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ABSTRACT
COVID-19 is a novel severe acute respiratory syndrome coronavirus. Currently, there is no effective
treatment and vaccines seem to be the solution in the future. Virtual screening of potential drugs
against the S protein of severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) has provided
small molecular compounds with a high binding affinity. Unfortunately, most of these drugs do not
attach with the binding interface of the receptor-binding domain (RBD)–angiotensin-converting
enzyme-2 (ACE-2) complex in host cells. Molecular modeling was carried out to evaluate the potential
antiviral properties of the components of the medicinal herb Uncaria tomentosa (cat’s claw) focusing
on the binding interface of the RBD–ACE-2 and the viral spike protein. The in silico approach starts
with protein–ligand docking of 26 Cat’s claw key components followed by molecular dynamics simula-
tions and re-docked calculations. Finally, we carried out drug-likeness calculations for the most quali-
fied cat’s claw components. The structural bioinformatics approaches led to the identification of
several bioactive compounds of U. tomentosa with potential therapeutic effect by dual strong inter-
action with interface of the RBD–ACE-2 and the ACE-2 binding site on SARS-CoV-2 RBD viral spike. In
addition, in silico drug-likeness indices for these components were calculated and showed good pre-
dicted therapeutic profiles of these phytochemicals found in U. tomentosa (cat’s claw). Our findings
suggest the potential effectiveness of cat’s claw as complementary and/or alternative medicine for
COVID-19 treatment.
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Introduction

The severe acute respiratory syndrome corona virus 2 (SARS-CoV-
2) is a part of coronavirus family (CoV) and was initially identified
in Wuhan, China. COVID-19 (coronavirus disease 2019) is highly
contagious in humans, which has rapidly spread and caused an
unprecedented pandemic, with a large number of deaths and
economic crisis in the world (Prajapat et al., 2020). According to
the latest report of the World Health Organization (WHO), over
32.7 million cases and 991 000 deaths of COVID-19 were con-
firmed as of September 27, 2020 (World Health Organization,
2020). In developing countries of Latin America and the
Carribean, the public health has been the most affected because
people do not have the opportunities to access a modern health
system and medicines (Wang et al., 2020).

Phytotherapy based on natural products might be a proper
alternative for treating viral diseases (Akram et al., 2018).
According to WHO estimates, about 80% of the population in
developing countries uses traditional medicine in primary
health care, mainly medicinal plants (World Health
Organization, 2018). The selection of natural products for the

study of their biological properties has been addressed
through three fundamental methodologies: the selection of
random natural sources, the selection based on chemotaxon-
omy (screening of similar compounds in organisms belonging
to the same family or genus) and selection based on ethno-
medicine (Heinrich, 2002). Ethnomedicine has been considered
the most effective therapy and consists of the study of natural
products that have a long history of use in some communities
for the treatment of certain diseases and are part of the phy-
totherapeutic arsenal of popular knowledge (Wu & Tan, 2019).

On the other hand, Uncaria tomentosa (Willd. ex Schult.)
DC. named cat’s claw (‘u~na de gato’ in Spanish) is a woody
vine indigenous to the Peruvian Amazon and other tropical
areas of South and Central America that belongs to
Rubiaceae family (Sandoval et al., 2000). Currently, the raw
material of U. tomentosa is dispensed in Public Hospitals of
the Social Health Insurance (EsSalud-Peru) as Complementary
Medicine Service (CMS) (Gonzales et al., 2010). Traditionally,
extracts prepared by roots and barks decoction are used
against several diseases, such as allergies, arthritis, inflamma-
tions, rheumatism infections and cancer (Araujo et al., 2018).
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Bioactive constituents of U. tomentosa extracts include
proanthocyanidins [proanthocyanidin B2 (the main compo-
nent), proanthocyanidin B4, proanthocyanidin C1, an epicate-
chin trimer, epiafzelechin-4b!8-epicatechin and an
epicatechin tetramer] (Batiha et al., 2020; Navarro-Hoyos
et al., 2017), oxindole alkaloids (isopteropodine, pteropodine,
rhynchophylline, mytraphylline, speciophylline, uncarine F
and uncarine E), indole alkaloidal glucosides (cadambine, 3-
dihydrocadambine and 3-isodihydrocadambine) (Batiha et al.,
2020; Kura�s et al., 2009; Laus et al., 1997; Lima-Junior et al.,
2013; Lock et al., 2016; Navarro et al., 2019, 2017; Snow
et al., 2019), quinovic acid glycosides (Pavei et al., 2012), tan-
nins (Ostrakhovich et al., 1997), polyphenols, catechins, beta
sitosterol (Aquino et al., 1997; Navarro et al., 2019) and pro-
teins (Lenzi et al., 2013), which individually or synergistically
contribute to their therapeutic properties.

In regards to the antiviral properties of U. tomentosa, the
alkaloid fraction has been demonstrated to be the most
effective on human monocytes infected with dengue virus-2
(DENV) in vitro (Reis et al., 2008). Another study revealed
that only the alkaloidal fraction has inhibitory activity on
dengue virus, and the negative effect was observed with the
nonalkaloidal fraction (Lima-Junior et al., 2013). In another
study, the antiherpetic activity of U. tomentosa seems to be
associated with polyphenols or with their synergistic effect
with pentacyclic oxindole alkaloids or quinovic acid glyco-
sides (Caon et al., 2014). U. tomentosa hydroethanolic
extracts have demonstrated a significant in vitro inhibitory
effect on the replication of herpes simplex virus type 1, and
the inhibition of viral attachment in the host cells was char-
acterized as the main mechanism of its antiviral activity
(Terlizzi et al., 2016).

SARS-CoV-2 contains four structural proteins, namely the
spike (S), membrane (M), envelope (E) and nucleocapsid (N)
proteins. The S protein is responsible for the host attachment
and fusion of the viral and host-cell membranes (Wu et al.,
2020). Otherwise, the angiotensin-converting enzyme 2
receptor (ACE-2r) is the host cellular receptor with a higher
affinity to SARS-CoV-2 (Jamwal et al., 2020). This process is
triggered when the S1 subunit of S protein binds to a
host-cell receptor (Han & Kr�al, 2020). To engage a host-cell
receptor, the receptor-binding domain (RBD) of S1 under-
goes transient hinge-like conformational motions (receptor-
accessible or receptor-inaccessible states). U. tomentosa’s
constituents could block the virus from binding to human
cell receptors and disrupt the virus cycle helping to prevent
the protein maturation of SARS-CoV-2 and limit its infection
spread (Li et al., 2020).

Several molecular targets have been identified as the
main druggable key of SARS-Cov-2 for new antiviral discov-
ery. Moreover, its X-ray structure has been recently released,
hence allowing possible computational analysis. In fact, sev-
eral computational studies have already been undertaken on
this system including a long 20 ls molecular dynamics (MD)
study and virtual screening of several databases (Huang et
al., 2020).

With neither drugs nor vaccines approved against COVID-
19 yet, finding strategies to diminish the impact of the

pandemic is fundamental. Medicinal herbs and, more particu-
larly, those with demonstrated antiviral activities as U. tomen-
tosa could slow down the spreading of the disease.
Particularly in developing countries, in which the accessibility
to these plants is easier and more economically viable, add-
ing these medicinal herbs to the general medical kit may
be beneficial.

