administration during devel-
opment trials, such as Minoxidil, that was originally designed for
hypertension, but through the identification of hair growth in a
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retrospective clinical analysis is now indicated to hair loss treat-
ments [6]. Another example is the Sildenafil, a drug that was first
tested for angina treatment and that became the leading product
in the erectile dysfunction (marketed as Viagra) in 2012 [6]. How-
ever, despite the identification of beneficial side effects has been
proved to be a valid methodology, coordinated efforts are arising
to convert the drug repositioning in a deliberately systematic ap-
proach [8]. In addition, due to most of the repurposed drugs have
already been found to be sufficiently safe in preclinical models,
the time frame of clinical trials and drug development is generally
drastically reduced. So, this approach presents itself as an excellent
option for the search for suitable drugs for emergency treatment in
public health crises such as the current SARS-CoV-2 pandemic.
Nevertheless, the drug repurposing approach is highly depen-
dent on identifying suitable drugs for a given target [5,6,9]. In
this way, the molecular docking, a computational strategy that al-
lows one to predict binding site complementarity between a drug
and its therapeutic target, has been massively used to assist drug
repositioning for several diseases [6,9]. For example, in silico sim-
ulations were used to evaluate non-nucleoside reverse transcrip-
tase inhibitors for HIV treatment [10], as well as currently used
drugs against HIV-1 protease of subtype D [11]; to study the sub-
strate recognition processes for influenza drug targets [12,13]; to
investigate and screening inhibitors against Ebola virus [14-16]; to
explore potential binding pockets and inhibitors for Zika [17,18],
Chikungunya [19] and Dengue virus [20,21]; to perform structure-
based virtual screening studies of potential drug target of Leishma-
nia donovani [22]; to evaluate the anticancer activity of chloro and
bromo-pyrazole curcumin knoevenagel condensates and phytoe-
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strogens [23,24]; to investigate the efficacy of direct acting antivi-
rals (DAAs) to the treatment of different Hepatitis C virus [25] and
to design modified peptidomimetic cellulose derivatives Hepatitis C
virus protease inhibitors [26]. In addition, in silico simulationshave
have also been used to evaluate potential inhibitors of the inter-
action between ACE2 and SARS-CoV-2 region binding domain [27],
to help in the drug repositioning of anti-Hepatitis C virus drugs
[28] and anti-polymerase drugs [29] against SARS-CoV-2.

Attending to the drug repurposing strategy, some antiretrovi-
rals (ARV) generally used to the treatment of HIV have been tested
against acute respiratory syndromes. These ARV drugs are designed
to block different stages of the virus reproduction cycle. There
are currently eight classes of ARV drugs, each one classified by
the stage of the replication cycle they inhibit: nucleoside reverse
transcriptase inhibitors (NRTIs), non-nucleoside reverse transcrip-
tase inhibitors (NNRTIs), protease inhibitors (PIs), integrase strand
transfer inhibitors (INSTIs), fusion inhibitors (FIs), entry inhibitors
(Els), pharmacokinetic enhancers (PEs) and fixed-dose combina-
tions (FDCs) [30]. In special, PIs act on the proteolytic cleavage of
viral polyproteins inhibiting the subsequent replication of individ-
ual viral proteins and consequently viral particles into their infec-
tious form [31].

Lopinavir and Ritonavir are HIV protease inhibitors (HPIs)
that presented in vitro activity against SARS [32] and MERS
[33,34] coronavirus. This combination of antiretrovirals were also
used to treat marmosets with severe disease resembling MERS in
humans and results pointed to improved clinical, radiological and
pathological conditions [35]. However, an open-label RCT study in-
volving hospitalized adult patients infected with SARS-CoV-2 re-
ported that no benefit was observed with Lopinavir/Ritonavir treat-
ment beyond standard care [36]. In this work, we performed in sil-
ico simulations for 10 FDA-approved HPIs drugs in the presence of
the main SARS-CoV-2 protease (MP') including Lopinavir/Ritonavir
(as a reference) in order to have insights about new strategies
for the development of anti-SARS therapeutics. The main goal of
the present study is to evaluate through molecular dynamics sim-
ulation those studies on docking processes recently presented in
the literature [37,38]. Specifically, the compounds used here were
based on those discussed in Ref. [37].

