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A B S T R A C T   

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-COV-2), which causes coronavirus 
disease-19 (COVID-19) has caused more than 2 million deaths around the globe. The high transmissibility rate of 
the disease is related to the strong interaction between the virus spike receptor-binding domain (RBD) and the 
human angiotensin-converting enzyme 2 (ACE2) as documented in several reports. In this study, using state-of- 
the-art computational methods, natural products were screened and their molecular mechanism to disrupt spike 
RBD-ACE2 recognition was evaluated. There is the sensitivity of results to receptor ensemble docking calcula-
tions. Binding free energy and MD simulation are important tools to evaluate the thermodynamics of binding 
stability and the capacity of top hits to disrupt RBD-ACE2 recognition. The free energy profiles provide a slight 
decrease in binding affinity of the virus-receptor interaction. Three flavonoids parvisoflavone B (3), alpinumi-
soflavone (5) and norisojamicin (2) were effective in blocking the viral entry by binding strongly at the spike 
RBD-ACE2 interface with the inhibition constant of 0.56, 0.78 and 0.93 μM, respectively. The same compounds 
demonstrated similar effect on free ACE2 protein. Compound (2), also demonstrated ability to bind strongly on 
free spike RBD. Well-tempered metadynamics established that parvisoflavone B (3) works by binding to three 
sites namely interface α, β and loop thereby inhibiting viral cell entry. Owing to their desirable pharmacokinetic 
properties, the presented top hit natural products are suggested for further SARS-COV-2 molecular targets and 
subsequent in vitro and in vivo evaluations.   

The emergency of coronavirus disease (COVD-19) in December 2019 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV- 
2) has resulted in an unprecedented health crisis throughout the globe 
[1]. The structure of SARS-COV-2 is well described in the literature [2]. 
Based on its structure, therapies for SARS-COV-2 can be grouped into 
two categories, i.e those acting on the human immune system and those 
acting on the virus itself. The latter category can be divided into two 
groups, those preventing viral RNA synthesis and those blocking the 
entry to human cell receptors [2]. Today, efforts to develop drugs and/or 
vaccine to prevent the disease are going on around the globe. Recently, 
many vaccines have entered into clinical trials; however, there is still 
limited information on their long-term effectiveness, safety and efficacy 
to humans [1]. 

Natural products have a long history of serving human life for the 
treatment of many diseases including viral related infections. Several 

natural products have been investigated as SARS-COV-2 RNA viral 
replication inhibitors or cell entry inhibitors. The latter is achieved by 
preventing the interaction between the spike receptor-binding domain 
(RBD) and human angiotensin-converting enzyme 2 (ACE2) from 
recognition or by blocking the activities of transmembrane protease 
serine 2 (TMPRSS2). Various classes of natural products as inhibitors of 
TMPRSS2 and spike SARS-COV-2 RBD-ACE2 have been screened and 
reported [3–5]. On the other hands, natural product inhibitors of 
SARS-COV-2 main protease have also been reported using computa-
tional [6–9] or a combination both computational and experimental 
approaches as detailed in several reviews [10,11]. For instance, escin 
and sodium aescinate are historically natural products for treatment of 
respiratory infection, currently registered in clinical trials targeting 
SARS-COV-2 inhibition [1]. These reports suggest that classes of natural 
products are excellent structural lead/hit molecules in discovering new 
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therapies for viral related diseases, hence efforts to identify new natural 
products to fight viral related diseases is deemed a continuous process. 

Advances of computer hardware and algorithms have accelerated 
drug discovery process. Some drugs discovered by computational ap-
proaches are in clinical trials and some are approved, a HIV protease 
inhibitor is a notable successful example [12]. The use of computer 
simulation in structure-based drug design (SBDD) has increasingly been 
reported in recent years [1,12,13]. Molecular docking is an effective and 
widely used tool in SBDD, for screening large libraries and predicting 
receptor-ligand complexes [1,13]. However, the accuracy of docking 
calculations are limited by scoring functions which lacks protein 
recognition and complete treatment of desolvation [13]. This results in 
screening ligand libraries containing a large number of false-positive 
binders [13]. Although some docking codes e.g autodock/vina are 
able to accommodate side chain residue flexibility, accommodating full 
protein flexibility in docking calculations remains a challenging task. 
Thus, top scores from docking calculations cannot be necessarily trusted, 
and hence requires further analysis [14]. Recently, numerous efforts to 
overcome the limitations of protein recognition have been established 
[14]. Relaxed complex scheme (RCS), is one of the approaches that was 
first suggested by the group of McCammon [12] to incorporate protein 
flexibility in docking calculations. RCS incorporates ensemble structures 
of a protein generated from molecular dynamic (MD) simulation [12, 
15]. The use of RCS to incorporate protein flexibility in SBDD has been 
considered by different research groups [15–21]. 