Here, our study stands on an in silico strategy reminiscent
to those applied at the early stage of current state-of-the-art
drug discovery pipelines and includes (1) protein–ligand
docking of all bioactive compounds of U. tomentosa against
focusing both on the binding interface of the RBD–ACE-2
and inside SARS-CoV-2 RBD spike protein, (2) simulations of
ligand pathway of the best predicted compounds from step
1 to evaluate convenient entrance mechanism of the com-
pounds to the binding site, (3) MD simulation to assess the
stability of the best protein–ligand complexes from 1, (4) cal-
culation of pharmacokinetics parameters for the most quali-
fied compounds resulting from the previous parts of the
docking protocol. This study demonstrates the antiviral
potential of U. tomentosa-based products to be applied as a
rapid phytotherapeutic option for COVID-19.

Material and methods

Protein structure and setup

Calculated binding affinity of the main constituents of the U.
tomentosa (Table 1) was explored for its ability to disrupt the
SARS-CoV-2/ACE-2 complex and inhibit SARS-CoV-2 spike
protein of novel coronavirus findings, a facile therapeutic
option for anti-coronavirus therapy. To this purpose, the crys-
tal structures of SARS-CoV-2/ACE-2 complex and SARS-CoV-2
spike protein were downloaded from the Protein Data Bank
(PDB entry code 6M17 and 6VYB, respectively) (Yan et al.,
2020) and all bounded ligands, ions and solvent molecules
were manually removed using the DS Visualizer 2.5 program.
For docking studies, the structures of the selected proteins
were parameterized using AutoDock Tools (Trott & Olson,
2009). To facilitate the formation of hydrogen bonds, polar
hydrogens were added.

Ligand dataset preparation and optimization

Ligands used in this study are major components of the U.
tomentosa extracts and a sulfated heparin octasaccharide
(taken from PDB 5UE2), a potent SARS-CoV-2 inhibitor
in vitro reported in the literature (Kwon et al., 2020). The 2D
structures of the 26 cat’s claw constituents were obtained as
mol.2 files from the ZINC database (ChemAxon, 2016). The
resultant compounds were submitted to MarvinSketch 8.3
(Morris et al., 1998) to correct the protonation states of the
ligands at physiological pH 7.4. In addition, the geometry
optimization of all ligands was carried out using the HF/6-
31G� level of theory. Then, the structures were parameter-
ized using AutodockTools to add full hydrogens to the
ligands, to assign rotatable bonds and saving the resulting
structure in the required format for use with AutoDock. All
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possible flexible torsions of the ligand molecules were
defined using AUTOTORS in PDB AutoDockTools (Morris et
al., 2009; Walls et al., 2020) to promote the calculated bind-
ing with the target structure.

Docking-based virtual screening

Our docking protocol was performed using AutoDock Vina
and default procedures to dock a flexible ligand to a rigid
protein. Docking simulation of ligands was carried out on
the interface between the SARS-CoV-2 and ACE-2 (PDB code:
6M17) (Yan et al., 2020), where both proteins residues are in
proximity. Next, we used the cryo-EM structure of SARS-CoV-
2 spike protein (PDB code: 6VYB) in their open state (Lipinski
et al., 2012) to explore the potential inhibition of compo-
nents of the cat’s claw, selecting ACE-2-binding pocket to
this study. Once a potential binding site was identified, 26
compounds which are the major components of the cat’s
claw extracts were docked to this enzymes-site to determine
the most probable and the most energetically favorable
binding conformations. To accomplish rigorous docking sim-
ulations involving a grid box to the identified catalytic site,
Autodock Vina 1.1.2 (Trott & Olson, 2009) was used. The
exhaustiveness was 20 for each protein–ligand pair (number
of internal independent runs). The active site was surrounded

by a docking box of 40� 40� 40Å with a grid spacing of
1 Å. Affinity scores (in kcal mol–1) given by AutoDock Vina for
all compounds were obtained and ranked based on the free
energy binding theory (more negative value means greater
binding affinity). The resulting structures and the binding
docking poses were graphically inspected to check the inter-
actions using the DS Visualizer 2.5 (http://3dsbiovia.com/
products/) or The PyMOL Molecular Graphics System
2.0 programs.

MD simulation

Molecular interaction stability of protein–ligand complexes
obtained by docking simulations were verified through MD
simulations by using the Gromacs program (Abraham et al.,
2015) considering the SARS-CoV-2/ACE-2 interface, as well as
the SARS-CoV-2 spike protein active site and the best dock-
ing pose for Proanthocyanidin C1, QAG-2, Proanthocyanidin
B2 and 3-dihydrocadambine, respectively. Force field parame-
ters for protein and ligands were derived independently. For
the selected protein, the amber03 force field was selected
and assigned using the pdb2gmx tool of the Gromacs pro-
gram packages, meanwhile ligand force field parameters
were prepared with the generalized AMBER force field
(GAFF) using the molecular geometries previously optimized
with the HF/6-31G� level of theory in gas phase, (Foresman
et al., 1992; Glendening et al., 2012; Roothaan, 1951) with
the Gamess-US program (Schmidt et al., 1993) .

In addition, each ligand was verified as a minimum
through a harmonic vibrational normal mode analysis.
Atomic charges were obtained with the Merz–Kollman
scheme (Singh & Kollman, 1984) by fitting a restricted elec-
trostatic potential (RESP) model by the Gamess-US program
(Bayly et al., 1993), and the output file was used into the
resp sub-program of the AmberTools program package
(Cornell et al., 1995). Assignment of GAFF force field parame-
ters was carried out by the Antechamber program (Wang
et al., 2006) and the required input files for molecular
dynamics simulations were prepared using the ACPYPE
python interface. Protein and protein–ligand complexes were
solvated in a rectangular box of TIP3P waters. The obtained
system was neutralized adding seven-sodium counter ions to
neutralize the net negative charge of the protein, and then
physiological conditions (298 K, pH 7.4, 0.9% NaCl solution)
were established (Hammad et al., 2020).

To remove spurious contact, molecular geometries were
optimized with the steepest descent algorithm with 100,000
steps, protein backbones atoms were constrained with a
force constant of 1000 kJ mol�1. Then, the MD simulations
were allowed to run for 1000 ps in the NpT ensemble. In
addition, 50 ns in the NpT ensemble were calculated for the
production stage. All simulations were carried out under
periodic boundary conditions. A cubic box with the size of
25� 25� 25 nm was used. A 12Å cutoff distance was used
to calculate nonbonded interactions. Electrostatic interactions
were treated with the Ewald particle mesh (PME) method
(Nishizawa & Nishizawa, 2010); while van der Waals interac-
tions were introduced by using the cut-off scheme. Finally,

Table 1. Best binding energy (kcal mol–1) based on AutoDock scoring of the
main constituents of the U. tomentosa into the RBD/ACE-2 interface and
SARS-CoV-2 spike protein binding domain (RBD) (PDB ID: 6VYB).

