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Abstract

Background: Coronavirus disease 2019 (COVID-19) is a human viral infectious disease caused by a coronavirus, known for its

high transmission rate. As there is no specific drug for COVID-19 treatment, therapy is primarily symptomatic. Ivermectin, an

FDA-approved antiparasitic agent, has recently shown antiviral activity against a broad range of viruses.

Objectives: Previous studies have indicated that ivermectin, as an inhibitor of inflammation, could be useful in treating COVID-

19.

Methods: In this study, we evaluated the structural characteristics of ivermectin-(NF-κB/MAPK10/MAPK14) complexes using

molecular docking and molecular dynamics (MD) simulation methods. The docking process was performed to determine the

best conformation of the complexes. Complexes with the best binding energies were selected as models for the MD simulation

process. Furthermore, the structural (RMSD, H-bond) properties and interactions of the complexes were evaluated. Additionally,

to calculate the binding free energy, PMF and MMPBSA calculations were carried out.

Results: The molecular docking results showed that the binding energy of the ivermectin-NF-κB complex was higher than that

of the other two complexes. Moreover, the MD simulation results for the ivermectin-NF-κB complex demonstrated that the
complex equilibrated after 10 ns, and the number of H-bonds increased during the simulation. The binding energy of the

ivermectin-NF-κB complex was calculated as 3.3 kcal/mol.

Conclusions: Ivermectin binds to NF-κB with high affinity, suggesting that this protein can be an appropriate drug target to

decrease inflammation, confirming the anti-inflammatory activity of ivermectin. Thus, ivermectin could be a good candidate

for treating SARS-COV2 infections.
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1. Background

Coronavirus disease 2019 (COVID-19) began in late
2019 in the Wuhan region of China. According to WHO
reports, due to its high prevalence, it has affected a large
number of people worldwide (1-3). To date, many people
have died from this disease (4) . Evaluations of the virus
SARS-CoV-2 have shown that this single-stranded RNA
virus has multiple hosts. It is an enveloped, non-
segmented, positive-sense single-stranded RNA virus
genome, with a size ranging from 26 to 32 kbp. The
virion contains a nucleocapsid composed of genomic
RNA and a phosphorylated nucleocapsid (N) protein,
which is buried inside phospholipid bilayers and
covered by the spike glycoprotein trimer (S). The
membrane (M) protein (a type III transmembrane

glycoprotein) and the envelope (E) protein are located
among the S proteins in the virus envelope, making it a
recognized global health hazard (2).

To date, different drugs such as hydroxychloroquine
(HCQ) (5), Azithromycin (6), and combinations of both
have been used to treat COVID-19 infections. Several
studies have demonstrated that chloroquine phosphate
and chloroquine sulfate have the ability to inhibit
COVID-19 in vitro (7-9). However, among the candidate
treatments, only three main drugs, including
Remdesivir, Oseltamivir, and HCQ , have been tested in
large comparative studies (10-12). A few studies have
shown that Lopinavir, Ritonavir, and Remdesivir have no
clear influence on COVID-19 and are associated with
many adverse effects (12-14).
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Ivermectin is an inexpensive FDA-approved
antiparasitic drug known for its broad-spectrum
antiviral activity against a variety of viruses in vitro. It
also inhibits the proliferation of COVID-19 cells in cell
cultures (15, 16). Moreover, ivermectin has shown
antiviral activity against several RNA viruses, including
Zika, dengue, yellow fever, West Nile, Hendra, Newcastle,
Venezuelan equine encephalitis, chikungunya, Semliki
Forest, Sindbis, Avian influenza A, Porcine Reproductive
and Respiratory Syndrome, and HIV-1. Additionally,
studies have demonstrated its antiviral effects against
DNA viruses such as equine herpes type 1, BK
polyomavirus, pseudorabies, porcine circovirus 2, and
bovine herpes virus 1 (17).

Ivermectin may act on the COVID-19 virus through
mechanisms that reduce the viral load. These
mechanisms include nuclear import inhibition (6) and
interference with the attachment of the spike protein to
the human cell membrane (18). Little viral replication
occurs in the later phases of COVID-19 infection; the
virus cannot be cultured, and only a minority of
autopsies show viral cytopathic changes (19, 20).

Several studies have demonstrated the anti-
inflammatory properties of ivermectin, including its
ability to inhibit cytokine production after
lipopolysaccharide exposure, down-regulate the
transcription of NF-κB, and limit the production of both
nitric oxide and prostaglandin E2 (21, 22). In vitro studies
have shown that ivermectin decreases the activity of NF-
κB, MAP kinases, JNK, and P38 (23). Additionally, studies
have demonstrated the anti-inflammatory effects of the
drug in animal models (24, 25).

2. Objectives

Therefore, to further investigate these mechanisms, a
molecular dynamics (MD) simulation method was
performed to better understand the mechanism of
inflammation. In the present study, we aimed to
evaluate the binding of ivermectin to NF-
κB/MAPK10/MAPK14 proteins using molecular docking
and MD simulation methods, which could provide
useful information for the treatment of the disease.

3. Methods

3.1. Molecular Dynamics Simulation

The crystal structures of the nuclear factor NF-κB
(entry code: 1LE5), Mitogen-activated protein kinase 14
(entry code: 4DLI), and Mitogen-activated protein kinase
10 (entry code: 4H39) were obtained from the PDB Bank
(http://www.rcsb.org). The characteristics of ivermectin

were provided by PubChem. To assess the allowed
torsions for the ligand, characterize the search space
coordinates, and add polar hydrogen atoms to the
protein, the graphical AutoDock tool was used (26).

Afterwards, the docking process was performed with
a grid size of 70 × 90 × 70 along the X, Y, and Z axes with 1
Å spacing for the NF-κB-ivermectin complex, 76 × 68 × 82
for the MAPK 14-ivermectin complex, and 70 × 64 × 80 for
the MAPK10-ivermectin complex. The lowest binding
energies of the NF-κB-ivermectin, MAPK 14-ivermectin,
and MAPK 10-ivermectin complexes were determined
using AutoDock Vina and were considered the primary
structures for the MD simulation process (27).

The GROMOS 53a6 (GROMACS 5.1 package) was
applied to carry out MD simulations of the complexes
(28). The ProDrug program was used to provide the
topological characteristics of ivermectin (29). In this
study, the complexes were solvated using a transferable
intermolecular potential with a 3-point (TIP3P) water
model in a cubic box with a distance of 10 Å from the

furthest atom of the protein (30). After solvation, Na+

and Cl− ions were added to neutralize the system. To
solve the linearized Poisson–Boltzmann equation, at an
ionic strength of 150 mM (NaCl), a solvent radius of 1.4 Å,
and a relative permittivity of 80, a concentration of 150
mM NaCl was added to the systems (31, 32), and energy
minimization was performed using the steepest descent
method.