In this study, we report the effectiveness of combining RCS, pose 
clustering, end-point free energy methods based on LIE and metady-
namics simulation to screen natural products as binders of the spike 
RBD-ACE2 protein. Pose clustering serves as a means of ranking binding 
energies and eliminating false positive binders from ensemble structures 
[14]. Herein, we demonstrate that probable poses can be re-scored by 
end-point free energy methods and metadynamics simulation to opti-
mize the ligand binding affinity, orientation and unbinding processes 
which further eliminates inappropriate poses. Experience from our 
previous work [21] shows that RSC improves the ligand binding affinity 
to its receptor. 

To provide plausible binding modes of the natural products, blind 
and restricted docking calculations at the interface were performed 
using autodock vina [22], which is effective in screening large libraries 
and accommodates ligand flexibility as described in our previous work 
[21]. To assess the stability and dynamical behavior of the complex, 
molecular dynamics (MD) simulation and free energy calculations based 
on linear interaction energy (LIE) and metadynamics simulation, an 
enhanced sampling method were performed as described in the SI. 

Natural products screened in this study were obtained from NANPDB 
(Northern African Natural Products Database) [23], comprising of 
≈4500 natural products from African medicinal plants. NANPDB data-
base was considered as it contain several classes of natural products 
isolated from African medicinal plants, to our knowledge, compounds 
from this database have not yet explored as inhibitors of spike 
RBD-ACE2 cell entry. In addition, the database was recently updated 
and included new compounds; this motivated us to screen and identify 
compounds that could block the interaction and recognition of spike 
RBD-ACE2 protein. The details of the compounds including their 
chemical smiles and physicochemical properties are provided in the 
supplementary material as compounds1.csv and compounds2.csv 

The SARS-COV-2 virion have many glycosylated spike proteins 
which extends from the envelope forming two subunits S1 and S2. The 
S1 comprises the RBD, is responsible for interaction with cell surfaces of 
the human ACE2. The S2 responsible for facilitating the fusion of the 
viral membrane into host cells. Thus, targeting inhibition of the ACE2 
from recognition and interaction with spike RBD is considered a prom-
ising approach in finding therapies against COVID-19. Besides, there is 
accumulation of evidences supporting that spike protein is essential for 
the viral life cycle and is important target to block viral cell entry [2,24]. 
In this study, we focused on identifying natural products isolated from 

African medicinal plants as blockers of the spike RBD-ACE2 interface. 
The chemical structures and binding free energy values (BFE) of the 
best-docked compounds at the crystal structure of spike RBD-ACE2 in-
terfaces are presented in Fig. 1a and Table 1. 5 compounds with BFE of 
− 10.6 kcal/mol similar to inhibition constant of 0.93 μM were consid-
ered as potential spike RDB-ACE2 inhibitors. Selected compounds had 
best docking BFE than hesperidin, a known compound to bind at the 
interface with the BFE of − 7.3 kcal/mol [2]. Compounds 1 and 2 
favorably docked against the crystal structure with the BFE of − 11 and 
− 11.6 kcal/mol, respectively (Table 1). Compounds 3 and 5 had BFE of 
− 10.7 and compound 4 had the BFE of − 10.8 kcal/mol. Results obtained 
based on the crystal structure suggests potential disruption of RBD-ACE2 
recognition and interaction, hence preventing viral fusion to human cell. 