Main constituents of cat’s claw

Best binding energy
RBD/ACE-2 interface

(kcal mol–1)

Best binding energy
SARS-CoV-2 RBD
(kcal mol–1)

Spiroxindole alkaloids
Uncarine F –7.1 –6.1
Speciophylline –6.8 –6.8
Mitraphylline –6.8 –6.2
Pteropodine –6.7 –6.2
Isopteropodine –6.7 –6.3
Isomitraphylline –6.6 –6.1
Rynchophylline –6.0 –5.5
Isorynchophyllin –6.0 –5.7

Indole glycosides alkaloids
3-isodihydrocadambine –7.6 –6.4
Cadambine –7.6 –6.1
3-dihydrocadambine –7.0 –7.1

Polyhydroxylated triterpenes
Uncaric acid –7.0 –5.5
Floridic acid –7.0 –5.5
PHT-1 –6.9 –5.6

Quinovic acid glycosides
QAG-2 –8.2 –6.8
QAG-5 –8.0 –6.1
QAG-4 –7.8 –6.8
QAG-6 –7.8 –6.8
QAG-1 –7.8 –6.1
QAG-3 –7.3 –6.2

Proanthocyanidins
Proanthocyanidin C1 –8.6 –7.0
Epiafzelechin-4b-8 –7.7 –6.2
Proanthocyanidin B4 –7.6 –7.2
Proanthocyanidin B2 –7.5 –7.2
Epicatechin –7.1 –6.0
Chlorogenic acid –6.1 –6.4

Reference
HepOSa –7.1 (–7.3)b –7.1 (–7.3)b

aHepOS: Heparin octasaccharide taken from PDB 5UE2 was used as posi-
tive control.
bEstimated by Kwon et al. (2020).
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the V-rescale thermostat at 300 K with a coupling constant of
1.0 ps was used and the pressure was kept constant at 1 atm
using the Parinello–Rahman barostat (Parrinello & Rahman,
1981) with a coupling constant of 2.0 ps and a compressibil-
ity factor of 4.5� 10�5bar�1. All covalent bonds were con-
strained using the LINCS algorithm and the contact list was
updated every 40 fs.

Prediction of drug-likeness indices for the most docking
promissory compounds

Drug-likeness prediction along with further ADME properties
presents a wide of opportunities for a rapid new antiviral drug
discovery. The drug-like and ADME properties for the most
active components of the U. tomentosa extract (constituents
having the highest binding affinity) were screened using open-
access cheminformatics platforms such as Molinspiration (for
molecular weight – MW, rotatable bonds and polar surface
area – PSA descriptors), ALOGPS 2.1 (for log Po/w descriptor)
and the Pre-ADMET 2.0 to predict four pharmaceutical relevant
properties such as intestinal permeability (App. Caco-2), albu-
min-binding proteins (KHSA), Madin–Darby Canine Kidney
(MDCK Line) cells permeation and intestinal absorption (%HIA).
These parameters establish movement, permeability, absorp-
tion and action of potential drugs (Ertl et al., 2000). The inter-
pretation of both MDCK and Caco-2 permeability using
PreADMET is as follows: (1) Permeability lower than 25: low per-
meability; (2) Permeability between 25 and 500: medium per-
meability; (3) Permeability higher 500: high permeability.

Results and discussion

Database of U. tomentosa bioactive compounds

This study was performed to identify whether certain compo-
nents of U. tomentosa extracts have potential therapeutic
effects against COVID-19. To this purpose, a database of 26
compounds that have shown prevalence on the herbal thera-
peutic activity has been generated (Figure 1) (Aquino et al.,
1990, 1997; Batiha et al., 2020; Keplinger et al., 1998; Kitajima
et al., 2000; Lima-Junior et al., 2013; Lock et al., 2016;
Montoro et al., 2004; Navarro et al., 2019, 2017; Pavei et al.,
2012; Pe~naloza et al., 2015; Snow et al., 2019; Vera-Reyes
et al., 2015). Our initial hypothesis is that cat’s claw should
contain molecules with highest therapeutic profiles against
SARS-CoV-2, by disrupting SARS-CoV-2/ACE-2 association or
by inhibiting SARS-CoV-2 spike protein.

Structure-based virtual screening: Docking studies

During Covid-19 host infection, SARS-CoV-2 enters human
epithelial cells through a first molecular recognition of RBD
to the ACE-2 protein. When coronaviruses bind directly to
the peptidase domain (PD) of ACE-2, it results in the loss of
their primary physiological role, which includes vasoconstric-
tion and blood pressure regulation. In consequence, binding
of SARS-CoV-2 RBD to the human ACE-2 receptor is associ-
ated strongly with cardiovascular diseases, such as

hypertension, heart attack and chronic nephropathies.
Blocking the binding of SARS-CoV-2 to the human ACE-2
receptor may result in the most promising approach to pre-
vent virus entry into human cells. Recently, the cryo-EM co-
crystal structures of the RBD of SARS-CoV-2 with human
ACE-2 have been solved (Yan et al., 2020), which open the
possibility to design better and more specific inhibitors for
suppression of viral infection.

Thus, to study the effectiveness of cat’s claw against
SARS-CoV-2/ACE-2 complex, docking approaches were car-
ried out in the ACE-2–RBD binding interface as the drug-
gable site, to establish the interaction between the selected
site and the main constituents of cat’s claw. We also per-
formed molecular docking studies to find a potential associ-
ation of constituents of cat’s claw to the SARS-CoV-2 spike
protein. This approach also could conduce to block the
SARS-CoV-2 spike protein interaction with human receptor
ACE-2. Hence, in this article, the structure of spike glycopro-
tein (PDB ID: 6VYB) is to be considered as an additional
druggable target. In addition, we have also performed the
docking of a sulfated heparin octasaccharide (HepOS) as
positive reference, which have been recently reported as an
effective in vitro inhibitor of SARS-CoV-2 by its interaction
against the spike protein RBD (Kwon et al., 2020).

Overall, docking approach revealed that the most compo-
nents founded in cat’s claw could block SARS-CoV-2/ACE-2
association because they displayed significant binding affinity
at interface of ACE-2–RBD complex in the range between –6.0
to –8.6 kcal mol–1 (Table 1). On the other hand, when structures
were docked against the SARS-CoV-2 spike protein, good dock
scores were obtained (specially, Proanthocyanidins series)
ranging from –5.5 to –7.2 kcal mol–1.

Thus, we performed a rigorous exploration of the docking
solutions obtained from these compounds when docking
occurred against SARS-CoV-2-related enzymes. Hence, based
on the analysis of these different results and visual inspection,
a clear behavior appears along the molecular docking that
could be summarized as follows in the following sections.

Docking profile inside RBD/ACE-2 interface

The recognition of SARS-CoV-2 by human ACE-2 can be div-
ided into several contacts. From the ACE-2 structure: a1 helix
domain comprises 12 critical aminoacids, such as GLN24,
THR27, ASP30, LYS31, HIS34, GLU35, ASP38, TYR41, GLN42,
GLU37, PHE390 and GLN388; a2 helix domain located around
MET82 and four residues (LYS353, GLY354, ASP355 and
ARG357) between b3 and b4 sheets are needed to recognize
SARS-CoV-2. From SARS-CoV-2 structure, ten residues are
essential for ACE-2 binding, such as LYS417, GLN493, TYR453,
TYR505, TYR449, ASN501, GLN498, THR500, GLN474 and
PHE486. Therefore, these key binding domains were consid-
ered in this article to explore the ability of U. tomentosa to
disrupt SARS-CoV-2 RBD interaction to human ACE-2 (Yan
et al., 2020).

