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Abstract

Coronavirus (COVID-19) disease outbreak caused a worldwide pandemic with a powerful lethal potential and still,
there is no specific treatment to it. Natural bioactive molecules like curcumins were investigated in this work aiming
to block the active site of COVID-19 Main protease (Mpro), since they present several biological activities, being
more suitable in terms of fewer side effects, once this disease overloads the immune system of patients. Hereby,
curcumin and several derivatives were screened for their ability to react with Mpro receptors (PDB: 6LU7). N3,
Azithromycin (AZT), and Baracitinib (BRT) were evaluated as positive controls and in combined therapeutics
possibilities with curcumins. N3, AZT, and BRT bound to different protein receptors, and also it was observed that N3
bound in the same site as hexahydrocurcumin and curcumin glucuronide bound at the AZT’s site and
bisdemethoxycurcumin, curcumin, curcumin sulfate, cyclocurcumin, demethoxycurcumin, dihydrocurcumin and
hexahydrocurcuminol bound at BRT’s site. All molecules analyzed have high force interaction fields. Once the viral
activity is mainly intracellular, these compounds also were evaluated for their hydropathic abilities. All molecules
were classified and considered capable of membrane cell invading. These results suggest that the therapeutic approach
of the curcumin derivatives associated with AZT and the antiviral inhibitor N3 is promissory for future evaluation of
their synergism in in vitro and in vivo tests to define their additional viability in the treatment of COVID-19.
Keywords: SARS-CoV-2; 3CLpro; New therapeutic tools approach; Natural products.

Resumo

O surto da doenca por coronavirus (COVID-19) causou uma pandemia mundial com poderoso potencial letal e, ainda,
segue seu curso sem tratamento especifico. Moléculas bioativas naturais como as curcuminas foram investigadas neste
trabalho com o objetivo de bloquear o sitio ativo da protease principal (Mpro) da COVID-19, por apresentarem
diversas atividades biologicas, sendo mais adequadas em termos de menos efeitos colaterais, uma vez que esta doenca
sobrecarrega o0 sistema imunoldgico dos pacientes. Por meio deste, a curcumina e varios derivados foram avaliados
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quanto a sua capacidade de reagir com os receptores da proteina Mpro (PDB: 6LU7). N3, azitromicina (AZT) e
baracitinib (BRT) foram avaliados como controles positivos e em possibilidades terapéuticas combinadas com
curcuminas. N3, AZT e BRT ligaram-se a diferentes receptores de proteinas, e tambhém foi observado que N3 ligou-se
no mesmo local que a hexahidrocurcumina e o glucuronideo de curcumina ligou-se ao local do AZT e
bisdemetoxicurcumina, curcumina, sulfato de curcumina, ciclocurcumina, desmetoxicurcumina e hexa-
hidrocurcumina no sitio do BRT. Todas as moléculas analisadas tém campos de interacdo de alta forca. Uma vez que
a atividade viral é principalmente intracelular, esses compostos também foram avaliados quanto as suas capacidades
hidropaticas. Todas as moléculas foram classificadas e consideradas capazes de invadir as membranas celulares. Esses
resultados sugerem que a abordagem terapéutica dos derivados da curcumina associados ao AZT e ao inibidor
antiviral N3 é promissora para avaliacdo futura de seu sinergismo em testes in vitro e in vivo para definir sua
viabilidade adicional no tratamento de COVID-19.

Palavras-chave: SARS-CoV-2; 3CLpro; Abordagem de novas ferramentas terapéuticas; Produtos naturais.

