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ABSTRACT

The pandemic caused by SARS-CoV-2 has been the center of attention worldwide since
the end of 2019. No therapeutic alternative is effective against the virus. Among the
studied molecules is luteolin, a flavonoid extracted from Lonicera japonica Thunb. with
binding affinity to the SARS-CoV-2 protease 3CL, important for viral replication. Thus,
this evaluated, by molecular docking techniques, the interaction between luteolin
derivatives and SARS-CoV-2 3CL. luteolin-4’-Glucoside, luteolin 6-C-glucoside 8-C-
arabinoside and luteolin 3’-(4"-acetylglucuronide) derivatives were tested as 3CL
ligands, all of which showed a more favorable binding energy value than that found for
the standard 3N ligand (-7.8 to -8.0 kcal/mol vs -4.5 kcal/mol). The 3- (4”-
acetylglyucuronide) luteolin derivative, demonstrated for the first had the best binding
value, -8.0 kcal/mol. The types of bond found between the target and the luteolin
derivatives were mostly alkyl-type bonds, which may explain the more favorable values
compared to the standard ligand. The results presented, combined with pharmacological
activities and the low toxicity already demonstrated for luteolin, make it, together with its
derivatives, a promising alternative for the treatment of COVID-19 and encourage more
detailed studies.
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ESTUDOS DE ANCORAGEM MOLECULAR ENTRE LUTEOLINA 3'-(4"-
ACETILGLUCURONIDEO) E 3CL PROTEASE DE SARS-CoV-2

RESUMO
A pandemia causada pela SARS-CoV-2 é o centro das atengées mundiais desde o final
de 2019. Nenhuma alternativa terapéutica se mostrou eficaz contra o virus. Entre as
moléculas estudadas esta a luteolina, um flavonoide extraido da Lonicera japonica
Thunb. com afinidade de ligagdo a protease 3CL do SARS-CoV-2, importante para a
replicagao viral. Assim, este trabalho avaliou, por meio de técnicas de docking
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molecular, a interagdo entre derivados de luteolina e 3CL do SARS-CoV-2. Derivados
de luteolina-4’-glucosideo, luteolina 6-C-glucosideo 8-C-arabinosideo e luteolina 3’-(4”-
acetilglucuronato) foram testados como ligantes para 3CL, todos os quais mostraram
um valor de energia de ligagao mais favoravel do que o encontrado para o ligante 3N
padrdao (-7,8 a -8,0 kcal/mol vs -4,7 kcal/mol). O derivado Iluteolina 3’-(4"-
acetilglucuronato), demonstrado pela primeira vez, apresentou o melhor valor de
ligacado, -8,0 kcal/mol. Os tipos de ligagdo encontrados entre o alvo e os derivados da
luteolina eram principalmente ligacdes do tipo alquil, o que pode explicar os valores
mais favoraveis em comparagdo com o ligante padréo. Os resultados apresentados,
aliados as atividades farmacoldgicas e a baixa toxicidade ja demonstrada para a
luteolina, tornam-na, juntamente com seus derivados, alternativas promissoras para o
tratamento da COVID-19 e incentivam estudos mais detalhados.

PALAVRAS-CHAVE: COVID-19; Derivados da luteolina; Docking molecular.

INTRODUCTION

In December 2019, the first cases of a disease that globally imposed a new social
and economic dynamics were recorded in China, Wuhan city and Hubei province (AL-
TAWFIQ, 2020; LUPIA et al., 2020). COVID-19 (Corona Virus Disease) is the name of
the disease and its etiologic agent is the SARS-CoV-2 virus (severe acute respiratory
syndrome 2) (JI et al., 2020), previously known as Coronavirus 2019. Approximately
three months later, the World Health Organization (WHO) decreed, on March 11, 2020,
that Covid-19 infection was placed in the pandemic category (COVID-19 CLINICAL
RESEARCH COALITION, 2020). More than a year later, in September 2021, there were
already 233,136,147 confirmed cases of the disease and 4,771,408 deaths, distributed
in 223 countries, areas or territories (WHO, 2021).