In general, all compounds as part of U. tomentosa show
docked structures that fit well into the RBD/ACE-2 interface,
particularly along a1, a2, b3 and b4 domains of human ACE-2
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(Figure 2) and with good predicted docking scores that
range from –6.0 to –8.6 kcal mol–1 (Table 1). Calculations
revealed that most of ligands were located between b3 and
b4 sheets, and a reduced group very close to a1 and a2 helix
of ACE-2. Since during viral infection a1, a2, b3 and b4
domains are responsible for the recognition of SARS-CoV-2
by human ACE-2, our findings open the possibility to use U.
tomentosa against SARS-CoV-2/ACE-2 association.

Notably, most predicted complexes have the interaction
fingerprint with those of critical residues as part of ACE-
2–RBD binding interface. Protein–ligand interaction analysis
of the 26 constituents to the RBD/ACE-2 complex revealed

that the most of constituents strongly bonded to ACE-2
through HIS34, ASP30, GLU37, PHE390, GLN388, LYS353,
THR27, GLU35 residues, meanwhile with SARS-CoV-2 RBD
showed critical contacts with TYR505, TYR453, LYS417,
TYR449 residues. Due to these compounds as part of cat’s
claw and interaction with key aminoacids inside ACE-2–RBD
binding interface, we are encouraged to believe that U.
tomentosa could affect the interaction of SARS-CoV-2 spike
protein with ACE-2. Note that this approach may be useful
as a rapid therapeutic option to prevent or treat COVID-19.

A simple view showed that all ligands were able to interact
with those critical aminoacids involved in the molecular

Figure 1. 2D structures for the major bioactive constituents of the U. tomentosa studied as ligands against SARS-CoV-2/ACE-2 association and SARS-CoV-2
spike protein.
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recognition of RBD to the ACE-2 protein, where at least one
compound from each chemical series showed great ability to
bind to the SARS-CoV-2-RBD complex along the interface.
Hence, we focused on five compounds (those with highest
negative energy value obtained after docking on each series)
such as Proanthocyanidin C1 (–8.6 kcal mol�1), QAG-2
(–8.2 kcal mol�1), 3-isodihydrocadambine (–7.6 kcal mol�1),
Uncarine F (–7.1 kcal mol–1) and Uncaric acid (–7.0 kcal mol�1),
which had higher or comparable affinity than positive refer-
ence HepOS (–7.3 kcal mol�1) to the SARS-CoV-2-RBD complex
(Table 1). At this point it is worth mentioning that the docking
calculations involving positive reference give a value in very
good agreement with experimental one (–7.3 kcal mol�1),
hence providing with a certain amount of confidence regard-
ing the Autodock scoring function of this project.

A rigorous view of 2D plots ligand interactions into ACE-
2–RBD interface generated from DS visualizer program
revealed which interactions are involved by the most docking
active ligands and how their structures affect them. Thus, the
most active docking ligand Proanthocyanidin C1 (which had
affinity of �8.6 kcal mol�1) was able to interact with those crit-
ical aminoacids for binding SARS-CoV-2 spike to the human
ACE-2 receptor. We found that Proanthocyanidin C1 estab-
lishes three strong hydrogen bond interactions between the
hydroxyl groups in flavone moiety with TYR505 (SARS-CoV-2)
and ASP30 (ACE-2 receptor) residues, one p-alkyl interaction
with LYS417 residue and several hydrophobic interactions
between the molecule and the GLU37, GLN388, LYS353,
PHE390, THR37 and HIS34 residues. In addition to these critical
aminoacids, Proanthocyanidin C1 revealed notable binding
interactions with human ACE-2 receptor very close to interface
through four hydrogen contact, such as ALA386, THR92, LYS26
and ALA337 that could may also affect the interaction of RBD
with ACE-2 (Figure 3(A)).

Furthermore, a closer look at the best possible binding
pose of QAG-2 (which display a high docking score of
�8.2 kcal mol�1), reveals strong interactions at the contact
interface between the two proteins. Thus, it was found that

QAG-2 forms two hydrophobic interactions with critical ami-
noacids LYS353 and ASP355 located between b3 and b4
sheets in the ACE-2 protein. We also observed that QAG-2
displays one interaction at interface with VAL407 (from spike
protein) through strong hydrogen bond. In addition, various
hydrophobic contacts were observed between molecule and
SER375, PHE377, VAL510, CYS379, ILE410, GLY404, ASP405,
PHE356, ALA386, ARG408 and GLY502 at the SARS-CoV-2
RBD–ACE-2 interface (Figure 3(B)). Note that the deproto-
nated carboxylate moiety does not form any important inter-
action, therefore does not play any specific role in the QAG-2
binding at RBD–ACE-2 interface. This fact can be explained
primarily because positively charged residues (lysine, arginine
or histidine) do not surround this moiety at the interface.

On the other side, 3-isodihydrocadambine (–7.6 kcal mol–1)
has key contacts with residues in the RBD/ACE-2 binding inter-
face (Figure 3(A)). Thus, molecule showed several interactions
with critical residues of human ACE-2, which are essential for
SARS-CoV-2 spike binding, among them, one hydrogen bond
contact and one p-alkyl interaction with GLU37 residue.
Importantly, the protonated nitrogen atom in the b-carboline
moiety forms one salt bridge interaction with the carboxyl in
ASP30 (from ACE-2 protein) and three hydrophobic interac-
tions with PHE390, THR27 and GLN388. Furthermore, 3-isodihy-
drocadambine also had a crucial H-bond contact with TYR505
amino acid of SARS-CoV-2 spike protein, which is well-reported
as an initial contact point during ACE-2 recognition. 3-
Isodihydrocadambine also showed one p-cation interaction
between fused aromatic ring in the b-carboline moiety and the
key residue LYS417 and eight van der Waals contacts with
spike protein residues, including GLU406, ASP405, GLN409,
PHE456 LEU455, ASP405, TYR453 and TYR421. Further interac-
tions were also observed that might promote the disruption of
the interactions between SARS-CoV-2-RBD and ACE-2, among
them two H-bonds formed per arginine residues 393 (from
ACE-2 protein) and 403 (from spike protein) interacting with
the sugar moiety.

Figure 2. Superposition of the best conformation of the most active components against ACE-2–RBD binding interface Uncarine F (in blue), Cadambine (in red), 3-
isodihydrocadambine (in orange), Proanthocyanidin B2 (in light blue), Proanthocyanidin B4 (in purple blue), Proanthocyanidin C1 (in hot pink), Epiafzelechin-4b-8
(in olive), QAG-1 (in yellow), QAG-2 (in gray), QAG-4 (in violet), QAG-5 (in black), QAG-6 (in salmon) and HepOS (in bluemarine) as positive reference.
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Interestingly, Uncarine F binds at RBD/ACE-2 interface
with binding affinity of �7.1 kcal mol�1 through several
interactions with those base residues for the recognition of
SARS-CoV-2 to the human ACE-2 (Figure 3(B)). Besides two
strong hydrogen contacts with HIS34 of human ACE-2 and
TYR505 from the SARS-CoV-2 spike protein, Uncarine F
showed several hydrophobic interactions with key aminoa-
cids at the interface, such as LYS353, ASP30, PHE390, GLU37,
TYR453 and GLN388. Finally, analysis of the 2D-interaction
map for Uncaric acid (which had docking score of
�7.0 kcal mol�1) revealed crucial contacts with essential ami-
noacids residues for ACE-2–RBD binding. Thus, Uncaric acid
binds at ASP30 residue of ACE-2 through a hydrogen bond-
ing with one of the hydroxyl groups. Furthermore, hydropho-
bic interactions between molecule and five of those key
residues at interface were displayed as follows: HIS34,
TYR453, PHE390, GLN388 and TYR505. Notably, Uncaric acid
had five p-alkyl interactions with other interface residues
that probably could promote the ACE-2–RBD binding cleav-
age, such as LEU29 (D), VAL93 (D), LYS26 (D), PRO389 (D)
and LYS417 (F).