Resumen

El brote de la enfermedad por coronavirus (COVID-19) ha provocado una pandemia mundial con un poderoso
potencial letal y sigue sin un tratamiento especifico. En este trabajo se investigaron moléculas bioactivas naturales
como las curcuminas, que tienen varias actividades bioldgicas, con el objetivo de bloquear el sitio activo de la
proteasa principal (Mpro) del COVID-19. Através de esto, se evalud la capacidad de la curcumina y varios derivados
para reaccionar con los receptores de la proteina Mpro (PDB: 6LU7). Se evaluaron N3, azitromicina (AZT) y
baracitinib (BRT) como controles positivos y en combinacién de posibilidades terapéuticas con curcuminas. N3, AZT
y BRT se unieron a diferentes receptores de proteinas, y también se observo que N3 se unié en el mismo sitio que la
hexahidrocurcumina y el glucurénido de curcumina se uni6 en el sitio AZT y bisdemetoxicurcumina, curcumina,
sulfato de curcumina, ciclocurcumina, desmetoxicurcumina y hexahidrocurcumina en el sitio BRT. Todas las
moléculas analizadas tienen campos de interaccién de alta resistencia. Dado que la actividad viral es principalmente
intracelular, estos compuestos también se evaluaron por sus capacidades hidropéaticas. Todas las moléculas fueron
clasificadas y consideradas capaces de invadir las membranas celulares. Estos resultados sugieren que el enfoque
terapéutico de los derivados de la curcumina asociados con AZT vy el inhibidor antivirico N3 es prometedor para la
evaluacion futura de su sinergia en pruebas in vitro e in vivo para definir su viabilidad adicional en el tratamiento de
COVID-19.

Palabras clave: SARS-CoV-2; 3CLpro; Aproximacion a nuevas herramientas terapéuticas; Productos naturales.

1. Introduction

The New Coronavirus (COVID-19) is a virus that belongs to the Coronaviridae family, which has a simple positive
sense RNA strand, known for its high degree of contagion, which can infect a wide range of hosts, such as birds, swine and
humans. COVID-19 in humans (HCOVID) has an infectious potential related to respiratory complications, ranging from the
common cold to acute bronchitis and pneumonia (Fehr & Perlman, 2015; Mesel-Lemoine et al., 2012).

The disease began to manifest itself through a case of pneumonia of unknown cause in Wuhan, China, reported to the
World Health Organization (WHO) of China on December 31, 2019. The coronavirus outbreak was declared an emerging state
of public health and the initial milestone of the worldwide pandemic on January 30, 2020, until then with great contagious
potential. According to WHO (WHO, 2020), on December 3, 2021, there were 263.563.622 confirmed cases identified in all
countries, areas and territories around the world and including 5.232.562 deaths were confirmed. As a total of 7.859.585.168
vaccine doses have been administered. The symptoms of the pathology are nonspecific, such as cough, fever, and shortness of
breath, however, they have a greater lethal potential (Ren et al., 2020; Rezaeetalab et al., 2020; WHO, 2021).

Main protease (Mpro), or 3C protease, responsible for viral replication, is formed by polyproteins 1A and 1AB (Hegyi
& Ziebuhr, 2002; Pillaiyar et al., 2016; Wu et al., 2020; Zhou et al., 2020). Considering the importance of this protein for the
vital cycle of the virus, it was used as a target in the molecular docking test, the focus of the present work, to promote new
drug candidates in the treatment of COVID-19. The Mpro enzyme is a combination of two 6LU7 structures, a structural
fraction used for the said molecular docking study. In previous studies, the protein was crystallized in an interaction structure
with the N3 ligand, with antiviral inhibitory activity. The ligand has specific interactions with the 6LU7 protein amino acids

that characterize its anchoring site, these are the interactions with CYS, where the ligand undergoes an electrophilic attack by
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covalent interactions, generating a region of a strong interaction between the ligand and the receptor (Jin et al., 2020).

One of the biggest challenges in medicine is the development of antiviral resistance drugs. Therefore, it is necessary
to study and develop new candidates for antiviral activity drugs extracted from natural sources, such as curcumins and their
derivatives (Zandi et al., 2010). In addition to having great biological antiviral potential, curcumins are more suitable in terms
of fewer side effects (Aboelhadid et al., 2019) having anti-tumor, antioxidant and anti-inflammatory activities, as well as
hepatoprotective effect (Aboelhadid et al., 2019; Antiviral Potential of Curcumin, 2018; Moghadamtousi et al., 2014; Mouncea
et al., 2017; Zandi et al., 2010). In combating COVID-19, they can act as inhibitors, causing direct interference in viral
replication (Antiviral Potential of Curcumin, 2018). Commercially sold drugs such as azithromycin (Ulrich & Pillat, 2020) and
baricitinib (Cantini et al., 2020) are adjuvant drugs with antiviral potential for the treatment of COVID-19 (Rosa & Ferreira,
2020). Together with N3, they compose the comparative ligands of the biological antiviral action of curcumins and their

derivatives in this molecular docking study, to promote them as a supplementary drug in the treatment of pathology.