SARS-CoV-2 is a ribonucleic acid virus (RNA +) with an envelope and it belongs
to the family of betacoronaviruses, the same as SARS-CoV (severe acute respiratory
syndrome) and MERS-CoV (Middle East respiratory syndrome) (PASCARELLA et al.,
2020). The disease caused by this, COVID-19, may include symptoms such as fever,
diarrhea, pneumonia, nausea, fatigue, cough, shortness of breath, muscle pain,
headache, sore throat, rhinorrhea and chest pain (GREENHALGH et al., 2020, HALL
JR.; JI, 2020; LO et al., 2020; Y1 et al., 2020,).

Given the proportion of the pandemic, efforts are being made in the most diverse
areas of knowledge, aiming at the development of new drug candidates for the
treatment of COVID-19 (LIU et al., 2020). Research groups around the world have
dedicated themselves to studies of the newly emerged virus and, although vaccines
have already been developed, understanding the interactions between different binding
compounds with SARS-CoV-2 molecular targets still poses a challenge (KONG et al.,
2020) to be overcome, as the search for enzyme inhibitors is one of the promising
therapeutic strategies for COVID-19.

In this context, an important viral molecule is the 3CL protease, an essential
component for the transmission and virulence of the virus, as it cleaves and activates
two proteins (pp1a and pp1b) involved in the viral replication processes (SIMABUCO et
al., 2021). This makes it a target for drug development (BACHA et al., 2004), as
inhibition of 3CL protease can reduce the severity of SARS-CoV-2 infection (HALL JR.;
JI, 2020).

Among the compounds capable of inhibiting this protease, luteolin stands out, a
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flavonoid found in the plant species Lonicera japonica Thunb (SHANG et al., 2011) and
which has been identified as a high-affinity ligand with the 3CL protease active sites (YU
et al., 2020), being therefore useful in the selection of similar new compounds that also
have a strong interaction with target molecule of the new coronavirus. Thus, considering
on the one hand the need for new molecular ligands, and on the other hand the scenario
of global economic recession, as well as the fact that many researchers do not have
infrastructure for laboratory tests, computational analysis can be used as a low-cost
alternative in the early stages of discovering new antimicrobial agents (MILITE et al,,
2019).

The active ingredients of Honeysuckle are known to have antiviral, antioxidant
and anti-inflammatory activities (SHANG et al., 2011). These are attributed especially to
luteolin, which is able to inhibit production of molecules such as Tumor Necrosis Factor-
a (TNF-a), interleukin 4, interleukin 6 and cyclooxygenase-2 (COX-2) (LIM, 2014).In this
context, the present study aimed to evaluate, in silico, the interactions of luteolin 3’-(4”-
Acetylglucuronide) with the cysteine protease 3CL, comparing them with the results
obtained for luteolin and its derivatives (luteolin 6-C-Glucoside 8-C-Arabinoside and
luteolin-4’-Glucoside), aiming at therapeutic indications for the treatment of COVID-19.
In addition to comparing the binding stability of these compounds with the standard
protease inhibitor, 3N ((N - [(5-methylisoxazol-3yl) carbonyl] alanyl-l-valyl-n ~ 1 ~ - (1R,
2Z) - 4- (benzyloxy) -4-oxo-1 - {[(3R) -2-oxopyrrolidin-3-yl] methyl} but-2-enyl) -I-
leucinamide).

MATERIAL AND METHODS

To carry out molecular docking study with the 3CL protease of COVID-19, the
protein database PDB.RCSB (Protein Data Bank) (https://www.rcsb.org/) was used to
search for three-dimensional resolved structure of protein. To select only chain A of the
PDB ID: 6LU7 structure complex (JIN et al., 2020), the file was downloaded in .pdb
format and chains that were not of interest were deleted using PyMol V 2.3.3 software
(Schrodinger, LLC). The 2D structures of ligands were extracted from PubChem
(https://pubchem.ncbi.nim.nih.gov/) (KIM et al.; 2021) and ZINC
(http://zinc.docking.org/substances/home/) (STERLING; IRWIN, 2015) databases and
were then saved in 3D in Marvin Sketch v. 15.7.13.0 (ChemAxon, Hungria) and
transformed into .pdbqt file by AutodockTools V1.5.6 program (SANNER, 1999).