In accordance to abovementioned, our docking studies
shows that several components of U. tomentosa may have the
ability to disrupt the association of SARS-CoV-2 spike protein
with the human ACE-2 receptor. Among these components,
Proanthocyanidin C1 (–8.6 kcal mol�1), QAG-2 (–8.2 kcal mol�1),
3-isodihydrocadambine (–7.6 kcal mol�1), Uncarine F
(–7.1 kcal mol�1) and Uncaric acid (–7.0 kcal mol�1) had good
predicted binding affinity for binding interface and they can nat-
urally access it without noticeable energetic cost. These findings
suggest that U. tomentosa may be a viable treatment option
during initial stage of the COVID-19 infection.

Docking profile against SARS-CoV-2 spike RBD

Recently, cryo-EM structure of the SARS-CoV-2 spike glyco-
protein was resolved in their closed and open states (PDB ID:
6VXX and 6VYB, respectively) (Walls et al., 2020). SARS-CoV-2
spike protomer consists of five functional domains, namely
as NTD, RBD, FP, HR1 and CD (Figure 4). Because RBD
domain is responsible for the binding to the host cell recep-
tor (ACE-2), we focused our docking investigations inside the

Figure 3. A,B: The best conformation of the Proanthocyanidin C1 (A) and QAG-2 (B) within ACE-2–RBD interface (PDB: 6M17). 2D interaction mode plots between
the selected compounds to the ACE-2–RBD complex. Interactions between each component and amino acids residues into ACE-2–RBD binding domain are indi-
cated by the dashed lines. D and F into circles indicated ACE-2 and Spike proteins, respectively.
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ACE-2 binding surface of RBD. Hence, to carry out our dock-
ing calculations we selected as starting structure the SARS-
CoV-2 spike glycoprotein in their open state (PDB ID: 6VYB),
because, recently molecular dynamics simulations revealed
the open state as the most active form of SARS-CoV-2 spike
for binding to human ACE-2 (Gur et al., in press). Thus, dock-
ing studies on SARS-CoV-2 spike (PDB ID: 6VYB) could pro-
vide important insights into the molecular basis for
coronavirus recognition in the initial step of infection.

Several residues in the SARS-CoV-2 RBD have been identi-
fied as essential in the association to the human ACE-2 dur-
ing coronavirus (COVID-19) infection, including TYR449,

TYR453, GLY496, THR500, TYR505, LYS417, GLN493, ASN501
and GLN498 (Lan et al., 2020). Therefore, to demonstrate the
ability of constituents of U. tomentosa to block binding of
the SARS-CoV-2 spike protein to human ACE-2 receptor, we
performed molecular docking studies around aforementioned
critical amino acids, meaning this docking runs were carried
out inside ACE-2 binding surface of RBD. From a general per-
spective, promising docking scores were obtained when the
major constituents from U. tomentosa bind to the RBD of
SARS-CoV-2 (ranging from –5.5 to –7.2 kcal mol�1).

Thus, to compare the best binding pose of the most
docking-active components of U. tomentosa and HepOS

Figure 4. A–C: The best conformation of the 3-isodihydrocadambine (A), Uncarine F (B) and Uncaric acid (C) within ACE-2–RBD interface (PDB: 6M17). 2D inter-
action mode plots between the selected compounds to the ACE-2–RBD complex. Interactions between each component and amino acids residues into ACE-2–RBD
binding domain are indicated by the dashed lines. The code letter ‘D’ and ‘F’ indicated ACE-2 and spike proteins, respectively.
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(positive reference) inside SARS-CoV-2 RBD, Figure 5 illus-
trates the most stable binding poses based on AutoDock
scoring listed in Table 1 for all constituents on RBD binding
domain. The superposition of the positive reference (HepOS)
and the best conformation obtained theoretically for selected
docked compounds showed that the major constituents in
the ethanolic extract of U. tomentosa can accommodated
themselves into stable conformations occupying this binding
site during docking process.

Notably, all main constituents of U. Tomentosa had at
least two interactions with those key aminoacids for SARS-
CoV-2 RBD binding to human ACE-2, through H-bonds,
p-contacts or hydrophobic contacts, making this herb a
promising treatment that may be used in the early stages of
the COVID-19 infection. Among them, four exhibited high
potential to bind RBD: 3-dihydrocadambine (in brown),

Proanthocyanidin B4 (in purple blue), Proanthocyanidin B2
(in light blue) and Proanthocyanidin C1 (in hot pink) (Figure
5), which had the highest docking score of –7.1, –7.2, –7.2
and –7.0 kcal mol�1, respectively, that would be comparable
to that reported for the potent inhibitor HepOS of
–7.3 kcal mol�1. As such, in searching those critical contacts
that could blocks RBD–ACE-2 interaction, an exhaustive ana-
lysis has been undertaken to the docking results for those
components as mentioned in Figure 6.

As shown in Figure 7, our findings revealed that the most
docking active molecules complexed with the SARS-CoV-2
RBD had an interaction fingerprint involving seven critical
residues implied in the SARS-CoV-2 spike attachment to the
human receptor ACE-2: TYR453, GLY496, LYS417, ASN501,
TYR505, GLN498 and ASN501. Thus, 3-dihydrocadambine dis-
plays two strong H-bond through binding between sugar

Figure 5. A: SARS-CoV-2 spike protein protomer structure. Protomer domains RBD (in cyan), NTD (in violet), HR1 (in yellow), CD (in blue) and FP (in green). B:
Connolly surface of the SARS-CoV-2 spike protein showing RBD domain. The binding site appears in cyan.

Figure 6. Superposition of the best conformation of the all constituents of U. tomentosa and positive references alongside the SARS-CoV-2 RBD binding domain
(PDB: 6VYB). Critical aminoacids are represented in cyan and positive reference (HepOS) in blue marine.
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and acetyl moiety and key TYR453 and GLY446 residues,
respectively. Notably, TYR453 also established one p–p stack-
ing interaction with the fused aromatic ring in the b-carbo-
line moiety. In addition, critical residues LYS417 and ARG403
from RBD was involved in the binding event by forming
three p-cation contacts with 3-dihydrocadambine, while
hydrophobic interactions formed with ASN501, TYR449,
GLN493, TYR505 residues clearly favored its affinity for SARS-
CoV-2 spike protein.

However, a visual inspection to the 2D-protein–ligand
interaction plot of 3-dihydrocadambine shows that the

protonated nitrogen formed two unfavorable positive–posi-
tive interactions (represented in red dotted lines) that could
have great significance in the stability of protein–li-
gand complex.

