IO papel fundamental da

'QUIMICA e

[a) = == 5% = == E = =

Cleiseano Emanuel da Silva Paniagua
(Organizador)

[Atena




@ papel fundamental da

QUIMICA entre as

CIEN




Editora chefe
Prof? Dr® Antonella Carvalho de Oliveira
Editora executiva
Natalia Oliveira
Assistente editorial
Flavia Roberta Bardo
Bibliotecaria
Janaina Ramos
Projeto grafico
Camila Alves de Cremo
Daphynny Pamplona
Gabriel Motomu Teshima 2022 by Atena Editora
Luiza Alves Batista  Copyright © Atena Editora
Natalia Sandrini de Azevedo Copyright do texto © 2022 Os autores
Imagens da capa Copyright da edicao © 2022 Atena Editora
iStock Direitos para esta edicdo cedidos a Atena
Edicdo de arte  Editora pelos autores.
Luiza Alves Batista Open access publication by Atena Editora

Todo o contelido deste livro esta licenciado sob uma Licenca de Atribuicdo
@ Creative  Commons.  Atribuicao-Nao-Comercial-NaoDerivativos 4.0

Internacional (CC BY-NC-ND 4.0).

0 conteudo dos artigos e seus dados em sua forma, correcao e confiabilidade sdo de responsabilidade
exclusiva dos autores, inclusive nao representam necessariamente a posicao oficial da Atena Editora.
Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos autores,
mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Todos os manuscritos foram previamente submetidos a avaliacdo cega pelos pares, membros do
Conselho Editorial desta Editora, tendo sido aprovados para a publicagdo com base em critérios de
neutralidade e imparcialidade académica.

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do processo
de publicacado, evitando plagio, dados ou resultados fraudulentos e impedindo que interesses
financeiros comprometam os padrdes éticos da publicacdo. SituagOes suspeitas de ma conduta
cientifica serdo investigadas sob o mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

Prof? Dr® Alana Maria Cerqueira de Oliveira - Instituto Federal do Acre

Prof® Dr® Ana Grasielle Dionisio Corréa - Universidade Presbiteriana Mackenzie
Prof® Dr® Ana Paula Floréncio Aires - Universidade de Tras-os-Montes e Alto Douro
Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias
Profe Dr® Carmen Lucia Voigt - Universidade Norte do Parana

[Z\tena

Celitora

Ano 2022



https://www.edocbrasil.com.br/
http://lattes.cnpq.br/4403141053026782
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=3F5E45BABA02C0A0194C23F07DFC8AE3.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138613J6
https://orcid.org/0000-0001-8138-3776
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4276371U0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257027Z4&tokenCaptchar=03AOLTBLRQwYrpUQNUiVQs5GKnu0UEeohCfS4gh6VQg4m9OCJBJGP1ipscv6rWqdQAm2ekIryWPICw4nrsj8zRvhV4KOCu_O7fKg8x16A4Q0frQhC4eXdGXjdlfaKY5_iCNOSxZdXwJf6mvSt7LxNHGYgrH3nvQ2GW02NNUnMijTh0P3XD2EKSRa6CPw-zJpSyX79my81mz0XfDpmLx1gKrLlyJOkZoxVmwZiB8Ef2UhunxkIromTYDmWKj1WB7amYH6FeKqP2g_CrxeS9rrMUCSa_TBvxDeuCGoS639pvbI96P_J6DrHpqui_qr2lwFwRESn0FURO5I0vvaS_eoBsIw0NpHkYMlacZ3AG5LBQ6dZCocE8fSPnNTEYLZ920AIxxvFsOztg4UlnlCxNtyQAlLK8yuUExFbn4w

Prof. Dr. Cleiseano Emanuel da Silva Paniagua - Instituto Federal de Educacao, Ciéncia e Tecnologia de Goias
Prof. Dr. Douglas Gongalves da Silva - Universidade Estadual do Sudoeste da Bahia

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof® Dr® Erica de Melo Azevedo - Instituto Federal do Rio de Janeiro

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof® Dra. Jéssica Verger Nardeli - Universidade Estadual Paulista Jilio de Mesquita Filho

Prof. Dr. Juliano Bitencourt Campos - Universidade do Extremo Sul Catarinense

Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande

Prof® Dr® Luciana do Nascimento Mendes - Instituto Federal de Educacao, Ciéncia e Tecnologia do Rio Grande
do Norte

Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof. Dr. Marco Aurélio Kistemann Junior - Universidade Federal de Juiz de Fora

Prof. Dr. Miguel Adriano Inacio - Instituto Nacional de Pesquisas Espaciais

Prof® Dr® Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof® Dr? Priscila Tessmer Scaglioni - Universidade Federal de Pelotas

Prof. Dr. Sidney Gongalo de Lima - Universidade Federal do Piaui

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

) [Ate

na

Celitora

Ano 2022


http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138744E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4798868A0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4252050Z6&tokenCaptchar=03AGdBq26OwUjfczJgpok-DhR78-_tg8mCtuc_kzOdu3fww-XkFeIGpZcxeQYR_lQjlru2zoBp9MaSwp6X-5o2KOEi_vtmcyIPkAOaR-MapG54dWG6zdfo1Am2FWOz1PLOuLmRiuW47XqJnozK7mGtmFri7W6RDjlyxm9gEHId_EG1bhArFgeqBA610tCpbHN9QsbtXAhrYqZkvRe4_gd77e_huLOm8x9zsu0tW2qJ6W6D8Y2GP66SDaz1Yh_QKnR8_TZlh9QtcC-OTeKPi3NB06bIFQNdSxHwLmb5B3ZYCiJ3k4p2cpPl6LkeIreU92cL5nLWqC2yOkPsupmW8RZR8Q0lkAleKMY9Hd3XlmAITir63s6d95SHqdoLA75owrR0nma3vrXxQgT9pkc1QvdCr5-B9vQupl7AAg
http://lattes.cnpq.br/0245575611603731
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4463907J8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4759660E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751834Y8
https://orcid.org/0000-0001-6850-3825
https://orcid.org/0000-0001-6850-3825
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4235887A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4794831E6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4425040A8

0 papel fundamental da quimica entre as ciéncias naturais

Diagramacdo: Daphynny Pamplona
Corregdo: Yaiddy Paola Martinez
Indexagdo: Amanda Kelly da Costa Veiga
Revisdo: Os autores
Organizador: Cleiseano Emanuel da Silva Paniagua

Dados Internacionais de Catalogagé@o na Publicagao (CIP)

P214 O papel fundamental da quimica entre as ciéncias naturais /
Organizador Cleiseano Emanuel da Silva Paniagua. -
Ponta Grossa - PR: Atena, 2022.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-5983-950-6

DOI: https://doi.org/10.22533/at.ed.506222202

1. Quimica. 2. Ciéncias naturais. . Paniagua, Cleiseano
Emanuel da Silva (Organizador). II. Titulo.
CDD 540

Elaborado por Bibliotecaria Janaina Ramos - CRB-8/9166

Atena Editora

Ponta Grossa - Parana - Brasil
Telefone: +55 (42) 3323-5493
www.atenaeditora.com.br
contato@atenaeditora.com.br

[Z\tena

Celitora

Ano 2022



http://www.atenaeditora.com.br/

DECLARACAO DOS AUTORES

Os autores desta obra: 1. Atestam nao possuir qualquer interesse comercial que constitua um conflito
de interesses em relacgdo ao artigo cientifico publicado; 2. Declaram que participaram ativamente da
construcao dos respectivos manuscritos, preferencialmente na: a) Concepcao do estudo, e/ou
aquisi¢ao de dados, e/ou anadlise e interpretacao de dados; b) Elaboragao do artigo ou revisao com
vistas a tornar o material intelectualmente relevante; c) Aprovagao final do manuscrito para
submissao.; 3. Certificam que os artigos cientificos publicados estdo completamente isentos de dados
e/ou resultados fraudulentos; 4. Confirmam a citacao e a referéncia correta de todos os dados e de
interpretacoes de dados de outras pesquisas; 5. Reconhecem terem informado todas as fontes de
financiamento recebidas para a consecucao da pesquisa; 6. Autorizam a edigao da obra, que incluem
os registros de ficha catalogréafica, ISBN, DOI e demais indexadores, projeto visual e criagdo de capa,
diagramacao de miolo, assim como langamento e divulgacdo da mesma conforme critérios da Atena

Editora.