The equilibration process for each system was
conducted with 1 ns MD simulation in the canonical
(NVT) ensemble and 1 ns MD simulation in the
isothermal–isobaric (NPT) ensemble using position
restraints on the heavy atoms of the protein to allow for
the equilibration of the solvent. The Nose–Hoover
thermostat was used to maintain the temperature of the
system at 300 K. To preserve the system pressure at a
fixed 1 bar, the Parrinello–Rahman pressure coupling
method was applied (33). The particle Mesh Ewald (PME)
method with 1.0 nm short-range electrostatic and van
der Waals cutoffs was used to measure the electrostatic
interactions (34). Finally, a 100 ns MD simulation for
each complex (NF-κB-ivermectin, MAPK 14-ivermectin,
and MAPK 10-ivermectin) was performed with time steps
of 2 fs on equilibrated systems.

3.2. Potential of Mean Force

Umbrella sampling (US) is a method used to provide
the free energy profile, often referred to as the potential
of mean force (PMF), along a specific reaction
coordinate, such as protein-protein separation distance.
Applying physical reaction coordinates can yield more
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structural insights (35). In the current study, the binding
energies of the NF-κB-ivermectin, MAPK 14-ivermectin,
and MAPK 10-ivermectin complexes were estimated
from PMF using the US method.

First, the MD simulation was carried out to drive
ivermectin far away from the protein, which was fixed
during the simulation. Next, 50 configurations were
created along the z-axis coordinate. The z coordinates of
the center of mass (COM) interval between ivermectin
and the proteins varied by 0.5 Å in each configuration
with a force constant of 10 kcal/mol·Å. The equilibration
process for each window was performed over a period of
10 ns, followed by a 10 ns production run for sampling
(36, 37). Ultimately, the weighted histogram analysis
method (WHAM) was used to create the PMF profile,
executed by GROMACS using the ‘g_wham’ command
(38).

To effectively analyze the MD process, the root mean
square deviation (RMSD) and hydrogen bonds (H-bonds)
were analyzed using GROMACS tools during the
simulation. The final PDB file of the MD simulation was
visualized using Pymol software. Additionally, to
evaluate the H-bond and hydrophobic interactions of
the aforementioned complexes, LigPlot software was
used (39).

3.3. Molecular Mechanics Poisson-Boltzmann Surface Area
Method

The molecular mechanics Poisson-Boltzmann surface
area method (MMPBSA) has been extensively used to
measure the affinities of molecular models, including
ligand-protein and protein-protein interactions (40, 41).
In the current study, the binding free energy between
NF-κB (ligand-receptor) was measured during the
equilibrium phase at an interval of 50 ps from 80 - 100
ns MD simulation using g-mmpbsa GROMACS software
(42). The binding free energies (ΔG_bind) of each
simulated spike and complex were calculated using the
g_mmpbsa v5.12 package tool in the GROMACS platform.
This post-simulation binding energy calculation is
based on the molecular mechanics/Poisson Boltzmann
surface area (MM/PBSA) approach. The Gibbs binding
free energy (ΔG_bind) was calculated using the
following equation:

Where ΔEMM is the vacuum potential energy,
whichincludes the energy of both bonded (ΔEbonded)
as well as non-bonded (ΔEnon-bonded = ΔEvdw +
ΔEelec) interactions. TΔS indicates the entropic
contribution to the vacuum-free energy.

Where ΔGsol is the free energy of solvation, and
ΔGpolar and ΔGnonpolar are the electrostatic and non-
electrostatic contributions to the solvation free energy,
respectively.

4. Results

4.1. Molecular Docking and Molecular Dynamics Simulation
Analysis

This study was designed to investigate the inhibitory
effects of ivermectin on the NF-κB, MAPK10, and MAPK14
inflammatory pathways using docking and MD
simulation studies. To determine the optimal binding
manner of ivermectin to NF-κB, MAPK14, and MAPK10, a
molecular docking process was carried out. The results
demonstrated that ivermectin binds to a site located
between chain E and chain A of NF-κB, with binding
energies of -9.9, -8.2, and -9 kcal/mol, respectively. The
best structure for the complex with the lowest binding
energy was created using AutoDock Vina software,
which was assumed to be an appropriate model for the
MD simulation process.

To predict system equilibration during the
simulation, RMSD was used as an appropriate parameter
(43, 44). To ensure system equilibration, the RMSD
profiles of the NF-κB–ivermectin complex were analyzed
during the 100 ns simulation process. As shown in
Figure 1, the RMSD profiles of the complexes were
evident. The systems were equilibrated almost after 10
ns. The RMSD average of the NF-κB–ivermectin complex
in the last 5 ns of the simulation was calculated as 0.35
nm. Protein residues are critical in generating a stable
conformation for a protein-ligand complex, which can
be assessed using the RMSF parameter. Higher RMSF
levels indicate increased flexibility, suggesting an
increased capacity to interact with the ligand molecule,
while lower RMSF fluctuations indicate less flexibility
and reduced interaction potential. Additionally, the
backbone atoms of each amino acid residue of NF-κB
and the NF-κB–ivermectin complex were analyzed
(Figure 2). The protein compaction level was determined
by the radius of gyration (Rg).

The Rg is defined as the mass-weighted root-mean-
square distance of a collection of atoms from their
common COM. The trajectory analysis of the Rg
indicated the evolution of the overall protein dimension
throughout the dynamics. Since determining the

ΔGbind =  ΔEMM  +  ΔGsol –  TΔS (1)

ΔEMM  =  ΔEbonded  +  ΔEnon − bonded 

=  ΔEbonded  +  (ΔEvdw  +  ΔEelec) (2)

ΔGsol  =  ΔGpolar  +  ΔGnonpolar (3)
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Figure 1. The root mean square deviation (RMSD) value of NF-κB -ivermectin Cα alone and the Cα of NF-κB -ivermectin complex.

Figure 2. Root mean square deviation (RMSD)as a function of amino acid residues

relative distance of each atom from the protein's COM is
complex, we used the Rg factor to analyze protein
folding or unfolding. As shown in Figure 3, the Rg of NF-
κB was greater than the Rg of the NF-κB–ivermectin
complex at the end of the simulation time, indicating
system equilibrium. The NF-κB–ligand structure showed

four significant ascents at 53 ns. Within less than 19 ns,
the Rg of complexation increased, related to
hydrophobic interactions. The Rg increased from 1.58 to
1.65, making the system more open. The change in
system state from folded to open indicates the system’s
instability. After 50 ns, little change is observed,
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Figure 3. Radius of gyration (Rg) as a function of simulation time

meaning the system is in equilibrium. For the
ivermectin–ligand complex, the average Rg value is
1.6502 nm, with a significant ascent of about 3.2 ns
(Figure 3). In contrast, the average Rg value for NF-κB is
about 1.58 nm, with various decays in the Rg plot, as
presented in Figure 4A.