Proanthocyanidin B2 was well-fitted into the functional
domain RBD and its hydroxyl groups formed four hydrogen
bonding and four hydrophobic contacts with critical residues
for binding to ACE-2, including GLY496, ASN501, GLN493 and
TYR505, TYR453, LYS417, GLN498, respectively. One further H-
bond with SER494 and one hydroxyl group were predicted by
docking when Proanthocyanidin B2 binds to SARS-CoV-2 RBD.

Figure 7. 2D interaction mode plots between the most active ligands inside ACE-2 active site of RBD. Interactions between each component and residues of SARS-
CoV-2 RBD are indicated by the dashed lines.
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Finally, Proanthocyanidin C1 was able to bind SARS-COV-2 RBD
through three strong H-bonds with those critical residues
(GLY496, LYS417, ASN501) crucial to association with human
ACE-2. Also, further van der Waals interactions were predicted
to form between Proanthocyanidin C1 and crucial GLN498,
TYR453, GLN493, TYR505, GLN498 residues that may be stabi-
lizing the binding event to the RBD domain.

MD simulation studies

With higher confidence on the viability of our docking predic-
tions of the best compound with highest binding affinity, such
as Proanthocyanidin C1 (–8.6 kcal mol�1) and QAG-2
(–8.2 kcal mol�1) into the RBD/ACE-2 interface and 3-dihydro-
cadambine (–7.1 kcal mol�1) and Proanthocyanidin B2
(–7.2 kcal mol�1) within SARS-CoV-2 RBD binding domain, we
further evaluated the stability of the docked complexes
throughout MD simulations for 50.0 ns. To accomplish this aim,
we first calculated the root mean square deviation (RMSD) for
ligands for 50 ns of MD simulation at real natural conditions
into the selected binding pocket. The MD simulation results
(Figure 8(A–D)) showed that the RMSD of the systems reached
equilibrium after around �5 ns of simulation time. In general,
after equilibration, small fluctuations in the RMSD were
observed, suggesting substantial stability for all complexes
during the simulations, which fall within the ideal range
around 2Å (smaller RMSD values indicate higher stability of
the simulation) (Gohlke et al., 2000; Kramer et al., 1999).

A rigorous exploration of the RMSD values for
ligand–SARS-CoV-2 RBD complexes shows that structures of
3-dihydrocadambine and Proanthocyanidin B2 display good
signals of stability during 50 ns of MD simulation with RMSDs
values of 1.866 ± 0.300 and 2.233 ± 0.304 Å, respectively
(Figure 8(A,B)). Importantly, similar behavior had the docked
complex composed of Proanthocyanidin C1 and QAG-2 into
the RBD/ACE-2 interface, which showed remarkable stability
throughout the simulation time period at RMSD values of
2.151 ± 0.237 and 1.775 ± 0.361, respectively (Figure 8(C,D)). A
closer look at RMSD plot for QAG-2 into the RBD/ACE-2 inter-
face revealed that ligand gradually stabilized after 5 ns, which
is an indication of its higher conformational flexibility within
the interface between RBD and ACE-2 proteins. Taken
together, these findings suggest binding stability of ligands
toward the active domains of the SARS-CoV-2 RBD and RBD/
ACE-2 viral targets.

The radius of gyration (Rg) represents the compactness of
the protein structure and conformational stability of the
whole systems (i.e. protein–ligand complexes). If the radius
of gyration remained relatively constant, the complex was
considered to be stably folded; otherwise, it was considered
to be unfolded. In this scenario, radius of gyration values
was calculated in order to observe the conformational altera-
tions and dynamic stability of each viral protein within the
50 ns simulation time.

Figure 9(A–D) illustrates Rg values for the protein and lig-
and in the complexes, respectively. As shown in Figure
9(A–D), calculated Rg values for ligands into the SARS-CoV-2
RBD protein for 3-dihydrocadambine (5.065 ± 0.144Å),

Figure 8. Backbone RMSD values of (A) 3-dihydrocadambine within SARS-CoV-2 RBD active site (red) and protein without ligand (blue). B: Proanthocyanidin B2
within SARS-CoV-2 RBD binding site (red) and protein without ligand (blue). C: Proanthocyanidin C1 at RBD/ACE-2 interface and RBD/ACE-2 complex without ligand
(blue). D: QAG-2 into RBD/ACE-2 interface (red) and RBD/ACE-2 complex without ligand (blue).
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Proanthocyanidin B2 (4.356 ± 0.087 Å) and inside RBD/ACE-2
binding interface for Proanthocyanidin C1 (5.542 ± 0.095Å)
and QAG-2 (6.818 ± 0.083 Å) remained relatively constant dur-
ing the simulation, therefore each protein–ligand complex
could be considered to be stably folded. In addition,
although RMSD values would show that the ligands undergo
a significant shift within the active domain, estimated Rg val-
ues suggest that overall shape of the protein was stable
upon binding of the ligand during the 50-ns MD simulation.

Finally, these observations are also supported by 2D-bind-
ing interactions plots and 3D representation of the selected
ligands into the binding pocket, respectively (see Supporting
information Figures S1–S4). In addition, to show the con-
formational changes of the ligands into the viral proteins
active site along the first 50 ns window MD simulation
(Figure 9), these plots revealed that after MD simulations the
key protein–ligand interactions initially shown by the dock-
ing results were maintained and the 3-dihydrocadambine
and Proanthocyanidin B2 within SARS-CoV-2 RBD, as well as
Proanthocyanidin C1 at RBD/ACE-2 remained stable in the
binding pocket compared to the initial docking pose. Thus,
crucial binding ligand interactions with LYS417, ARG403,
TYR453, GLN493, ASN501, TYR505, SER494, TYR449, TYR495
PHE497 and GLY496 were maintained after 50-ns MD simula-
tion into the binding pocket of SARS-CoV-2 RBD. Similarly, in
comparison with the docking results, those key ligand inter-
actions with amino acid residues identified as essential for
maintaining RBD-ACE-2 stability are also present after MD

simulations. Besides, 3D representations of the selected
ligands into each binding pocket were used with the aim to
compare the best conformation poses from MD simulation
and docking, hence we plotted the superposition of the
docked complex 3D-structures before and after 50-ns MD
simulation into the active cavity (see Supporting information
Figures S5–S8). In general, there is no significant difference
between the structures extracted after 50-ns MD simulation
and the docking pose of ligands, only slight translational and
rotational motions were observed.

The obtained MD simulation results suggest (1) the con-
formation of the binding pocket and ligands were stable dur-
ing the MD simulations, (2) ligands do not leave the binding
pocket while running MD simulation and (3) active pocket in
both selected viral targets favored ligands binding, suggest-
ing not only the rationality and validity of our docking stud-
ies, but also proposes that many of these constituents of U.
tomentosa could act as a dual inhibitors of the SARS-CoV-2
spike protein and RBD/ACE-2 complex, which are mostly
responsible for the attachment and internalization of the
novel coronavirus in the human host.