Compound 1, neonthrene, belongs to a class of phenantherene and 
subclass of dihydrophenantherene was isolated for the first time from 
the leaves of Neoboutonia macrocalyx L. (Euphorbaceae). Traditionally, 
the plant is used for the treatment of headaches and fevers. The known 
biological activities of this compound includes antiplasmodial and 
cytotoxic activity [25]. Compound 2, norisojamicin, belongs to a class of 
flavonoid and subclass isoflavone was isolated for the first time from 
Millettia usaramensis (Leguminosae). This plant is locally used as a shade 
and ornamental tree [26]. Compounds 3, parvisoflavone B, is a flavo-
noid isolated from Erythrina schliebenii and was reported to posses 
moderate antitubercular and cytotoxic activity [27]. Traditionally, the 
plant is used for stomachache, diarrhea, for prevention of jaundice of 
newborn babies and as an abortive agent [27]. Compound 4, corylin, is a 
flavonoid belonging to a subclass of isoflavone isolated from Erythrina 
sacleuxii (Leguminosae). The compound was reported to possess anti-
plasmodial activity. Traditionally, the root and stem bark of Erythrina 
species are used in the treatment of malaria and microbial infections 
[28]. Compound 5, alpinumisoflavone, is a flavonoid isolated from 
Erythrina lysistemon cultivated in Egypt [29]. All compounds, except 1 
shares a common class of flavonoids, the observed binding affinity of 
these compounds is also supported by other computational or experi-
mental works where many flavonoids have demonstrated inhibition of 
SARS-COV-2 viral cell entry [30,31]. Some of the flavonoids such as 
hesperidin and diosimin have succeeded into clinical trial as blockers of 
spike RBD-ACE2. The reported flavonoinds may also possess similar 
activities in vitro and in vivo. 

Docking calculations based on single crystal structure may results to 
generation of false positive hits. RCS was performed to establish the 
sensitivity of results to flexible receptor structures. A total of 40 
ensemble structures were extracted at every 1 ns from the equilibrium 
MD simulation of the apo protein, and top selected compounds were 
docked to each ensemble structure. Interestingly, sensitivity of docking 
BFE was observed to different ensemble structures, for example, com-
pound 1 which ranked higher (− 11 kcal/mol) in the crystal structure, 
ranked least during the RCS docking with the binding free energy of 
− 6.9 kcal/mol showing a difference of 4.1 kcal/mol (Table 1). Changes 
in BFE between the crystal and ensemble structures as well as wide 
distribution of binding free energy in the ensemble structures (Fig. 2), 
suggests the sensitivity of docking results to ensemble structures. Such 
sensitivity was also previously observed in the discovery of HIV protease 
inhibitors [12]. Compound 1 which ranked least and 3 which ranked 
higher during the ensemble based docking screening were selected for 
further discussion. As shown in Fig. 2 the BFE of compound 1 in the 
ensemble structures consistently ranked least compared to compound 3. 

It should be noted that the difference in binding free energy of ≈4.1 
kcal/mol represents 1000-folds difference in dissociation constant [12]. 
It was further noted that the BFE difference between compound 1 and 3 
in the ensemble structure was 1.6 kcal/mol. In other words, the disso-
ciation constant of compound 1 is 390-folds lower than of compound 3. 
These findings suggest that incorporating ensemble structures in virtual 
screening has an advantage of eliminating false positive binders in drug 
design. 

The ability of the selected compounds to bind to free spike RBD and 
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ACE2 was evaluated. Table 1 shows that the binding of the compounds 
to ACE2 does not change significantly from the complex, two com-
pounds; 3 and 5 were observed to have similar effects on the free ACE2 
and RBD-ACE2 complex with binding affinity of − 10.7 kcal/mol, how-
ever, compound 1 demonstrated a least binding affinity to free ACE2 
with binding affinity of − 6.8 kcal/mol. Since spike changes conforma-
tion upon binding with ACE2, the ability of compounds 3 and 5 to bind 

and inhibit ACE2 from changing its conformation represents them as 
potential candidates for the discovery of SARS-COV-2. Interestingly, 
when the compounds were targeted to bind free spike RBD, compound 2 
showed strong binding affinity of − 8.2 kcal/mol, which is comparable to 
the binding affinity of the flexible spike RBD-ACE2 complex. Com-
pounds 4 and 3 also showed reasonable binding affinity of − 7.7 and 
− 7.0 kcal/mol, respectively. These results suggests that, compounds 2–5 

Fig. 1. (a) 2D chemical structures of the top selected compounds from virtual screening, (b–c) binding mode and orientations preference of compounds 1–5 at the 
RBD-ACE2 interface, (d)distance measured between His34 and Lys353 and compound 3, the selected residues formed hydrogen bonds during docking calculations, 
(e) probability distribution for the holo spikeRBD-ACE2 separation distances for selected residues at the interface, (f) Boiled egg model showing the HIA and BBB 
distribution of the top compounds. 
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can simultaneously bind to viral spike RBD, ACE2 and or spike RBD- 
ACE2 complex thereby preventing viral cell entry. 