The following substances were used as ligands: the 3N compound, considered a
standard ligand for this protein, was recovered from pdb ID: 6LU7 structure complex,
with resolution 2,16 A; luteolin (PUBCHEM ID: 5280445), a flavonoid that has already
been well used in research against COVID-19; and 3 derivatives: luteolin-4’-Glucoside
(PUBCHEM ID: 12304737); luteolin 6-C-Glucoside 8-C-Arabinoside (ZINC4098553),
and luteolin 3’-(4’-Acetylglucuronide) (ZINC14757131).

The AutodockTools V1.5.6 program (SANNER, 1999) was used in the preparation
of ligand and receptor molecules, and the files were saved in .pdbqt format for use in
anchorage calculations. For the preparation of the configuration file we used coordinates
of grid box (x: -28.059, y: 9.486 and z: 61,528) of the work of Yu et al. (2020).

The AutoDock Vina (TROTT; OLSON, 2010) was used to calculate molecular
docking and obtain the values of free energy (kcal/mol) for each conformation of each
ligand with the 3CL protease. Calculations for the docking between 3CL and luteolin and
derivates were performed using AutoDock Vina software (TROTT; OLSON, 2010)
considering 9 different docking poses for each ligand.
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Lastly, the PyMol V 2.3.3 software (Schrodinger, LLC) was used to verify the ideal
complex considering all stereochemical aspects previously evaluated, as well as the
results of free energy. Discovery Studio v20.1.0.19295 (BIOVIA, 2019) was used to
analyze the protein-ligand coupling, using the 2D and 3D diagram, which identifies the
types of interactions that happen between the amino acids of protein with ligand.

The use of data from the genome of the species Lonicera japonica Thunb. was
registered in the National System for the Management of Genetic Heritage and
Knowledge, which generated the following code: A7CB8DD.

RESULTS
The values of binding free energy obtained for both luteolin and its derivatives
against the 3CL ligand, which ranged from -7.8 to -8.0 kcal/mol, were more favorable
than that shown by standard 3N ligand, from - 4.5 kcal/mol (Table 1). The root mean
square deviation (RMSD) values ub (upper) and Ib (lower) are for atoms with similar
characteristics of one position of the ligand compared to another subsequent position of
the same (LI; SHAH, 2017) (Table 1).

TABLE 1. 2D structure of ligands and interaction of luteolin and its derivatives with
cysteine protease 3CL.

Ligands 2D structure Affinity RMSD
of ligands (kcal/mol) l.b/u.b
T
ol g A N
3N e SN P Y A -4.5 0.000/0.000
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Figure 1 shows the 3D anchoring structures between ligands and the target
molecule 3CL, and Figure 2 shows patterns of molecular interactions and their
respective residues in 2D.

The 3D images (Figure 1) reinforce results in Table 1, when comparing luteolin
with luteolin 3'-(4"-Acetylglucuronide), as there is a greater amount of carbonyls in
aromatic and carboxylic ketone forms (Figure 1, in regions on periphery of molecule, in
red) in derivative, conferring in context a higher charge density of electrons in donor
oxygen.

FIGURE 1: 3D structures of bonds between luteolin (A), luteolin 3'-(4”-
Acetylglucuronide) (B) and the target.
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When evaluating interactions shown by luteolin against the target, we found both
hydrogen bonds, in residues 141-LEU, 143-GLY, 144-SER, 163-HIS, 188-ARG and 190-
THR, and bonds with alkyl groups by sulfur (145-CYS and 165-MET) (Figure 2 A).

Among all of our results, the one that showed the greatest inhibitory and
unprecedented potential was obtained by molecular docking between ligand luteolin 3’-
(4”-Acetylglucuronide) and the target enzyme of this study. Most of the interactions
presented were stronger (26-THR, 141-LEU, 145-CYS, 188-ARG with hydrogen bonds;
165-MET with pi bond) (Figure 2 B).
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FIGURE 2: Molecular interactions between the 3CL target and luteolin (A)
and luteolin 3’-(4”-Acetylglucuronide) (B).
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It is worth mentioning that all results presented refer to best position of ligand with
target enzyme.