In the final stage, selected ligands were redocked into the
SARS-CoV-2 RBD (3-dihydrocadambine and Proanthocyanidin
B2) or inside the RBD/ACE-2 interface (Proanthocyanidin C1
and QAG-2) starting from the mean geometries of the last
3 ns MD simulations trajectories, aiming to obtain the correct
binding energies and poses. The vina re-docked results are
summarized in Table 2 and the best ligand bound receptor

Figure 9. Radius of gyration (Rg) graphs: (A) for 3-dihydrocadambine into the binding cavity (red) and SARS-CoV-2 spike protein without ligand (blue). B: For
Proanthocyanidin B2 onto active site (red) and SARS-CoV-2 spike protein without ligand (blue). C: For Proanthocyanidin C1 within binding cleft and RBD/ACE-2
complex without ligand (blue and violet). D: for QAG-2 into the binding site (red) and RBD/ACE-2 complex without ligand (blue and violet).
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conformations are shown in the Supporting information
Figures S9–S12.

Notably, after re-docked process 3-dihydrocadambine dis-
plays higher binding energy (–7.5 kcal.mol�1) than the initial
predicted docking score (–7.1 kcal.mol�1). 2D and 3D dia-
grams of protein–ligand interactions from 3D coordinates
showed that 3-dihydrocadambine had a significant conform-
ational change in their binding modes in comparison with
observed binding poses initially predicted by docking. As can
be seen from Table 2, interactions profile into the SARS-CoV-
2 RBD binding site was substantially altered, showing con-
tacts with those critical residues, including ASN501 (H-bond),
GLY496 (three H-bond), TYR453 (H-bond), TYR505 (p-cation
with cationic nitrogen). On the other hand, despite
Proanthocyanidin B2 showed a re-docking score significantly
lower than the initial docking. However, readers can observe
that Proanthocyanidin B2 is well-accommodated inside the
RBD binding pocket highlighting key contacts with TYR453,
SER494, LYS417, GLN493, ARG403, TYR495, TYR505, GLU406
and PHE497 that are essential for SARS-CoV2 binding to
human ACE-2 receptors. In addition, predicted binding poses
were compared in Supporting information Figure S10, thus
the best binding pose obtained from re-docking studies is
considerably different to that retrieved from the initial dock-
ing, this finding could be strongly associated with a lower
binding energy after re-docking.

Interestingly, when Proanthocyanidin C1 was re-docked
using the mean geometry of the last 3 ns MD simulation tra-
jectory, a higher binding score (–9.0 kcal mol�1) than the ini-
tial docking was obtained (–8.6 kcal mol�1). As shown in
Supporting information Figure S11, Proanthocyanidin C1 fit-
well into the RBD/ACE-2 interface interacting with those crit-
ical residues at the junction of SARS-CoV-2 to human ACE-2,
such us GLU37, HIS34, ASP30, GLN388, TYR505, PHE390,
LYS353, GLU354, LYS417. A 3D-comparison between the best
initial docking pose and the best re-docking pose into the
active site clearly revealed that this binding pose significantly
favors Proanthocyanidin C1 binding.

Finally, re-docking calculations into RBD/ACE-2 interface for
QAG-2 showed a very similar binding affinity (–8.1 kcal mol�1) to
the initial docking prediction (–8.2 kcal mol�1). A close view to
2D and 3D ligand–protein diagrams plot revealed that QAG-2
fit-well inside the binding pocket, and is located closed to b3

and b4 sheets in the ACE-2 protein. Re-docked process confirms
that QAG-2 is capable of binding to aminoacids residues that are
critical for the recognition of the SARS-CoV-2 by full-length
human ACE-2. After the re-dock analysis, we identified that
QAG-2 formed two hydrogen bond interactions with key
GLY354 and TYR505 residues, respectively. Similarly, ligand was
able to bind through van der Waals contacts with three critical
residues ASP355, GLN388 and GLU37, which could have an
effect on stabilizing the binding event. As can be seen in
Supporting information Figure S12, 3D-plots comparison
between starting pose docking and docking pose after re-dock-
ing for QAG-2 revealed similar binding modes at RBD/ACE-2
interface, only a slight shift was observed.

Taken together, these computational results clearly evi-
denced that constituents of U. tomentosa are capable of binding
to SARS-CoV-2 spike protein through strong interactions with
those key aminoacids crucial for the viral attachment to human
ACE-2 in stable complexes. Our investigations could be a new
strategy for inhibiting the recognition of the SARS-COV-2 RBD
by ACE-2, and therefore might interfere with the entry of cor-
onavirus to its host cells. Computational modeling demon-
strated that components of this herb may cause ACE-2 and
spike protein cleavage, because they would interact with key
residues within RBD/ACE-2 interface forming very stable com-
plexes. Hence, we firmly believe that ethanolic extract of cat’s
claw may be a novel herbal-based therapeutic option to treat
COVID-19 infection because its components may cause disrup-
tion of SARS-CoV-2 RBD/ACE-2 complex or could block attach-
ment of SARS-COV-2 to the entry receptor ACE-2.

Calculation of drug-likeness indices and scoring

Calculated drug-likeness profiles play a critical role in assess-
ing the quality of novel antiviral candidates. Early predictions
of pharmacokinetic behavior of the promising antiviral com-
pounds based on its structure could help find safer and
effective leads for preclinical testing. Here, we calculated and
analyzed various drug-likeness indices for the most qualified
components of U. tomentosa predicted by docking studies
(Table 3). To this purpose, ten pharmacokinetics parameters
were calculated as drug-likeness filter for Speciophylline,
Uncarine F, Uncaric acid, Cadambine, 3-isodihydrocadambine,
3-dihydrocadambine, Proanthocyanidin B2, Proanthocyanidin

Table 2. Scoring energies and critical interactions for the re-docking of each ligand in its active site.

Ligand
Vina Docking

score (kcal mol–1)
Vina re-docking
score (kcal mol–1) Critical ligand interactions after re-docking process

3-Dihydrocadambinea –7.1 –7.5 ASN501 (H-bond), GLY496 (three H-bond), TYR453 (H-bond), TYR505
(p-cation), and hydrophobic interactions: PHE497, TYR495, TYR449,
GLN493, GLN498, GLU406.

Proanthocyanidin B2a –7.2 –6.5 ARG403 (H-bond), SER494 (H-bond), LYS417 (H-bond), ARG403 (p-cation),
GLU406 (p-anion) TYR505 (p–p stacked) and hydrophobic interactions:
PHE497, TYR453, TIR495, GLN409.

Proanthocyanidin C1b –8.6 –9.0 GLN388 (H-bond), ASP30 (two H-bond), TYR505 (H-bond), ASP405
(H-bond), ARG408 (H-bond), ARG403 (H-bond), ALA387 (amide-p
stacking interaction) and hydrophobic interactions: HIS34, PHE390,
GLU37, LYS353, GLY354, LYS417.

QAG-2b –8.2 –8.1 TYR505 (H-bond), GLY354 (H-bond) and hydrophobic interactions: GLU37,
GLN388, LYS353 and ASP355.

aRe-docking inside the SARS-CoV-2 RBD active site.
bRe-docking at RBD/ACE-2 interface.
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C1, Proanthocyanidin B4, Epiafzelechin-4b-8, QAG-1, QAG-2,
QAG-4, QAG-5 and QAG-6, respectively. Results obtained
revealed the druggability of the selected components from
ethanolic extract of cat’s claw, demonstrating their potential
as likely orally active antiviral.