The selected compounds were further evaluated for their pharma-
cokinetic profiles using Swissadmet tool [32] and admetSAR [33]. The 
absorption, distribution, metabolism, excretion and toxicity (ADMET) 
profiles of the selected compounds are shown in Table 2. The Lipinski 

rule of five (RO5) [34] was used to evaluate the orally active and oral 
availability of the compounds. The RO5 requires that for an orally active 
drug should have (i) no more than 5 hydrogen bond donors, (ii) no more 
than 10 hydrogen bond acceptors, (iii) should have a molecular 
mass/weight (MW) less than 500 Da, (iv) should have partition coeffi-
cient (log P) range of − 0.4 to +5.6, should have a topological polar 
surface area (TPSA) no greater than 140 Å2 [34]. As shown in Table 2, all 
compounds did not violate the RO5 and possessed favorable aqueous 
solubility, human intestinal absorption, and caco-2 permeability, except 
for compound 3 which demonstrated negative human oral bioavail-
ability with a probability of 0.51. This problem could be solved by using 
nanotechnology to deliver the compounds to specific cells or site of 
action. The drug absorption percentage (%AB) was calculated using 
equation (1). It is interestingly to note that all compounds had the %AB 
of ≥65% which implies higher absorption. The calculated percentage is 
in agreement with the observed HIA for all compounds. For compounds 
to be predicated with negative HIA must have less than 30%, the 
selected compounds possessed a higher percentage signifying good ab-
sorption. Furthermore, these compounds showed less toxicity and did 
not inhibit human ether-a-go-go-related gene (hERG), suggesting them 
to be good drug candidates. It should be noted that, inhibition of hERG 
results into a potentially fetal disorder known as long QT syndrome.  

AB% = 109 − (0.345 × T P SA)                                                       (1) 

To capture detailed information on the HIA and BBB, a BIOLED Egg 
model which computes the lipophilicity and polarity of small molecules 
was used. Fig. 1f, show that all compounds were within the egg york or 
white egg which is an indication of good bioavailability. 

Docking calculation provides a better way of understanding the 
binding orientation of a compound. However, they cannot give infor-
mation on the stability and kinetics, and often poorly estimates the 
binding free energy of the complex. Although RCS is effective in 
accomodating receptor flexibility, it is still limited by docking algo-
rithms. To evaluate the effectiveness of the RCS approach in discrimi-
nating false-positive binders and true binders as well as providing 
reasonable sampling, MD simulation was performed to compounds 3, 
which was predicted to be good binders with desirable pharmacokinetic 
profile. In addition, the selection of compound 3 was further based on 
the presence of many –OH and C––O group and the polycyclic ring which 
are beneficial for drugs to bind at SARS-COV-2. It is important to 
highlight that the presence of many OH and C––O groups and/or poly-
cyclic ring were important for compounds to bind at the interface. For 
instance, although compound 3 possessed few ring than compound 2, 
the presence of OH and C––O were important for stable interaction at the 
interface. The binding free energy was observed to decrease as the 
number of OH and C––O decreased in the following order: 3 > 5 > 2 > 4 
> 1. 

It is worth noting that the binding of compound 3 at the RBD-AC2 
interface identified three binding sites i.e interface-β, α and loop 

Table 1 
Binding free energy (ΔG (kcal/mol)) and predicted inhibition constant (K i) of 
the top compounds. K i was calculated from the relation ΔG = -RTlnK i, where, R 
is the universal gas constant, and T is Temperature (298 K).    

RBD-ACE2  ACE2 S-RBD 

Compounds ΔG 
crystal 

ΔG 
ensemble 

Ki(ensemble) 
(μM) 

ΔG 
crystal 

ΔG 
crystal 

1 − 11 − 6.9 ±
0.72 

8.39 − 6.8 − 6.3 

2 − 11.6 − 8.2 ±
0.80 

0.93 − 8.8 − 8.2 

3 − 10.7 − 8.5 ±
1.17 

0.56 − 10.7 − 7 

4 − 10.8 − 8.1 ±
0.76 

1.09 − 8.1 − 7.7 

5 − 10.7 − 8.3 ±
1.24 

0.78 − 10.7 − 6  

Fig. 2. (a) Changes in BFE for compound 1 and 3 for different ensemble 
structures (b) WT- MetaD time dependent unbinding profile for compound 3 at 
the spike RBD-ACE2 interface. 