DISCUSSION

Situations evidenced in the course of the pandemic, such as indiscriminate use of
drugs with unproven efficiency, as well as occurrence of subsequent side effects (e. g.
cardiac with chloroquine; CHATRE et al., 2018), stimulate the search for a natural
alternative ligand that has a chemotherapeutic target intrinsic to SARS-CoV-2, but it is
different from the surface ones, such as Spike protein, which has been widely discussed
(HALL JR.; JI, 2020; SHEHROZ et al., 2020). Thus, based on these criteria and studies
with a similar approach, our group chose the 3CL protein as a potential target in search
for therapeutic options against SARS-CoV-2.

According to Kollman and Allen (1972) one of principles of intensity of hydrogen
bonds depends on a greater charge density of electrons, thus giving greater intensity to
hydrogen bonds, as well as number of carbonyls (oxygens), in context this work, offering
more receptor regions on enzyme with a stronger anchorage between a 3'- luteolin (4'-
acetylglucuronide) and target protein, when compared to luteolin.

Regarding the results of the work by Yu et al. (2020), the luteolin ligand interacted
with the 3CL protease through five hydrogen bonds in GLN-189, LEU-4, ASN-142 and
THR-26, respectively, as well as hydrophobic interactions with MET-49 and VAL-3. In
our work, interactions/bindings of 3CL protease with luteolin were found as: conventional
hydrogen bonds in amino acids LEU-141, GLY-143, HIS-163, 188-ARG, 190-THR; Pi-
alkyl with 145-CYS; finally, 165-MET. These results explain the better affinity of luteolin
in our results (-7.8 kcal/mol), when compared to Yu et al. (2020) (-5.37 kcal/mol),
because, in addition to the number of connections being larger, the types of connections
are more consistent.

Yu et al. (2020) performed molecular docking with luteolin against the same target
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chosen in our work and also used the 3N molecule as a control ligand. In line with
results found in our study, the values of free energy in bonds between 3CL and 3N
control were less favorable (-3.63 kcal/mol vs -4.5 kcal/mol) than value found when the
ligand used was luteolin (-5.37 kcal/mol vs -7.8 kcal/mol). Yu et al. (2020) ligand 3N
showed, mostly, hydrophobic interactions. This may explain lower value of bond-free
energy found in our assessment.

In comparison, in molecular docking with luteolin evaluations carried out by Yu et
al. (2020) were only hydrogen bonds and hydrophobic interactions. Although there were
the same amounts of amino acids, the types of interactions were more consistent in our
results. Number and types of interactions reflect in affinity of ligand to its protein
active/catalytic site, especially the latter criterion (TAO et al., 2020).

Based on results obtained with luteolin, we tested molecular docking with its
derivatives: luteolin-4’-Glucoside, luteolin 6-C-Glucoside 8-C-Arabinoside and luteolin 3'-
(4”-Acetylglucuronide), as ligands. Such derivatives showed promising results,
especially for the last mentioned (-7.9 kcal/mol, -7.8 kcal/mol and -8.0 kcal/mol,
respectively). Data obtained here were compared with presented by Yu et al. (2020) for
this target protease.

Other results of interactions and binding free energy found by Gheware et al.
(2020) of luteolin-6-glycoside-8-arabnoside with the protease in question (pi and
hydrogen bonds, -8.2 kcal/mol), when compared to those found by our group, show the
initial premise that types of bonds interfere in the result of free energy of binding.
However, in a more recent study, from the same group, this compound also makes
cation-11 interaction with residue (HIS 41) of 3CL with higher affinity -11.59 kcal/mol
(GHEWARE et al., 2021).

Molecular docking performed by Mishra et al. (2020) for luteolin-4-glycoside
showed a binding free energy value very close (-7.87 kcal/mol) to that found in this work
(-7.9 kcal/mol) both with the 3CL protease, but with a pattern of amino acid residues and
distinct interactions.