In general, the MD results showed that NF-κB in the
complex is more unstable than NF-κB in the free state,
with evident fluctuations in the complex. Protein
intermolecular H-bond formation plays an essential role
in the stability of the system. The H-bond network is an
exclusive solvent with the ability to monitor stability,
structure, dynamics, and biomolecular functions (45).
The average number of H-bonds between NF-κB and
ivermectin during the last 5 ns of the simulation was 14
(Figure 5).

4.2. Results of MM-PBSA Calculations

Furthermore, the complex's binding free energy was
calculated using the MM-PBSA method (46). The binding
free energy consists of contributions from polar
solvation, van der Waals interactions, electrostatics, and
SASA energy. Electrostatic, van der Waals, and SASA
energies all contributed negatively to the overall
binding free energy, indicating favorable interactions,
while polar solvation energy contributed positively,
indicating an unfavorable interaction. As demonstrated
in Table 1, van der Waals energy was the primary
contributor to the favorable binding interaction
between NF-κB and ivermectin.

Figures 4 and 6 demonstrate the 2D and 3D images of
NF-κB in interaction with ivermectin after a 100 ns MD
simulation. As illustrated, the 2D and 3D images of the
NF-κB-ivermectin complex after 100 ns of MD simulation
show significant interaction details. In the 2D image,
ivermectin forms hydrophobic interactions with Arg73
(E), Arg133 (E), Asn138 (E), Pro140 (E), His142 (E), Ile145 (E),
Gln148 (E), Gln162 (E), Thr164 (E), Leu174 (E), Leu175 (E),
Gly232 (A), Tyr257(A), Ala258 (A), and Asp259 (A).
Additionally, hydrogen interactions are observed with
Ile134 (E), Asn137 (E), Asn139 (E), and Pro231 (A) residues
(Figure 4). The results from both 2D and 3D structures
demonstrate that ivermectin has more hydrogen and
hydrophobic interactions with chain E of the protein
than with chain A.

4.3. Binding Energy Measurement

Umbrella sampling is a method widely used to
measure free energy and evaluate the ligand-receptor
separation process and binding free energy
determination (47, 48). To identify the interaction
between NF-κB and ivermectin, the PMF value was
measured. The results of the PMF analysis are shown in
Figure 7. The findings illustrate that ivermectin binds to
NF-κB with a binding energy of -3.3 kcal/mol.

5. Discussion

Computational determination of the binding modes
of ligands with their targets by molecular docking is
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Figure 4. The average number of hydrogen bonds as a function of simulation time for NF-κB –ivermectin complex

commonly employed in different drug designs (49).
Coronaviruses are noteworthy because they possess
various protected non-structural and structural
proteins that have potential applications in drug design
and discovery.

It has recently been reported that ivermectin may be
a clinically useful anti-inflammatory agent for late-stage
COVID-19 disease (23). In fact, ivermectin suppresses the
activation of both NF-κB and stress-activated MAP
kinases JNK and p38, making it a powerful strategy for
the design and development of potential anti-
inflammatory agents (21). Additionally, ivermectin is a
potentially multifunctional drug that is absorbed
through the intestine and then processed in the liver
without any toxicity. This drug is not permeable to the
blood-brain barrier and has shown stability against
temperature changes (50).

Various medications have been tested, as previously
indicated, but ivermectin has shown effectiveness in
various clinical trials (51, 52). In-vitro and animal studies
on ivermectin's antiviral activity suggest its efficacy in
preventing and treating infections in the early stages.
However, the concentrations examined in these in-vitro
studies were more than 50-fold higher than the typical
Cmax achieved with a standard single dosage of IVM at
200 µg/kg, raising concerns about the effective dose of
IVM for treating COVID-19 in humans and its tolerability
(Chaccour et al., 2020). The findings of clinical trials and
cross-sectional investigations conducted by this study
team to determine the dose of ivermectin in mild
COVID-19 patients revealed that a single dose is more
effective than an interval dose compared to the control
group (52, 53). Additionally, ivermectin, compared to
two other drugs, HCQ and azithromycin—which have
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Figure 5. The interaction of NF-κB -ivermectin created by Lig-plot software. The 2D image of NF-κB -ivermectin complex.

Table 1. Molecular Mechanics Poisson-Boltzmann Surface Area Method Based Total Binding Free Energies Along with Its Constituent Energies for NF-κB with Ivermectin

Number Total Binding Free Energy
(KJ/mol)

Van der Walls Energy
(KJ/mol)

Electrostatic Energy
(KJ/mol)

Polar Salvation Energy
(KJ/mol)

SASA Energy
(KJ/mol)

Complex ˜ -51 ˜ -97 ˜ -21 ˜ 79 ˜ -11

side effects such as myopathy, neuropathy, and retinal
damage—is cheaper and more cost-effective (54).

Focusing on investigating the basic mechanisms
governing ivermectin inhibition of pro-inflammatory
cytokine production and clinical trials seems to play an
important role in advancing previous findings. So far,
several studies on the mechanisms of inhibition of
Ivermectin–SARS-CoV-2 have been reported. One study
showed that ivermectin has significant binding affinity
with NSP3, NSP10, NSP15, and NSP16, which helps the
virus evade the host immune system. Moreover, for
further investigation, the MD simulation method was
performed to better understand the mechanism of
inflammation. For example, the results of the MD
simulation study showed that the binding of ivermectin
to Mpro, Spike, NSP3, NSP16, and ACE2 was fully stable
(55).

Coronaviruses consist of four structural proteins
called Spike, Envelope, Nucleocapsid, and Membrane
proteins. SARS-CoV-2 enters human host cells through
the binding of the RBD fragment of the spike protein to
the angiotensin-converting enzyme 2 (ACE2) receptor

(56, 57). This receptor is expressed in many tissues, such
as the heart, kidney, and intestine, and these cells
express genes related to viral replication, leading to the
replication of the virus in the host lungs (58, 59). Recent
studies showed that the ACE2 receptor is highly
expressed in type 2 alveolar epithelial cells; in fact, SARS-
CoV-2 uses these cells for invasion and proliferation (59).

Marik et al. (51) demonstrated in a simulation study
that 25-hydroxyvitamin D is more effective in treating
COVID-19 compared to lopinavir, showing the strongest
interaction with the possible binding sites of the SARS-
CoV-2 protein. Another study identified both
hydrophobic and hydrophilic interactions in anchoring
ivermectin inside the binding site of Nsp9 as well as the
main binding track of the IMPα (60). Additionally, it was
reported that ivermectin, by reducing compression and
unfolding of two crucial proteins in SARS-CoV virus
replication, such as 3CL protease and the HR2 domain,
exhibited an inhibitory effect and could promote
significant structural changes in these proteins (61).