I:Z\tena

Celitora

Ano 2022




DECLARAGAO DA EDITORA

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicagao constitui apenas
transferéncia temporaria dos direitos autorais, direito sobre a publicacao, inclusive ndo constitui
responsabilidade solidaria na criacao dos manuscritos publicados, nos termos previstos na Lei sobre
direitos autorais (Lei 9610/98), no art. 184 do Cdédigo Penal e no art. 927 do Cddigo Civil; 2. Autoriza
e incentiva os autores a assinarem contratos com repositorios institucionais, com fins exclusivos de
divulgagao da obra, desde que com o devido reconhecimento de autoria e edicao e sem qualquer
finalidade comercial; 3. Todos os e-book sao open access, desta forma nao os comercializa em seu
site, sites parceiros, plataformas de e-commerce, ou qualquer outro meio virtual ou fisico, portanto,
esta isenta de repasses de direitos autorais aos autores; 4. Todos os membros do conselho editorial
sdo doutores e vinculados a instituicdes de ensino superior publicas, conforme recomendacgao da
CAPES para obtenc¢ao do Qualis livro; 5. Nao cede, comercializa ou autoriza a utilizacdo dos nomes e
e-mails dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que nao o

escopo da divulgacao desta obra.

I:Z\tena

Celitora

Ano 2022




APRESENTACAO

O e-book: “O papel fundamental da quimica entre as ciéncias naturais” apresenta
vinte e sete capitulos de livros que foram organizados em quatro teméaticas: /) quimica
e sociedade: em busca da ressignificacdo e contextualizacdo do processo de ensino-
aprendizagem; ii) quimica orgénica e de produtos naturais; iii) sintese, caracterizagcéo e
avaliacdo de materiais nanoestruturados e iv) quimica e remediacdo ambiental.

O primeiro tema é constituido por doze capitulos que procuraram avaliar o processo
de ressignificacdo e contextualizagdo do ensino de quimica a partir: /) da percepcéo dos
estudantes em relagéo ao consumo de agua; i) o ensino de quimica por meio de projetos;
iii) a visdo do aluno em relagdo ao processo de aprendizagem; iv) utilizacao de recursos
tecnologicos e midiaticos como ferramentas facilitadoras no processo de aprendizagem; e
v) utilizacao de materiais alternativos para a experimentagdo no ensino de quimica.

O segundo tema possui seis capitulos que procuraram avaliar o desempenho de novas
substancias quimicas com inimeras propriedades biolégicas, entre as quais: a redugéo do
namero de larvas do mosquito Aedes Aegypti, bem como propriedades anti-inflamatéria,
antimicrobiana entre outras de interesse biologica. O terceiro tema é constituido por trés
capitulos que investigaram a sintese de nanoparticulas de polianilina para composi¢ao de
tintas utilizadas na impresséo e do mineral hidroxiapatita. Por fim, o Gltimo tema é composto
por seis capitulos que investigaram a remedia¢do ambiental que se utilizou de residuos de
biomassa para remogédo de metais pesados, a sintese de nanoparticulas de silica para a
remocado de Ba?*em matrizes aquosas, remediacdo de efluente contaminado com cadmio
e chumbo e a aplicagdo de diferentes Processos Oxidativos Avangados para remogéo de
contaminantes.

Nesta perspectiva, a Atena Editora vem trabalhando com o intuito de estimular e
incentivar os pesquisadores brasileiros e de outros paises a publicarem seus trabalhos com
garantia de qualidade e exceléncia em forma de livros, capitulos de livros e artigos que sé@o
disponibilizados de forma gratuita no site da Editora e em outras plataformas digitais.

Cleiseano Emanuel da Silva Paniagua
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RESUMO Compreender a interacao molecular
entre um ligante e um receptor € um conhecimento
fundamental para o desenvolvimento de um novo

O papel fundamental da quimica entre as ciéncias naturais

farmaco, sua atividade e até mesmo sobre suas
possiveis interacdes indesejadas que podem
causar reagdes adversas. O género Solidago é o
maior da familia Compositae, e compreende 120
espécies, a maioria delas ocorrendo na América
do Norte. Este taxon mostra espécies com
reconhecida atividade terapéutica e presenca
de diterpenos clerodanos e labdanos. Nossos
estudos anteriores mostram que os diterpenos
e flavonoides podem ser responsaveis pelo
efeito antiinflamatério de S. chilensis. O
diterpeno labdénico solidagenona, descrito
como antiinflamatorio, gastroprotetor e como
uma substancia imunomoduladora, é extraido de
inflorescéncias e rizomas de Solidago chilensis
Meyen. Neste trabalho, a capacidade de
ligacdo da solidagenona e dos compostos anti-
inflamatérios de referéncia, como: ibuprofeno,
acido flufenémico, celecoxibe, dexametasona,
5-a-di-idrotestosterona e testosterona com
receptores inflamatérios sdo avaliados in silico.
Os resultados indicam que a solidagenona
permitiu interagdes estaveis com COX-1 e -2 e
prostaglandina-E (2) -9-redutase, que devem
estar associadas a acao antiinflamatéria.