2. Materials and methods

The crystal structure under investigation here can be obtained
from the RCSB Protein Data Bank [39] (PDB ID 6LU7) consisting
of a crystal structure of SARS-CoV-2 main protease in complex
with an inhibitor N3, obtained via X-ray diffraction of a crystal-
lized sample prepared by evaporation method at ph 6.0 and tem-
perature of 293 K with resolution of 2.16 E. The result related
to this structure of SARS-CoV-2 virus main protease in complex
with an inhibitor N3 was recently reported in Ref. [40]. The amino
acids found in the active site pockets of 6LU7 are THR24, THR26,
PHE140, ASN142, GLY143, CYS145, HIS163, HIS164, GLU166, and
HIS172 [38].

In our simulations, we fixed the value for the NaCl concentra-
tion in the simulation box with normal saline 0.9% (0.154 mol/L)
and the temperature as 310 K. These values are very close to those
for human blood.

The potential therapeutic agents used in simulations were ob-
tained in PubChem Database [41].

2.1. Molecular docking

The binding mechanism of potential HIV protease inhibitors
with SARS-CoV-2 was executed by using Autodock Vina. Our goal
was to recover the recent results displayed in Ref. [37]. Indeed, in

Ref. [37] the authors investigated 10 different types of HIV pro-
tease inhibitors as potential therapeutic agents against SARS-CoV-
2 based on the analysis of protease docking. Here, we go beyond
the studies implemented in Ref. [37] in view to try to obtain best
candidates as potential therapeutic agents by using molecular dy-
namics simulations. To this end, we first prepare the target protein
by excluding any heterogeneous molecules including water (which
includes the N3 ligand). Then, Chimera software [42] was used to
add polar hydrogen atoms and prepare the main protease as re-
ceptor.

Next, based in Ref. [37], we selected ten approved drugs
of HIV protease inhibitors [43], namely, Amprenavir, Atazanavir,
Darunavir, Fosamprenavir, Indinavir, Lopinavir, Nelfinavir, Riton-
avir, Saquinavir, and Tipranavir. The ligand structure was obtained
via PubChem Database [41] (see the respective IDs numbers in
Table 1). Then, we used the AutoDock Vina, with box center (—10,
11, 69) and size (28, 31, 27), to select the best position for ligand
structure, based on the best docking score. We stress that, for lig-
and structures without 3D representation in PubChem Database we
got the 2D one and converted it by using the openbabel.

2.2. Drug-likeness

Additionally, the drug candidate must reach its target in the
body in sufficient concentration and stay there in a bioactive form
long enough for the expected biologic events to occur. To check
some properties related to this context, we take advantage of the
SwissADME, that is a free web tool to evaluate pharmacokinet-
ics, drug-likeness and medicinal chemistry friendliness of small
molecules [44]. The Lipinski rule was used to distinguish between
drug like and nondrug like molecules [45,46]. This rule of 5 pre-
dicts high probability of success when there are less than 5 H-bond
donors, 10 H-bond acceptors, the molecular weight (MWT) is less
than 500 and the calculated LogP is less than 5 [45].

2.3. Molecular dynamics simulations

In view to verify the interactions and stability between the
SARS-CoV-2 main protease and its potential inhibitors, i.e., the HIV
protease inhibitors used here, explicit solvent molecular dynam-
ics simulations were carried out with GROMACS package [47]. We
used the CHARMMS36 force field [48] and the tip3p water model to
construct the topology. During the production of the topology file
for the SARS-CoV-2 main protease we have ignored all hydrogens
since they will be added after. The main protease has 306 residues
with 4682 total number of atoms. Also, the protease presents to-
tal mass 33792.690 a.m.u. and total charge —4e. The simulations
were performed under periodic boundary conditions at tempera-
ture 310 K and pressure 1 atm.