Xin Ci et al. (21) conducted a laboratory study
indicating that ivermectin could inhibit LPS-induced
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Figure 6. The interaction of NF-κB -ivermectin created by Pymol software. (A) The 3D image of NF-κB -ivermectin complex.

pro-inflammatory cytokine production. These effects
might be mediated by down-regulating the
phosphorylation of ERK1/2, JNK, and p38 MAPK signaling
and by inhibiting the activation of NF-κB pathways. They
also showed that ivermectin treatment significantly
inhibited p38 (MAPK-14) and JNK phosphorylation in a
dose-dependent manner (21).

Extensive MD simulations have shown that the
impressive destabilization of the RBD/ACE2 complex in
the presence of ivermectin supports a direct inhibition
of SARS-CoV-2 entry into the host cell. Moreover,
inhibition of the active site of both 3CLpro and PLpro
viral proteases could also contribute to inhibiting viral
maturation after infection (62). A comparison of

molecular docking of ivermectin and doxycycline
showed that ivermectin has a greater binding affinity to
virus proteins such as Mpro, spike, PLpro, RdRp,
nucleocapsid, NSP3, NSP9, NSP10, NSP15, NSP16, and the
host ACE2 receptor (55).

Based on previous findings, this study aimed to
evaluate the binding of ivermectin to the NF-
κB/MAPK10/MAPK14 proteins using molecular docking
and MD simulation methods, which could provide
useful information about the treatment of the disease.
Due to the anti-inflammatory role of ivermectin, this
study aims to better understand its binding
mechanisms to other inflammatory proteins,
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Figure 7. The profile of binding free energy of NF-κB dissociated from ivermectin.

suggesting it as an appropriate candidate to treat
COVID-19. However, further investigations are required.

5.1. Conclusions

Ivermectin is a broad-spectrum antiparasitic drug
with proven anti-inflammatory effects in vitro, though
its targeting mechanism remains unclear. In the present
study, the affinity of ivermectin was evaluated using
docking, MD simulation, MMPBSA, and PMF methods.
The results demonstrated that ivermectin binds to NF-
κB with high affinity, suggesting that this protein can be
an appropriate drug target to decrease inflammation,
thereby confirming the anti-inflammatory activity of
ivermectin. Thus, it could be suggested that ivermectin
may be a good candidate for treating SARS-CoV-2
infections.

Acknowledgements

The authors appreciate the Research Council of
Qazvin University of Medical Sciences.

Footnotes

Authors’ Contribution: All authors have approved the
submitted version. The roles of the authors included NG,
conceptualization; LZ,AF, and AH, data curation and
interpretation of data; and LZ, writing and reviwering.
All authors have agreed to be personally accountable for
their contributions and ensure that all questions were
appropriately investigated, resolved, and the resolution
documented in the literature.

Conflict of Interests: The authors declared no conflict
of interests.

Data Reproducibility: The datasets used and/or
analyzed in the present research are accessible through
the corresponding author on reasonable demand.

Funding/Support: It was not declared by the authors.

References

1. Favaloro EJ, Lippi G. Recommendations for Minimal Laboratory
Testing Panels in Patients with COVID-19: Potential for Prognostic
Monitoring. Semin Thromb Hemost. 2020;46(3):379-82. [PubMed ID:
32279286]. [PubMed Central ID: PMC7295306].
https://doi.org/10.1055/s-0040-1709498.

2. Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus infections and
immune responses. J Med Virol. 2020;92(4):424-32. [PubMed ID:

31981224]. [PubMed Central ID: PMC7166547].
https://doi.org/10.1002/jmv.25685.

3. Xia N, Wang G, Gong W. Serological test is an efficient supplement of
RNA detection for confirmation of SARS-CoV-2 infection. Preprints.
2020;3:184.

4. Chen W, Feng P, Liu K, Wu M, Lin H. Computational Identification of
Small Interfering RNA Targets in SARS-CoV-2. Virol Sin. 2020;35(3):359-
61. [PubMed ID: 32297156]. [PubMed Central ID: PMC7157830].

https://doi.org/10.1007/s12250-020-00221-6.

5. Yu B, Li C, Chen P, Zhou N, Wang L, Li J, et al. Hydroxychloroquine
application is associated with a decreased mortality in critically ill
patients with COVID-19. medrxiv. 2020;Preprint:2020.04.
27.20073379.

6. Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-approved
drug ivermectin inhibits the replication of SARS-CoV-2 in vitro.
Antiviral Res. 2020;178:104787. [PubMed ID: 32251768]. [PubMed

Central ID: PMC7129059].
https://doi.org/10.1016/j.antiviral.2020.104787.

7. Andreani J, Le Bideau M, Duflot I, Jardot P, Rolland C, Boxberger M, et
al. In vitro testing of combined hydroxychloroquine and
azithromycin on SARS-CoV-2 shows synergistic effect. Microb Pathog.

http://www.ncbi.nlm.nih.gov/pubmed/32279286
https://www.ncbi.nlm.nih.gov/pmc/PMC7295306
https://doi.org/10.1055/s-0040-1709498
http://www.ncbi.nlm.nih.gov/pubmed/31981224
https://www.ncbi.nlm.nih.gov/pmc/PMC7166547
https://doi.org/10.1002/jmv.25685
http://www.ncbi.nlm.nih.gov/pubmed/32297156
https://www.ncbi.nlm.nih.gov/pmc/PMC7157830
https://doi.org/10.1007/s12250-020-00221-6
http://www.ncbi.nlm.nih.gov/pubmed/32251768
https://www.ncbi.nlm.nih.gov/pmc/PMC7129059
https://doi.org/10.1016/j.antiviral.2020.104787


Farasat A et al.

10 J Inflamm Dis. 2023; 27(2): e150908.

2020;145:104228. [PubMed ID: 32344177]. [PubMed Central ID:

PMC7182748]. https://doi.org/10.1016/j.micpath.2020.104228.

8. Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Sevestre J, et al.
Clinical and microbiological effect of a combination of
hydroxychloroquine and azithromycin in 80 COVID-19 patients with
at least a six-day follow up: A pilot observational study. Travel Med

Infect Dis. 2020;34:101663. [PubMed ID: 32289548]. [PubMed Central
ID: PMC7151271]. https://doi.org/10.1016/j.tmaid.2020.101663.

9. Million M, Lagier JC, Gautret P, Colson P, Fournier PE, Amrane S, et al.

Early treatment of COVID-19 patients with hydroxychloroquine and
azithromycin: A retrospective analysis of 1061 cases in Marseille,
France. Travel Med Infect Dis. 2020;35:101738. [PubMed ID: 32387409].
[PubMed Central ID: PMC7199729].
https://doi.org/10.1016/j.tmaid.2020.101738.