ABSTRACT: Understanding the molecular
interaction between a ligand and a receptor is
fundamental knowledge in the development of a
new drug, its activity and even about its possible
unwanted interactions that may cause adverse
reactions. The genus Solidago is the biggest of
Compositae family, and comprises 120 species,
most of them occurring in North America. This
taxon shows species with recognized therapeutic
activity and presence of diterpene clerodane and
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labdane types. Our previous studies show that diterpene and flavonoids could be responsible
for the anti-inflammatory effect of S. chilensis. The labdane diterpene solidagenone, described
as anti-inflammatory, gastroprotective and an immunomodulating active substance, has been
extracted from the Solidago chilensis Meyen inflorescences and rhizomes. In this work, the
bindind ability of solidagenone and reference compounds ibuprofen, flufenamic acid, celecoxib,
dexamethasone, 5-a-dihydrotestosterone and testosterone with inflammatory receptors are
evaluated in silico. The results indicate that solidagenone allowed stable interactions with
COX-1 and -2 and prostaglandin-E(2)-9-reductase, which should be associated with the anti-
inflammatory action.

INTRODUCTION

The molecular interaction between small molecules and the biological target is the
cause of the biological activity process. It's necessary to analyze and comprehend the
interactions between the small molecules (biomarkers, lead compounds or others active
substances) and the biomolecules (receptors) to find a correlation between the activities and
their structures to the development of a new drug. These interactions depend on a variety
of enthalpic and entropic factors. Enthalpic contributions are represented by van der Waals,
electrostatic, and hydrogen bonding interactions, while the main entropic contribution is
the hydrophobic effect arising from the desolvation step which precedes the formation of a
ligand—target complex. (Laue and Shire, 2020; Tosco and Mackey, 2017; Yoshiharu et al.,
2003)

The genus Solidago is the biggest of Compositae family, and comprises 120
species, most of them occurring in North America. This taxon shows species with
recognized therapeutic activity and presence of diterpene clerodane and labdane types,
as solidagenone, a labdane diterpene isolated from Solidago chilensis traditionally used
as a diuretic, anti-inflammatory, anti-spasmodic and anthelminthic. Solidago chilensis
Meyen (Fig.1) is mentioned in the literature as “arnica brasileira”, “arnica do mato” and it is
externally used to treat wounds, trauma, contusions, as anthelminthic and antidiuretic. This
species is included in the 71 plant list of SUS (Brazil’s Unified Health System) and at the
Herbal Therapeutic Memento of Rio de Janeiro city. (Brasil, 2009)

Our previous studies show that diterpene and flavonoids are responsible for anti-
inflammatory effect of S. chilensis, their extraction from inflorescences, their isolation and
the chemical characterization of solidadenone and main flavonoids compounds. (Valverde
et al., 2021; Oliveira et al., 2017; Valverde et al., 2009)

In this work, we compared the binding abiliity of solidagenone and the reference
compounds ibuprofen, flufenamic acid, celecoxib, dexamethasone, 5-a-dihydrotestosterone
and testosterone with inflammation-related markers.

This finding corroborates the in vivo results, indicating an inhibitory action by SOL
on the COX-1 pathway. However, COX-2 is considered pathological and controls responses
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related to pain and inflammation, and COX-1 is widely distributed and constitutively

expressed in most tissues where it is found. (Pannunzio and Coluccia, 2018)

Figure 1 — Solidago chilensis Meyen.