While Mishra et al. (2020) reported hydrophobic and hydrophilic interactions (e.g.,
280-GLU hydrogen bonds), we found most hydrophilic interactions for same interaction.
These distinct patterns of interactions may have contributed to this small difference in
values of binding free energy.

The ethanolic extract of leaf of Lonicera japonica does not have apparent toxicity
in organs of rats at high concentrations as 5,000 mg/kg (THANABHORN et al., 2006),
allied to this, ADMET analysis confirm this characteristic to luteolin (SHAWAN et al.,
2021).

CONCLUSION

From results found, it was observed that luteolin 3'- (4" - Acetylglucuronide) stood
out when compared to other ligands, which presented free energy of binding with target
protease of -8.0 kcal/mol. This value is lower than those found for commercialized drugs,
such as chloroquine, remdevisir and ribavirin (all greater than -6.0 kcal/mol), even when
compared to 3N control. Thus, this work suggests another possible ligand to be
evaluated in silico (ADMET), in vitro and in vivo studies aimed at combating SARS-CoV-
2 and emerging viral variants.

ENCICLOPEDIA BIOSFERA, Centro Cientifico Conhecer — Jandaia-GO, v.19 n.39; p. 52 2022



ACKNOWLEDGMENTS
We thank Dr. Bruno Silva Andrade for the knowledge passed on, which
contributed to the conduction of this study.

REFERENCES
AL-TAWFIQ, J. A. Asymptomatic coronavirus infection: MERS-CoV and SARS-CoV-2
(COVID-19). Travel Medicine and Infectious Disease, Zirich, v. 35, p. 101608, 2020.
Disponivel em: <https://www.sciencedirect.com/science/article/pii/S14778939203007527?
via%3Dihub>. doi: 10.1016/j.tmaid.2020.101608.

BACHA, U.; BARRILA, J.; VELAZQUEZ-CAMPOY, A.; LEAVITT, S. A.; FREIRE, E.
Identification of novel inhibitors of the SARS coronavirus main protease 3CLpro.
Biochemistry, Washington, v. 43, n. 17, p. 4906-4912, 2004. Disponivel em: <
https://pubs.acs.org/doi/10.1021/bi0361766>. doi: 10.1021/bi0361766.

BIOVIA — DASSAULT SYSTEMES. Discovery Studio Visualizer, v20.1.0.19295. San
Diego: Dassault Systémes, 2019. Disponivel em <https://www.bioz.com/result/discovery
%20studio%20visualizer%20v20%201%200%2019295/product/Accelrys>.

CHATRE, C.; ROUBILLE, F.; VERNHET, H.; JORGENSEN, C.; PERS, Y. Cardiac
complications attributed to chloroquine and hydroxychloroquine: a systematic review of
the literature. Drug Safety, Auckland, v. 41, n. 10, p. 919-931, 2018. Disponivel em: <
https://link.springer.com/article/10.1007%2Fs40264-018-0689-4>. doi: 10.1007/s40264-
018-0689-4.

CHEMAXON. M. Budapest, Hungary: ChemAxon, 2012. Available in:
http://www.chemaxon.com/.

COVID-19 CLINICAL RESEARCH COALITION. Global coalition to accelerate COVID-19
clinical research in resource-limited settings. The Lancet, London, v. 395, n. 10233, p.
1322-1325, 2020. Disponivel em:
<https://www.thelancet.com/journals/lancet/article/PlIS0140-6736(20)30798-4/fulltext>.
doi: 10.1016/S0140-6736(20)30798-4.

GHEWARE, A.; DHOLAKIA, D.; KANNAN, S.; PANDA, L.; ANAND, V.; et al.; Adhatoda
Vasica: a potential ayurvedic intervention against COVID-19 associated impaired
immune response and hypoxia-inflammation phenotype. Research Square, Durham, p.
1-12, 2020. Disponivel em: https://assets.researchsquare.com/files/rs-
92502/v1/16b013ee-2c2f-424c-ad6a-h92362ec5765.pdf?c=1637243565. doi:
10.21203/rs.3.rs-92502/v1.