10. Lagier JC, Million M, Gautret P, Colson P, Cortaredona S, Giraud-
Gatineau A, et al. Outcomes of 3,737 COVID-19 patients treated with
hydroxychloroquine/azithromycin and other regimens in Marseille,

France: A retrospective analysis. Travel Med Infect Dis. 2020;36:101791.
[PubMed ID: 32593867]. [PubMed Central ID: PMC7315163].
https://doi.org/10.1016/j.tmaid.2020.101791.

11. Sturrock BR, Chevassut TJ. Chloroquine and COVID-19 - a potential
game changer? Clin Med (Lond). 2020;20(3):278-81. [PubMed ID:
32303497]. [PubMed Central ID: PMC7354053].
https://doi.org/10.7861/clinmed.2020-0129.

12. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in adults

with severe COVID-19: a randomised, double-blind, placebo-
controlled, multicentre trial. Lancet. 2020;395(10236):1569-78.
[PubMed ID: 32423584]. [PubMed Central ID: PMC7190303].
https://doi.org/10.1016/S0140-6736(20)31022-9.

13. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, et
al. Remdesivir for the Treatment of Covid-19 - Final Report. N Engl J

Med. 2020;383(19):1813-26. [PubMed ID: 32445440]. [PubMed Central
ID: PMC7262788]. https://doi.org/10.1056/NEJMoa2007764.

14. Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A Trial of Lopinavir-
Ritonavir in Adults Hospitalized with Severe Covid-19. N Engl J Med.
2020;382(19):1787-99. [PubMed ID: 32187464]. [PubMed Central ID:
PMC7121492]. https://doi.org/10.1056/NEJMoa2001282.

15. Azeem S, Ashraf M, Rasheed MA, Anjum AA, Hameed R. Evaluation of
cytotoxicity and antiviral activity of ivermectin against Newcastle
disease virus. Pak J Pharm Sci. 2015;28(2):597-602. eng. [PubMed ID:
25730813].

16. Lundberg L, Pinkham C, Baer A, Amaya M, Narayanan A, Wagstaff KM,
et al. Nuclear import and export inhibitors alter capsid protein
distribution in mammalian cells and reduce Venezuelan Equine
Encephalitis Virus replication. Antiviral Res. 2013;100(3):662-72.
[PubMed ID: 24161512]. https://doi.org/10.1016/j.antiviral.2013.10.004.

17. Heidary F, Gharebaghi R. Ivermectin: a systematic review from
antiviral effects to COVID-19 complementary regimen. J Antibiot

(Tokyo). 2020;73(9):593-602. [PubMed ID: 32533071]. [PubMed Central

ID: PMC7290143]. https://doi.org/10.1038/s41429-020-0336-z.

18. Lehrer S, Rheinstein PH. Ivermectin Docks to the SARS-CoV-2 Spike
Receptor-binding Domain Attached to ACE2. In Vivo. 2020;34(5):3023-
6. [PubMed ID: 32871846]. [PubMed Central ID: PMC7652439].
https://doi.org/10.21873/invivo.12134.

19. Polak SB, Van Gool IC, Cohen D, von der Thusen JH, van Paassen J. A
systematic review of pathological findings in COVID-19: a
pathophysiological timeline and possible mechanisms of disease

progression. Mod Pathol. 2020;33(11):2128-38. [PubMed ID: 32572155].
[PubMed Central ID: PMC7306927]. https://doi.org/10.1038/s41379-020-
0603-3.

20. Young BE, Ong SWX, Ng LFP, Anderson DE, Chia WN, Chia PY, et al.
Viral Dynamics and Immune Correlates of Coronavirus Disease 2019
(COVID-19) Severity. Clin Infect Dis. 2021;73(9):e2932-42. [PubMed ID:

32856707]. [PubMed Central ID: PMC7499509].

https://doi.org/10.1093/cid/ciaa1280.

21. Ci X, Li H, Yu Q, Zhang X, Yu L, Chen N, et al. Avermectin exerts anti-
inflammatory effect by downregulating the nuclear transcription
factor kappa-B and mitogen-activated protein kinase activation
pathway. Fundam Clin Pharmacol. 2009;23(4):449-55. [PubMed ID:
19453757]. https://doi.org/10.1111/j.1472-8206.2009.00684.x.

22. Zhang X, Song Y, Xiong H, Ci X, Li H, Yu L, et al. Inhibitory effects of
ivermectin on nitric oxide and prostaglandin E2 production in LPS-

stimulated RAW 264.7 macrophages. Int Immunopharmacol.
2009;9(3):354-9. [PubMed ID: 19168156].
https://doi.org/10.1016/j.intimp.2008.12.016.

23. DiNicolantonio JJ, Barroso J, McCarty M. Ivermectin may be a
clinically useful anti-inflammatory agent for late-stage COVID-19.
Open Heart. 2020;7(2). [PubMed ID: 32895293]. [PubMed Central ID:
PMC7476419]. https://doi.org/10.1136/openhrt-2020-001350.

24. Ventre E, Rozieres A, Lenief V, Albert F, Rossio P, Laoubi L, et al. Topical

ivermectin improves allergic skin inflammation. Allergy.
2017;72(8):1212-21. [PubMed ID: 28052336].
https://doi.org/10.1111/all.13118.

25. Yan S, Ci X, Chen N, Chen C, Li X, Chu X, et al. Anti-inflammatory
effects of ivermectin in mouse model of allergic asthma. Inflamm Res.
2011;60(6):589-96. [PubMed ID: 21279416].
https://doi.org/10.1007/s00011-011-0307-8.

26. Morris GM, Goodsell DS, Halliday RS, Huey R, Hart WE, Belew RK, et al.

Automated docking using a Lamarckian genetic algorithm and an
empirical binding free energy function. J Comput Chem.
1998;19(14):1639-62.

27. Trott O, Olson AJ. AutoDock Vina: improving the speed and accuracy
of docking with a new scoring function, efficient optimization, and
multithreading. J Comput Chem. 2010;31(2):455-61. [PubMed ID:
19499576]. [PubMed Central ID: PMC3041641].
https://doi.org/10.1002/jcc.21334.

28. Lindahl E, Hess B, van der Spoel D. GROMACS 3.0: a package for
molecular simulation and trajectory analysis. Mol Mod Annual.
2001;7(8):306-17. https://doi.org/10.1007/s008940100045.

29. Schuttelkopf AW, van Aalten DM. PRODRG: a tool for high-
throughput crystallography of protein-ligand complexes. Acta

Crystallogr D Biol Crystallogr. 2004;60(Pt 8):1355-63. [PubMed ID:
15272157]. https://doi.org/10.1107/S0907444904011679.