MATERIAL AND METHODS

Two-dimensional structures of the ligands were drawn in the MarvinSketch Program™
(16.7.4), while the three-dimensional structures were generated using the Clean in 3D
function. The structural geometry was refined by semi-empirical calculations with MOPAC™
2012 applying the PM7 method, and the three-dimensional crystallographic coordinates of
the proteins were obtained from the Protein Data Bank (PDB) (Fig. 2). (Stewart, 2014) In the
next step, molecular docking was performed by the AutoDockVina™ 1.1.2 program and the
coupling procedure involved the preparation of the ligand and macromolecules in simulation
boxes. (Trott and Olson, 2010)

Cyclooxygenase-1 (COX-1, code 1EQG; crystallographic binder: ibuprofen;
dimensions: 20x20x28 with spaced points of 1 A and directions: X 28.185, Y 38.74 and Z
192.606), cyclooxygenase-2 (COX-2, code 5IKV; crystallographic binder: flufenamic acid;
dimensions: 28x20x20 with spaced points of 1 A and directions: X 159.748, Y 183.604 and
Z 196.47), glucocorticoid receptor (code 1P93; crystallographic binder: DEXA; dimensions:
20x20x20 with spaced points of 1 A and directions: X 31.274, Y 30.038 and Z 21.319),
estradiol-17-B-dehydrogenase (code 1DHT; crystallographic ligand: 5-a-dihydrotestosterone;
dimensions: 20x20x20 with spaced points of 1 A and directions: X 10,683, Y 7,826 and
Z-11,134) and prostaglandin-E(2)-9-reductase (code 1Q13; crystallographic linker:
testosterone; dimensions: 14x14x14 with spaced points of 1 A and directions: X 27.731,
Y 3.287 and Z 30.811) were used in this study to explore the active sites of the enzymes.
The docking calculations were performed, and the automatic evolutionary parameters
were considered based on the characteristics of the crystallographic binders, which were
validated by redocking. Analyses of the molecular recognition interactions were performed
using the program Discovery Studio v. 4.5 2016. (Oliveira et al., 2013).
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The ligands that presented better orientations and superior scores were analyzed
on a graphical screen. The choice of these ligands is due to several enzymes and proteins
involved in the inflammatory pathways and their availability in the computer system for
molecular docking.

@ MarvinSketch
VERSION 1674

PROTEIN DATA BANK MECTPOE0E SRS

Figure 2 - Methodology The binders were generated in the Marvin Sketch program and refined by the
semi-empirical method PM7 present in the MOPAC2012 program. Gasteiger’s charges were determined
between linkers and lipase through the MGLTools program. The molecular recognition interactions were

performed through the Discovery Studio v. 4.5 2016.

RESULTS

Docking study

To perform the docking study, the molecular structures were initially validated by
means of redocking, which reproduced a crystallographic protein-binder complex with a root-
mean-square deviation (RMSD) of less than 2A. In this study, ibuprofen, flufenamic acid,
dexamethasone, 5-a-dihydrotestosterone and testosterone interacted at the binding sites of
COX-1, COX-2, glucocorticoid receptor, estradiol-17-B-dehydrogenase and prostaglandin-
E(2)-9-reductase, respectively, with an expressive reconstruction of the crystallographic
complexes (Figure S2). Considering this aspect, molecular interactions with COX-1 and
COX-2 were hydrogen bonding (Arg120), dipole-dipole interactions (Tyr385) and van der
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Waals forces (Ser530), which were perfectly observed with ibuprofen and flufenamic acid,
respectively. In addition, significant interactions with glucocorticoid receptor were identified
as hydrogen bonding with the Asn67, GIn73, Arg114, GIn145 and Thr242 residues, as well
as electrostatic and van der Waals. van der Waals and hydrogen bonding with the Ser142,
Try155 and His221 residues are related to oestradiol 17-B-dehydrogenase activity, while
prostaglandin-E-(2)-9-reductase showed important hydrogen bonding (His117), dipole-
dipole (Pro225 and Val306) and stacking interactions (Phe118 and Phe310). (Fig. 3 and 4)

Molecular interactions between SOL and COX-1, COX-2, glucocorticoid receptor,
oestradiol 17-B-dehydrogenase and prostaglandin-E(2)-9-reductase are shown in Figure
S3, while the free energy (binding affinity) values are given in Table 1.

The binding affinity values are the same for both COX-1 and COX-2 (-8.2 kcal.mol-1)
When compared to their respective inhibitors, ibuprofen and flufenamic acid, respectively
(Table 1). However, the molecular interaction between SOL and COX-1 is favourable, since it
presents a binding affinity (-8.2 kcal.mol-1) more negative than that of ibuprofen (-7.6 kcal.
mol-1). This interaction is due to the presence of hydrogen bonds established between the
ligand and the enzyme site (Figure S3). Molecular docking between SOL and prostaglandin-
E(2)-9-reductase produced a binding affinity equal to that of its inhibitor testosterone
(-8.4 kcal.mol-1) (Table 1). The molecular interaction profile showed a hydrogen bonding
(His117), dipole-dipole (Val306) and Stacking interactions (Phe118 and Phe310) were
highlighted. By having the same binding affinity value, the interaction between the ligand
and enzymatic target was also favourable. However, the resulting values between SOL
and glucocorticoid receptor and oestradiol 17-B-dehydrogenase were —-7.4 and -7.7 kcal.
mol-1, respectively, when compared to their respective crystallographic ligands, DEXA and
5a-dihydrotestosterone (Table 1), which indicated unfavourable interactions with the sites
of these enzymes.