Table 2 
ADMET profiles of the top selected compounds.  

AMEDT/ID 1 2 3 4 5 

MW 270.32 364.35 352.34 320.34 336.34 
TPSA 49.69 78.13 100.13 59.67 79.9 
LogP o/w 2.62 3.51 2.89 3.07 2.47 
LogS − 4.66 − 3.57 − 3.36 − 3.9 − 3.61 
HBA 3 6 6 4 5 
HBD 2 1 3 1 2 
RB 1 1 1 1 1 
HIA 0.99 0.95 0.97 0.97 0.97 
HOB 0.61 0.55 0.51(− ) 0.51 0.58(− ) 
Caco-2 0.84 0.51 0.64 0.6 0.7 
%AB 82.86 73.05 65.46 79.42 72.44 
BBB 0.84 0.93 0.79 0.83 0.23(− ) 
PPB 1.12 0.87 0.916 0.83 0.84 
h-ERG 0.48(− ) 0.47(− ) 0.59(− ) 0.63(− ) 0.56(− )  
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(Fig. S1). This prompted us to examine the time dynamical behavior of 
the title compound at the interface by computing the distance between 
specific residues that formed hydrogen bonds from the best docking 
pose. The distance presented in Fig. 1d, does not reflect ligand re- 
orientation rather, compound 3 changed from its initial docking pose 
and exhibited multiple binding poses as shown in the snapshot taken at 
0 and 30 ns (Fig. S2). During the first 15 ns compound 3 bound at the 
interface-β then quickly moved to interface-α and then occupied a 
different pose where it stayed up to 50 ns simulation time. The ability of 
compound 3 to disrupt the recognition of spike RBD-ACE2 was investi-
gated by measuring the distances of the residues responsible for forming 
hydrogen bond at the interface. 

The fusion of SARS-COV-2 occurs through strong interaction be-
tween residues His34–Tyr453, Lys353–Gly502, Asp355–Thr500, 
Glu35–Thr500 which forms strong hydrogen bond [24] as observed in 
our work (see Fig. 1b). Weakening these hydrogen bond interactions 
result in increased protein-protein distances which causes weak inter-
action as well as poor recognition and hence failure of the virus to 
penetrate human cells. Figs. 1e and S3, shows separation distance be-
tween the spike RBD-ACE2 residues of the holo protein with respect to 
apo protein. Interestingly, when compound 3 bound near interface-β the 
separation distance between Glu35–Thr500 slightly increased over the 
simulation time (Fig. S3), suggesting the ability to disrupt RBD-ACE2 
recognition. Surprisingly, the calculated binding free energy based on 
LIE yielded unexpected results. Fig. S3(a) shows the average LIE which 
suggests that when compound 3 bound to the regions other than inter-
face-α and β, its binding free energy decreased. The decrease in LIE could 
be attributed to the weak contribution of electrostatic forces of inter-
action at the region near interface-β where it stayed for long time. 

The unbinding process and molecular interaction of compound 3 at 
the RBD-ACE2 interface was further characterized by means of WT- 
MetaD. The time dependence for the unbinding process presented in 
Fig. 2b shows that the system diffused many times reflecting conver-
gence of the system. The 1D free energy surface (FES) as a function of 
d1COM shows three distinct (un)binding states (Fig. 3b). As observed in 
the unbiased simulation (Fig. 1d), compound 3 exhibited multiple 
binding poses characterized by the measured distances from the initial 
docking pose. The biased simulation shows a local free energy minimum 
at d1COM = 0.3 and 0.7 nm corresponding to state I, the d1COM = 1.4 nm 
represents local free energy minimum corresponding to state II. The two 
states i.e I and II are separated by energy barrier of 5 kJ/mol. The d1COM 
= 0.7 and 1.45 nm suggests two binding states of compound 3 at the 
interface, which could be a way to disrupt the recognition of spike RBD- 
ACE2 protein-protein interaction. The ability of compound 3 to disrupt 
RBD-ACE2 protein-protein recognition was assessed by measuring the 
residues distances at the interface-α and β which are involved in 
recognition and fusion. 1D FES shown in Fig. 3b indicates three free 
energy minimum at d2 = 4.25, 4.6 and 5 nm, where the minimum at d2 
= 4.25 and 5 nm are separated by the energy barrier of 15 kJ/mol. The 
minimum free energy at d2 = 4.6 and 5 nm suggests weak interaction 
between the two residues. Interestingly, when compound 3 bound at the 
interface-α, the RDB-ACE2 distance between His34–Tyr453 increased to 
5 nm and when bound at interface-β the distance reduced to 4.25 nm, 
while increasing the distance between Glu35–Try500 (Fig. 3c). The 
ability of compound 3 to simultaneously bind at the two interfaces and 
increasing the RBD-ACE2 distances suggests its ability to weaken and 
disrupt the virus-receptor recognition. 