30. Jorgensen WL, Chandrasekhar J, Madura JD, Impey RW, Klein ML.

Comparison of simple potential functions for simulating liquid
water. J Chem Physics. 1983;79(2):926-35.

31. Batoulis H, Schmidt TH, Weber P, Schloetel JG, Kandt C, Lang T.
Concentration Dependent Ion-Protein Interaction Patterns
Underlying Protein Oligomerization Behaviours. Sci Rep. 2016;6:24131.
[PubMed ID: 27052788]. [PubMed Central ID: PMC4823792].
https://doi.org/10.1038/srep24131.

32. Reis RA, Bortot LO, Caliri A. In silico assessment of S100A12 monomer

and dimer structural dynamics: implications for the understanding
of its metal-induced conformational changes. J Biol Inorg Chem.
2014;19(7):1113-20. [PubMed ID: 24944024].
https://doi.org/10.1007/s00775-014-1149-y.

33. Akya A, Farasat A, Ghadiri K, Rostamian M. Identification of HLA-I
restricted epitopes in six vaccine candidates of Leishmania tropica
using immunoinformatics and molecular dynamics simulation
approaches. Infect Genet Evol. 2019;75:103953. [PubMed ID: 31284043].

https://doi.org/10.1016/j.meegid.2019.103953.

34. Gheibi N, Ghorbani M, Shariatifar H, Farasat A. Effects of unsaturated
fatty acids (Arachidonic/Oleic Acids) on stability and structural
properties of Calprotectin using molecular docking and molecular
dynamics simulation approach. PLoS One. 2020;15(3). e0230780.

http://www.ncbi.nlm.nih.gov/pubmed/32344177
https://www.ncbi.nlm.nih.gov/pmc/PMC7182748
https://doi.org/10.1016/j.micpath.2020.104228
http://www.ncbi.nlm.nih.gov/pubmed/32289548
https://www.ncbi.nlm.nih.gov/pmc/PMC7151271
https://doi.org/10.1016/j.tmaid.2020.101663
http://www.ncbi.nlm.nih.gov/pubmed/32387409
https://www.ncbi.nlm.nih.gov/pmc/PMC7199729
https://doi.org/10.1016/j.tmaid.2020.101738
http://www.ncbi.nlm.nih.gov/pubmed/32593867
https://www.ncbi.nlm.nih.gov/pmc/PMC7315163
https://doi.org/10.1016/j.tmaid.2020.101791
http://www.ncbi.nlm.nih.gov/pubmed/32303497
https://www.ncbi.nlm.nih.gov/pmc/PMC7354053
https://doi.org/10.7861/clinmed.2020-0129
http://www.ncbi.nlm.nih.gov/pubmed/32423584
https://www.ncbi.nlm.nih.gov/pmc/PMC7190303
https://doi.org/10.1016/S0140-6736(20)31022-9
http://www.ncbi.nlm.nih.gov/pubmed/32445440
https://www.ncbi.nlm.nih.gov/pmc/PMC7262788
https://doi.org/10.1056/NEJMoa2007764
http://www.ncbi.nlm.nih.gov/pubmed/32187464
https://www.ncbi.nlm.nih.gov/pmc/PMC7121492
https://doi.org/10.1056/NEJMoa2001282
http://www.ncbi.nlm.nih.gov/pubmed/25730813
http://www.ncbi.nlm.nih.gov/pubmed/24161512
https://doi.org/10.1016/j.antiviral.2013.10.004
http://www.ncbi.nlm.nih.gov/pubmed/32533071
https://www.ncbi.nlm.nih.gov/pmc/PMC7290143
https://doi.org/10.1038/s41429-020-0336-z
http://www.ncbi.nlm.nih.gov/pubmed/32871846
https://www.ncbi.nlm.nih.gov/pmc/PMC7652439
https://doi.org/10.21873/invivo.12134
http://www.ncbi.nlm.nih.gov/pubmed/32572155
https://www.ncbi.nlm.nih.gov/pmc/PMC7306927
https://doi.org/10.1038/s41379-020-0603-3
https://doi.org/10.1038/s41379-020-0603-3
http://www.ncbi.nlm.nih.gov/pubmed/32856707
https://www.ncbi.nlm.nih.gov/pmc/PMC7499509
https://doi.org/10.1093/cid/ciaa1280
http://www.ncbi.nlm.nih.gov/pubmed/32856707
https://www.ncbi.nlm.nih.gov/pmc/PMC7499509
https://doi.org/10.1093/cid/ciaa1280
http://www.ncbi.nlm.nih.gov/pubmed/19453757
https://doi.org/10.1111/j.1472-8206.2009.00684.x
http://www.ncbi.nlm.nih.gov/pubmed/19168156
https://doi.org/10.1016/j.intimp.2008.12.016
http://www.ncbi.nlm.nih.gov/pubmed/32895293
https://www.ncbi.nlm.nih.gov/pmc/PMC7476419
https://doi.org/10.1136/openhrt-2020-001350
http://www.ncbi.nlm.nih.gov/pubmed/28052336
https://doi.org/10.1111/all.13118
http://www.ncbi.nlm.nih.gov/pubmed/21279416
https://doi.org/10.1007/s00011-011-0307-8
http://www.ncbi.nlm.nih.gov/pubmed/19499576
https://www.ncbi.nlm.nih.gov/pmc/PMC3041641
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1007/s008940100045
http://www.ncbi.nlm.nih.gov/pubmed/15272157
https://doi.org/10.1107/S0907444904011679
http://www.ncbi.nlm.nih.gov/pubmed/27052788
https://www.ncbi.nlm.nih.gov/pmc/PMC4823792
https://doi.org/10.1038/srep24131
http://www.ncbi.nlm.nih.gov/pubmed/24944024
https://doi.org/10.1007/s00775-014-1149-y
http://www.ncbi.nlm.nih.gov/pubmed/31284043
https://doi.org/10.1016/j.meegid.2019.103953


Farasat A et al.

J Inflamm Dis. 2023; 27(2): e150908. 11

[PubMed ID: 32214349]. [PubMed Central ID: PMC7098580].

https://doi.org/10.1371/journal.pone.0230780.

35. Naughton FB, Kalli AC, Sansom MSP. Modes of Interaction of
Pleckstrin Homology Domains with Membranes: Toward a
Computational Biochemistry of Membrane Recognition. J Mol Biol.
2018;430(3):372-88. [PubMed ID: 29273202].
https://doi.org/10.1016/j.jmb.2017.12.011.