AA interacts with the COX site through hydrogen bonds established between the
carboxylate of the acid and the Arg120 and Tyr355 residues of the enzyme, as a precursor
of prostaglandins and other mediators. C13 of AAis close to the phenolic oxygen of Tyr385,
which is orientated precisely for abstraction of H. The final w is between Ser530 and
Gly533. The residues Phe381, Leu384, Trp387, Phe518 and Met522 constitute a slit that
can accommodate conformational transitions at C8 through C12 during the addition and
formation of endoperoxide. (Malkowski et al., 2000) In the most of cases, NSAIDs interact
mainly with Arg120, as represented in this work by ibuprofen. Corroborated in our study by
the result obtained in vivo is the docking between SOL and COX-1 and COX-2. This is due
to the formation of an instable ligand-receptor complex, mainly by the absence of hydrogen
bonding interactions with Arg120. However, according to our results, the binding affinity
value of SOL (-8.2kcal.mol-1) with COX-1 is lower than that of the reference compound
(ibuprofen=-7.7kcal.mol-1) (Table 1).

This finding corroborates the in vivo results, indicating an inhibitory action by SOL
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on the COX-1 pathway. However, COX-2 is considered pathological and controls responses
related to pain and inflammation, and COX-1 is widely distributed and constitutively
expressed in most tissues where it is found. (Pannunzio and Coluccia, 2018)

Considering the molecular docking against the enzyme prostaglandin-E(2)-9-
reductase, SOL produced a binding affinity (-8.4 kcal.mol-"), showing that the interaction
between the ligand and enzymatic target is favourable (Table 1). Belonging to the
oxidoreductase family, this enzyme participates in the metabolism of AA, which is involved
in one of the inflammatory process pathways (Ricciotti and FitzGerald, 2011).

Figure 3 - Redocking structure used as reference, along with the RMS value. In gray: reference
structure; Yellow: Ibuprofen; B flufenamic acid; C dexamethasone; D 5-a-dihydrotestosterone; E
testosterone. Image built in AutoDockTools 1.5.6rcz2 program. RMS computed using the Discovery
Studio Client program™.

A G Energy (Kcal.mol")

compend cox1  coxp | Glucocoricoid 7 R GRL, | Prostagiandin
nase
Ibuprofen -7,6 - - - -
Flufenamic acid - -9,0 - - -
Celecoxib - -6,9 - - -
Dexamethasone - - -11,3 - .
5-a-dihydrotestoste- ) ) 85 i
rone

Testosterone - - - = -8,4
Solidagenone -8,2 -8,2 -7,4 -7,7 -8,8

Table 1 - Molecular docking of solidagenone to proteins
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Figure 4 - Orientation of the crystallographic ligand on the protein target. A Principal molecular
interactions between solidagenone and COX-1. B Principal molecular interactions between
solidagenone and COX-2. C Principal molecular interactions between solidagenone and the

glucocorticoid receptor. D Principal molecular interactions between solidagenone and estrogenic
17-b-dehydrogenase. E Principal molecular interactions between solidagenone and prostaglandin-E (2)
-9-reductase.

CONCLUSIONS

The results indicate that solidagenone allowed stable interactions with COX-1 and -2
and prostaglandin-E(2)-9-reductase, which should be associated with the anti-inflammatory
action.

According to our docking study. SOL may interfere with the signalling pathways of
inflammation mediators such as COX-1 and prostaglandin-E(2)-9-reductase inhibitors. Our
findings present new prospects for the treatment of disorders associated with cutaneous
inflammation. However, further research is required whether we are to obtain a better
understanding of therapeutic potential of SOL.

All these in silico results obtained not only corroborate the traditional use of the
species, but also lead to the in vivo tests demonstrating the anti-inflammatory activity for
labdane diterpene solidagenone. (Valverde et al., 2021; Vasconcelos et al., 2021)
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