To prepare the potential inhibitors of the SARS-CoV-2 main pro-
tease (listed in Table 1) we take advantage of SwissParam web
server [49] in view to generate a new file that contains all of the
topology information on the ligand, i.e., atom types, charges, and
bonded connectivity. To this end, we use Chimera software [42] to
add hydrogen atoms to the ligand. Next, after getting the topology
information of the ligand we are prone to building the complex.
Note that, the ligands considered here were those selected by high
binding affinity in the molecular docking process.

The system size is 5113 nm x 6.674 nm x 5.991 nm. Then, we
generate a rectangular box with size 7.113 nm x 8.674 nm x 7.991
nm, corresponding to a box volume of 493.03 nm?3. Then, the sys-
tem is solvated with 14,639 solvent and sodium atoms are used to
neutralize the total charge of the system. Also, additional atoms of
NaCl are used to control the salinity of the system (normal saline).

Once the system is prepared we start a steepest descent en-
ergy minimization by using the Verlet cutoff-scheme. The Van der
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Waals forces were assigned a cut-off distance of 12.0 £ with a
smoothening function between 10.0 and 12.0 E. The Particle Mesh
Ewald method was used to calculate the electrostatic interactions
[50]. Indeed, the energy minimization ensures that we have a rea-
sonable starting structure, in terms of geometry and solvent orien-
tation.

Next, we evaluated the equilibration of the system, which is of-
ten conducted in two phases, i.e., a NVT ensemble (constant num-
ber of particles, volume, and temperature) followed by a NPT en-
semble (constant number of particles, pressure, and temperature).
In the first case, we conducted a 100-ps NVT equilibration with a
position restrain to the protein and to the ligand. The algorithm is
based on the leap-frog integrator with a time step of 2 fs and em-
ploying temperature coupling by using a modified Berendsen ther-
mostat [51] under 100 ps. Following, a NPT equilibration was ex-
ecuted, using a protocol similar to that used in NVT equilibration,
but now employing the Berendsen pressure coupling at 1 atm un-
der 100 ps [51].

Once the system is well-equilibrated at the desired temperature
and pressure, we are prone to release the position restraints and
run production molecular dynamics simulation for data collection.
The final NPT simulations of 30 ns were carried out with a 1 fs
time step.

2.4. Ramachandran plot

A Ramachandran plot is a plot of the torsional angles - Phi
(®) and Psi (¥) - of the residues contained in a protein. Here, we
used the PROCHECK web software to build the Ramachandran plot
[52,53]. A detailed check on the stereochemistry of a protein struc-
ture is obtained by the PROCHECK suite of programs. Also, the re-
sults allow us to get an assessment of the overall quality of the
structure (as compared with well refined structures of the same
resolution) and also highlight regions that may need further inves-
tigation.

3. Results
3.1. Molecular docking

The ligands, obtained via AutoDock Vina, with best docking
scores were selected to the sequence in our study. In this sense,
in a first round of autodock procedure we get 10 different confor-
mations for the main structure, which were further examined via
a redocking process, with a total of 110 samples. The affinity val-
ues for the best ranked ligands of each type molecules are listed
in Table 1. Also, we display in Fig. 1 the chemical structure depic-
tion in 2D format of all ligands under investigation. Note that the
inhibitor N3, present in the complexed structure with MP™ from
SARS-CoV-2 virus (PDB: 6LU7), was also shown in Fig. 1 and used
as reference for all results. The docking affinity for the N3 com-

Table 1

pound is also displayed in Table 1. We stress that in the molec-
ular dynamic simulation we use the original crystal structure of
SARS-CoV-2 main protease in complex with an inhibitor N3 [40].
Note that we get different values for the relative binding affinity
obtained in Ref[37]. However, this value is only an indication of
whether or not the ligand added well to the main protein.