GHEWARE, A.; DHOLAKIA, D.; KANNAN, S.; PANDA, L.; RANI, R.; et al.; Adhatoda
Vasica attenuates infammatory and hypoxic responses in preclinical mouse models:
potential for repurposing in COVID-19-like conditions. Respiratory Research. v. 22, n.
99, 2021. Disponivel em:
<https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8022127/pdf/12931_ 2021 Article 1698.
pdf>. Doi: 10.1186/s12931-021-01698-9.

ENCICLOPEDIA BIOSFERA, Centro Cientifico Conhecer — Jandaia-GO, v.19 n.39; p. 53 2022



GREENHALGH, T.; KOH, G. C. H.; CAR, J. Covid-19: avaliacdo remota em atengcao
primaria a saude. Revista Brasileira de Medicina de Familia e Comunidade, Rio de
Janeiro, V. 15, n. 42, p. 2461, 2020. Disponivel em:
<https://rbmfc.org.br/rbmfc/article/view/2461> . doi: 10.5712/rbmfc15(42)2461.

HALL JR., D. C.; JI, H-F. A search for medications to treat COVID-19 via in silico
molecular docking models of the SARS-CoV-2 spike glycoprotein and 3CL protease.
Travel Medicine and Infectious Disease, Zurich, v. 35, p. 101646, 2020. Disponivel
em: <https://www.sciencedirect.com/science/article/pii/S1477893920301150?via
%3Dihub>. doi: 10.1016/j.tmaid.2020.101646

JI, W.; WANG, W.; ZHAO, X.; ZAl, J.; LI, X. Cross-species transmission of the newly
identified coronavirus 2019-nCoV. Journal of Medical Virology, New York, v. 92, p.
433-440, 2020. Disponivel em: <https://onlinelibrary.wiley.com/doi/10.1002/jmv.25682>.
doi: 10.1002/jmv.25682.

JIN, Z.; DU, X.; XU, Y.; DENG, Y.; LIU, M.; et al.; Structure of Mpro from SARS-CoV-2
and discovery of its inhibitors. Nature, London, v. 582, n. 7811, p. 289-293, 2020.
Disponivel em: <https://www.nature.com/articles/s41586-020-2223-y>. doi:
10.1038/s41586-020-2223-y.

KIM, S.; CHEN, J.; CHENG, T.; GINDULYTE, A.; HE, J.; et al.; PubChem in 2021: new
data content and improved web interfaces, Nucleic Acids Research, v. 49, n. D1, p.
D1388-D1395, 2021. Disponivel em:
<https://academic.oup.com/nar/article/49/D1/D1388/5957164>. doi:
10.1093/nar/gkaa971.

KOLLMAN, P. A. & ALLEN, L. C. Theory of the hydrogen bond. Chemical Reviews,
Washington - DC, v. 72, n. 3, p. 283-303, 1972. Disponivel em:
<https://pubs.acs.org/doi/10.1021/cr60277a004>. doi: 10.1021/cr60277a004.

KONG, R.; YANG, G.; XUE, R.; LIU, M.; WANG, F.; et al.; COVID-19 Docking Server: a
meta server for docking small molecules, peptides and antibodies against potential
targets of COVID-19. Bioinformatics, Oxford, v. 36, n. 20, p. 5109-5111, 2020.
Disponivel em:  <https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7558834/>.  doi:
10.1093/bioinformatics/btaa645

LI, Q. and SHAH, S. Structure-based virtual screening. In:Protein Bioinformatics.
Humana Press, New York, p. 111-124, 2017.

LIM, T. K. Lonicera japonica. In: LIM, T. K. (Ed.). Edible medicinal and non-medicinal
plants. Dordrecht: Springer, p. 656-680, 2014.

LIU, C.; ZHOU, Q.; LI, Y.; GARNER, L. V.; WATKINS, S. P,; et al.; Research and
development on therapeutic agents and vaccines for COVID-19 and related human
Coronavirus diseases. ACS Central Science, Washington, v. 6, n. 3, p. 315-331, 2020.