36. Gheibi N, Ghorbani M, Shariatifar H, Farasat A. In silico assessment of
human Calprotectin subunits (S100A8/A9) in presence of sodium

and calcium ions using Molecular Dynamics simulation approach.
PLoS One. 2019;14(10). e0224095. [PubMed ID: 31622441]. [PubMed
Central ID: PMC6797115].
https://doi.org/10.1371/journal.pone.0224095.

37. Lemkul JA, Bevan DR. Assessing the stability of Alzheimer's amyloid
protofibrils using molecular dynamics. J Phys Chem. 2010;114(4):1652-
60. [PubMed ID: 20055378]. https://doi.org/10.1021/jp9110794.

38. Zeng S, Zhou G, Guo J, Zhou F, Chen J. Molecular simulations of

conformation change and aggregation of HIV-1 Vpr13-33 on graphene
oxide. Sci Rep. 2016;6:24906. [PubMed ID: 27097898]. [PubMed
Central ID: PMC4838942]. https://doi.org/10.1038/srep24906.

39. Laskowski RA, Swindells MB. LigPlot+: multiple ligand-protein
interaction diagrams for drug discovery. J Chem Inf Model.
2011;51(10):2778-86. [PubMed ID: 21919503].
https://doi.org/10.1021/ci200227u.

40. Arba M, Ihsan S, Ramadhan OA, Tjahjono DH. In silico study of

porphyrin-anthraquinone hybrids as CDK2 inhibitor. Comput Biol

Chem. 2017;67:9-14. [PubMed ID: 28024230].
https://doi.org/10.1016/j.compbiolchem.2016.12.005.

41. Sharma J, Kumar Bhardwaj V, Singh R, Rajendran V, Purohit R, Kumar
S. An in-silico evaluation of different bioactive molecules of tea for
their inhibition potency against non structural protein-15 of SARS-
CoV-2. Food Chem. 2021;346:128933. [PubMed ID: 33418408]. [PubMed
Central ID: PMC7831997].

https://doi.org/10.1016/j.foodchem.2020.128933.

42. Kumari R, Kumar R, Lynn A; Open Source Drug Discovery
Consortium. g_mmpbsa--a GROMACS tool for high-throughput MM-
PBSA calculations. J Chem Inf Model. 2014;54(7):1951-62. [PubMed ID:
24850022]. https://doi.org/10.1021/ci500020m.

43. Kaur G, Pandey B, Kumar A, Garewal N, Grover A, Kaur J. Drug
targeted virtual screening and molecular dynamics of LipU protein
of Mycobacterium tuberculosis and Mycobacterium leprae. J Biomol

Struct Dyn. 2019;37(5):1254-69. [PubMed ID: 29557724].
https://doi.org/10.1080/07391102.2018.1454852.

44. Shen M, Guan J, Xu L, Yu Y, He J, Jones GW, et al. Steered molecular
dynamics simulations on the binding of the appendant structure
and helix-beta2 in domain-swapped human cystatin C dimer. J Biomol

Struct Dyn. 2012;30(6):652-61. [PubMed ID: 22731964].
https://doi.org/10.1080/07391102.2012.689698.

45. Mallamace D, Fazio E, Mallamace F, Corsaro C. The Role of Hydrogen

Bonding in the Folding/Unfolding Process of Hydrated Lysozyme: A
Review of Recent NMR and FTIR Results. Int J Mol Sci. 2018;19(12).
[PubMed ID: 30513664]. [PubMed Central ID: PMC6321052].
https://doi.org/10.3390/ijms19123825.

46. Massova I, Kollman PA. Combined molecular mechanical and
continuum solvent approach (MM-PBSA/GBSA) to predict ligand
binding. Perspectives Drug Discov Des. 2000;18:113-35.

47. Bowman JD, Lindert S. Molecular Dynamics and Umbrella Sampling

Simulations Elucidate Differences in Troponin C Isoform and Mutant
Hydrophobic Patch Exposure. J Phys Chem. 2018;122(32):7874-83.
[PubMed ID: 30070845]. [PubMed Central ID: PMC6098415].
https://doi.org/10.1021/acs.jpcb.8b05435.

48. You W, Tang Z, Chang CA. Potential Mean Force from Umbrella
Sampling Simulations: What Can We Learn and What Is Missed? J

Chem Theory Comput. 2019;15(4):2433-43. [PubMed ID: 30811931].

[PubMed Central ID: PMC6456367].
https://doi.org/10.1021/acs.jctc.8b01142.

49. Ahmed M, Azam F, Gbaj A, Zetrini AE, Abodlal AS, Rghigh A, et al. Ester
Prodrugs of Ketoprofen: Synthesis, In Vitro Stability, In Vivo
Biological Evaluation and In Silico Comparative Docking Studies
Against COX-1 and COX-2. Curr Drug Discov Technol. 2016;13(1):41-57.
[PubMed ID: 26785683].
https://doi.org/10.2174/1570163813666160119092807.

50. Surnar B, Kamran MZ, Shah AS, Basu U, Kolishetti N, Deo S, et al. Orally
Administrable Therapeutic Synthetic Nanoparticle for Zika Virus. ACS

Nano. 2019;13(10):11034-48. [PubMed ID: 31603314]. [PubMed Central
ID: PMC7053157]. https://doi.org/10.1021/acsnano.9b02807.

51. Marik PE, Kory P, Varon J. Does vitamin D status impact mortality
from SARS-CoV-2 infection? Med Drug Discov. 2020;6:100041. [PubMed
ID: 32352080]. [PubMed Central ID: PMC7189189].
https://doi.org/10.1016/j.medidd.2020.100041.

52. Niaee MS, Zolghadr L, Hosseinkhani Z, Namdar P, Allami A, Amini F, et
al. Ivermectin-Induced Clinical Improvement and Alleviation of
Significant Symptoms of COVID-19 Outpatients: A Cross-Sectional
Study. Iran J Sci Technol Trans A Sci. 2022;46(5):1369-75. [PubMed ID:
36187299]. [PubMed Central ID: PMC9510226].
https://doi.org/10.1007/s40995-022-01349-8.

53. Niaee MS, Namdar P, Allami A, Zolghadr L, Javadi A, Karampour A, et
al. Ivermectin as an adjunct treatment for hospitalized adult COVID-

19 patients: a randomized multi-center clinical trial. Asian Pacific J

Tropical Med. 2021;14(6):266-73.

54. Gupta D, Sahoo AK, Singh A. Ivermectin: potential candidate for the
treatment of Covid 19. Braz J Infect Dis. 2020;24(4):369-71. [PubMed ID:
32615072]. [PubMed Central ID: PMC7321032].
https://doi.org/10.1016/j.bjid.2020.06.002.

55. Maurya DK. A combination of ivermectin and doxycycline possibly
blocks the viral entry and modulate the innate immune response in

COVID-19 patients. chemRxiv. 2020;Preprint.