3.2. Drug-likeness

Next, we analyze the physicochemical descriptors and drug-
like nature of small molecules to support drug discovery. The cor-
responding results are listed in Table 1. Also, we presented the
bioavailability score for all compounds obtained via SwissADME
web tool [44]. The bioavailability score is based on other filters
then one by Lipinski. Indeed, it uses the Lipinski, Ghose [54], Veber
[55], Egan [56], and Muegge [57] filters. Definitively, some of the
compounds with high binding affinity presents low bioavailability
score. Then, we have not found a direct correlation between these
estimations.

3.3. Molecular dynamics

3.3.1. System check

First, we analyze the energy of the system to check the conver-
gence of simulations. To this end, we check the evolution of po-
tential, kinetic and total energy for all complexes studied here. We
verify that the kinetic energies of all complexes are very similar.
On the other hand, we observe that the potential energy presents
different values and some distinct cases. In Fig. 2 we display the
mean value (in time) of the potential energy for the complexes
with each ligand. This plot shows two compounds with distinct
energy values, i.e., the Indinavir (-642074 &+ 915 kJ/mol) and the
Fosamprenavir (—645696 + 913 kJ/mol). Visually, one can check the
statistical compatibility of the Indinavir with N3 compound, con-
sidering 1o interval. However, considering the same interval we
verify the incompatibility between the potential energy of the Fos-
amprenavir and the N3 compound.

Following, we consider the root-mean-square deviation of
atomic positions (RMSD), which is the measure of the average dis-
tance between the atoms of the system. This quantity can be used
in the study of system conformations by measuring the similar-
ity in three-dimensional structure by the RMSD of the C, atomic
coordinates between the input (at t = 0) and the new atomic po-
sitions at some time t. In this sense, in Fig. 3(a) we show a time
average of the RMSD of the C, atoms of SARS-CoV-2 main pro-
tease in complex with HIV protease inhibitors depicted in Table 1.
However, we observed that the complexes containing Darunavir
and the one with Fosamprenavir showed a higher RMSD value
(also greater fluctuations). On the other hand, we can see that the
results for the complexes with Amprenavir, Lopinavir, Nelfinavir,

Molecular docking analysis of several compounds against 6LU7 and properties of SARS-CoV-2 MP™ potential inhibitor candidates.

PubChemCID Name

Affinity(kcal/mol) Molecular weight( < 500 g/mol)

Log P( < 5) H-Bonddonor ( < 5) H-bondacceptor ( < 10) BioavailabilityScore

- N3 -7.3 680.79
65016 Amprenavir -7.7 505.63
148192 Atazanavir -8.8 704.86
213039 Darunavir -8.0 547.66
131536 Fosamprenavir -7.7 585.61
5362440 Indinavir -8.1 613.79
92727 Lopinavir -8.4 628.80
64143 Nelfinavir -8.3 567.78
392622 Ritonavir -7.8 720.94
441243 Saquinavir -8.8 670.84
54682461 Tipranavir -7.8 602.66

2.69 5 9 0.17
2.50 3 7 0.55
4.02 5 9 0.17
247 3 8 0.55
1.69 4 10 0.11
2.78 4 7 0.55
4.53 4 5 0.55
4.41 4 5 0.55
5.03 4 7 0.17
2.87 5 7 0.17
6.06 2 9 0.56
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Fig. 1. Chemical structure depiction in 2D format of the compounds described in Table 1.
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Fig. 2. Time average of the potential energy (kJ/mol) of the complex formed by the
SARS-CoV-2 main protease and HIV protease inhibitors (depicted in Table 1). The
bars indicate the fluctuations provided by the root-mean-square deviation (o) of
the temporal average.

Ritonavir and Tipranavir showed RMSD lower than that obtained
for the N3 inhibitor.

Next, we analyze the radius of gyration (Rg) of the complex,
which is a measure for the compactness of a structure defined as
the root-mean-square distance of parts of the complex from ei-
ther its center of mass (here evaluated for the SARS-CoV-2 main
protease). We present the time average of the radius of gyra-
tion for the SARS-CoV-2 main protease in Fig. 3(b), for which the
Atazanavir presents the highest fluctuation value. For this measure,
we found that the complex with Indinavir has the lowest radius of
gyration. Again, we stress that all observed values are compatible
with that for the complex with N3 inhibitor.