ENCICLOPEDIA BIOSFERA, Centro Cientifico Conhecer — Jandaia-GO, v.19 n.39; p. 54 2022



Disponivel em: <https://pubs.acs.org/doi/10.1021/acscentsci.0c00272>. doi:
10.1021/acscentsci.0c00272.

LO, I. L.; LIO, C. F.; CHEONG, H. H.; LEI, C. I.; CHEONG, T. H.; et al.; Evaluation of
SARS-CoV-2 RNA shedding in clinical specimens and clinical characteristics of 10
patients with COVID-19 in Macau. International Journal of Biological Sciences,
Bethesda, . 16, n. 10, p. 1698-1707,  2020. Disponivel em:
<https://www.ijbs.com/v16p1698.htm>. doi: 10.7150/ijbs.45357.

LUPIA, T.; SCABINI, S.; PINNA, S. M.; PERRI, G. D.; ROSA, F. G.; et al.; 2019 novel
coronavirus (2019-nCoV) outbreak: a new challenge. Journal of Global Antimicrobial
Resistance, Catania, V. 21, p. 22-27, 2020. Disponivel em:
<https://lwww.degruyter.com/document/doi/10.1515/dx-2020-0015/html?lang=en>  doi:
10.1515/dx-2020-0015.

MILITE, C.; AMENDOLA, G.; NOCENTINI, A.; BUA, S.; CIPRIANO, A.; et al.; Novel 2-
substituted-benzimidazole-6-sulfonamides as carbonic anhydrase inhibitors: synthesis,
biological evaluation against isoforms [, Il, IX and Xl and molecular docking studies.
Journal of Enzyme Inhibition and Medicinal Chemistry, Florence, v. 34, n. 1, p.
1697-1710, 2019. Disponivel em:
<https://www.tandfonline.com/doi/full/10.1080/14756366.2019.1666836>. Doi:
10.1080/14756366.2019.1666836.

MISHRA, R.C.; KUMARI, R.; YADAV,S.; YADAYV, J.P.; Antiviral potencial of phitoligands
against chymotrypsin like protease of COVID 19 virus using molecular docking studies;
An optimistic approach. Research Square, Durham, 2020. Disponivel em: <
https://assets.researchsquare.com/files/rs-23956/v1/e5b1dc96-1644-4ac4-9b45-
43382bf02e7a.pdf?c=1631833284>. doi: 10.21203/rs.3.rs-23956/v1.

PASCARELLA, G.; STRUMIA, A.; PILIEGO, C.; BRUNO, F.; DEL BUONO, R.; et al.;
COVID-19 Diagnosis and management: a comprehensive review. Journal of Internal
Medicine, Stockholm, v. 288, n. 2, p. 192-206, 2020. Disponivel em:
<https://onlinelibrary.wiley.com/doi/10.1111/joim.13091>. doi: 10.1111/joim.13091.

SHAWAN, M. M. A. K.; HALDER, S. K.; HASAN, M. A. Luteolin and abyssinone Il as
potential inhibitors of SARS-CoV-2: An in silico molecular modeling approach in battling
the COVID-19 outbreak. Bulletin of the National Research Centre, v. 45, n. 1, p. 1-21,
2021. Disponivel em: <https://bnrc.springeropen.com/articles/10.1186/s42269-020-
00479-6>. doi: 10.1186/s42269-020-00479-6.

SANNER, M. F. Python: a programming language for software integration and
development. Journal of Molecular Graphics and Modelling, East Lansing, v. 17, p.
57-61, 1999. Disponivel em: <https://www.semanticscholar.org/paper/Python%3A-a-
programming-language-for-software-and-
Sanner/409d3f740518eafcfaadb054d9239009f3f34600>.

SHANG, X.; PAN, H.; LI, M.; MIAO, X.; DING, H. Lonicera japonica Thunb.:

ENCICLOPEDIA BIOSFERA, Centro Cientifico Conhecer — Jandaia-GO, v.19 n.39; p. 55 2022



ethnopharmacology, phytochemistry and pharmacology of an important traditional
Chinese medicine. Journal of Ethnopharmacology, Shannon, v. 138, n. 1, p. 1-21,
2011. Disponivel em:
<https://www.sciencedirect.com/science/article/pii/S0378874111005897>. doi:
10.1016/j.jep.2011.08.016.