2. Methodology

Initially, the structure of Mpro's 6LU7 protein with the N3 ligand was reported from the RCSB protein data bank©
(https://iwww.rcsh.org/) (Liu et al., 2020) and then the water molecules were removed and the file converted to .pdb protein in
the UCSF Chimera® software (Pettersen et al., 2004). The two-dimensional structures of the various curcumins were obtained
from the PubChem molecular repository (https://pubchem.ncbhi.nlm.nih.gov/), then drawn and corrected in the MarvinSketch®
academic software (https://chemaxon.com/products/marvin) (Csizmadia, 2019). Subsequently, the ligands underwent a semi-
empirical geometric optimization of quantum mechanics using the parametric method 7 (PM7) using the MOPAC® software,
and converted to lig.mol2. After that, the files were uploaded and submitted to the web-based tool, SwissDock
(http://www.swissdock.ch/docking#) (Webb & Sali, 2019), Swiss Institute of Bioinformatic (SIB) server, for molecular
docking simulation. Subsequently, the results received were processed in the UCSF Chimera® software, for analysis and
comparison of the distances and interactions of curcumins with the interaction amino acid residues of N3, Azithromycin(AZT),
and Baricitinib(BRT)(Alves et al., 2021; Rocha et al., 2021). From the distances obtained, the data were computed and plotted
on the web-based tool, Morpheus (https://software.broadinstitute.org/morpheus/), and heatmaps were used to visualize changes
in the ligand-residue interaction profiles (L-R’s), being evaluated by the Pearson statistical test to detect similarity. The types
of chemical interactions L-R’s were analyzed and the figures were generated using the Discovery Studio ® software (Biovia et
al., 2000). Then, the degrees of lipophilicity (Log P) of the ligands were analyzed to define their hydrophobic interactions,
using the MLOGP method (Moriguchi et al., 1992) from the SwissSADME server (http://www.swissadme.ch/).

3. Results

Among the most common interactions that comprise the 6LU7 protein catalytic sites with enzyme inhibitors, as shown
in Table 1, are covalent interactions, hydrogen bonds, n-amide, and n-alkyl stacking interactions (Fokoue et al., 2020). The N3
inhibitor (control) interacts with 6LU7 by electrostatic interactions of Van der Waals through the residues of T24, T25, T26,
Y54, N142, S144, D187, R188 and Q192-A, hydrogen bonds with the F140 residues, G143, H163, H164, E166, Q189 and
T190, carbon-hydrogen bond with M165 and H172 residues, n-amide stacking with LEU141, H41, M49, M165 and L167 alkyl
interactions, n-alkyl stacking P168, and A191 and a covalent bond with C145, forming the region of the strong interaction so

that the N3 ligand binds to the protein forming the complex.
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Table 1 - Interactive and energy orders of curcumin and derivatives with 6L U7 protein.

Compound name

Molecular

formula

Structural formula

Binding
affinity
(kcal/mol)
6L U7 protease

Aminoacid
(distance (A))
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Q19 (2.31)
W31 (5.56)
A70 (4.25)
G71 (2.29)
N95 (2.18)
K97 (4.33)

AT0 (2.56)
G71 (2.66)
K97 (4.49)
P122 (3.06)

P108 (3.01)
E240 (1.85)
U246 (2.22)
1249 (2.43)
P293 (2.58)

G15 (2.03)
Q19 (3.08)
G71 (2.05)
N5 (2.48)
K97 (2.71)

AT0 (4.29)
P96 (2.85)
K97 (4.62)
G120 (2.54)

AT0 (2.72)
K97 (2.22)

AT0 (4.76)
G71(2.47)
K97 (4.36)

L4 (1.89)
T25 (2.12)
T26 (2.73)

G143 (2.56)

G15 (2.66)
G19 (2.68)
Q69 (2.32)
AT0 (4.31)
K97 (2.10)

2.13

1.47

-1.17

0.99

1.16

1.80

1.55

0.40

1.62

Source: Authors.