In the results shown in 3(a) and 3(b), only the main protease
C, atoms were considered. We also investigated the same mea-
sures exclusively for binders. The results of the time average of
the RMSD and Rg are displayed in Figs. 3(c) and 3(d), respectively.
From these plots we can see that, although Indinavir and Nelfinavir
have a lower Rg value than that presented by the N3 inhibitor,
the RMSD value of Indinavir is very large and incompatible with
that of N3, while Nelfinavir is still compatible with N3. This may
be related to a large deformation of the structure of Indinavir lig-
and found by the autodock tool or that this compound does not
bind as well as Nelfinavir to the SARS-CoV-2 main protease. RMSD
values much higher than that obtained for the N3 inhibitor were
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Fig. 3. (a) Time average of root-mean-square deviation of atomic positions (RMSD) of the C, atomic coordinates of protein and (b) radius of gyration (Rg) of all protein atoms.
In panels (c) and (d) we show the same as displayed in panels (a) and (b), but considering the ligand atoms. The bars indicate the fluctuations provided by root-mean-square
deviation (o) of the temporal average.
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also observed for Atazanavir, Lopinavir, Ritonavir, Saquinavir and Refs. [37,38], in which they showed these two compounds as prob-

Tipranavir. able inhibitors of SARS-CoV-2 main protease in comparison with
A more detailed result is shown in Fig. 4(a) in which we plot several other compounds. Here, we found an important feature
the evolution of the RMSD of the three different ligands, namely, of the complex with Indinavir, which is the strong fluctuation in

N3 inhibitor, Indinavir and Nelfinavir. We focus specifically on the RMSD of the ligand. This can imply an effective structural change
Indinavir and Nelfinavir based on the recent findings reported in in the ligand, compromising its complex with the SARS-CoV-2
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main protease providing it with a disadvantage during the binding
process. In the opposite direction, we observed that Nelfinavir ag-
gregates with a RMSD value close to that of the N3 inhibitor, which
suggests that it can keep the structure quite stable. Also, we dis-
play the time evolution of Rg in Fig. 4(c), which shows Nelfinavir
with the lowest value of this measure.

In Fig. 4(b) we display the root mean square fluctuation (RMSF),
which is a measure of the deviation between the position of par-
ticle i and some reference position over time. Here we considered
the C, atoms as reference. We emphasize that for all potential in-
hibitors shown in Table 1, the RMSF values do not change consid-
erably when compared to that of the N3 inhibitor.

3.3.2. Hydrogen bonds

The interaction of a hydrogen atom covalently attached to an
electronegative atom (donor D) with another electronegative atom
(acceptor A) is known as the H bond. Protein folding, molecu-
lar recognition and protein structure are mostly supported by di-
rectional interactions from hydrogen bonds. Secondary structures,
such as the « helix and the g sheet, are stabilized by the H bonds
between the carbonyl oxygen of the main chain and the amide ni-
trogen. The structural rigidity of the protein is also associated with
hydrogen bonds. The accepted geometry for an H-bond is a dis-
tance of less than 3.5 E between hydrogen D and A and a D-H-A
angle of 180° + 30°. The time average of the number of hydrogen
bonds between the SARS-CoV-2 main protease and the correspond-
ing ligand are shown in Fig. 5. We observed a higher value of the
hydrogen bonds for the N3 inhibitor compared to the other ligands.
This can indicate greater stability between the N3 inhibitor and the
SARS-CoV-2 main protease. On the other hand, it can be seen that
the results of the average number of hydrogen bonds for Darunavir,
Fosamprenavir and Saquinavir were the highest among all the HIV
inhibitors tested here. Specifically, by using the docked structures,
the Darunavir presented a greater tendency to make bounds with
the protease sites THR25, GLY143 and GLU166. In the case of the
Fosamprenavir, the hydrogen bounds occurred more generally with
the protease sites GLU166, GLY143, THR24, and CYS145. Finally, by
analyzing the hydrogen bonds made by Saquinavir and the main
protease, we observe the presence of the sites GLU166, HIS163,
ANS142, GLY143, and SER144.