Despite major components had more than two violations to
the rule of 5 and druggability, predicted values for
Speciophylline, Uncarine F, Uncaric acid and Cadambine dis-
played favorable physiochemical profiles compared to positive
reference HepOS, which clearly displayed important violations in
ROF-5. The discussion focused on these four active compounds
showed that according to Lipinski rule of five (ROF-5) (no more
than one violation is acceptable) (Lipinski et al., 2012), com-
pounds could be used as orally dosed drugs in humans. The pre-
dicted human intestinal absorption (% HIA) for Speciophylline,
Uncarine F and Uncaric acid revealed greater HIA value in the
range between 81% and 90%, while Cadambine having relatively
low values of 27% may be acceptable within 95% of marketed
drugs. Note that, greater HIA values denote that these com-
pounds could be absorbed throughout the intestinal segments
upon oral administration. On the other hand, we calculated the
most important physicochemical property to correlated passive
molecular transport through membranes and drug–membrane
interactions, such as polar surface area (PSA) (Ertl et al., 2000).
Predicted PSA showed favorable values for compounds ranging
from 82 to 158 Å2, indicating they would penetrate more effi-
ciently through the infected host cells. In addition, the partition
coefficient between n-octanol and water (log Po/w) was calcu-
lated in order to explore the ability of constituents to pass
through lipid bilayers (Veber et al., 2002). Notably,
Speciophylline, Uncarine F and Uncaric acid presented values
within ideal range for approved-drugs (ranging from 1.7 to 4.20).
Binding to serum albumin (expressed as log KHSA) is the most
important parameter for distribution and transport of antiviral
drugs in the systemic circulation (Colmenarejo, 2003; Zhivkova,

2015). Early prediction of this parameter reduces the amount of
wasted time and resources for drug development candidates in
the antiviral therapy and management. We found that ligands fit
well within the recommended values range (ranging from �1.5
to 1.5), showing log KHSA numbers between –0.592 and 0.58.
Finally, we also predicted the passive transmembrane perme-
ation using Caco-2 cell monolayers or MDCK cells as models.
Currently, both models are used as a simplified in vitro model for
intestinal absorption in drug development (Broccatelli et al.,
2016; Pham-The et al., 2018; Press & Di Grandi, 2008). Our results
showed that in comparison with reference drugs, Speciophylline,
Uncarine F and Uncaric acid have 72–342nm/s. From such obser-
vations, these compounds displayed great values of human
intestinal absorption (% HIA) above 81%, very similar to the refer-
ence drugs values (above 96%).

Given the aforementioned results, we believe at least four com-
ponents of cat’s claw here reported may provide favorable charac-
teristics as the drug like, hence U. tomentosa may constitute itself
a promissory option to fight against COVID-19 infection.

By integrating in silico approaches, this article evidenced
that several components of U. tomentosa could act disrupting
the association of SARS-CoV-2 spike protein with the human
ACE-2 receptor or by blocking the RBD–ACE-2 interaction dur-
ing COVID-19 virulence. Further, we identified that various
constituents of cat’s claw bears optimal pharmacokinetics
properties to be used orally as a potential antiviral response.
Therefore, we believe that ethanolic extract of U. tomentosa
should be taken into consideration as a rapid response to the
COVID-19 during the early stages of infection.

Conclusion

COVID-19 outbreak that emerged from Wuhan, China has
acquired pandemic status and severe acute respiratory

Table 3. Calculated drug-likeness properties for the most qualified cat’s claw components.

Compound M.W.a PSAb
n-Rot

bond (0–10) n-ON (<10)c n-OHNHd Log Po/w
e Log KHSA

f
Caco-2g

(nm s–1)
App. MDCK
(nm s–1)h % HIAi

Lipinski rule
of five (�1)

Speciophylline 368.432 82.804 1 8 1 1.709 –0.044 307 153 81 0
Uncarine F 368.432 85.271 2 6 1 1.826 –0.016 342 171 83 0
Uncaric acid 488.706 82.031 1 5 4 4.192 0.580 135 72 90 0
Cadambine 544.557 158.806 8 11 5 0.037 –0.592 27 11 27 1
3-iDihydrcadambine 560.600 156.433 6 12 6 –0.707 –0.839 16 6 6 2
3-Dihydrocadambine 546.573 172.263 5 12 6 –0.576 –0.827 13 5 5 2
Proanthocyanidin B2 578.528 209.177 3 12 10 0.505 –0.300 1 1 <25 2
Proanthocyanidin C1 866.784 316.351 5 18 15 0.217 –0.336 0 0 0 3
Proanthocyanidin B4 578.528 209.177 3 12 10 0.505 –0.300 1 1 <25 2
Epiafzelechin-4b-8 562.529 191.954 3 11 9 0.880 –0.149 5 1 6 2
QAG-1 957.117 312.05 10 19 11 –0.455 –1.266 1 0 0 3
QAG-2 957.117 263.06 10 19 11 –0.455 –1.266 1 0 0 3
QAG-4 780.948 204.447 7 14 8 1.491 –0.443 5 2 10 3
QAG-5 796.948 226.081 8 15 9 0.434 –0.924 2 0 0 3
QAG-6 780.948 204.507 7 14 8 1.220 –0.677 6 2 9 3
HepOSj 2291.77 1373.67 46 80 12 <0.0 – – – – 5
aMolecular weight of the hybrid (150–500).
bPolar surface area (PSA) (7.0–200 Å2).
cn-ON number of hydrogen bond acceptors <10.
dn-OHNH number of hydrogens bonds donors �5.
eOctanol water partition coefficient (log Po/w) (–2.0 to 5.0).
fBinding-serum albumin (KHSA) (–1.5 to 1.5).
gHuman intestinal permeation (<25 poor, >500 great).
hMadin–Darby canine kidney (MDCK) cells permeation.
iHuman intestinal absorption (% HIA) (>80% is high, <25% is poor).
jHeparin octasaccharide used as positive reference in this work.
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syndrome requires the attention of academics to discover
the possible safe and effective drug to ameliorate its effects
worldwide. In the present study, 26 constituents of U. tomen-
tosa were docked on the binding interface of the RBD–ACE-2
and inside SARS-CoV-2 RBD spike protein of novel cor-
ona virus.

It was observed that the components of U. tomentosa
such as Proanthocyanidin C1, QAG-2, 3-isodihydrocadambine,
Uncarine F and Uncaric acid had a good predicted binding
affinity for interface of the RBD–ACE-2 as compared to the
sulfated heparin octasaccharide (HepOS). Likewise, 3-dihydro-
cadambine, Proanthocyanidin B4, Proanthocyanidin B2 and
Proanthocyanidin C1 had the highest docking score on
SARS-CoV-2 spike glycoprotein in their open state, whereas
MD simulations at 50 ns demonstrated both the feasibility of
the binding free energy predicted by docking protocols and
the stability of the docked protein–ligand complexes.

Virtual prediction ADME revealed that Speciophylline,
Uncarine F and Uncaric acid presented values of druggability
according to Lipinski rule, demonstrating their potential bio-
availability as likely orally active antiviral. Based on our find-
ings and its ancestral use in the traditional medicine from
South American countries, U. tomentosa can be performed as
an herbal supplement with the safety and efficacy parame-
ters at both preclinical and clinical stages to evaluate its
effectiveness in the treatment of novel coronavirus disease
(COVID-19). Furthermore, all components found in U. tomen-
tosa could work in synergism by different mechanisms to
combat the spread of SARS-CoV-2.
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