SHEHROZ, M.; ZAHEER, T.; HUSSAIN, T. Computer-aided drug design against spike
glycoprotein of SARS-CoV-2 to aid COVID-19 treatment. Heliyon, New York, v. 6, n. 10,
p. e05278, 2020. Disponivel em:
<https://www.sciencedirect.com/science/article/pii/S2405844020321216>. doi:
10.1016/j.heliyon.2020.e05278.

SIMABUCO, F. M.; TAMURA, R. E.; PAVAN, I. C. B.; MORALE, M. G.; VENTURA, A. M.
Molecular mechanisms and pharmacological interventions in the replication cycle of
human coronaviruses. Genetics and Molecular Biology, Ribeirdo Preto, v. 44, n. 1, p.
1-18, 2021. Disponivel em:
<https://www.scielo.br/j/gmb/a/FwGh7bVd8SfPTpHL7y9nhsd/?lang=en>. doi:
10.1590/1678-4685-GMB-2020-0212.

STERLING, T.; IRWIN, J.J. ZINC 15 — Ligand Discovery for Everyone. Chemical
Information and. Modeling, v. 55, n. 11, p. 2324-2337, 2015. Disponivel em:
<https://pubs.acs.org/doi/10.1021/acs.jcim.5b00559>. doi: 10.1021/acs.jcim.5b00559.

TAO, X.; HUANG, Y.; WANG, C.; CHEN, F.; YANG, L.; et al.;Recent developments in
molecular docking technology applied in food science: a review. Journal of Food
Science & Technology, Mumbai, v. 55, n. 1, p. 33-45, 2020. Disponivel em:
<https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.14325>. doi: 10.1111/ijfs.14325.

THANABHORN, S.; JAIJOY, K.; THAMAREE, S.; INGKANINAN, K.; PANTHONG, A.
Acute and subacute toxicity study of the ethanol extract from Lonicera japonica Thunb.
Journal of Ethnopharmacology, Shannon, v. 107, n. 3, p. 370-373, 2006. Disponivel
em: https://www.meta.org/papers/acute-and-subacute-toxicity-study-of-the-
ethanol/16697541. doi: 10.1016/j.jep.2006.03.023.

TROTT, O.; OLSON, A. J. AutoDock Vina: improving the speed and accuracy of docking
with a new scoring function, efficient optimization, and multithreading. Journal of
Computational Chemistry, Ann Arbor, v. 31, p. 455-461, 2010. Disponivel em:
<https://www.semanticscholar.org/paper/AutoDock-Vina%3A-Improving-the-speed-and-
accuracy-of-Trott-Olson/e6¢c383e50df500e041¢c9d306d95638fadec011c8>. doi:
10.1002/jcc.21334.

WHO. World Health Organization. Coronavirus disease (COVID-19) pandemic. 2021.
Available in https://covid19.who.int/.

Y1, Y.; LAGNITON, P. N. P; YE, S.; LI, E.; XU, R. COVID-19: what has been learned and
to be learned about the novel coronavirus disease. International Journal of Biological
Sciences, Bethesda, v. 16, n. 10, p. 1753-1766, 2020. Disponivel em:

ENCICLOPEDIA BIOSFERA, Centro Cientifico Conhecer — Jandaia-GO, v.19 n.39; p. 56 2022



<https://www.ijbs.com/v16p1753.htm>. doi: 10.7150/ijbs.45134.

YU, R.; CHEN, L.; LAN, R.; SHEN, R.; LI, P. Computational screening of antagonists
against the SARS-CoV-2 (COVID-19) coronavirus by molecular docking. International
Journal of Antimicrobial Agents, Leiden, v. 56, n. 2, p. 106012, 2020. Disponivel em:
<https://www.sciencedirect.com/science/article/pii/S0924857920301709>. doi:
10.1016/j.ijantimicag.2020.106012.

ENCICLOPEDIA BIOSFERA, Centro Cientifico Conhecer — Jandaia-GO, v.19 n.39; p. 57 2022