56. Basu A, Sarkar A, Maulik U. Molecular docking study of potential
phytochemicals and their effects on the complex of SARS-CoV2 spike
protein and human ACE2. Sci Rep. 2020;10(1):17699. [PubMed ID:
33077836]. [PubMed Central ID: PMC7573581].
https://doi.org/10.1038/s41598-020-74715-4.

57. Tai W, He L, Zhang X, Pu J, Voronin D, Jiang S, et al. Characterization of
the receptor-binding domain (RBD) of 2019 novel coronavirus:

implication for development of RBD protein as a viral attachment
inhibitor and vaccine. Cell Mol Immunol. 2020;17(6):613-20. [PubMed
ID: 32203189]. [PubMed Central ID: PMC7091888].
https://doi.org/10.1038/s41423-020-0400-4.

58. Malaguarnera L. Vitamin D and microbiota: Two sides of the same
coin in the immunomodulatory aspects. Int Immunopharmacol.
2020;79:106112. [PubMed ID: 31877495].
https://doi.org/10.1016/j.intimp.2019.106112.

59. Scialo F, Daniele A, Amato F, Pastore L, Matera MG, Cazzola M, et al.
ACE2: The Major Cell Entry Receptor for SARS-CoV-2. Lung.
2020;198(6):867-77. [PubMed Central ID: PMC7653219].
https://doi.org/10.1007/s00408-020-00408-4.

60. Azam F, Taban IM, Eid EEM, Iqbal M, Alam O, Khan S, et al. An in-silico
analysis of ivermectin interaction with potential SARS-CoV-2 targets
and host nuclear importin alpha. J Biomol Struct Dyn. 2022;40(6):2851-
64. [PubMed ID: 33131430]. [PubMed Central ID: PMC7643422].

https://doi.org/10.1080/07391102.2020.1841028.

61. Gonzalez Paz LA, Lossada CA, Moncayo LS, Romero F, Paz JL, Vera-
Villalobos J, et al. Molecular docking and molecular dynamic study
of two viral proteins associated with SARS-CoV-2 with ivermectin.
Preprints. 2020;Preprint.

http://www.ncbi.nlm.nih.gov/pubmed/32214349
https://www.ncbi.nlm.nih.gov/pmc/PMC7098580
https://doi.org/10.1371/journal.pone.0230780
http://www.ncbi.nlm.nih.gov/pubmed/29273202
https://doi.org/10.1016/j.jmb.2017.12.011
http://www.ncbi.nlm.nih.gov/pubmed/31622441
https://www.ncbi.nlm.nih.gov/pmc/PMC6797115
https://doi.org/10.1371/journal.pone.0224095
http://www.ncbi.nlm.nih.gov/pubmed/20055378
https://doi.org/10.1021/jp9110794
http://www.ncbi.nlm.nih.gov/pubmed/27097898
https://www.ncbi.nlm.nih.gov/pmc/PMC4838942
https://doi.org/10.1038/srep24906
http://www.ncbi.nlm.nih.gov/pubmed/21919503
https://doi.org/10.1021/ci200227u
http://www.ncbi.nlm.nih.gov/pubmed/28024230
https://doi.org/10.1016/j.compbiolchem.2016.12.005
http://www.ncbi.nlm.nih.gov/pubmed/33418408
https://www.ncbi.nlm.nih.gov/pmc/PMC7831997
https://doi.org/10.1016/j.foodchem.2020.128933
http://www.ncbi.nlm.nih.gov/pubmed/24850022
https://doi.org/10.1021/ci500020m
http://www.ncbi.nlm.nih.gov/pubmed/29557724
https://doi.org/10.1080/07391102.2018.1454852
http://www.ncbi.nlm.nih.gov/pubmed/22731964
https://doi.org/10.1080/07391102.2012.689698
http://www.ncbi.nlm.nih.gov/pubmed/30513664
https://www.ncbi.nlm.nih.gov/pmc/PMC6321052
https://doi.org/10.3390/ijms19123825
http://www.ncbi.nlm.nih.gov/pubmed/30070845
https://www.ncbi.nlm.nih.gov/pmc/PMC6098415
https://doi.org/10.1021/acs.jpcb.8b05435
http://www.ncbi.nlm.nih.gov/pubmed/30811931
https://www.ncbi.nlm.nih.gov/pmc/PMC6456367
https://doi.org/10.1021/acs.jctc.8b01142
http://www.ncbi.nlm.nih.gov/pubmed/30811931
https://www.ncbi.nlm.nih.gov/pmc/PMC6456367
https://doi.org/10.1021/acs.jctc.8b01142
http://www.ncbi.nlm.nih.gov/pubmed/26785683
https://doi.org/10.2174/1570163813666160119092807
http://www.ncbi.nlm.nih.gov/pubmed/31603314
https://www.ncbi.nlm.nih.gov/pmc/PMC7053157
https://doi.org/10.1021/acsnano.9b02807
http://www.ncbi.nlm.nih.gov/pubmed/32352080
https://www.ncbi.nlm.nih.gov/pmc/PMC7189189
https://doi.org/10.1016/j.medidd.2020.100041
http://www.ncbi.nlm.nih.gov/pubmed/36187299
https://www.ncbi.nlm.nih.gov/pmc/PMC9510226
https://doi.org/10.1007/s40995-022-01349-8
http://www.ncbi.nlm.nih.gov/pubmed/32615072
https://www.ncbi.nlm.nih.gov/pmc/PMC7321032
https://doi.org/10.1016/j.bjid.2020.06.002
http://www.ncbi.nlm.nih.gov/pubmed/33077836
https://www.ncbi.nlm.nih.gov/pmc/PMC7573581
https://doi.org/10.1038/s41598-020-74715-4
http://www.ncbi.nlm.nih.gov/pubmed/32203189
https://www.ncbi.nlm.nih.gov/pmc/PMC7091888
https://doi.org/10.1038/s41423-020-0400-4
http://www.ncbi.nlm.nih.gov/pubmed/31877495
https://doi.org/10.1016/j.intimp.2019.106112
https://www.ncbi.nlm.nih.gov/pmc/PMC7653219
https://doi.org/10.1007/s00408-020-00408-4
http://www.ncbi.nlm.nih.gov/pubmed/33131430
https://www.ncbi.nlm.nih.gov/pmc/PMC7643422
https://doi.org/10.1080/07391102.2020.1841028


Farasat A et al.

12 J Inflamm Dis. 2023; 27(2): e150908.

62. Francés-Monerris A, Garcia-Iriepa C, Iriepa I, Hognon C, Miclot T,

Barone G, et al. Has Ivermectin Virus-Directed Effects against SARS-

CoV-2? Rationalizing the Action of a Potential Multitarget Antiviral

Agent. chemRxiv. 2020;Preprint.