Azithromycin (AZT) is a commercially sold antiviral that was also a control binder in the present study, to evaluate its

supplementary action in the treatment of COVID-19 (Rosa & Ferreira, 2020). Its interactions with the 6LU7 protein are

predominantly alkylas and hydrogen bonds, which characterize a site of inhibitory activity distinct from N3. The ligand

interacts with the protein through hydrogen interactions with the K102, D153 and S158 amino acid residues with a strong

contribution from the hydroxyls closest to the glycoside amine group, carbon-hydrogen bonds with the Q110 and D153

residues through the donor sites of hydrogen NH and OH and alkyl and =-alkyl interactions with the residues of V104, 1249,

P293, and F294.
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The baricitinib ligand (BRT), here also considered a control drug, shows only hydrogen interactions. The ligand
interacts with the 6LU7 protein by hydrogen bonds with the G71 and K97 residues, with a strong contribution from the tertiary
amine receptor sites of pyrimidine and the sulfate group oxygen, and carbon-hydrogen interactions with residues E14, G15,
M17, Q69, and S121.

The curcumins evaluated as drug candidates in the treatment of COVID-19 were: hexahydrocurcumin,
curcuminglucuronide,  bisdemethoxycurcumin, curcumin, curcumin sulfate, cyclocurcumin, demethoxycurcumin,
dihydrocurcumin, and hexahydrocurcuminol. After undergoing the molecular docking test, it was possible to observe that the
ligands occupied the catalytic sites of the three controls (N3, Azithromycin, and Baricitinib), and this is due to the similarity of
the molecular tridimensional structure among the compounds, later detailed.

The interactions of ligands and controls were mapped, as well as their energies and categories of binding were
determined, thus determining the possible sites of action for all the studied molecules. It was identified that, in the results
obtained in the docking and in the statistical evaluation in the Pearson similarity test (Figure 1A-C), the compounds presented
grouping (clusters’ formation) according to the physical-chemical and interactive similarities between themselves (L-L's),

between the ligands and amino acid residues (L-R's) and between amino acids and amino acids (R-R's), as described below.
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Figure 1 - Heatmaps of the different interactions expressed between L-R’s (A) Heatmaps of the different interaction forces between all
ligands and their respective reactive amino acids, legitimizing three (3) active sites in the 6LU7 protein. Hierarchical clusters demonstrated.
(B) Heatmap proving Pearson's similarity test reactivity between L-L’s. (C) Heatmap demonstrating reactivity in Pearson's similarity test
between R-R’s. In the schematic, the closer to 1 (red) the interaction force will be more determinant and intense, the closer to -1 (blue) the
greater the distance, and the interaction force will be negligible. Clusters highlighted by dark green squares
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Curcumin sulfate has a sulfate group, also present in comparative ligand Baricitinib, which performs a z-sulfur
interaction with the W31 residue of the 6LU7 protein, in addition to the interactions of conventional hydrogen bonds with the
G15, G71, N95, and K97 residues, interactions carbon-hydrogen with K97 and w-donor interactions of hydrogen bonds with
Q109.

It is worth to observe that the Curcumin and Cyclocurcumin ligands are the only compounds to interact with the
protein without forming hydrogen bonds and with the same types of interaction which Curcumin interacts with the catalytic
site of Baricitinib by carbon-hydrogen bonds with residues A70, G71, and P122, -cation interactions with K97 and n-alkyl
with A70. Cyclocurcumin by carbon-hydrogen bonds with P96 and G120, w-cation interactions with K97 and m-alkyl with
AT70. Hexahydrocurcuminol has an unfavorable donor-donor interaction with G19, hydrogen bonds with Q69 and K97, carbon-
hydrogen bond with G15, and n-cation (K97) and n-alkyl (A70) interactions.

The bisdemethoxycurcumin and dihydrocurcumin ligands do not form carbon-hydrogen bonds but have & interactions
as predominant in their bonds to the Baricitinib site. Bisdemethoxycurcumin interacts by hydrogen bonds with residues Q19,
G71 and N95, n-cation (K97), n-alkyl (A70) and n-n (W31) interactions, while dihydrocurcumin has a hydrogen bond (G71),
n-cation (K97), mn-alkyl and n-amide with residue A70. Demethoxycurcumin interacts with the baricitinib site for only two
residues, those from A70 (carbon-hydrogen and m-alkyl bond) and K97 (hydrogen and m-cation bond). These compounds then
form the largest number of drugs that are candidates for the supplementary treatment of COVID-19, performing a

supplementary action with the antiviral inhibitor N3 and Azithromycin (Figures 2 and 3).

Figure 2 - Overview of protein and spatial occupation of curcumins at N3, Azithromycin, and Baricitinib receptor sites in the
approximations, a protein surface is evidenced with the evaluated ligands and their respective interaction site, where the

residues are demonstrated according to their hydrophilic (blue) or hydrophobic (orange) potential.