[oe]
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N

N

Mean number of Hydrogen bonds

o

[s2]
4

Amprenavir
Atazanavir
Darunavir
Fosamprenavir
Indinavir
Lopinavir
Nelfinavir
Ritonavir
Saquinavir
Tipranavir

Fig. 5. Time average of the number of hydrogen bonds between the SARS-CoV-2
main protease and its corresponding ligand.

3.3.3. Free energy surfaces (FES)

In a next step, we study the free energy surfaces (FES), which
provides a pictorial representation for biomolecular processes, such
as folding or aggregation. We define the FES as:

AG(R) = —kBTln[P(R)/Pmax], (l)

where kg is the Boltzmann constant, P is the probability distribu-
tion of the system along some coordinate R (so-called order pa-
rameters), and Ppax denotes the maximum of probability distribu-
tion. Note that the rescale in the probability by Ppnax is to ensure
that AG = 0 for the lowest free energy minimum. The free energy
is typically plotted along two such order parameters, giving rise to
a (reduced) free energy surface (FES). Here, we use as coordinates
the RMSD and Rg. As an example, we show in Fig. 6 the FES re-
lating the RMSD and Rg of SARS-CoV-2 main protease in complex
with N3 inhibitor, Indinavir, and Nelfinavir. In fact, we note a visi-
ble distortion in the structure of the SARS-CoV-2 main protease in
complex with Indinavir. This can be an indication of instability in
the structure caused by the inhibitor.
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Fig. 6. Free energy surface relating the RMSD and Rg of SARS-CoV-2 main protease
in complex with N3 inhibitor (top), Indinavir (center), and Nelfinavir (bottom). The
inset shows the minimum energy configuration obtained at t = 9.68 ns, t = 7.2 ns,
and t = 2.64 ns, respectively.
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Fig. 7. Ramachandran Plot. Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms and R-factor no greater than 20%, a good quality model would be

expected to have over 90% in the most favored regions [52,53].

3.3.4. Ramachandran plot

Finally, we analyze the complexes shown in Fig. 6 via the Ra-
machandran plot. This plot display of the torsional angles - Phi (&)
and Psi (¥) - of the residues contained in a protein. The torsional
angles of each residue in a protein define its conformation. The
corresponding results are summarized in Fig. 7. Considering the
SARS-CoV-2 main protease in complex with N3 inhibitor, we ob-
served that 89.8% of the residues are in most favored region, 8.7%
in additional allowed regions, 0.4% in generously allowed regions,
and 1.1% in disallowed regions. These values change to 86.8%, 11.3%,
1.1%, and 0.8%, respectively, to the SARS-CoV-2 main protease in
complex with Indinavir. Also, we obtained the values 88.3%, 10.9%,
0.4%, and 0.4%, respectively, to the SARS-CoV-2 main protease in
complex with Nelfinavir.

4. Conclusions

Attending to the global efforts responding in a timely fashion
to fight against the SARS-CoV-2 pandemic outbreak we provided
additional in silico data to 10 HIV HPIs that are supposed to be
potential repurposed drugs for the treatment of this HCoV, and
that were previously investigated by Refs. [37,38]. Our molecular
dynamics simulations showed that, despite their molecular differ-
ences, all HPIs presented a similar behavior for the parameters an-
alyzed. However, in comparison with the N3 inhibitor, Nelfinavir
presented better results, mainly for the RMSD and Rg dynamical
parameters, and consequently for the free energy associated with
structural biomolecular processes. Nevertheless, since our in silico
results for Lopinavir and Ritonavir were found to be comparable
with those of N3 and also with the other HPIs studied, and due to
the recent experimental data that pointed the Lopinavir/Ritonavir
combination as ineffective in the treatment of SARS-CoV-2 hospi-
talized patients [36], it is clear that the computational data must
be used only as a guide and that in vitro and in vivo results must
be taking in account before the selection of one of these HPIs as a
repositioned drug for anti-SARS treatments.
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