The binding interaction analysis of compound 3 from biased simu-
lation shows occupancy to all sites i.e interface-β and α (Fig. 3c) inter-
acting with many residues from ACE2. The interaction with residues at 
the ACE2 interface represents an important option for treatment of 
SARS-COV-2 because ACE2 residues at the interface are susceptible for 
strong interaction and recognition of the RBD. Fig. 3c shows the 2D free 
energy and the associated structures for the different free energy mini-
mum. It is observed that when bound at the interface-β it interacted and 
formed hydrogen bonds with Asn33 and Arg393 both from ACE2. 

Another important feature observed is that the RBD-ACE2 separation 
distance is slightly increased by ~1.5 Å. When bound at interface-α the 
separation distance decreased by ~1.0 Å and interacted with residues 
Glu37, Lys353, Gln409 and Lys417 from RBD and ACE2 at the interface. 
The slight increase of residues distances at the interface is also observed 
in the unbiased simulation (see Fig. 1c). We further noted that com-
pound 3 could indirectly weaken the recognition of spike RBD-ACE2 
through forming hydrogen bonds with many residues from the ACE2 
domain as well as bridging water molecules that formed hydrogen bond 

Fig. 3. Binding process of compound 3 at the RBD-ACE interface. (a) 1D-FES 
profile of the unbinding of compound 3 (b) spike RBD-ACE2 separation dis-
tance (c) 2D-FES shows the. minimum free energy and the associated structures. 
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with compound 3 at the interfaces. This provides an important rationally 
of blocking the spike RBD from recognizing the ACE2. 

Although compound 3 presents a small noticeable increase in 
protein-protein distances, it is observed to occupy all sites, i.e loop and 
interfaces-α and β necessary for viral attachment. As observed from the 
equilibrium MD, our biased simulation further shows that the unbinding 
of compound 3 starts from interface-β to α (Fig. 3c). The occupancy to 
different binding sites at the ACE2 domain suggests that, compound 3 
could be a promising agent for reducing and preventing viral infection. 

In summary, the strong interaction of SARS-COV-2 spike RBD 
through ACE2 protein provides peculiarity for the virus transmissibility 
rate as compared to SARS-COV [35–37]. Although currently there is no 
approved medication, some promising vaccination are in clinical trial. 
Efforts to find drugs to treat the disease are going-on in different 
research groups. Some groups have focused on repositioning old drugs 
while others have focused on establishing new molecules from natural 
products. The latter approach has an advantage of introducing new 
molecules for further investigations, should they contain desirable 
pharmacokinetic properties. Due to the natural products potential in 
treating various diseases, the present study, by incorporating various 
computational protocols, screened and evaluated natural products as 
blockers of SARS-COV-2 spike from recognizing and binding to ACE2. 
This strategy has the advantage of weakening the interaction and hence 
preventing viral fusion. Furthermore, the methodological approach re-
ported here provides an optimized and efficient multi scale protocol 
ranging from rigid and flexible molecular docking to enhanced sampling 
as well as free energy techniques, that enables us to quantify and assess 
the interactions between the human protein and virus. Provided with the 
fact that, these results need further in vitro and in vivo evaluation that 
could strengthen the results presented in this work, we want to share our 
findings with the scientific community as soon as possible and providing 
the basis for discovering new therapy against COVID-19 and viral 
related diseases. 
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