Bisdemethoxy Curcumin Curcumin sulfate
curcumin

Cyclocurcumin  Demethoxycurcumin Dihydrocurcumin

_

Hexahydrocurcuminol

Source: Authors.
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Figure 3 - Two-dimensional map with the regions and types of interactions of the structures a) N3; b) azytromicin; c)
baricitinib; d) bisdemethoxycurcumin; e) curcumin glucuronide; f) curcumin sulfate; g) curcumin; h) cyclocurcumin; i)
demethoxycurcumin; j) dihydrocurcumin; k) hexahydrocurcumin; 1) hexahydrocurcuminol
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From the group of curcumin binders, it can be highlighted the interaction of Hexahydrocurcumin with a minimum
energy order of -7.4 kcal / mol with the receptor site of the N3 inhibitor, with a minimum distance of the residues of 1.89A
(L4) and the longest distance of 2.56 A (G143), and the curcumin ligand glucuronide as the highest energy interaction of -9.0
kcal / mol, with the AZT receptor site, with a minimum residue distance of 1.85A (E240) and a maximum of 3.01A (P108)
(Table 1).
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4. Discussion

For the physicochemical similarities between the ligands (Figure 1 B), a brief overlap of groups can be observed
regarding the presence of the hexahydrocurcumin compound. This substance, in its composition and chemical structure, has
many similarities with curcumin, the base component of the group that includes 7 compounds, such as the commercial drug
BRT. Hexahydrocurcumin also has a chain arranged similarly to the N3 ligand, to have types of interactions like the control.

The hierarchical clusters there are shown in Figure 1A undoubtedly determine the poignant difference between the
said active sites, corroborating with Figure 4, where several interactions will be described below. The receptor site where the
N3 ligand is found indicates a region of covalent interactions, hydrogen bonds, stacking interactions n-amide and w-alkyl, with
susceptibility to electrophilic attacks, while the Azithromycin and Baracitinib site have a predominance of interactions with
networks m-alkyls, o-alkyls and conventional hydrogen bonds (Figure 4) (Carey, 2011; Fokoue et al., 2020). It was observed
that, both in silico evaluation and in the statistical evaluation in Pearson's similarity test (Figure 1-C), the residues were
grouped according to the degree of importance of interaction and physical-chemical and interactive capacities between these

and the compounds (R-L’s).

Figure 4. Receptor sites for N3, Azithromycin and Baricitinib ligands. In the approximations, a protein surface is shown
with the control ligands and their respective action sites, where the residues are demonstrated according to their hydrophilic
(blue) or hydrophobic (orange) potential.

Baricitinib

Azytromicin

Source: Authors.

Following the aforementioned color scheme, the distinction of active residues between the controls is demonstrated
and the important similarity in maintaining the reactivity of these same residues in the different ligands. The strong color
marking, as well as the shortest interaction distance, made the 2 new active sites stand out. Four residues were shown to be
non-specific between the N3 and BRT sites, they are M17, G71, Q69, and S121. Five other residues proved to be nonspecific
between the AZT and BRT sites, they are A70, P96, G120, N142, and Q192. The interaction with residues H41, C145, H164
was observed to be statistically essential for the stability of the ligands at the N3 site. As for residues E14, G15, and K97, these
proved to be statistically indispensable for the stability of the ligands to the BRT site. Interaction residues Q110, F294, 1249,
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and P293 were statistically considered intrinsic to the AZT site. This study highlights at least one possible catalytic triad for
each site described here.

When assessing the pharmacological potential of substances, it is important to observe their molecular interactions
with the active sites in the biological system. These are determined by the resultant between attractive and repulsive
intermolecular forces, among them hydrophobic interactions. These interactions govern its potential for attraction or repulsion
to water and consequently determine whether it is easy to cross the plasma membrane (PM), naturally composed of
phospholipids. Once inside the cell, proteins (R) and the ligands (L) must be able to perform several interactions for them to
meet in the intracellular environment. The compound N3 makes intimate connections with hydrophilic residues, demonstrating
that it, as well as the molecules that occupy the same site, will possibly be able to cross the PM (Liu et al., 2020).

Since viral replication occurs via the intracellular route, this ability of drugs is important, as well as the protein
capacity to attract ligands (Vareed et al., 2008). The active sites, described in this work, by the control molecules AZT and
BRT are characterized as follows, the AZT site is found between hydrophobic and hydrophilic intermolecular forces, where the
first is more prominent. These characteristics show that, like the N3 site, the binding drugs are potentially capable of crossing
the PM. The BRT site has a great hydrophilic interaction, which can facilitate intracellular protein interaction and increase its
virulence. Its hydrophobic core of M17 has a hydropathic index 1.9 demonstrating that this region attracts substances capable
of crossing the PM. These compounds' cell invading ability further is explained by MLOGP evaluation (Table 1)(Alves et al.,
2021; Moriguchi et al., 1992; Rocha et al., 2021).

Hexahydrocurcumin was the only ligand of proximity to the active site of N3, the compound has essentially hydrogen
bond interactions. The ligand interacts with the protein through conventional hydrogen bonds with the L4 and T25 residues,
with a strong contribution from the hydroxyl hydrogen donor sites, and carbon-hydrogen interactions with T26 and G143. The
compound is the only drug candidate, among the curcumins in this study, to demonstrate the possible synergistic effect in the
treatment of COVID-19 together with Azithromycin and Baricitinib.

It is interesting to observe that the only compound that occupied the same catalytic site as Azithromycin was
curcumin glucuronide, this was due to the physical-chemical and interactive similarities between the compounds. Both have a
glycosidic side chain, which performs hydrogen interactions with the residues with strong contributions from the hydroxyl
groups of the glucose moieties. Curcumin glucuronide interacts with the protein through conventional hydrogen bonds with
E240 and U246 residues, carbon-hydrogen interactions with P108, 1249, and P293 and n-alkyl stacking interactions with 1249
and synergizes with the N3 inhibitor and Baricitinib (Figures 2 and 3).

Curcuminoid compounds have a base structure that holds aromatic rings, hydroxyls, ethers and ketones. Anti-
inflammatory, anti-cancer and anti-mutagenic activities have been reported related to the presence of its ketones, as well as the
double bonds present in its carbon chain. furthermore, antioxidant activity was related to the presence of its hydroxyls. In this
work, we report that the presence of hydroxyls associated with the ether and benzene groups are responsible for the potential
antiviral action of the semi-synthetic curcuminoid compounds listed here, as shown in Figure 3. The cation-r interaction occurs
between the benzene group of the curcuminoid compound and amino acid nitrogen, being a non-covalent molecular interaction
between the face of this electron-rich n quadrupole system and the adjacent monopole cation. After this interaction, the same
electron-rich system interacts with another amino acid through pi-alkyl interactions, the referred amino acid, having a free
valence in a saturated carbon, performing the alkyl interactions. For example, the compounds bisdemethoxycurcumin,
curcumin, demethoxycurcumin and hexahydrocurcuminol (Figure 3DGIL, respectively) undergo an electrophilic attack of type
n-cation from K97, as well as experience electrostatic attraction of the type w-alkyl with A70. These interactions proved to be

determinant for the alteration of the three-dimensional state of the Mpro protein, potentially inactivating it.
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Most of the compounds in the curcumin group in the study occupy the active site of Baricitinib, due to the similarity
of their physical-chemical properties and their types of interactions, highlighting the z-sulfur interactions with infrequent
amino acids in 6LU7, and the stacking interactions m with cations from the residues, called n-cations, in addition to hydrogen
interactions with the most frequent amino acids in 6LU7 (Nelson L., David; Cox M., 2014).

Once the hydrophilic and hydrophobic regions of the protein receptor residues were known, it was possible to
determine the degree of lipophilicity of the ligands by MLOGP. It can be highlighted the bisdemethoxycurcumin ligand with
the highest degree of hydrophobicity and curcumin glucuronide as the ligand with the greatest hydrophilic interaction (Table 1)
(Moriguchi et al., 1992; Nelson et al., 2014).

5. Conclusion

Considering the approximation of most ligands to the baricitinib receptor site, a therapeutic approach to the
compound’s bisdemethoxycurcumin, curcumin sulfate, curcumin, cyclocurcumin, demethoxycurcumin, dihydrocurcumin and
hexahydrocurcuminol associated with Azithromycin and the antiviral inhibitor N3 is a promissory strategy. Then, it is
suggested an evaluation of these substances in synergism with the respective drugs in in vitro and in vivo tests to define their
additional viability in the treatment of COVID-19.
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